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“Without anxiety, little would be accomplished.”
Barlow, D.H. (2002). Anxiety and its disorders, p. 9.
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General introduction

General introduction

Introduction
Fear learning is critical for survival. It may serve as an alarm mechanism by
identifying cues in the environment that signal impending threat. For example, we
all learn that pit-bulls can be dangerous. Accordingly, the perception of a pit-bull
may elicit fear sensations like sweating and an increased heart rate. Such fear
responses facilitate protective behaviour (e.g., walk away when you see a pit-bull)
and dissipate when the pit-bull disappears. From an evolutionary perspective, it is
highly adaptive to generalize fear rules across different contexts, rather than
relearning the same rule in every situation (e.g., pit-bulls are dangerous in the park,
but also in the street). However, fear generalization becomes maladaptive when
fear persists in situations in which immediate threat is absent (e.g., avoid to go
outside as you may encounter a pit-bull) or when fear generalizes to harmless cues
(e.g., puppies). The inability to adequately discriminate between dangerous and safe
cues or contexts (overgeneralization of fear) is central to many anxiety disorders.
Patients with anxiety disorders often show exaggerated fear responses compared to
the level of actual threat (Rosen & Schulkin, 1998).
In the past century, various efficacious psychological treatments for anxiety
disorders have been developed. At the core of nearly every treatment are exposurebased interventions that involve in vivo or imaginary confrontation with the feared
object (Eysenck, 1981; Marks, 1978). Although effective in reducing fearful
responding, many patients experience relapses of fear after successful exposure
treatment (Craske, 1999). Apparently, the maintenance of behaviour change is
delicate. An important clinical and theoretical question is what causes fear relapse.
Of even greater importance is how the recurrence of extinguished fear can be
prevented. The present thesis presents several studies on the mechanism of fear
relapse and its prevention in humans.

Experimental models of human fears
The next paragraph focuses on behavioural phenomena in the laboratory that
serve as experimental models for the etiology, treatment, and relapse of human
fears.

Conditioning as a model for the etiology of human fears
Many fears are thought to be learned through experiences. For instance, a dog
probably elicits no fear response during its first encounter. It may only evoke a fear
11
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response because it was followed by an unpleasant event (e.g., being bitten). This
phenomenon is known as Pavlovian fear conditioning. Since Pavlov (1927),
conditioning has been extensively demonstrated in the laboratory, especially in
animals. In a prototypical fear conditioning procedure, a rat is exposed to a neutral
stimulus (conditioned stimulus, CS; e.g., a tone) that is followed by a biological
significant event (unconditioned stimulus, US; e.g., a shock). After a few toneshock (CS-US) pairings, the tone CS predicts the shock US and presentation of the
tone CS alone elicits a vigorous fear response (i.e., acquisition effect). Given that
such a response is not elicited by the tone CS prior to the conditioning procedure,
it is referred to as a learned or conditioned response (CR). Examples of
conditioned fear responses in rats include defensive behaviours (e.g., freezing and
suppression of ongoing behaviour) and autonomic responses (e.g., increased blood
pressure) (Fanselow, 1994). Although simple conditioning may not account for all
aspects of fear, it is considered to play an important role in the development of
several anxiety disorders (Mineka & Zinbarg, 2006).

Extinction as a model for the treatment of human fears
Most psychological treatments for anxiety disorders involve exposure procedures.
During exposure, a patient is repeatedly and systematically confronted with the
object of fear (e.g., dog) in absence of the anticipated disastrous event (e.g., being
bitten) (e.g., Öst, 1997). By consequence, the fearful responding to that object
declines. The development of exposure therapy is based on findings from
extinction experiments in animals (e.g., Wolpe, 1968). In a typical extinction
procedure, a stimulus (CS; e.g., a tone) that has acquired the ability to evoke a fear
response through conditioning is repeatedly presented in absence of the unpleasant
event (noUS). As the tone CS no longer predicts the occurrence of the US, a
gradual reduction of fear responding to the tone CS is observed.

Renewal as a model for the relapse of human fears
Exposure therapy has proven to be effective in various anxiety disorders (e.g.,
Deacon & Arbramowitz, 2004). However, even after complete extinction of fearful
responding, fear may re-emerge after some time (e.g., Rachman, 1989). Clinically,
the return of extinguished fear is called relapse.
Over the last decades, animal laboratory studies have provided various
findings that may shed light on the unstable nature of fear reduction in clinical
practice. One such finding is the renewal effect. Renewal refers to the recovery of an
12
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extinguished fear response when animals are tested in a context different from the
one in which extinction occurred (e.g., Bouton, 2000). In a typical renewal
experiment, rodents receive initial fear conditioning to a CS in one context,
Context A. Contexts usually consist of external stimuli (e.g., a cage), but may also
include internal stimuli (e.g., drug states) (Bouton, 2000). After acquired
conditioned responding, extinction of responding is established by CS alone
presentations in another context, Context B. When the CS is subsequently tested in
the context of extinction, Context B, no fear is observed. By contrast, presenting
the CS in the original acquisition context, Context A, leads to a robust recovery of
fear (ABA renewal; e.g., Bouton & King, 1983). Fear recovery is also obtained by
testing in a novel context, Context C (ABC renewal; e.g., Bouton & Bolles, 1979),
or when acquisition and extinction are conducted in the same context and testing
occurs in a novel context (AAB renewal; e.g., Bouton & Ricker, 1994).
Renewal effects indicate that extinction training does not destroy original
fear learning (e.g., Bouton, 2004). That is, extinction training may “mask” the cause
of fear without erasing the memory of fear learning. Preservation of fear learning is
also suggested by other postextinction phenomena. For example, after extinction,
the presentation of unsignalled aversive events (USs) (reinstatement) or the mere
passage of time (spontaneous recovery) can cause a return of fear (e.g., Bouton & King,
1983; Pavlov, 1927). Thus, once fear learning has occurred, it seems to be forever.
Renewal effects further illuminate a striking difference in the sensitivity to
changes in the background context between fear acquisition and extinction:
Whereas extinction performance is easily disrupted by such changes, acquisition
performance is not (Bouton, 2000, 2002). A context switch after fear acquisition
usually causes no decline in behavioural responding to a CS (e.g., Bouton & King,
1983; Harris, Jones, Bailey, & Westbrook, 2000). Hence, acquisition performance
seems to generalize well over contexts. By contrast, extinction performance
generalizes poorly over contexts: A change in context after extinction recovers fear
responding (e.g., Bouton & Bolles, 1979).
From a clinical perspective, renewal effects serve as an experimental model
for relapse after successful anti-anxiety therapy (Bouton, 1988). That is, exposure
procedures might extinguish fear reactions without erasing its roots. The
behavioural effects of exposure therapy (i.e., fear reduction) may be lost when the
previously feared object is encountered outside the therapy context.

13
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Theoretical explanations of renewal
In this paragraph, some of the prevailing explanations of renewal will be outlined.
The three explanations reviewed below all assume that fear conditioning results
from associative learning. Moreover, they agree that contexts play an important
role in fear renewal. They disagree, however, on the precise nature of how contexts
influence associative learning and, hence, conditioned responding. As the third
explanation (i.e., occasion setting hypothesis) is most relevant to the present thesis,
it is described in more detail. Before presenting the explanations of renewal, a
short introduction of associative learning principles is provided.

Associative learning
Fear conditioning is assumed to result from the formation of an association
between the mental representations of the CS (e.g., a tone) and the US (e.g., a
shock) (Rescorla & Wagner, 1972). Subsequent presentation of the tone CS not
only activates the mental representation of the CS, but also the representation of
the shock US through its association (CS-US). Activation of the shock US
representation triggers fear responding. The size of responding depends on the
strength of the CS-US association. Changes in associative strength (i.e., learning)
are produced by the discrepancy between what is expected about the US and what
actually occurs. This implies that learning is greatest when the US (or absence of
the US) is surprising. For instance, on early conditioning trials, the US is not
predicted by the CS, which results in a strong increase in associative strength
between the CS and the US.
Two terms need further clarification. In fear conditioning, the association
formed between the CS and the US is excitatory: The CS predicts the occurrence
of the US and, therefore, excites conditioned responding. Associations can also be
inhibitory. In that case, the CS predicts the absence of an otherwise expected US
(Rescorla & Wagner, 1972). Imagine a training phase in which a stimulus (e.g.,
light) is paired with a shock, but is not followed by a shock when presented
together with another stimulus (e.g., light + tone). By consequence, the light CS
develops an excitatory association, whereas the tone CS forms an inhibitory
association with the US; The tone CS predicts the absence of the shock US and,
therefore, inhibits conditioned responding.

14
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Compound conditioning hypothesis
The first explanation of renewal relates to compound conditioning. The context
may be assumed as a separate stimulus that is subjective to the same associative
learning rules as “distinct” stimuli (CSs) (e.g., Rescorla & Wagner, 1972). During
the acquisition phase of an ABA renewal experiment, the context (Context A) and
the CS are both assumed to acquire an excitatory association with the US. Hence,
conditioned responding is determined by the sum of context-US and CS-US
associations. When the context is switched after acquisition, the CS has excitatory
associative strength at the start of extinction (i.e., it predicts the US), whereas the
extinction context (Context B) has no associative strength (i.e., it was never paired
with the US). As the expected US is not presented during extinction, the extinction
context is thought to gain inhibitory associative strength (i.e., it predicts the
absence of the US), thereby protecting the CS from losing (all of) its excitatory
strength (Lovibond, Davis, & O'Flaherty, 2000). When the CS is finally tested in
the acquisition context, responding renews because the excitatory associative
strength of the acquisition context summates with the residual (excitatory)
associative strength of the CS. Hence, the compound conditioning approach
accounts for renewal by the formation of direct associations between the context
and the US. In this view, after a traumatic experience both the threat object and
the trauma context may trigger fear reactions. Subsequent exposure therapy
involves learning that the treatment context is safe, which alleviates fear but
simultaneously prevents acquiring that the threat object is no longer dangerous. By
consequence, leaving the safe treatment context may unveil the previously acquired
fear responding for two reasons: The fear to the threat object itself was not
extinguished and/or one returns to the fearful trauma context.
A main problem with the compound conditioning approach is that there is
little evidence of direct context-US associations in renewal: Independent tests fail
to demonstrate that acquisition contexts are excitatory and that extinction contexts
are inhibitory (e.g., Bouton & Swartzentruber, 1986). Another limitation of the
context compound conditioning hypothesis is that a context change following
initial acquisition has usually no impact on responding (e.g., Bouton & Peck, 1989),
whereas the compound conditioning approach predicts such a response loss. As
the excitatory acquisition context is absent upon a context change, responding to
the CS should reduce.

15
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Configural learning hypothesis
The compound conditioning perspective on renewal considers contexts and CSs as
separate stimuli that all acquire an association with the US during conditioning.
Alternatively, the configural learning approach (e.g., Pearce, 1987) assumes that the
context and the CS combine into a unique representation in memory before
acquiring associative strength. Changing the stimulus, for instance by switching the
context, results in the formation of a new stimulus representation without any
associative strength. Nevertheless, the configural approach assumes that stimulus
representations can influence each other by generalization of conditioned
responding. The extent of generalization is a function of perceptual similarity.
When stimulus representations are more similar, more generalization of
responding is expected. In explaining renewal, the configural view states that the
acquisition stimulus (Context A-CS) becomes excitatory during fear acquisition.
When extinction is carried out in a different context than acquisition, like in ABA
renewal, extinction occurs with a stimulus (Context B-CS) that is different from
the acquisition stimulus (Context A-CS). Fear is expected to return when the
excitatory acquisition stimulus (Context A-CS) is presented again. Thus, the
configural approach accounts for renewal by direct associations between a
combined context-CS representation and the US. Translated into clinical terms,
exposure therapy involves extinction to the “wrong” stimulus. Fear returns when
the original fear-evoking stimulus is re-encountered.
Like the compound hypothesis, the configural hypothesis cannot explain
that a context change after acquisition has usually no impact on responding to the
CS. Following the configural view, a context switch after acquisition implies a
stimulus change, thereby preventing full generalization of responding and causing a
concomitant response loss. In the conditioning literature, a response loss due to
perceptual dissimilarity is called generalization decrement (Pearce, 1987).

Occasion setting hypothesis
To overcome the limitations of the compound conditioning and the configural
learning hypotheses, Bouton and his colleagues (e.g., Bouton, 1994a; Bouton &
Nelson, 1994; Bouton & Ricker, 1994) postulated an occasion setting model of
renewal. In contrast to the former hypotheses, the occasion setting view assumes
no development of direct associations between the context and the US. Instead,
contexts may indirectly influence behaviour by signalling or retrieving the
association between a CS and the US.
16
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The occasion setting hypothesis asserts that during conditioning an
excitatory association develops between the CS (e.g., tone) and the US (e.g., shock)
(see Figure 1.1). After conditioning, presenting the tone CS excites the memory of
the shock US, thereby producing behavioural responding (CR). During extinction,
in which the tone CS is repeatedly presented without the shock US, the excitatory
association is not erased. Instead, a new inhibitory tone-shock association (CSnoUS) is formed. By consequence, the meaning of the tone CS is ambiguous as it
has now two “conflicting” associations and presentation of the tone CS will elicit
both its associations. The inhibitory association suppresses activation of the
memory of shock (US) and no behavioural responding is observed (i.e.,
extinguished CR). Thus, extinction is assumed to involve the formation of a
second association, rather than destruction of the first-learned association.

US

CS
Cntxt
Figure 1.1 Model of extinction. The arrow reflects an excitatory association between the
tone (T) CS and the unconditioned stimulus (US). The blocked line reflects a gated
inhibitory CS-US association that requires input from both the context and the tone CS for
its activation. From “Mechanisms of Feature-Positive and Feature-Negative Discrimination
Learning in an Appetitive Conditioning Paradigm,” by M. E. Bouton and J. B. Nelson
(2002), in N. A. Schmajuk, P. C. Holland (Eds.), Occasion Setting: Associative learning and
cognition in animals, p. 72.

The development of a new inhibitory pathway during extinction is also
suggested by neurobiological experiments (see LeDoux, 1995, for a review). For
instance, lesions of cortical brain areas in rodents impair extinction of conditioned
fear responses without affecting fear conditioning itself, indicating different neural
pathways underlying extinction and conditioning (LeDoux, Romanski, &
Xagoraris, 1989; LeDoux, Sakaguchi, & Reis, 1984). Specifically, studies across
17
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species indicate that the amygdala – a subcortical structure – has a critical function
in the acquisition and expression of conditioned fear responding (LeDoux, 2000).
Extinction of conditioned responding appears to involve the formation of
inhibitory associations by a network of the amygdala, ventromedial prefrontal
cortex, and the hippocampus. This network suppresses fear responses elicited by
excitatory associations in the amygdala (Sotres-Bayon, Bush, & LeDoux, 2004).
Central to Bouton’s theory (e.g., Bouton & Ricker, 1994), the inhibitory
association is “gated”, meaning that its activation reacquires the joint presence of
the CS and the context in which extinction occurred. Hence, inhibitory learning is
context dependent. In contrast, the excitatory association is stored independently
of its context. Renewal then occurs because absence of the extinction context
impairs activation of the inhibitory association, thereby allowing the excitatory
association to fully control responding (i.e., CR). To put it another way, renewal
effects reflect a failure to retrieve what has been learned in extinction. A change in
context after extinction training prevents retrieval of extinction performance in
favour of conditioning performance (Bouton, 1993, 1994a, 1994b).
The role of contexts in renewal has also been compared with that of
occasion setters (e.g., Bouton & Nelson, 1998). Occasion setting is a phenomenon
that is observed in research on discrimination learning (e.g., Holland, 1992). For
instance, in a feature-negative discrimination training, a stimulus (the target
stimulus; e.g., a light) is followed by a biological significant event (US; e.g., a
shock), but not when it is preceded by another stimulus (the feature stimulus; e.g.,
tone). Crucially, the feature doesn’t acquire a direct inhibitory association with the
US. Rather, the feature becomes a signal or “sets the occasion” for the target not
being followed by a shock. In renewal, contexts are supposed to contain similar
properties as occasion setters. That is, contexts are not simply associated with the
US (or the absence of the US), but instead selectively activate associations of the
CS. Hence, the extinction context activates the CS-noUS association (Bouton &
Moody, 2004).
The model provides an elegant explanation for relapse of fear following
successful exposure treatment. The traumatic association may remain intact during
exposure therapy, while new learning occurs that is specific to the context in which
it was learned. As exposure effects are supposed to be context specific, fear may
recur when the previously feared stimulus is encountered outside the therapy
context (Bouton, 1988).
In contrast to the compound conditioning and configural hypotheses, the
occasion setting model (e.g., Bouton & Nelson, 1994) predicts no loss of
18
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behavioural responding when the context is switched after acquisition. That is, the
excitatory association is supposed to be context independent and full elicitation of
responding is expected when the fear stimulus (CS) is presented in another
context. Moreover, the model can explain observations of renewal in the
acquisition context (ABA) as well as in novel contexts (ABC). That is, any switch
out of the extinction context should renew conditioned responding to the feared
stimulus (CS). Nevertheless, the occasion setting view cannot account for all
experimental findings. For instance, renewal in a novel context (ABC) seems to be
weaker than in the original acquisition context (ABA) (e.g., Harris et al., 2000).
From the view that extinction, but not acquisition, depends on the context, it
follows that a return of fear in the original acquisition context (ABA) should be as
strong as in a novel context (ABC).
In sum, animal conditioning findings are most compatible with the idea that
extinction involves new, context-specific learning that can inhibit original fear
learning. Contexts seem to acquire a modulatory role that helps to disambiguate
when the original learning (fear learning) or the new learning (extinction learning)
is valid. Outside the extinction context, extinction learning is less available and, by
consequence, original fear learning regains control over behavioural responding.

Renewal of human conditioned fear
Although renewal effects in rodents have been reported for over the last several
decades, evidence for renewal in humans only recently emerged. Renewal was
initially observed in anxious individuals who were treated for their fears by
exposure therapy. These studies showed that extinguished fear recovers when the
previously feared object is encountered in a context different from treatment
(Mineka, Mystkowski, Hladek, & Rodriguez, 1999; Mystkowski, Craske, &
Echiverri, 2002; Mystkowski, Mineka, Vernon, & Zinbarg, 2003). There is,
however, no control over the acquisition history in individuals with anxiety
disorders. The circumstances under which fear was acquired are often unknown.
Recently, renewal has been demonstrated in humans in whom fear was
experimentally induced (Vansteenwegen et al., 2005).
Vansteenwegen and colleagues (2005) showed participants two neutral
stimuli (CSs; pictorial faces) of which one stimulus (CS+) was followed by an
aversive event (US; a loud noise), whereas the other, control stimulus (CS-) was
never followed by the aversive event. Fear acquisition occurred in either a dark or
illuminated room (Context A). Extinction of responding was then established by
19
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repeatedly presenting both stimuli (CS+, CS-) alone in the opposite lighting
context (Context B). Upon returning to the original acquisition context,
responding to the CS+, but not to the CS- recovered (ABA renewal). The studies
presented in this thesis used similar procedures to test the hypotheses.

Assessment of human conditioned fear
The expression of human fear is assumed to comprise three components (Lang,
1985): a verbal or cognitive component (e.g., people may report that they are afraid
of dogs), a behavioural component (e.g., people may avoid or run away from a
dog), and a physiological component (e.g., people may show an increased heart rate
when seeing a dog). Conditioned responding in humans is typically assessed for
two of these three components: the verbal and the physiological level. An example
of a verbal measure is asking participants to what extent they expect a stimulus
(CS) to be followed by an aversive event (US) (e.g., Vansteenwegen et al., 2005).
The physiological fear component is usually measured by changes in
autonomic responses to a stimulus (CS), such as the skin conductance response
and the startle reflex. A skin conductance response involves the increase of the
electric conductance of the skin due to activity of the sweat glands (Lykken &
Venables, 1971). A stimulus (CS+) that is paired with an aversive US typically
elicits increased skin conductance responding. As any stimulus might evoke
orienting skin conductance responses, human conditioning studies usually include
a control stimulus (CS-) that is equally often presented but never paired with the
US. Conditioned responding is reflected by larger skin conductance responses in
reaction to the CS+ than to the CS-. A main disadvantage of skin conductance is
that it is not selectively sensitive to fear learning. Also stimuli (CSs) that are paired
with nonaversive, but arousing events (such as a reaction time task) can evoke
increased skin conductance responses (Hamm & Vaitl, 1996). Thus, skin
conductance conditioning seems to reflect contingency learning (i.e., knowing that
a stimulus is followed by a significant event) rather than emotional learning
Unlike skin conductance responding, potentiation of startle responding
appears to be a more specific index of fear learning since it is only observed when
an aversive event (US) is paired with a CS (Hamm & Vaitl, 1996). The startle
response is a reflexive response in reaction to the sudden onset of an intense
stimulus, for instance a loud noise (Grillon, Ameli, Woods, Merikangas, & Davis,
1991). Human startle responses are usually measured by the eyeblink reflex
produced by a rapid contraction of muscles around the eye. The loud noise, or
20
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startle probe, is presented either during a stimulus (CS) or in the interval between
two stimulus presentations (intertrial interval). Eyeblink reflexes elicited during
aversive states, for instance in the anticipation of an aversive event, are potentiated
as compared to responses evoked during neutral states (Lang, Bradley, & Cuthbert,
1990). Conditioned responding is indexed by larger eyeblinks to probes presented
during a fear conditioned stimulus (CS+) relative to a control stimulus (CS-) or an
intertrial interval (Grillon, Cordova, Morgan, Charney, & Davis, 2004).

Prevention of renewal
The general implication of renewal studies is that once a fear memory is
established, it is forever. A fear memory persists even after extinction training
removed the behavioural response. If exposure treatments do not eliminate fear
learning, then relapses are always possible. Treatments may be optimized by
methods that prevent occasions of relapse. Most strategies aimed to prevent
renewal encompass the strengthening of extinction learning, either by directly
strengthening the formation of the extinction memory or by generalizing
extinction learning more effectively across contexts. Some examples are described.
Several studies showed beneficial effects of extinction in different contexts
on renewal. Chelonis, Calton, Hart, and Schachtman (1999) and Gunther,
Denniston, and Miller (1998), for example, demonstrated that conducting
extinction in multiple contexts reduces renewal relative to extinction in a single
context. From the view that contexts are composed of many cues, extinction in
multiple contexts might connect extinction learning to a wide variety of contextual
cues. This increases the likelihood that the renewal test context shares cues with
the extinction contexts, thereby facilitating retrieval of extinction learning and
weakening renewal of fear (Chelonis et al., 1999; Gunther et al., 1998). Important
to note is that Gunther et al. also showed that extinction in multiple contexts was
not effective in weakening renewal when fear conditioning had also been
conducted in (other) multiple contexts. This indicates that extinction in different
contexts does not erase original fear learning and that this strategy may remain
vulnerable for relapse.
From the view that renewal reflects a failure to retrieve extinction, it follows
that renewal should be reduced if extinction is retrieved just before test (Bouton,
1994b). Several studies confirmed this prediction. In a series of experiments,
Brooks and Bouton (1994) conditioned rats in one context before subjecting them
to extinction training in another context. During extinction, a discrete cue
21
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preceded most of the trials. Renewal occurred when rats returned to the context of
conditioning. In contrast, presenting the extinction cue at test weakened renewal.
The extinction cue, or retrieval cue, may remind the subject that the extinction
association is valid, thereby offsetting renewal of fear.
An exciting, new finding is that administration of the drug D-cycloserine
(DCS) can boost the effects of extinction training in animals (Ledgerwood,
Richardson, & Cranney, 2003; Walker, Ressler, Lu, & Davis, 2002) and exposure
treatment in anxiety patients (Hoffman et al., 2004; Ressler et al., 2004). Walker et
al., for instance, showed that administering DCS before extinction training
facilitated extinction learning as compared to administering saline (a control).
Nevertheless, it is currently known that DCS does not protect extinction learning
against recovery phenomena like renewal (Bouton, Vurbic, & Woods, 2008).
In sum, generalizing extinction learning beyond the context of extinction
may be effective in counteracting renewal. Original fear learning is, however, not
erased. Fear learning may be suppressed by extinction learning but its robust
generalization remains a serious risk for relapse. Therefore, strategies aimed at
preventing renewal may benefit more from decreasing the generalization (i.e.,
contextualization) of fear learning rather than exclusively increasing the
generalization (i.e., decontextualization) of extinction learning. Obviously, the
history of fear learning cannot be changed literally in patients with anxiety
disorders. Therefore, contextualization of fear learning should occur after a fear
memory has been established, thus retrospectively, in order to be of clinical value.

A search for new strategies in preventing renewal
It has long been suggested that once memories are consolidated, they are indelible
and fixed (McGaugh, 1966). This would suggest that once a fear memory is stored
independent of its context, it is immune to the storage of additional information
about the context in which fear learning occurred. In other words, it would not be
possible to transform an existing fear memory that is context independent into a
context-dependent fear memory. Animal studies suggest, however, that
consolidated fear memories are not necessarily permanent, but open to change
upon retrieval (e.g., Nader, Schafe, & LeDoux, 2000). Reactivation of a
consolidated fear memory appears to return it temporarily into a labile state, from
which it needs reconsolidation in order to persist (Sara, 2000). During this labile
state, fear memories can be weakened, for instance by drug manipulations (Nader
et al., 2000). Hence, also established fear memories may be sensitive to change.
22
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The question is whether the context independency of existing fear memories can
also be influenced. If an initially context-free fear memory could be made context
dependent, this may be useful in the prevention of renewal.
The present thesis aimed to provide novel strategies to counteract renewal
of fear. Instead of enhancing the generalization of extinction learning, we
developed procedures that are meant to weaken the generalization of fear learning.
Animal conditioning findings may provide some important clues in this regard.
One finding is that fear learning is sometimes less context independent than
assumed by the occasion setting model (e.g., Harris et al., 2000). If fear learning
can be partially context dependent, then it is more likely that we can influence (i.e.,
enhance) the context dependency of fear learning in order to reduce renewal.
Another finding is that context discrimination procedures can generate fear
learning that is specific to the context in which it was acquired (Bouton &
Swartzentruber, 1986). In context discrimination training, fear learning (CS-US) in
one context is repeatedly alternated with inhibition training with the same stimulus
(CS-noUS) in another context. Hence, the context explicitly signals whether the
stimulus is followed by an aversive event. Therefore, context discrimination
training may be a key to contextualizing fear learning: It may help to discern
dangerous contexts from safe contexts. In the study of Bouton and Swartzentruber
(1986), however, context-dependent responding was found for newly formed fear
memories. Given that upon retrieval fear memories can be modified after they are
acquired (Nader et al., 2000), we hypothesize that context discrimination training
after fear acquisition (i.e., during extinction training) will contextualize previously
learned fear memories.

Outline of the present thesis
The aim of the present thesis was to develop novel strategies to weaken renewal of
extinguished fear in humans. In contrast to prevailing strategies, we aimed to
reduce renewal by decreasing the generalization of the original fear learning.
The present thesis encloses three sections. The first section (Chapter 2)
addresses the contextual control of fear learning. We tested the hypothesis that
fear learning is more context dependent than is proposed by the occasion setting
model. For this purpose, renewal in the acquisition context (ABA) was compared
with renewal in a novel context (ABC). The second section (Chapter 3) deals with
possible mechanisms for the contextual control of fear learning observed in the
first section. By simultaneously changing the context (from A to B) and the
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contingency (from acquisition to extinction), subjects may have inferred that the
acquisition context was relevant for fear learning, while the extinction context is
relevant for extinction learning. This would imply retrospective learning about the
acquisition context. In Chapter 3, we used a conditioned suppression task to test
whether an extinction procedure can indeed induce retrospective learning. The
third section (Chapters 4, 5, and 6) focuses on enhancing the contextual control of
fear learning in order to weaken renewal. Chapter 4 describes a study that used a
context discrimination procedure during extinction training to contextualize fear
learning. The context discrimination procedure stresses that the (acquisition)
context is relevant for fear learning. In Chapters 5 and 6, we used a different
discrimination procedure to weaken renewal. Instead of the entire context
(Chapter 4), a discrete context cue was made relevant for fear learning. The effect
of context-cue discrimination training on renewal was examined both in a
predictive learning paradigm (i.e., assessing only the cognitive component of fear)
(Chapter 5) and a fear conditioning paradigm (Chapter 6). Finally, in Chapter 7, the
main findings of the studies presented in this thesis are summarized and discussed.
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Chapter 2

Abstract
The original model of behaviour change suggests that extinction is context
dependent whereas fear acquisition is context independent (Bouton & Ricker,
1994). Supportive evidence stems mainly from animal studies, showing that after
acquisition (CS-US) in Context A and extinction in Context B, fear is renewed by
presenting the CS in acquisition Context A (ABA renewal) or in a novel Context C
(ABC renewal). By implication, the model predicts equal ABA and ABC renewal.
However, there is also evidence to suggest that the context dependency of
extinction and the context independency of acquisition may be less stringent than
originally proposed. The present study investigated renewal in humans using a
differential fear conditioning paradigm with a shock US and online shock
expectancy ratings and electrodermal responses as dependent variables.
Experiment 1 compared an ABA condition with an AAA condition. Experiment 2
compared three conditions: ABA, ABC, and AAA. Both experiments
demonstrated ABA renewal. Most importantly, Experiment 2 showed larger ABA
than ABC renewal. In line with the extinction model, the present findings support
the context dependency of extinction in humans. In contrast to the model, the
findings suggest that in humans not only extinction learning, but also fear
acquisition is controlled by its current context.
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Introduction
Simple Pavlovian conditioning in animals (Pavlov, 1927) has provided major
clinical applications for humans. Conditioning refers to the process of pairing an
initially neutral conditioned stimulus (CS) (e.g., a tone) with an intrinsically aversive
unconditioned stimulus (US) (e.g., an electric shock). The learned association
between the CS and the occurrence of the aversive event generates a robust
conditioned fear response to the CS on its own. Pavlovian fear conditioning has
been considered as an important experimental model for the etiology of anxiety
disorders for at least 80 years (Mowrer, 1939; Watson & Rayner, 1920). Of even
greater clinical relevance is that extinction, that is, attenuation of Pavlovian
conditioned fear by repeated presentations to the CS in absence of the US, has
been the explicit model for behaviour therapy (Eysenck, 1981; Marks, 1978).
Although CS alone presentations may extinguish conditioned fear responses,
it is well established that an extinction procedure does not erase the original
learned fear association (Bouton, 2000; Pearce & Hall, 1980; Rescorla, 2001).
Retention of the original CS-US association has been uncovered following
extinction by a variety of factors including a context change (renewal), presenting
unsignalled USs (reinstatement), or simply the passage of time (spontaneous recovery)
(Bouton & Bolles, 1979; Bouton & King, 1983; Pavlov, 1927). Instead of erasure,
Bouton and colleagues assert that extinction involves new learning that competes
with the original learning (see for reviews Bouton, 2000, 2002). The implication is
that, once an aversive association has been learned, the memory trace for this
association will be forever.
Assuming that the original association (CS-US) remains intact, extinction is
thought to provide the CS with a second association (CS-noUS) that is available
along with the first. A central tenet of the theory of Bouton is that these conflicting
“meanings” supply the CS with ambiguity and that the context determines which
meaning or association prevails in a certain situation (Bouton, 2002). This is
represented in the original model of extinction learning (Bouton & Ricker, 1994).
In this model it is hypothesized that merely elicitation of the CS-noUS association
depends on the context whereas elicitation of the CS-US association is context
independent. That is, in all contexts the original learned association is activated
unless the extinction context turns it off. This hypothesis is derived from findings
that a context change after simple acquisition has little impact on conditioned
behaviour (e.g., Bouton & King, 1983; Swartzentruber & Bouton, 1992), while the
same context change after extinction often produces a loss of the new learned
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behaviour (i.e., renewal) (e.g., Bouton & Bolles, 1979; Bouton & Peck, 1989). By
implication, the model predicts that “renewed responding should occur whenever
an extinguished CS is tested in a context that differs from the extinction context”
(Bouton & Ricker, 1994, p. 317). Extrapolating to clinical practice, someone may
acquire a spider phobia at home (Context A), which is treated by exposure in a
therapeutic setting (Context B). Outside the treatment context, either at home
(Context A) or in a new situation (Context C), the patient might suffer relapse
when confronted with a spider (CS) due to a context change following exposure.
Evidence of the context dependency of extinction has been provided by
studies on renewal in both animals and humans. When conditioned responding is
acquired in Context A and extinguished in Context B, rodents demonstrate robust
recovery of conditioned responding upon testing the CS in the original Context A,
that is, ABA renewal (Bouton & King, 1983; Harris, Jones, Bailey, & Westbrook,
2000; Thomas, Larsen, & Ayres, 2003), or in a new Context C, that is, ABC
renewal (Bouton & Bolles, 1979; Bouton & Brooks, 1993; Gunther, Denniston, &
Miller, 1998). Renewal is also found when acquisition and extinction take place in
the same context and testing occurs in a different context, that is, AAB renewal
(Bouton & Ricker, 1994; Tamai & Nakajima, 2000). In humans, however, evidence
of the renewal effect is relatively scarce. Most studies have been conducted in
anxious individuals who were treated for their pre-existing fear by a short exposure
treatment. Such studies show that fear returns when these individuals are tested in
a context different from the treatment context (e.g., Mineka, Mystkowski, Hladek,
& Rodriguez, 1999; Mystkowski, Craske, & Echiverri, 2002; Mystkowski, Mineka,
Vernon, & Zinbarg, 2003). Only recently, renewal in humans has been investigated
in which fear was experimentally induced (Milad, Orr, Pitman, & Rauch, 2005;
Vansteenwegen et al., 2005). For instance, in a differential fear conditioning
paradigm, Vansteenwegen et al. showed participants during acquisition two neutral
slides of pictorial faces of which one (CS+) was paired with a loud noise (US),
whereas the other (CS-) was never paired with the US. Extinction of conditioned
fear was established by presenting both slides without the US in a different
context. Conditioned fear responding to the CS+ renewed when returning to the
acquisition context (i.e., ABA renewal). The abovementioned findings strengthen
the idea that effects of exposure therapy may be lost when the previously feared
object is encountered outside the treatment context.
Despite convincing evidence of the renewal effect, also several anomalies in
the literature are available suggesting that the proposed model on extinction
learning might be unnecessarily defeatist. First of all, the frequently reported
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absence of AAB renewal in animal laboratory studies is difficult to reconcile with
the current model of extinction (Bouton & King, 1983; Bouton & Swartzentruber,
1989; Goddard, 1999; but see Bouton & Ricker, 1994). Furthermore, the
observation by Denniston, Chang, and Miller (2003) that massive relative to
moderate extinction training can attenuate the ABA renewal effect in rodents can
not be explained by the original model on extinction. If extinction were restricted
to its context, no difference in the strength of renewal would be expected between
massive and moderate extinction. Also, the recent demonstration of weaker ABC
renewal compared to ABA renewal (Harris et al., 2000; but see Thomas et al.,
2003) can be considered as an anomaly for the model. That is, from the view that
extinction, but not acquisition, depends on the context, it would follow that a
return of the conditioned response in the original context (ABA) should be as
strong as in a novel context (ABC).
In sum, several findings in the literature suggest that the hypothesized
context dependency of extinction and context independency of acquisition may be
less stringent than originally supposed. In contrast to the original model on
extinction, we assume that contexts are not only relevant for extinction learning
but also for fear associations. If so, it may be expected that after acquisition in
Context A and extinction in Context B, presenting the CS in a novel Context C
would result in less renewal than in the original acquisition Context A. Conversely,
as the original model on extinction learning ascribes no importance to the
acquisition context, no difference between ABC and ABA renewal would be
predicted. The present study was designed to test these opposing predictions. Since
demonstrations of ABA renewal of extinguished fear responding in humans are
rare (e.g., Vansteenwegen et al., 2005), Experiment 1 addressed the replication of
ABA renewal. Experiment 2 tested the prediction of smaller ABC than ABA
renewal.

Experiment 1
In Experiment 1, ABA renewal was examined using a differential fear conditioning
procedure (Vansteenwegen et al., 2005) with an electric shock as US. In the ABA
condition, participants received acquisition in one context (Context A), extinction
in another context (Context B), and a test for renewal in the original acquisition
context (Context A). In the AAA condition, acquisition, extinction, and testing
took place in one and the same context (Context A). Expectancy ratings of shock
and autonomic arousal (skin conductance) were measured online as indices of
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respectively causal knowledge and conditioned responding, which are suggested to
be closely related (Lovibond & Shanks, 2002). It was predicted that participants in
both conditions would show a gradual increase of differential responding to CS+
and CS- during acquisition trials (expectancy ratings and skin conductance), which
was expected to gradually decrease during extinction trials. Of most interest to our
hypothesis was the response pattern between the last extinction trial and the first
test trial as an index of renewal. It was predicted that upon a context change after
extinction, the ABA condition would show an increase in responding to CS+
relative to CS-. No increases were expected in the AAA condition.

Method
Participants
Fifty-four undergraduate students (13 men, 41 women) participated in return for
course credits. Participants did not have heart complaints or an epileptic disorder.
They were randomly assigned to one of the conditions with the restriction that
conditions were matched on sex as close as possible: AAA (n = 27: 6 men, 21
women) and ABA (n = 27: 7 men, 20 women).

Stimuli
The two neutral line drawings of pictorial faces used by Vansteenwegen et al.
(2005) served as CSs. The slides were 267 mm high and 220 mm wide and were
presented in the middle of a black screen on a 19-inch computer monitor. One of
the slides (CS+) was followed by an US, while the other slide (CS-) was not.
Assignment of the slides as CS+ and CS- was counterbalanced across participants.
An electric shock, delivered to the wrist of the non-preferred hand, served as US
(e.g., Vervliet, Vansteenwegen, Baeyens, Hermans, & Eelen, 2005).

Context manipulation
Contexts were manipulated by illuminating the experimental room in either a pink
or a yellow light. Lighting was supplied by a frame with six fluorescent tubes of 36
W (two pink and four yellow tubes) located on the ceiling of the room, resulting in
a slightly dimmed coloured illumination of the whole room. The experimenter
controlled the lighting from an adjacent room.
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Apparatus
Delivery of the electric shock was controlled by a Digitimer DS7A constant current
stimulator (Hertfordshire, UK) via a pair of Ag electrodes of 20 mm by 25 mm
with a fixed inter-electrode mid-distance of 45 mm. A conductive gel (Signa,
Parker) was applied between the electrodes and the skin.
Rated expectations of the US were measured online during CS presentation
using a pointer on a continuous scale placed within reach of the preferred hand.
The scale consisted of 11 points labelled from ‘certainly no shock’ (0) through
‘uncertain’ (5) to ‘certainly a shock’ (10). The scale and participant’s rating were
continuously presented at the bottom of the computer screen in order to
encourage participants to focus their attention to CSs.
Electrodermal activity was measured using an input device with a sine
shaped excitation voltage (± 0.5 V) of 50 Hz, which was derived from the mains
frequency. The input device was connected to two Ag/AgCl electrodes. The use of
an electrode gel was omitted to prevent the gel forming a capacitive load for the
signal. Optimal electrode contact area was ensured by using preformed electrodes
of 20 mm by 16 mm, which were attached with adhesive tape to the medial
phalanges of the second and third fingers of the non-preferred hand. The signal
from the input device was led through a signal-conditioning amplifier and the
analogue output was digitized at 100 Hz by a 16-bit AD-converter (National
Instruments, NI-6224).
The experiment was run on a Pentium IV 3 GHz PC. A software program
(VSSRP98 v5.4), which managed presentation of CSs and the expectancy rating
scale and employed a trigger signal to initiate US delivery, recorded expectancy
ratings and electrodermal activity during the whole experiment. Data reduction and
analysis were performed offline.

Procedure
During the experiment, participants sat behind a table with a computer monitor at
a distance of 70 cm in a sound-attenuated room. After participants had given
informed consent, the experimenter attached the skin conductance and shock
electrodes. The intensity of the US was determined by gradually increasing the level
of the shock. Participants were asked to select a level that was uncomfortable, but
not painful. After US selection, both CSs were presented once without the US on
the computer screen to habituate participants to the stimuli. Next, participants
were instructed about the use of the expectancy pointer. It was explained that the
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same slides would be presented to them on the computer. Participants were
instructed to look carefully at them, as an electric shock would follow some of the
slides. They were told that they should learn to predict on the basis of the slides
whether an electric shock would occur or not. Participants were required to rate
the expectancy of a shock during the presentation of each slide by shifting the
pointer on the scale. Once the slide disappeared, they had to return the pointer to
zero. Participants were given the possibility to communicate through an intercom
in case of problems.
The conditioning experiment consisted of an acquisition phase, an
extinction phase, and a test phase. In the acquisition phase, the contingency between
CS+ and US was learned. Both CS+ and CS- stimuli were presented 10 times for 8
s. The US occurred immediately after CS+ offset with a duration of 2 ms. Intertrial
intervals (ITI) varied between 15 s, 20 s and 25 s with a mean of 20 s. Order of trial
and ITI were quasi-random, with the restriction that no more than two consecutive
trials or ITI were of the same type. For participants in all conditions acquisition
took place in Context A.
In the extinction phase, participants learned that the CS+ was no longer
followed by the US. Both CS+ and CS- stimuli were presented 10 times without
the US. Characteristics of CS, trial order, and ITI were similar to the acquisition
phase. For participants in the AAA condition extinction occurred in Context A,
while for participants in the ABA condition extinction took place in a different
context (Context B). Switching to Context B occurred immediately after
presentation of the last acquisition trial.
In the test phase, renewal of responding was examined. Participants were
exposed to both CS+ and CS- stimuli for three times. None of the CS+ was paired
with the US. The same characteristics of CS, trial order, and ITI as during
acquisition were applied. Testing occurred for both conditions in the acquisition
context (Context A). For Condition ABA, switching to Context A took place
immediately after presentation of the last extinction trial. The colours of the
lighting that served as Contexts A and B were counterbalanced across participants.
Acquisition, extinction, and test phase were presented without interruption.
After removing the electrodes, participants were asked to rate the
pleasantness of the US on an 11-point scale ranging from –10 (unpleasant) to +10
(pleasant) and the intensity of the US on a 5-category scale (weak, moderate,
intense, enormous, and unbearable).
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Scoring, response definition, and statistical analysis
US expectancy ratings were calculated based on the average rating level of the last
2 s of a CS presentation. Skin conductance responses elicited by the CS were
scored in two latency windows. First interval responses (FIR) and second interval
responses (SIR) were defined as starting within 1-4 s respectively 4-9 s after CS
onset (Prokasy & Kumpfer, 1973). Responses initiated between 9-15 s after CS
onset were scored as unconditioned responses. A minimum response criterion of
0.05 microSiemens (ƬS) and a minimum rise time of 400 ms were used. All other
responses were scored as zero and were left in the analyses (Dawson, Schell, &
Filion, 2000). Responses were range corrected to control for interindividual
differences (Lykken & Venables, 1971) using the largest unconditioned response
elicited by the US during acquisition trials as the maximum range. Note that no
differences were found in maximum ranges across conditions. Range corrected
magnitudes were square root transformed to reduce skewness of the distribution.
US characteristics were analyzed by separate 2 (condition: AAA vs. ABA)
factorial analyses of variance (ANOVA). Expectancy and electrodermal data during
acquisition were subjected to a 2 (CS-type: CS+ vs. CS-) × 10 (trial: 10 acquisition
trials) × 2 (condition: AAA vs. ABA) mixed ANOVA with condition as a betweensubjects factor and CS-type and trial as within-subjects factors. To confirm an
acquisition effect, focused contrasts were used to examine the predicted withinsubjects interactions, CS-type × Trial and CS-type × Trial × Condition (Rosenthal
& Rosnow, 1985). To explore whether acquisition generalized to another context,
data were analyzed on basis of responses to the last acquisition trial (a10) and the
first extinction trial (e1), using a 2 (CS-type: CS+ vs. CS-) × 2 (trial: a10 vs. e1) × 2
(condition: AAA vs. ABA) mixed ANOVA.
Like acquisition, a similar analysis was used to examine an extinction effect
except that the factor trial consisted of 10 extinction trials. To test for renewal,
responding to the last extinction trial (e10) was compared to the first test trial (t1).
Therefore, a 2 (CS-type: CS+ vs. CS-) × 2 (trial: e10 vs. t1) × 2 (condition: AAA
vs. ABA) mixed ANOVA was performed. The results of most interest to our
hypothesis were reported and further examined with post-hoc simple interactions
and pairwise comparisons. A Greenhouse-Geisser procedure was applied in case of
violation of the sphericity assumption in ANOVAs with more than two levels of
the factor trial. An alpha level of .05 was used for all statistical analyses.
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Results
Of the 54 participants tested, expectancy data of 2 participants were left out
because of failure to comply with US rating instructions. Therefore, the results for
US expectancy ratings and skin conductance are based on 52 respectively 54
participants. For reasons as missing rating data (n = 5), speaking (n = 1), and
coughing (n = 3) at some point of the experiment, sample sizes for the different
analyses varied between 47 and 54.

US characteristics
Selected US intensities ranged from 2 to 24 mA with a mean of 10.80 mA (SD =
5.13). After the experiment, participants rated the US as fairly unpleasant (M = 4.65, SD = 2.39) and rated the intensity of the US as moderate to intense (M =
2.52, SD = 0.51). There were no differences between conditions in selected
intensities or in the way participants experienced the US, all Fs < 1.87.

Acquisition
US expectancy ratings. Figure 2.1 summarizes mean expectancy ratings to CS+
and CS- across trials for both conditions separately (AAA, ABA). As expected, the
analysis yielded a significant linear CS-type × Trial (a1 to a10) interaction, F(1, 45)
= 200.79, p < .01, indicating a gradual increasing differentiation between CS+ and
CS- ratings from the first to the last acquisition trial. This pattern of acquisition did
not differ between conditions, as reflected by a non-significant linear CS-type ×
Trial × Condition interaction, F < 1. This suggests that the CS+ and CS- had
become valid predictors of the US, respectively, non-occurrence of the US in both
conditions.
Skin conductance (FIR). No evidence of an acquisition effect was provided for
FIR. Because recovery of conditioned responding cannot be expected when there
is no acquisition of conditioned responding, FIR results were not reported for the
sake of brevity.
Skin conductance (SIR). Mean SIR on CS+ and CS- trials are shown per
condition in Figure 2.2. In contrast to expectancy ratings, the ANOVA for SIR did
not reveal the predicted linear CS-type × Trial (a1 to a10) interaction, F < 1.77.
Also, the linear CS-type × Trial × Condition interaction was not significant, F <
1.16. Despite the absence of the expected pattern for SIR across acquisition trials,
there was, however, a main effect of CS-type, F(1, 51) = 16.43, p < .01, and no CS-
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type × Condition interaction, F < 1, indicating that both conditions emitted larger
responses to CS+ than to CS-. Furthermore, there was an unexpected trend for
larger responses in the ABA condition than in the AAA condition, F(1, 51) = 3.30,
p = .08. The results are considered as evidence that acquisition of conditioned
responding was established, as supplementary analyses revealed differential
responding to CS+ and CS- on the last acquisition trial, F(1, 51) = 4.81, p = .03,
but not on the first acquisition trial, F < 2.76.

Generalization of acquisition
US expectancy ratings. The ANOVA revealed interactions between CS-type
and trial (a10, e1), F(1, 50) = 17.41, p < .01, and, crucially, between CS-type, trial,
and condition, F(1, 50) = 5.86, p = .02. Simple interactions (CS-type × Trial)
within each level of condition yielded only a significant interaction in the ABA
condition, F(1, 24) = 18.80, p < .01, suggesting a loss of differential ratings to CS+
and CS- upon transition from one context (A) to another context (B). Pairwise
comparisons showed that from the last acquisition trial to the first extinction trial
CS+ ratings decreased marginally significant (p = .05), while the increase in CSratings was highly significant (p < .01). Thus, there was some evidence of
decrement of acquisition from one context to another context.
Skin conductance (SIR). Contrary to expectancy ratings, there was no CS-type
× Trial (a10, e1) interaction, F < 1.04, nor a CS-type × Trial × Condition
interaction, F < 1.15. However, the analysis revealed overall larger responses to
CS+ than to CS-, F(1, 52) = 6.57, p = .01. These results indicate that a context
change did not influence differential responding. Hence, acquisition of conditioned
responding seems to have been maintained from one context (A) to another
context (B).

Extinction
US expectancy ratings. As expected, the ANOVA showed a significant linear
CS-type × Trial (e1 to e10) interaction, F(1, 50) = 61.33, p < .01, indicating that the
difference in rated expectancies between CS+ and CS- gradually decreased across
extinction trials, that is, an extinction effect. At the end of extinction, the CS+ no
longer predicted the US. An almost significant linear CS-type × Trial × Condition
interaction, F(1, 50) = 3.97, p = .05, reflected a tendency for the ABA condition to
show a faster loss of differential ratings to CS+ and CS- during extinction than the
AAA condition.
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Figure 2.1 Mean US expectancy ratings for CS+ and CS- during 10 acquisition trials (a1 to
a10), 10 extinction trials (e1 to e10), and three test trials (t1 to t3) separately for the ABA
condition (upper panel) and the AAA condition (lower panel) in Experiment 1. Note: Because
of varying sample sizes between the different analyses (acquisition, generalization of acquisition, extinction, and
renewal) in Experiment 1, some means may slightly differ from means that were used in the analyses.

Skin conductance (SIR). In contrast to rated expectancies, the ANOVA for SIR
yielded neither a crucial linear CS-type × Trial (e1 to e10) interaction, F < 2.14, nor
a linear CS-type × Trial × Condition interaction, F < 2.53. Hence, SIR did not
reveal the predicted gradual decline between CS+ and CS- responses across
extinction trials. However, a trend for the main effect of trial, F(6.86, 343.03) =
1.75, p = .10, and a significant linear trial main effect, F(1, 50) = 9.49, p < .01, were
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Figure 2.2 Mean square root range-corrected second interval responses (SIR) for CS+ and
CS- during 10 acquisition trials (a1 to a10), 10 extinction trials (e1 to e10), and three test
trials (t1 to t3) separately for the ABA condition (upper panel) and the AAA condition
(lower panel) in Experiment 1. Note: Because of varying sample sizes between the different analyses
(acquisition, generalization of acquisition, extinction, and renewal) in Experiment 1, some means may slightly
differ from means that were used in the analyses.

observed, indicating an overall decline in responses. As an additional analysis
showed that no differential responding was present on the last extinction trial, F <
1, the results were considered as evidence of the extinction effect.
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Renewal
US expectancy ratings. The analysis yielded a CS-type × Trial (e10, t1)
interaction, F(1, 49) = 7.08, p = .01, and, most crucial to our hypothesis, a CS-type
× Trial × Condition interaction, F(1, 49) = 8.05, p < .01. To clarify the latter
interaction, simple interactions (CS-type × Trial) were performed within each
condition. In the ABA condition, the significant CS-type × Trial interaction, F(1,
23) = 6.80, p = .02, reflects a larger increase for CS+ ratings than for CS- ratings
from extinction to test. Pairwise comparisons showed a significant increase from
the last extinction to the first test trial for CS+ ratings (p < .01) as well as for CSratings (p < .01). In line with expectation, in the AAA condition an interaction
between CS-type and trial was absent, F < 1, indicating a similar decrease in ratings
for both CSs. In sum, these results show a clear evidence of the ABA renewal
effect.
Skin conductance (SIR). While the analysis revealed a main effect of trial (e10,
t1), F(1, 50) = 4.70, p = .04, indicating an overall increase in responding from
extinction to test, there was no CS-type × Trial interaction, F < 1. Moreover, the
interaction of main interest, CS-type × Trial × Condition, revealed no significance,
F < 1.82. These results indicate no direct evidence of a renewal effect for
electrodermal responses by comparing both conditions and this is in line with
findings of Vansteenwegen et al. (2005).
Inspection of Figure 2.2, suggests that the lack of a renewal effect may be
explained by unexpectedly large responses to CS- on the last extinction and the
first test trial in the ABA condition. Therefore, we additionally conducted a
separate 2 (trial: ext10, t1) × 2 (condition: AAA, ABA) mixed ANOVA for only
CS+ responses (see also Vansteenwegen et al., 2005). This analysis showed an
increase in responding to CS+ from extinction to test for the ABA condition
relative to the AAA condition, as reflected by a significant Trial × Condition
interaction, F(1, 51) = 5.94, p = .02. Pairwise comparisons revealed a significant
increase in CS+ responses between the last extinction and the first test trial in the
ABA condition (p < .01), but no significant change in CS+ responses between
extinction and test in the AAA condition (p = .68). Hence, participants showed a
recovery of responding to the CS+ upon changing the context after extinction.

Discussion
Experiment 1 demonstrates a clear ABA renewal effect for US expectancy ratings.
There was an obvious recovery of shock expectancy following a context change
38

ABC renewal
after extinction (ABA), whereas no such recovery was observed in the absence of a
context change (AAA). The results for the skin conductance data were less
convincing. Only analyzing simple conditioning effects, that is, responding to CS+,
a context change after extinction (ABA) resulted in recovered conditioned
responding in comparison to no context change (AAA). Given that discriminative
learning (CS+ vs. CS-) is considered as the golden standard in human fear
conditioning research with skin conductance as dependent variable, these results
should be interpreted with caution. Although our skin conductance results are in
line with the findings reported by Vansteenwegen et al. (2005), only the expectancy
ratings showed convincing evidence of a renewal effect.
Several explanations may be given for the lack of a strong renewal effect for
the electrodermal data. A well-known problem in measuring electrodermal
responses is that they suffer from habituation, that is, they tend to decline over
time as a result of repeated stimulus presentation (e.g., Lovibond, Davis, &
O'Flaherty, 2000). As such, responses to CS+ on the first test trial in the ABA
condition might suffer from a habituation effect. Another explanation may be that
responses to CS- on the first test trial were influenced by an US omission effect
(see for an extensive discussion Neumann, 2006). In general, this effect refers to
the supposed impact of omission of an expected US after a CS+ on the next
presentation of a CS-. That is, after an unreinforced CS+ the US is subsequently
expected on the CS-. Inspection of stimulus presentation learned that two-third of
the participants in the ABA condition had started the test phase with an
unreinforced CS+. This may have resulted in elevated CS- responses and, thereby,
diminishing a potential renewal effect. The observed increment in rated
expectancies to CS- between extinction and test are in line with such an
explanation. The second experiment addressed these potential problems by
reducing the number of acquisition trials and counterbalancing the order of
presentation of the first CS+ and CS- in the test phase.

Experiment 2
The aim of Experiment 2 was to test our prediction of smaller ABC than ABA
renewal. This prediction is in contrast with the extinction model since this model
predicts that only a context switch between extinction and testing determines the
renewal effect (i.e., no difference between ABA and ABC renewal). No renewal
was expected in the AAA control condition. Furthermore, Experiment 2 was
aimed to replicate the findings of Experiment 1.
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Method
Participants
Eighty-one undergraduate students (28 men, 53 women) participated in return for
course credits or a small payment. Participants did not report heart complaints, an
epileptic disorder or colour blindness. Assignment to one of the three conditions
was at random with the restriction that conditions were matched on sex as close as
possible. Due to experimenter error, data of 2 participants were not included,
reducing the final sample to seventy-nine participants: AAA (n = 28: 11 men, 17
women), ABA (n = 25: 8 men, 17 women), and ABC (n = 26: 8 men, 18 women).

Context manipulation
Contexts were again manipulated by coloured lighting. In the present experiment,
three contexts (pink, yellow, or green light) were provided by six tubes (three pink,
two yellow, and one green). To meet the loss of intensity of light by using fewer
tubes per context, reflective sheets were applied to the wall in front of the
participant in order to optimize differentiation between contexts.

Apparatus
The apparatus was identical to that used in Experiment 1, except for the labels of
the US expectancy rating scale and electrode attachment. The word ‘shock’ in the
labels of the rating scale was replaced by ‘electric stimulus’ in order to reduce the
negative connotation of the word shock. This time skin conductance electrodes
were attached to the medial phalanges of the index and second fingers of the nonpreferred hand after cleaning them with tap water.

Procedure
Experiment 2 was conducted in the same laboratory as Experiment 1, using in
general the same procedure with some modifications. The US selection procedure
was changed in the way that participants in Experiment 2 were asked to select a
level that was not painful, but definitely uncomfortable and demanding some effort
to tolerate. In Experiment 2, participants did not receive presentation of the CSs
prior to the experiment, but instead two unreinforced habituation CSs (1 CS+, 1
CS-) were presented at the beginning of the experiment, preceding the acquisition
trials. Order of habituation stimuli was counterbalanced across participants. In
Experiment 2, participants were asked to return the US expectancy pointer to the
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middle of the rating scale (5), instead of the lower end (0), after a slide was gone.
So, its starting point before each rating was the uncertain position.
To prevent habituation of electrodermal responding, the number of
acquisition trials was reduced to seven trials for both CSs. Participants in all
conditions (AAA, ABC, ABA) received the acquisition trials in Context A. The
number of extinction trials was also reduced to eight trials for both stimuli. For the
AAA condition extinction was provided in Context A, while for the other two
conditions (ABC, ABA) extinction took place in Context B. Unlike Experiment 1,
switching to Context B occurred 12 s prior to the onset of the first extinction trial
in order to stabilize electrodermal activity after the last acquisition trial. To control
for potential US omission effects, the first two extinction trials and the first two
test trials consisted of a CS+ and a CS- and were presented in a counterbalanced
order. Participants who started with a CS+ in the extinction phase, also started
with a CS+ in the test phase and vice versa. Testing occurred either in the
acquisition context (Context A) for Conditions AAA and ABA, or in a novel
context (Context C) for Condition ABC. Switching to Context A or C was initiated
12 s prior to the onset of the first test trial. The colours of the lighting that served
as Contexts A, B, and C were counterbalanced across participants. Habituation,
acquisition, extinction, and test phase were presented without interruption.

Scoring, response definition, and statistical analysis
Scoring for US expectancy ratings and skin conductance was identical to
Experiment 1. For 1 participant, skin conductance responses could not be range
corrected as all her unconditioned responses began within 1 s after US onset. For
this participant, range correction was conducted using the maximum range elicited
by the US starting between 8-15 s after CS onset. Like in Experiment 1, no
differences were found in maximum ranges across conditions.
Analysis of the expectancy and electrodermal data was similar to Experiment
1 with some exceptions. The factor trial in the analyses of acquisition and
extinction had seven respectively eight levels. The between-subjects factor order
(CS+CS- vs. CS-CS+) was added to the analyses of generalization of acquisition
and renewal resulting in four-way mixed ANOVAs. Moreover, in all analyses, the
factor condition had three levels (AAA, ABC, ABA). To examine the interactions
most pertinent to our hypotheses (CS-type × Trial × Condition), Helmert’s
contrasts were performed to compare the control condition with the experimental
conditions (AAA vs. ABC and ABA) with regard to the CS-type × Trial
41

Chapter 2
interaction. In addition, the experimental conditions were directly contrasted (ABC
vs. ABA) for this interaction (Field, 2005).

Results
Of the 79 participants, 3 participants failed to understand instructions for the use
of the pointer to rate US expectancies. Their expectancy ratings were left out.
Therefore, the results for US expectancy ratings and skin conductance are based on
76 respectively 79 participants.

US characteristics
Selected intensities ranged from 4 to 40 mA with a mean of 12.47 mA (SD = 7.32).
After the experiment, participants rated the US as fairly unpleasant (M = -5.77, SD
= 2.24) and intense (M = 2.87, SD = 0.88). There were no differences between
conditions in selected intensities or in the way participants experienced the US, all
Fs < 1.

Acquisition
US expectancy ratings. Figure 2.3 displays mean expectancy ratings to CS+ and
CS- across trials for each condition separately (AAA, ABC, ABA). The ANOVA
revealed the crucial linear CS-type × Trial (a1 to a7) interaction, F(1, 73) = 456.96,
p < .01. Importantly, the linear CS-type × Trial × Condition interaction was not
significant, F < 1. This suggests that participants in all conditions showed a gradual
increase in differentiation between shock expectancies to CS+ and CS- from the
first to the last acquisition trial. Hence, an acquisition effect seemed to be
successfully accomplished in all conditions.
Skin conductance (FIR). Figure 2.4 illustrates mean FIR on CS+ and CS- trials
per condition. Like for expectancy ratings, the analysis for FIR also yielded the
predicted linear CS-type × Trial (a1 to a7) interaction, F(1, 76) = 12.57, p < .01.
The interaction reflects a significantly larger decline in CS- responses than in CS+
responses across acquisition trials and, therefore, a gradual increase in differential
responding during acquisition. This pattern of acquisition did not differ between
conditions, F < 1, indicating a similar acquisition effect in all three conditions.
Skin conductance (SIR). No evidence of an acquisition effect was obtained for
SIR. For similar reasons as in Experiment 1 (FIR results), SIR results were not
reported.
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Generalization of acquisition
US expectancy ratings. There was a CS-type × Trial (a7, e1) interaction, F(1,
70) = 49.89, p < .01, and, crucially, a CS-type × Trial × Condition interaction, F(2,
70) = 3.27, p = .04, which was not influenced by the order of the first two
extinction trials, F < 1. This suggests that the pattern for CS+ and CS- ratings
from acquisition to extinction differed between the conditions. In exploring the
three-way interaction, a first contrast indicated that the CS-type × Trial interaction
was different in the condition without a context change (AAA) compared to the
conditions with a context change (ABC and ABA) (p = .01). Subsequent simple
interactions (CS-type × Trial) revealed a trend for the interaction in the AAA
condition, F(1, 25) = 3.31, p = .08, reflecting a tendency for a larger increase in CSthan CS+ ratings from acquisition to extinction (see Figure 2.3). For the ABA and
ABC conditions combined, a significant CS-type × Trial interaction was observed,
F(1, 49) = 33.04, p < .01. Pairwise comparisons showed a significant decrease from
the last acquisition trial to the first extinction trial in CS+ ratings (Ma7 = 9.52; Me1
= 9.02) (p = .04) and a significant increase in CS- ratings (Ma7 = 0.62; Me1 = 3.94)
(p < .01). A second contrast, which directly compared the CS-type × Trial
interaction between the ABC and ABA conditions, was not significant (p = .76).
Thus, although these results imply some loss of acquired conditioned responding
upon a context change, this loss of acquisition was similar for the ABC and ABA
conditions.
Skin conductance (FIR). The FIR data partly confirmed the expectancy data.
The ANOVA also revealed an interaction between CS-type and trial (a7, e1), F(1,
73) = 5.36, p = .02, indicating an increase in responses to CS- relative to CS+
between the last acquisition trial to the first extinction trial. In contrast, a context
change had no additional effect, as reflected by a non-significant interaction
between CS-type, trial and condition, F < 1. Furthermore, there was no CS-type ×
Trial × Condition × Order interaction, F < 1. This indicates that acquisition
generalized across contexts.

Extinction
US expectancy ratings. As expected, the ANOVA revealed a linear CS-type ×
Trial (e1 to e8) interaction, F(1, 73) = 106.16, p < .01, reflecting a gradual decrease
in ratings between CS+ and CS- across extinction trials. This extinction effect was
similar for all conditions as indicated by a non-significant linear CS-type × Trial ×
Condition interaction, F < 1.
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Figure 2.3 Mean US expectancy ratings for CS+ and CS- during one habituation trial (h1),
seven acquisition trials (a1 to a7), eight extinction trials (e1 to e8), and three test trials (t1 to
t3) across orders (CS+ CS-, CS-CS+) separately for the ABA condition (upper panel), the
ABC condition (middle panel), and the AAA condition (lower panel) in Experiment 2.
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Figure 2.4 Mean square root range-corrected first interval responses (FIR) for CS+ and
CS- during one habituation trial (h1), seven acquisition trials (a1 to a7), eight extinction
trials (e1 to e8), and three test trials (t1 to t3) across orders (CS+CS-, CS-CS+) separately
for the ABA condition (upper panel), the ABC condition (middle panel), and the AAA
condition (lower panel) in Experiment 2.
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Skin conductance (FIR). Similar to expectancy ratings, the analysis for FIR
yielded a linear CS-type × Trial (e1 to e8) interaction, F(1, 76) = 3.89, p = .05. This
indicates that during extinction trials the acquired differentiation between CS+ and
CS- responses declined. In addition, no linear CS-type × Trial × Condition
interaction was obtained, F < 1, indicating that the observed extinction effect did
not differ across conditions.

Renewal
US expectancy ratings. The ANOVA yielded a trend for the CS-type × Trial
(e8, t1) interaction, F(1, 70) = 3.08, p = .08, and, most pertinent to our hypothesis
on renewal, a significant CS-type × Trial × Condition interaction, F(2, 70) = 7.07, p
< .01. However, the crucial interaction depended on the order of stimulus
presentation in the test phase, as reflected by the significant CS-type × Trial ×
Condition × Order interaction, F(2, 70) = 5.47, p < .01. To examine this four-way
interaction, three-way interactions (CS-type × Trial × Condition) were calculated
for both orders separately. For participants who started the test phase with a CS+,
the CS-type × Trial × Condition interaction was not significant, F < 1, whereas for
participants starting the test with a CS-, the interaction yielded significance, F(2, 36)
= 7.83, p < .01. Contrasts were performed to explore whether this latter interaction
indicated a difference in a potential renewal effect between the ABA and ABC
conditions. A first contrast showed that the CS × Trial interaction was significantly
different for the AAA condition compared with the ABC and ABA conditions
combined, (p < .01). Subsequent simple interactions (CS-type × Trial) revealed no
significant results for the AAA condition, Fs < 1.97, reflecting no significant
changes in CS+ and CS- ratings from extinction (MCS+ = 2.54; MCS- = 1.19) to test
(MCS+ = 1.97; MCS- = 1.61). In contrast, for the ABA and ABC conditions together,
the significant CS-type × Trial interaction, F(1, 23) = 13.71, p < .01, reflects a
larger increase in CS+ than CS- ratings upon a context change between extinction
(MCS+ = 0.97; MCS- = 0.46) and test (MCS+ = 6.08; MCS- = 2.62) (i.e., renewal). A
second contrast indicated that the ABC and ABA conditions differed significantly
with regard to the CS-type × Trial interaction, p < .01. Simple interactions (CS-type
× Trial) within each level of condition revealed a significant interaction for the
ABA condition, F(1, 11) = 20.13, p < .01, demonstrating a larger increase in CS+
than CS- ratings from extinction (MCS+ = 1.56; MCS- = 0.72) to test (MCS+ = 7.39;
MCS- = 1.26) (i.e., ABA renewal). Pairwise comparisons showed a significant
increase in CS+ ratings (p < .01) and a trend for an increase in CS- ratings (p =
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.06). For the ABC condition, a CS-type × Trial interaction was absent, F < 1.40,
indicating a similar increase in ratings for both CSs from extinction (MCS+ = 0.39;
MCS- = 0.21) to test (MCS+ = 4.77; MCS- = 3.98), F(1, 11) = 34.33, p < .01. In sum,
the analyses suggest that only testing in the original acquisition context (ABA)
yielded the predicted renewal effect, whereas renewal was not apparent in a novel
context (ABC).
Skin conductance (FIR). Like expectancy data, the ANOVA for FIR revealed a
CS-type × Trial (e8, t1) interaction, F(1, 73) = 6.29, p = .01, reflecting a larger
increase in responses to CS+ compared to CS- between the last extinction and the
first test trial. Although FIR followed a similar pattern as expectancy ratings, the
ANOVA did not reveal the crucial CS-type × Trial × Condition interaction, F <
1.65. Thus, contrary to the hypothesis, the skin conductance data indicated no
renewal effects comparing all three conditions. This finding was not explained by
differences between orders, F < 1. Therefore, the electrodermal responses did not
support the obtained difference between ABA and ABC renewal for US
expectancy ratings.
One issue is that renewal effects for electrodermal responses might not have
been strong enough to detect overall differences between conditions. To see
whether renewal effects were present in each condition separately (ABA, ABC),
and to enable a comparison with Experiment 1, two 2 (CS-type: CS+ vs. CS-) × 2
(trial: e8 vs. t1) × 2 (condition: AAA vs. ABA or ABC) × 2 (order: CS+CS- vs. CSCS+) mixed ANOVAs were conducted. Comparing Conditions ABA and AAA
revealed a trend for the crucial CS-type × Trial × Condition interaction, F(1, 49) =
3.30, p = .08. This suggests a tendency for an increase in CS+ relative to CSresponses between extinction and test in the ABA condition and a decrease in CS+
relative to CS- responses in the AAA condition. This finding was not influenced by
an order effect, F < 1.05. Hence, a trend for the ABA renewal effect was obtained.
Comparing Conditions ABC and AAA did not reveal the crucial CS-type × Trial ×
Condition interaction, F < 1, or a CS-type × Trial × Condition × Order
interaction, F < 1, and thus no evidence of ABC renewal was observed.

Discussion
The main finding of Experiment 2 was that, in line with our predictions, the
renewal effect in the ABA condition was stronger than in the ABC condition for
US expectancy ratings. This effect depended on the order of stimulus presentation
in the test phase. Although electrodermal data followed a similar pattern as
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expectancy ratings, a difference between ABA and ABC renewal could not be
confirmed. However, analyzing separately, electrodermal responses revealed
evidence of ABA renewal but not of ABC renewal. This latter provides indirect
evidence for the presence of stronger ABA than ABC renewal in autonomic
responding. These findings suggest that the specific context change after extinction
(ABA or ABC) influenced the degree of renewal. This is at variance with the
original model of extinction learning (Bouton & Ricker, 1994).
A renewal effect was strictly taken absent in the ABC condition with regard
to US expectancy ratings. Although we predicted that ABC renewal would be
smaller than ABA renewal, we did not expect that ABC renewal would be
completely absent. This lack of renewal can be explained by equal increases in CS+
and CS- expectancy ratings between extinction and test in the ABC condition. On
the first test trial both means were around the middle of the rating scale. It seemed
as if participants were uncertain whether to expect a shock on both CSs in the
novel context. An US omission effect could not account for this unpredicted high
level of CS- ratings because these participants received the unreinforced CS+ after
the CS- in the test phase.
Finally, in Experiment 1, conditioned responding was acquired for SIR but
not for FIR, while in Experiment 2 the reversed result was observed. No
explanation can be given for this difference in electrodermal responding between
Experiments 1 and 2. Note, however, that for human conditioning studies, it is not
uncommon to find inconsistent results on these indices of conditioned responding
(Lipp, Neumann, & Mason, 2001).

General discussion
Experiment 1 replicated the renewal effect in humans within an ABA renewal
paradigm previously demonstrated by Vansteenwegen et al. (2005). In an
acquisition phase, one slide (CS+) was contingently paired with an US while
another slide (CS-) was never followed by the US in Context A. During extinction,
both slides were presented without the US in Context B. Changing the context
after extinction resulted in a significant increase of US expectancy ratings to CS+
relative to CS- in Context A, that is, ABA renewal. Although no renewal effect was
demonstrated for the physiological data with respect to discriminative learning
(CS+ vs. CS-), a less stringent method, by analyzing simple conditioning effects
(CS+), showed evidence of renewal of conditioned responding (cf. Vansteenwegen
et al., 2005). The results of Experiment 2 also demonstrated an ABA renewal effect
48

ABC renewal
for expectancy ratings and, in contrast to Experiment 1, a trend for ABA renewal
for autonomic responses. We view these results as supportive of a central feature
of Bouton’s theory – that an extinction procedure does not erase learned fear
associations but instead involves new learning that is context dependent.
Moreover, in the current study, renewal was demonstrated with online US
expectancy ratings, which are less susceptible to demand effects than the
retrospective ratings used in Vansteenwegen et al. (2005). Therefore, the present
results may be taken as a further support for the hypothesized context dependency
of extinction in humans.
Experiment 2 demonstrated larger renewal of shock expectancy in the
original context of fear acquisition (ABA) than in a novel context (ABC).
Electrodermal responses showed indirect evidence of a larger return of
conditioned responding in the ABA condition than in the ABC condition.
Although these findings are in line with our predictions, they are in contrast with
the extinction model stating that renewal is only determined by a context change
after extinction, irrespective of the specific context change. Note that smaller ABC
than ABA renewal has also been found in animals (Harris et al., 2000).
The present design does not allow drawing any conclusions with respect to
the mechanisms that may explain the observed difference in renewal between the
ABA and ABC conditions. One explanation might be that fear acquisition may
have become context dependent as extinction took place in a different context
(Context B) than acquisition (Context A). Since extinction involves the CS to be no
longer informative for the occurrence or non-occurrence of the US (e.g., Bouton,
2002), human subjects may have retrospectively searched for the best predictor of
the CS-US association: the acquisition context. In other words, the acquisition
context may have been reconsidered as important for the CS-US fear association.
Such explanation would correspond with the present findings that ABA renewal is
larger than ABC renewal. Alternatively, it may be that fear associations were
already controlled by the acquisition context before extinction started. For
instance, the perception of CSs across the different contexts might not have been
identical, which may have prevented full generalization of acquisition to another
context. In accordance with such an explanation, both experiments demonstrated
some loss of acquisition following a context change for US expectancy ratings.
Accordingly, renewal of conditioned responding would be larger in a context
similar to the acquisition context (ABA) than in a novel context (ABC). Future
research is required to investigate whether retrospective contextualization and/or
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contextualization during acquisition contribute to the attenuation of ABC renewal
in humans.
In sum, the present study provides further support for the contextual
control of extinction in humans. In clinical practice, this effect may be observed in
the relapse patients experience when leaving the treatment context. In addition, the
finding of larger renewal of extinguished fear in the original acquisition context
than in a novel context suggests that behaviour change is not easily sustained in the
context in which fear was originally acquired. This is in contrast to the current
model of extinction learning that predicts equal relapse of fear following any
context change after extinction.
The present results may have implications for the development of new
treatment methods. Until now, research has mainly focused on reducing relapse
after exposure treatment by generalization of extinction to other contexts. For
example, conducting extinction in multiple contexts or with multiple stimuli seems
to be a promising way to prevent relapse (Chelonis, Calton, Hart, & Schachtman,
1999; Gunther et al., 1998; Rowe & Craske, 1998). The underlying idea is that
extinction in multiple contexts or with multiple stimuli enhances the probability
that new contexts share features with the extinction situation and, therefore, result
in better retrieval of extinction. However, it is not possible to cover all sorts of
situations in therapy that patients might encounter in the future. Hence, there will
always be a risk for patients to be confronted with the feared object in a new
situation. In addition to focusing on the generalization of extinction, the present
results suggest that it might also be promising to examine factors that enhance the
contextualization of fear associations in order to prevent relapse after successful
therapy. It is known that anxiety patients tend to generalize threat to all kind of
situations. We propose here that it may be functional to encourage patients with
anxiety disorders to contextualize their fear memories (i.e., CS-US associations). A
similar approach has recently been put forward as a framework for the treatment
of posttraumatic stress disorder in which the contextualization of trauma memories
may reduce re-experiencing symptoms (Ehlers & Clark, 2000). Contextualization
refers to learning that similar cues (CS) can have different meanings in different
contexts. For example, as illustrated by Ehlers and Clark, a rape victim may learn
that having sex predicted rape in the trauma-related context but not in the present
context with her husband. If, indeed, fear memories can be contextualized, this
might open an interesting hypothesis that contextualization within an extinction
procedure (i.e., learning that the CS predicted the US only in Context A) might
reduce renewal of conditioned fear in novel contexts.
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Abstract
Using a conditioned suppression task, two experiments examined retrospective
revaluation effects after serial compound training in a release from overshadowing
design. In Experiment 1, serial XȺA+ training produced suppression to target A,
which was enhanced when preceded by feature X, whereas X by itself elicited no
suppression. Subsequent A- presentations extinguished responding to A, but had
no effect on either responding to XȺA or X alone. However, the addition of Atrials did enhance the ability of feature X to elicit suppression to a novel target, B,
suggesting retrospective revaluation of X’s properties. Experiment 2 showed that
the enhanced transfer effect, observed in Experiment 1, was independent of the
training history of the target (B- or YȺB+/B-). Together, these results suggest
that feature X did not retrospectively acquire excitatory strength or occasion
setting power, but rather a generalized ability to increase responding to any other
cue.
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Introduction
Results from human causal judgment studies suggest that people can
retrospectively alter their judgment of the causal relationship between a target cue
and an outcome (Dickinson & Burke, 1996; Melchers, Lachnit, & Shanks, 2004;
Shanks, 1985). One example of these so-called retrospective revaluation effects is
release from overshadowing, which is usually demonstrated using the “food allergy
task”. In a prototypical procedure, during a first learning phase, two compound
cues consisting of two foods, XA and YB, are repeatedly presented and followed
by the outcome (i.e., allergic reaction; XA+, YB+). During a second learning
phase, cue A is presented without reinforcement (A-). Typically, on a final test, cue
X is rated more likely to cause the outcome than control cue Y in spite of a similar
reinforcement history (e.g., Larkin, Aitken, & Dickinson, 1998; Wasserman &
Berglan, 1998). Interestingly, these findings indicate that the perceived causal status
of a cue can change by virtue of training its former associate alone during a second
learning phase.
Revisions of associative theories have been able to successfully account for
retrospective revaluation effects such as release from overshadowing (Dickinson &
Burke, 1996; Van Hamme & Wasserman, 1994; see Cheng & Holyoak, 1995;
Ghirlanda, 2005; Miller & Matzel, 1988, for alternative explanations). Like standard
associative theories (e.g., Rescorla & Wagner, 1972), revised theories state that
nonreinforced A trials (A-) will reduce the strength of the excitatory association
between cue A and the outcome. In addition, and beyond the scope of standard
associative theories, they claim that the associative strength of the nonpresented
cue (X) of the original XA compound will also change, thus, without a direct
learning experience. A crucial tenet is that the associative change for the absent cue
is in the opposite direction of the associative change for the cue that was present
during subsequent learning. Accordingly, absent cue X’s associative strength will
increase if the associative strength of cue A decreases. To explain learning about
absent cues, it is asserted that within-compound associations are formed between
cues A and X during compound training (e.g., Dickinson & Burke, 1996; Melchers
et al., 2004; Wasserman & Berglan, 1998). As a consequence, A- trials that follow
AX+ trials will not only associatively activate the representation of the outcome in
memory, but also the associated representation of cue X. The simultaneously
activated representations of X and the outcome are thought to strengthen the
excitatory association between them. Thus, according to revised associative
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theories, an increase in excitatory strength not only occurs when two stimuli are
paired, but also when stimuli are concurrently expected but absent.
In demonstrating release from overshadowing in humans, nearly all studies
have made use of a simultaneous compound training procedure, in which the
onsets - as well as the offsets - of the two cues coincide in time (e.g., Larkin et al.,
1998; Lovibond, 2003; Wasserman & Berglan, 1998). There is, however, one study
showing that retrospective revaluation effects can also be obtained after serial
compound training, in which one cue precedes the other cue in time. Aitken, Larkin,
& Dickinson (2001), using a food allergy paradigm, paired two serial compound
stimuli with the outcome (XȺA+/YȺB+) in a first stage prior to training the
target cues (A/B) separately in a second stage. Presenting A without the outcome
(A-) increased causal ratings of X compared to Y after pairing B with the outcome
(B+). In accordance with revised associative theories, Aitken et al. argued that
within-compound associations enabled targets (A/B) to associatively activate a
representation of their feature counterparts (X/Y) on target alone trials, thereby
inducing retrospective revaluation of the feature. Aitken et al. did, however, not
include a control compound stimulus without subsequent target training. Hence,
they were unable to identify the retrospective revaluation effect as due to release
from overshadowing (i.e., a gain in associative strength of X) or backward blocking
(i.e., another form of retrospective revaluation consisting of a loss of associative
strength of Y). The present study was designed to test whether target extinction
after serial compound training can indeed result in a retrospective increment of the
excitatory strength of a cue.
Furthermore, from the literature it is well-known that the temporal
arrangement of cues in compound training can be of crucial importance for what
will be learned about the individual cues. For instance, feature-positive (FP)
discrimination training studies suggest that two types of learning may occur
depending on the specific temporal relationship of the compound stimuli (e.g.,
Holland, 1986; Ross & Holland, 1981; see Schmajuk, Lamoureux, & Holland,
1998; Swartzentruber, 1995, for reviews). In these tasks, target cue A is followed by
an (biologically significant) unconditioned stimulus (US) in the presence of feature
cue X, but not when it is presented alone. When cues X and A are presented
simultaneously during compound training trials (i.e., XA+/A-), feature X normally
acquires a direct excitatory association with the US (X-US). In contrast, when cue
X precedes cue A during compound training (i.e., XȺA+/A-), feature X will come
to modulate responding to the target A-US association rather than becoming
directly associated with the US. Stimulus X “sets the occasion” for stimulus A
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being followed by the US. From this perspective, the design of Aitken et al. (2001)
can actually be seen as a phased occasion setting procedure, where A is only
followed by the outcome when it is preceded by X. It is currently unknown,
however, whether modulatory properties can be acquired in a retrospective
manner, and Aitken et al. did not test for this possibility. In the present study, we
added an extra test phase to examine such modulatory properties of X.
The overall majority of studies on retrospective revaluation has been
conducted in causal judgment tasks. Although they are very interesting in their own
respect, little is known about retrospective revaluation of online anticipatory
behaviour. The experiments of the present study were conducted in a wellestablished behavioural task that resembles a conditioned suppression procedure
(the "Martians" computer game developed by Arcediano, Ortega, & Matute, 1996).
Importantly, both direct excitatory strength and modulatory properties have been
demonstrated within this behavioural procedure (Baeyens, Vansteenwegen,
Hermans, Vervliet, & Eelen, 2001). This makes it an excellent tool for the
objectives of this study. These objectives were: (1) to test release from
overshadowing in an anticipatory behavioural task, (2) to test release from
overshadowing following serial compound training, and (3) to explore the occasion
setting powers of X. The design of the present experiments differed in one
important way from that employed in Baeyens et al. (2001). Discrimination trials
were presented phased (XȺA+ then A-) instead of intermixed (XȺA+/A-) in
order to create a release from overshadowing design.
Experiment 1 examined release from overshadowing (to X) after serial
feature-target compound training (XȺA) followed by target extinction (A-).
Experiment 2 further investigated whether the retrospective revaluation effect,
observed in Experiment 1, was the result of increased occasion setting power to X.

Experiment 1
The top half of Table 3.1 illustrates the design of Experiment 1. During Phase 1,
all participants received serial compound training trials (XȺA), which were
followed by the US1 on 80% of the trials (see also Baeyens et al., 2001). Feature X
and target A were neutral stimuli of different sensory modalities (auditory and
visual, respectively). During Phase 2, participants in the experimental condition
(EXT) received nonreinforced presentations of target cue A (A-). To control for
The US was an instructed US, which meaning becomes significant by verbal instructions,
rather than by its biological properties.
1
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retrospective effects resulting from the posttraining extinction procedure, no
extinction trials were administered to the control condition (NO-EXT).
Table 3.1 Design of Experiments 1 and 2.
Exp

1

Condition

EXT
NO-EXT

2

EXT-mod

EXT-neu

Phase
1: Conditioning

2: Extinction

12(XȺA+)
3(XȺA-)
12(XȺA+)
3(XȺA-)
12(XȺA+)
3(XȺA-)

15(A-)

12(XȺA+)
3(XȺA-)

15(A-)

3: Transfer
target training
1(B-)
1(B-)

15(A-)

12(YȺB+)
3(YȺB-)
15(B-)
1(B-)

4: Test
1(XȺA-) 1(A-)
1(XȺB-) 1(B-) 1(X-)
1(XȺA-) 1(A-)
1(XȺB-)1(B-) 1(X-)
1(XȺA-) 1(A-)
1(XȺB-) 1(B-) 1(X-)
1(XȺA-) 1(A-)
1(XȺB-) 1(B-) 1(X-)

Note. Letters X, Y, A, and B refer to feature and target stimuli consisting of sound patterns (X and Y) and
background screen patterns (A and B). A ‘Ⱥ’ represents a 1.5-s empty interval, ‘+’ indicates reinforcement (0.5-s
white-flashing screen plus a sound pattern), and ‘–’ represents nonreinforcement. Numbers specify how many
trials of each type were presented in a given phase.

A retrospective increase in the associative strength of feature X was assessed
by an X alone test trial. Conditioned responding was measured in terms of
suppression of ongoing bar pressing. Our prediction for this test was
straightforward: If direct excitation retrospectively accrued to feature X,
conditioned responding to X alone should be larger in Condition EXT than in
Condition NO-EXT. In addition, we also added a compound test trial with a novel
target B (XȺB) to see to what extent XȺA+ training would transfer to this novel
compound, and to what extent A- training would possibly influence that transfer.
This additional test was added for exploratory purposes; we had no specific
predictions.

Method
Participants
Forty psychology students from the University of Amsterdam (12 male, 28 female)
with a mean age of 22.48 years (range: 18-48) participated in return for course
credits or a small payment. None of them had any prior experience with the
Martians computer game. Participants were randomly assigned to Condition EXT
(n = 20) or Condition NO-EXT (n = 20).
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Stimuli
Stimuli X and A consisted of a presentation of sound pattern 1 (Windows TM95
“Windows 95 maximize.wav”, played backwards in continuous looping) and a fullscreen presentation of a marble-green background pattern (Windows TM95
“marble.bmp”, tiled presentation), respectively. 2 Stimulus B was a full-screen
presentation of a patchy brown-golden background pattern (Windows TM95
“gold.bmp”, tiled presentation). The US comprised a simultaneous presentation of
a white flashing screen (5 flashes at a rate of 10 flashes/s; flash time = 50 ms,
interflash time = 50 ms) and sound pattern 2 (Windows TM95 “In the computer
program error.wav”, played backwards in continuous looping).

Apparatus and Software
The experiment was run on a Pentium IV 3 GHz PC with a 17-in. monitor.
Auditory stimuli were presented through Monacor MD-4600 headphones.
Responses were given on the space bar of the keyboard. A Windows 95 version of
the Martians computer game (Baeyens & Clarysse, 1998) managed presentation of
stimuli and recording of bar pressing. Participants were tested individually in a
small room for about 17 to 20 min, depending on the specific condition.

Procedure
The procedure was similar to that of Experiment 2 (Group Neutral) in Baeyens et
al. (2001), with some modifications. Unlike Baeyens et al., presentation of
discrimination trials was phased (XȺA+ then A-) instead of intermixed
(XȺA+/A-). In order to prevent interference between phases, no test for
discrimination training (XȺA-/A-/X-) was administered after the second phase
(i.e., A-). For similar reasons, participants received no reminder trial (XȺA+/A-)
prior to the critical test.
The experiment consisted of six phases: two pretraining phases were
followed by four phases involving the actual experimentation. Prior to the two
pretraining phases and experimental Phase 1, participants received written
instructions on the computer screen (see Appendix). After reading the instructions,
the experimenter always repeated the critical parts.

In contrast to Baeyens et al. (2001), assignment of the auditory stimulus and the visual
stimulus as feature and target, respectively, was not counterbalanced in the present study
(personal communication with F. Baeyens).
2
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Pretraining 1: operant training. In this phase, participants learned to make a
constant operant bar pressing response. Before operant training, participants were
instructed that it was their task to defend the planet from invading Martians, which
would land on the planet every quarter of a second. It was explained that they
could destroy Martians by using their laser-gun (pressing the space bar). The
instructions stressed the importance of firing just before a new Martian would
appear on the screen and that there was only one shot available per Martian.
Martians (see Figure 3.1) were then presented one by one at a rate of 4/s in
horizontal rows against a black background, starting at the top left corner of the
screen. Each row was filled with ten Martians, and they remained on the screen
while subsequent rows were filled. Once seven rows were filled, the uppermost
row scrolled off the screen and new Martians appeared at the bottom row. If
participants fired before the next Martian was presented, an explosion (see Figure
3.1) instead of a Martian emerged. A Martian was depicted as a green head with red
eyes and mouth against a yellow background. An explosion was red and was
presented against a grey background. Martians and explosions measured 15 mm ×
15 mm and were displayed at a distance of 6 mm from each other. If participants
fired more than one shot before the next Martian presentation, a Martian rather
than an explosion appeared. The operant training phase consisted of 100 Martian
presentations. Participants pressed the space bar themselves and, if necessary, the
experimenter gave extra verbal instructions to speed up or to slow down
responding. Afterwards, the percentage of destroyed Martians was presented to
participants on the screen.

Figure 3.1 Depiction of a Martian (left) and an explosion (right).

Pretraining 2: US-only phase. Following operant training, the instructional US
was introduced to participants. It was explained that the Martians had developed
an anti-laser shield (US) to defend themselves. Participants were informed that
firing during an active anti-laser shield would evoke an invasion of Martians, while
temporarily disabling their laser-gun. After the instructions, participants were
required to put on the headphones. The experimenter then gave a demonstration
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of the negative consequences of continued bar pressing during an anti-laser shield
(US). In this phase, four unsignalled 0.5-s USs (intermittent flashing screen plus
sound) were presented with intertrial intervals (ITIs) that varied randomly between
7.5, 10 and 12.5 s with an average of 10 s. During USs and ITIs, characteristics for
Martians presentation were similar to the operant training phase (i.e., a rate of 4/s).
If a space bar response was detected during an US presentation (i.e., active antilaser shield), the US was followed by a 5-s invasion. Throughout an invasion,
during which firing was hindered, Martians appeared on the screen at a rate of
10/s. In addition, participants saw an intermittent white flashing screen (20 flashes
at a rate of 10 flashes/s; flash time = 50 ms) and heard a sound pattern 3
(Windows 95 “Robotz~2.wav”, played backwards in continuous looping).
However, if no response was detected during an US presentation, no invasion was
elicited. Just before the first US (anti-laser shield) appeared, the experimenter quit
bar pressing, so that no invasion was triggered. During the second US, the
experimenter kept on pressing the space bar, thereby eliciting an invasion. Right
before the third US, the experimenter stopped bar pressing again and showed that
there was no danger caused by resuming bar pressing immediately after US
presentation. At the fourth US, the experimenter refrained from pressing right
after US onset, thereby demonstrating that quitting bar pressing during an US
could not prevent the occurrence of an invasion.
Phase 1: Pavlovian conditioning. Following the pretraining phases, the actual
experiment started and Phases 1 to 4 were presented without interruption. In the
conditioning phase, participants in both conditions learned that the appearance of
the US (anti-laser shield) was indicated by a serial feature X-target A compound
stimulus. Prior to conditioning, participants were instructed about the emergence
of indicators. It was explained that indicators would be presented to them in order
to help them know when the Martians were about to activate the anti-laser shield.
Participants were instructed to pay attention to the indicators as some indicators
would be correct whereas others would be false. It was stressed that if they
identified the correct indicators, they would always be able to refrain from firing
during anti-laser shield presentations and, accordingly, prevent the occurrence of
invasions. After assurance that the instructions were satisfactorily understood, the
experimenter left the room and the participant started the experiment.
During conditioning, serial compound stimuli were presented at an 80%
reinforcement schedule; there were 12 XȺA+ and 3 XȺA- trials. Trials were
divided into three blocks, each of which contained three reinforced XȺA trials
and one nonreinforced XȺA trial. Each block was followed by one reinforced
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XȺA+ assessment trial during which conditioned responding to target A was
measured. Within each block, order of trials was random with the restriction that
no more than two trials were of the same type. ITIs varied randomly between 7.5,
10 and 12.5 s with a mean of 10 s. A compound stimulus consisted of a 1.5-s
presentation of feature X (sound 1) followed by a 1.5-s empty time interval, which
in turn was followed by a 1.5-s presentation of target A (marble-green screen). The
0.5-s US immediately followed the offset of target A on reinforced trials. On
assessment trials, in order to prevent an underestimation of suppression by
learning that the US only appeared after the target, presentation of target A was
increased from 1.5 to 3 s. Periods for feature X and the feature-target interval
remained 1.5 s.
Phase 2: extinction. The extinction phase differed across the two conditions.
Participants in the EXT condition received 15 nonreinforced target A trials (A-).
Extinction trials were distributed over three blocks with each block containing four
A- trials. Each block was followed by one nonreinforced A- assessment trial. An
extinction trial consisted of a 1.5-s presentation of target A (marble-green screen),
and its duration was prolonged to 3 s on an A- assessment trial. ITIs were identical
to the conditioning phase. Participants in the NO-EXT condition did not receive
any A- trials and immediately moved onto the next phase.
Phase 3: transfer target training. In order to reduce novelty effects on test, both
conditions were given one nonreinforced 1.5-s presentation of transfer target B
(brown-gold screen).
Phase 4: test. In the test phase, a retrospective increment in X’s associative
strength was examined by means of a feature X alone test. The transfer of X’s
properties to a novel target was explored by a transfer test, including an XȺB and
a B alone trial. All participants received single presentations of feature X alone (X), of the transfer target alone (B-), of the transfer target preceded by X (XȺB-),
and, as a comparison, of target A alone and preceded by X (A- and XȺA-). The
order of the assessment trials was randomly determined with the only restriction
that the X- trial always occurred at the end. Trials were separated by similar ITIs as
in the conditioning phase. Target stimuli and feature alone stimuli were presented
for 3 s. Feature presentation and feature-target interval in serial compound stimuli
were 1.5 s. In all phases, Martians appeared on the screen during stimuli, USs, and
ITIs with similar parameters as during operant training.

60

Retrospective revaluation

Scoring, Response Definition, and Statistical Analyses
Bar presses were counted throughout the whole experiment. On assessment trials,
suppression of ongoing bar presses to targets alone (A, B) or preceded by feature
X (XȺA, and XȺB) and to feature X alone (X) was assessed. Suppression was
expressed in the ratio: a/(a + b), where a represents the number of bar presses
during the 3-s critical stimulus presentation and b the number of bar presses during
a 3-s period prior to stimulus presentation. For instance, on an A- assessment trial
a reflects the number of bar presses during the 3-s target A presentation and b
reflects bar presses during a 3-s period immediately prior to target A presentation,
whereas on a serial XȺA- assessment trial a is the number of bar presses during
the 3-s A presentation and b is the number of presses during a 3-s period
immediately preceding X. A suppression ratio of 0.50 indicates no suppression of
operant behaviour during the stimulus of interest, whereas a ratio of 0 indicates
complete suppression.
Differences in responding on assessment trials were examined with analyses
of variance (ANOVA). The presence of any suppression on trials was evaluated by
comparing suppression ratios to a level of 0.50 (i.e., no suppression) using onesample t tests. The results of most interest were further examined with planned
contrasts and pairwise comparisons (using Bonferroni adjustment for multiple
comparisons). Greenhouse-Geisser corrections were applied in case of violation of
the sphericity assumption. An alpha level of .05 was used for all statistical analyses.

Results
Participants’ mean suppression ratios for target A on assessment trials during
conditioning and extinction are presented in Table 3.2. The table also includes
responding to target A during the first conditioning trial as a baseline level
(baseline XȺA+). Note that as this trial is not an assessment trial, target duration
was 1.5 s. Accordingly, suppression ratios for this trial are based on bar presses
during the 1.5-s critical target presentation (a) and during the 1.5-s prefeature
period (b).

Conditioning
Suppression data during conditioning were subjected to a 4 (Trial: baseline, 1, 2,
and 3) × 2 (Condition: EXT vs. NO-EXT) ANOVA with repeated measures on
the first variable. The analyses revealed a main effect of trial, F(3, 114) = 63.29, p <
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.01, reflecting an increase in suppression across trials. No condition main effect or
a Trial × Condition interaction were found, F(1, 38) = 1.30, p = .26, and F < 1,
respectively. Additional separate t tests on the last reinforced assessment trial
showed that in both conditions suppression ratios were significantly smaller than
0.50, tEXT(19) = -14.21, p < .01, and tNO-EXT(19) = -16.36, p < .01. Together, these
results indicate that both conditions developed comparable conditioned
responding to target A preceded by feature X.
Table 3.2 Mean suppression ratios (with standard deviations in parentheses) on baseline
and assessment trials during each training phase in Experiments 1 and 2.
Phase and trial
Conditioning
Baseline XȺA+
1 XȺA+
2 XȺA+
3 XȺA+
Extinction
1 A2 A3 ATransfer target training
Baseline YȺB+
Baseline B1 YȺB+
1 B2 YȺB+
2 B3 YȺB+
3 B-

Experiment 1
EXT
NO-EXT

Experiment 2
EXT-mod
EXT-neu

0.39 (0.12)
0.14 (0.13)
0.18 (0.12)
0.14 (0.11)

0.40 (0.07)
0.19 (0.14)
0.19 (0.11)
0.19 (0.09)

0.44 (0.06)
0.27 (0.14)
0.18 (0.11)
0.17 (0.09)

0.45 (0.06)
0.12 (0.10)
0.17 (0.12)
0.18 (0.13)

0.43 (0.14)
0.47 (0.11)
0.47 (0.08)

-

0.43 (0.11)
0.48 (0.03)
0.50 (0.03)

0.45 (0.10)
0.51 (0.07)
0.50 (0.02)

0.41 (0.16)
0.48 (0.05)
0.17 (0.10)
0.47 (0.11)
0.19 (0.10)
0.48 (0.07)
0.25 (0.10)
0.48 (0.08)

-

Extinction
For the extinction condition (EXT), a one-way repeated measures ANOVA was
conducted on the last assessment trial of conditioning and the three extinction
assessment trials. Suppression readily decreased across trials, which was indicated
by a significant main effect of trial, F(1.86, 35.26) = 75.59, p < .01. An additional t
test confirmed that no suppression was left on the last extinction trial, t(19) = 1.60, p = .13.

Test: XȺA-/A-/X- discrimination
Figure 3.2 (top) displays results for the originally trained target A preceded by
feature X and for A and X alone. To assess the influence of additional A- trials on
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responding to the original trained compound and its individual elements, data were
subjected to a 3 (Stimulus: XȺA-, A-, and X-) × 2 (Condition: EXT vs. NOEXT) mixed ANOVA with stimulus as a repeated measure. The analysis yielded a
significant main effect of stimulus, F(2, 76) = 115.25, p < .01. Within-subjects
contrasts showed that overall suppression was stronger on target A preceded by X
(XȺA-) compared to target A alone (A-), F(1, 38) = 84.93, p < .01, which in turn
was stronger than feature X alone (X-), F(1, 38) = 20.31, p < .01. There was also a
significant interaction between stimulus and condition, F(2, 76) = 10.00, p < .01.
Pairwise comparisons, which contrast mean suppression ratios between conditions
(EXT vs. NO-EXT) at each level of stimulus, revealed that conditions differed
significantly only for suppression on target A alone, F(1, 38) = 15.74, p < .01.
Suppression to target A was weaker in Condition EXT than in Condition NOEXT. Conditions did not differ for their suppression ratios on target A preceded
by feature X, F < 1, nor on feature X alone, F(1, 38) = 1.82, p = .19. Additional
pairwise comparisons contrasted responding between stimuli (XȺA-, A-, X-) for
each condition separately. For the NO-EXT condition, suppression to A preceded
by X was stronger than to A alone, p < .01, and X alone, p < .01, while
suppression to A alone was stronger than to X alone, p < .01 (i.e., XȺA > A > X).
In contrast, for the EXT condition, while suppression to A preceded by X was
stronger than to A alone, p < .01, and X alone, p < .01, there was no difference
between suppression to A alone and X alone, p = 1.0 (i.e., XȺA > A = X). The
main effect of condition was not significant, F(1, 38) = 2.57, p = .12.
In addition, in both conditions, suppression ratios for X alone were not
significantly different from 0.50, tEXT(19) = -1.35, p = .19, and tNO-EXT < 1.
Together, these results indicate that target A extinction following serial XA+
training led, not surprisingly, to a decrease in conditioned suppression to target A,
but left responding to A preceded by feature X and to X alone unchanged. Hence,
no evidence was provided that feature X acquired direct excitation as a result of
posttraining extinction of target A.
However, calculated suppression of bar pressing during feature X
presentation may reflect an underestimation of conditioned responding evoked by
X. Throughout serial XȺA+ compound training, participants may have learned
about the temporal relationship between feature X and the US (see also Cole,
Barnet, & Miller, 1995; Miller & Barnet, 1993). That is, they possibly learned there
was a 3-s delay between X offset and US onset. Accordingly, X may have elicited
suppression of responding not until 3 s after its offset – the time at which the US
was expected to be presented. Therefore, we also calculated suppression ratios on
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X alone assessment trials using bar presses during the 1.5- to 4.5-s period after X
offset, which includes the critical 3-s delay. Although the ANOVA revealed that
mean suppression ratios were marginal significantly different from 0.50 for
Condition EXT (M = 0.48), t(19) = -2.05, p = .05, but not for Condition NO-EXT
(M = 0.49), t < 1, conditions did not differ from each other in their responses for
the delay on X alone assessment trials, F < 1. Thus, this analysis also revealed no
indication for the retrospective acquisition of a direct X-US relationship by the
addition of A- trials.

Transfer Test: XȺB-/B- discrimination and XȺA- vs. XȺBFigure 3.2 (bottom) depicts results for the transfer test. To explore the transfer of
feature X powers to a neutral target B, a 2 (Stimulus: XȺB- vs. B-) × 2
(Condition: EXT vs. NO-EXT) mixed ANOVA with stimulus as a repeated
measure was conducted. The analysis revealed significant main effects of
condition, F(1, 38) = 6.36, p = .02, and stimulus, F(1, 38) = 46.89, p < .01, the
latter indicating overall stronger suppression to target B preceded by feature X
(XȺB-) relative to B alone (B-). More importantly, XȺB-/B- discrimination was
larger in the EXT condition than in the NO-EXT condition, as reflected by a
significant Stimulus × Condition interaction, F(1, 38) = 12.79, p < .01. Pairwise
comparisons showed no difference between conditions in suppression to B alone
(B-), F < 1, while suppression to XȺB- was significantly stronger in the extinction
condition (EXT) than in the control condition (NO-EXT), F(1, 38) = 11.24, p
< .01. The enhanced conditioned suppression to XȺB- in Condition EXT
suggests that presenting target A alone trials changed the influence of feature X on
responding to new targets.
To establish the strength of transfer of feature X from the old (A) to the
new (B) target in both conditions, suppression data were analyzed with a 2 (Target:
XȺA- vs. XȺB-) × 2 (Condition: EXT vs. NO-EXT) mixed ANOVA with
target as a repeated measure. The analysis revealed significant main effects of target,
F(1, 38) = 46.61, p < .01, and condition, F(1, 38) = 4.85, p = .03. The crucial
Target × Condition interaction, F(1, 38) = 17.42, p < .01, indicated a significant
difference in transfer between conditions. Pairwise comparisons showed that for
participants in the NO-EXT condition, suppression to B preceded by X was
significantly smaller than to A preceded by X, F(1, 38) = 60.51, p < .01, whereas
for participants in the EXT condition this difference was only marginally
significant, F(1, 38) = 3.52, p = .07. Thus, while both conditions demonstrated
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Test: XĺA-/A-/X-

Mean Suppression Ratio
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Transfer Test: XĺA-/A- vs. XĺB-/B-
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Figure 3.2 Mean suppression ratios (+ SEM) for XȺA-/A-/X- discrimination (top) and
the transfer test (bottom) in Experiment 1.
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incomplete transfer of feature X’s influence for the original target A to a new
target B, the loss of transfer was greater for the control condition (NO-EXT) in
comparison to the extinction condition (EXT).

Discussion
Serial compound training (XȺA+) resulted in reliable suppression to target A,
which was enhanced when preceded by feature X, while feature X elicited no
suppression by itself. Subsequent nonreinforced target presentations (A-)
extinguished responding to target A but left the ability of feature X to evoke
conditioned suppression to A intact.
There was no support for the prediction that target extinction after serial
feature-target training retrospectively increased feature X’s associative strength. On
the X alone test, X elicited no suppression by itself. Interestingly, and in contrast
to the X alone test, the results from the transfer test did suggest a retrospective
revaluation effect: Extinction of responding to target A after XȺA+ training
augmented the transfer of feature X to a novel target B. Thus, without being
presented itself during the second training phase (i.e., target A extinction), the
meaning of feature X for new targets changed. However, this effect seems not to
reflect a retrospective increase in the direct associative association of X with the
US.
An alternative hypothesis is that target extinction retrospectively endowed
feature X with occasion setting properties. This suggestion may be supported by
the findings of Experiment 1. Following serial compound conditioning, target A
elicited suppression, which was augmented by feature X, while X elicited no
suppression by itself. Subsequent target A extinction increased discriminative
XȺA/A responding: Participants showed strong suppression to target A, but only
when preceded by feature X, whereas A and X evoked no suppression by
themselves. Such a pattern of responding is typical for occasion setting: Feature X
signals whether target A will be followed by the US (e.g., Swartzentruber, 1995).
These results suggest that by making target A ambiguous as a result of extinction,
feature X indicated more effectively whether A was going to be reinforced.
At first glance, however, the observations of the transfer test seem not
consistent with an interpretation in terms of occasion setting. Normally, if serial
FP is resolved by X modulating the A-US relationship, transfer of X’s properties to
other targets is limited and selective (Holland, 1992; Swartzentruber, 1995).
Feature X does not readily increase responding to a novel target B on XȺB
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compound trials, unless B has also been involved in FP discrimination training
(YȺB+/B-) (e.g., Holland, 1986, 1989a, 1989b). Such findings indicate that the
transfer of occasion setters depend on the training history of the transfer target.
Hence, in contrast to what models on occasion setting predict (e.g., Lamoureux,
Buhusi, & Schmajuk, 1998; Schmajuk et al., 1998), the present results show that
the ability of feature X to enhance responding to target A readily transferred to an
untrained target, B. Nevertheless, even though substantial transfer to B was
observed in the extinction condition (EXT), it was incomplete. Feature X elicited
less suppression to transfer target B than to its own target A. The fact that transfer
was not complete allows for the possibility that the extent of transfer depends on
the specific training history of the transfer target. That is, greater transfer may be
observed to targets that are trained in other positive modulation discriminations, as
in occasion setters. This was examined in Experiment 2.

Experiment 2
The bottom half of Table 3.1 represents the design of Experiment 2. Experiment 2
examined whether (some of) the retrospectively gained properties of feature X, as
obtained in Experiment 1, were modulatory (i.e., occasion setting). Although
models on occasion setting disagree on how occasion setters exactly operate, they
agree that occasion setters differ in their transfer to other targets conditional upon
the training history of these targets (Bonardi, 1998; Bouton & Nelson, 1998;
Lamoureux et al., 1998; Schmajuk et al., 1998). In animal and human literature,
converging evidence exists that the transfer of positive occasion setters after serial
FP training (XȺA+/A-) is greatest to targets that have also been involved in FP
discrimination training (e.g., YȺB+/B-) (Baeyens et al., 2001; Holland, 1986,
1989a, 1989b). By contrast, in several studies no transfer has been obtained to
neutral target cues (i.e., nonreinforced preexposured targets) (Baeyens et al., 2001;
Rescorla, 1985).
In the present experiment, there were two conditions that differed for their
transfer target training. Both conditions received initial training which was similar
to the extinction condition (EXT) of Experiment 1: serial compound training
(XȺA+) followed by nonreinforced target A trials (A-). In the subsequent transfer
target training, cue B was involved in either an intermixed serial FP discrimination
(YȺB+/B-) (Condition EXT-mod) or remained neutral (B-) (Condition EXTneu). Transfer of feature X’s properties was assessed on a transfer test. If feature X
retrospectively had become a positive occasion setter, X was predicted to show
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more transfer to a target involved in another FP discrimination than to a neutral
target.

Method
Participants
Forty students from the University of Amsterdam (13 male, 27 female) with a
mean age of 22.30 years (range: 18-47) participated in return for course credits or a
small payment. None of them had any prior experience with the Martians task.
Assignment to the conditions was at random: EXT-mod (n = 20) and EXT-neu (n
= 20).

Stimuli
The stimuli were identical to that used in Experiment 1, except for the addition of
stimulus Y, which was a presentation of a sound pattern 2 (Windows TM95 “Sixties
menu command.wav”, played backwards in continuous looping).

Apparatus and Software
Experiment 2 was run with the same apparatus and software as used in
Experiment 1. Participants were again tested individually in a small room and
completion required between 20 to 25 min, depending on the specific transfer
target training.

Procedure
The procedure of Experiment 2 was similar to Experiment 1 (Condition EXT)
with the only exception that the transfer target training differed between
conditions. Participants in the neutral condition (EXT-neu) received one
nonreinforced presentation of cue B (1 B-), while participants in the modulated
condition (EXT-mod) were exposed to traditional intermixed serial FP training
(YȺB+/B-). In the EXT-mod condition, the training consisted of 12 YȺB+, 3
YȺB-, and 15 B- trials, which were divided into three blocks containing 3 YȺB+,
1 YȺB-, and 4 B- trials. Each block was followed by two assessment trials: one
reinforced YȺB+ trial and one nonreinforced B- trial presented in a random
order. Within each block, order of trials was quasi-random with the restriction that
no more than two consecutive trials were of the same type. ITIs varied randomly
between 7.5, 10 and 12.5 s with a mean of 10 s. A serial compound stimulus
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consisted of a 1.5-s presentation of feature Y (sound 2) followed by a 1.5-s empty
time interval, which in turn was followed by a 1.5-s presentation of target B
(brown-gold screen). On reinforced trials, the 0.5-s US followed immediately after
target B offset. During YȺB+ assessment trials, presentation of target B was
extended from 1.5 to 3 s, while the feature-target interval remained 1.5 s. A B- trial
consisted of a 1.5-s presentation of target B and its duration was prolonged to 3 s
on a B- assessment trial.

Scoring, Response Definition, and Statistical Analyses
Scoring of bar presses, calculation of suppression ratios and statistical analyses
were identical to Experiment 1.

Results
Table 3.2 summarizes mean suppression ratios for target A on the first
conditioning trial (baseline) and on assessment trials during conditioning and
extinction as well as for target B during transfer target training. Table 3.2 also
includes responding to B during the first trials of the transfer target training as a
baseline level (baseline YȺB+ and baseline B-). Note that as these trials are not
assessment trials, target duration was 1.5 s. Accordingly, suppression ratios for
these trials are based on bar presses during the 1.5-s critical target presentation (a)
and during the 1.5-s prefeature (baseline YȺB+) or 1.5-s pretarget (baseline B-)
period (b).

Conditioning
A 4 (Trial: baseline, 1, 2, and 3) × 2 (Condition: EXT-mod vs. EXT-neu) ANOVA
with repeated measures on the first variable revealed a main effect of trial, F(3,
114) = 81.74, p < .01, indicating a gradual development of suppression. No main
effect of condition was obtained, F(1, 38) = 3.04, p = .09, but there was a
significant interaction between trial and condition, F(3, 114) = 6.57, p < .01.
Pairwise comparisons per trial showed only a difference between conditions on the
first assessment trial, F(1, 38) = 15.62, p < .01, but not for baseline or the other
assessment trials, Fs < 1. Additional separate t tests on the last reinforced
assessment trial showed that in both conditions suppression ratios were
significantly smaller than 0.50, tEXT-mod(19) = -16.86, p < .01, and tEXT-neu(19) = 10.85, p < .01. Thus, although the development of suppression differed between
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conditions, there were no initial differences. At the end of conditioning,
participants in both conditions had mastered comparable conditioned suppression
to target A.

Extinction
A 4 (Trial) × 2 (Condition: EXT-mod vs. EXT-neu) mixed ANOVA on the last
assessment trial of conditioning and the three extinction assessment trials yielded
no main effect of condition, F < 1, but a main effect of trial, F(1.98, 75.30) =
163.72, p < .01, indicating a gradual decrease in suppression during extinction. This
pattern of extinction did not differ between conditions, as reflected by a
nonsignificant Trial × Condition interaction, F < 1. In addition, t tests on the last
extinction assessment trial showed no reliable suppression in both conditions, ts <
1. Hence, conditioned suppression to target A was successfully extinguished in the
extinction phase.

Transfer Target Training
For the modulated condition (EXT-mod), a 2 (Stimulus: YȺB+ vs. B-) × 4 (Trial:
baseline, 1, 2, and 3) repeated measures ANOVA was performed. A main effect of
stimulus was found, F(1, 19) = 88.63, p < .01, indicating stronger suppression to
target B preceded by Y compared to B alone. Moreover, there was a main effect of
trial, F(1.55, 29.35) = 18.44, p < .01, which suggests an overall decline in
suppression across training trials. Most importantly, the interaction between
stimulus and trial was significant, F(3, 57) = 14.35, p < .01, indicating a gradual
increase in YȺB+/B- discrimination across trials. Pairwise comparisons per trial
revealed reliable YȺB+/B- discrimination at each trial except baseline, Fbaseline(1,
19) = 2.85, p = .11, F1(1, 19) = 71.71, p < .01, F2(1, 19) = 114.44, p < .01, and F3(1,
19) = 37.40, p < .01, respectively. Together, these results indicate that participants
acquired discriminative YȺB+/B- responding. As participants in the neutral
condition (EXT-neu) did not receive assessment trials, no suppression ratios were
calculated.

Test: XȺA-/A-/X- discrimination
Suppression data for the originally trained target A preceded by feature X and for
A and X alone are depicted in Figure 3.3 (top). A 3 (Stimulus: XȺA-, A-, and X-)
× 2 (Condition: EXT-mod vs. EXT-neu) mixed ANOVA with stimulus as a
repeated measure yielded, as expected, no main effect of condition, F < 1, but a
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Test: XĺA-/A-/X-
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Figure 3.3 Mean suppression ratios (+ SEM) for XȺA-/A-/X- discrimination (top) and
the transfer test (bottom) in Experiment 2.
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significant main effect of stimulus, F(1.38, 52.56) = 105.90, p < .01. Within-subject
contrasts indicated that overall suppression ratios on target A preceded by feature
X were stronger than on target A alone, F(1, 38) = 107.66, p < .01, while
suppression to A alone did not differ from X alone, F(1, 38) = 1.37, p = .25. This
pattern of responding to the three stimuli did not differ between conditions, as
reflected by a nonsignificant Stimulus × Condition interaction, F(1.38, 52.56) =
1.00, p = .35. Separate t tests indicated no reliable suppression to X alone in each
of the conditions, tEXT-mod < 1, and tEXT-neu(19) = -1.28, p = .22. In addition,
suppression ratios on X alone assessment trials were calculated for the 1.5- to 4.5-s
period following feature X’s offset (see also Experiment 1). A one-way ANOVA
revealed no significant difference between conditions in delayed suppression ratios
(MEXT-mod = 0.50, MEXT-neu = 0.48), F(1, 38) = 1.69, p = .20. Moreover, in both
conditions delayed suppression ratios were not significantly different from 0.50,
tEXT-mod < 1, and tEXT-neu(19) = -1.49, p = .15. Hence, like in Experiment 1, there
was no evidence that a serial compound training followed by extinction trials
turned X retrospectively into a simple excitor.

Transfer Test: XȺB-/B- discrimination and XȺA- vs. XȺBFigure 3.3 (bottom) displays the results for the transfer test. A 2 (Stimulus: XȺBvs. B-) × 2 (Condition: EXT-mod vs. EXT-neu) mixed ANOVA produced a main
effect of stimulus, F(1, 38) = 40.41, p < .01, indicating that suppression to XȺBwas stronger relative to B-. Most pertinent to our hypotheses, the XȺB-/Bdiscrimination did not differ between conditions as reflected by a nonsignificant
Stimulus × Condition interaction, F < 1. Thus, a similar pattern as in Experiment
1 was revealed: Feature X had become an indicator that a novel target was going to
be reinforced. However, the extent to which feature X provoked larger
suppression to a neutral target relative to the neutral target alone was independent
of the specific training of that transfer target.
To assess the degree of transfer of feature X from the old (A) to the new
(B) target for the two conditions, a 2 (Target: XȺA- vs. XȺB-) × 2 (Condition:
EXT-mod vs. EXT-neu) mixed ANOVA was performed with target as a withinsubjects variable. The target main effect, F(1, 38) = 10.79, p < .01, showed that
suppression to XȺB- was weaker than suppression to XȺA-. No main effect of
condition or an interaction between target and condition was found, Fs < 1. Hence,
the demonstrated incomplete transfer was comparable for the two conditions.
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Discussion
In accordance with the results of Experiment 1, feature X was still able to evoke
suppression to target A despite the presentation of nonreinforced A trials after
serial XȺA+ compound training. Moreover, as in Experiment 1, the ability of
feature X to elicit conditioned responding transferred to another target, B.
Participants showed suppression to B, but only when preceded by X. The novel
finding was that the extent of transfer was independent of the specific training
history of B. Specifically, no differences in XȺB-/B- discrimination were
observed between participants that received an intermixed serial FP training with B
(EXT-mod) and participants that received only one exposure to B (EXT-neu). The
absence of a selective transfer effect suggests that feature X did not retrospectively
acquire occasion setting power.

General Discussion
The present study examined retrospective revaluation effects following serial
compound training in a behavioural task using a release from overshadowing
design. In Experiment 1, a serial feature-target compound training procedure
(XȺA+) resulted in suppression to target A, which was enhanced when preceded
by X, whereas feature X by itself elicited no suppression. Subsequent presentation
of nonreinforced A trials (A-) extinguished suppression to A, but had no effect on
either X’s potential to evoke suppression to A or responding to X alone. By
contrast, nonreinforced target A presentations did affect the significance of feature
X for a novel target, B. They enhanced the ability of feature X to elicit suppression
when presented in serial compound with a novel target B. Hence, without being
presented itself during the critical training phase (A-), the meaning of X for other
cues changed, suggesting retrospective learning about feature X. Experiment 2
revealed that the enhanced transfer effect, observed in Experiment 1, was
independent of the specific training history of the transfer target. Similar transfer
was obtained to untrained targets as to targets that were trained in a serial feature
positive discrimination.
The results of Experiment 1 seem not to sustain the prediction that target
extinction retrospectively increased the associative strength of feature X:
Extinction of responding to target A did not augment suppression to X alone. The
absence of an increase in conditioned responding to X was not attributable to a
temporal encoding effect (Cole et al., 1995; Miller & Barnet, 1993). That is, during
serial XȺA+ training participants may have learned to expect the US 3 s following
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X offset. Accordingly, feature X may not have elicited conditioned responding
until 3 s after its offset. However, an analysis of delayed X alone responses also
showed no reliable increase in suppression by the addition of A- extinction trials.
The pattern of responding after target extinction rather implies that participants
learned a conditional discrimination comparable to occasion setting: They showed
strong suppression to A when preceded by X, but not to A alone or X alone.
The results of Experiment 2, however, failed to observe evidence of
occasion setting properties that accrued to feature X by posttraining target
extinction. In contrast to the prevailing view of occasion setting (Holland, 1992;
Schmajuk et al., 1998; Swartzentruber, 1995), no selectivity of transfer of feature X
was observed. The ability of X to enhance responding to a novel target B was
independent of whether B was involved in FP training or received no training.
Before further discussing the nature of the observed retrospective
revaluation effect, it must be mentioned that the present findings pose a problem
for both simple associative theories (e.g., Ghirlanda, 2005; Rescorla & Wagner,
1972) and revised associative theories (e.g., Dickinson & Burke, 1996; Van Hamme
& Wasserman, 1994). Although the latter theories are silent about the possibility
that cues may retrospectively acquire a hierarchical structure (e.g., occasion setting
power), they assume retrospective increases in the direct associative strength of
cues. To recap, according to revised associative theories, nonreinforced target
presentations will activate a representation of the feature in memory by virtue of a
within-compound association, which was formed during feature-target compound
training. Also, serial compound training is assumed to produce within-compound
associations (Aitken et al., 2001). The associative strength of the activated, but
absent, feature will change in the opposite direction of the target that is present. By
implication, this account predicts an increase in excitatory strength of feature X by
presentation of target A extinction trials. The absence of any suppression to
feature X alone following posttraining target extinction in the present study,
therefore, contradicts predictions of revised associative theories.
Turning to the interpretation of the results, several explanations may
account for the transfer data obtained in the present study. At face value, the
increased ability of feature X to enhance suppression to a novel target B due to
target A extinction might simply reflect generalization on the basis of sensory
modality. Because feature X was a sound and target A was a visual pattern,
participants may have deduced by target extinction after feature-target training that
sounds predict reinforcement, while visual patterns alone mean nonreinforcement.
This would explain the enhanced transfer on XȺB trials for participants in the
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EXT condition compared to the NO-EXT condition (Experiment 1). Such
sensory modality generalization may also account for the finding that responding
on XȺB trials was independent of the training history of target B (Experiment 2).
However, it can neither explain the finding that sound X did not evoke any
suppression when presented alone (Experiments 1 and 2) nor the finding that
sound feature Y did not enhance suppression to visual target B at the start of
transfer training (Experiment 2).
Alternatively, the present findings may suggest that nonreinforced target
presentations retrospectively changed the causal status of compounds in general.
Compared to serial compound training alone, suppression on compounds was less
specific to the trained feature-target combination when serial compound training
was followed by target extinction. The originally trained feature now showed an
enhanced prediction of reinforcement when presented in compound with a novel
target. This may suggest that target extinction encouraged subjects to apply the rule
that compounds, but not elements, signal reinforcement. This account relates to
findings of rule-based generalization (Shanks & Darby, 1998). Shanks and Darby
exposed subjects to A+, B+, AB-, C-, D-, and CD+ trials together with I+, J+, M-,
and N- trials. On a subsequent test, subjects rated the outcome on novel
compound IJ less likely than on novel compound MN, suggesting that
performance was based on an abstract rule (i.e., rule-based generalization:
reinforcement on a compound and its elements is reversed) rather than on
similarity of the elements (i.e., feature-based generalization). However, in the study
of Shanks and Darby, subjects inferred this rule by intermixed presentation of the
trials, thereby allowing for a confirmation of rules. By contrast, if rule learning
plays a role in the current study, it should be based on deductive reasoning instead
of direct experience. By additional nonreinforced target presentations, subjects may
have deduced that compound stimuli predict reinforcement but not elements alone.
Such deductive reasoning is unlikely to be induced by mere presentation of
XȺA+ trials.
In accordance with a rule-based generalization account, suppression to
XȺB was enhanced after XȺA+ training and subsequent A- trials relative to
XȺA+ alone training (Experiment 1). Note, however, that transfer to B was not
complete, suggesting to some extent specificity of the XȺA compound. An
explanation in terms of rule-based generalization also predicts the absence of
suppression to elements A, B, and X (Experiments 1 and 2). Moreover, it can
clarify why the training history of B had no influence on the amount of transfer
(Experiment 2). The one outcome that cannot be explained is the lack of enhanced
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suppression to compound YȺB compared to element B alone at baseline
(Experiment 2).
One potential limitation in the current study may account for the failure to
observe an increment in suppression to X after target extinction. X alone trials
were always presented at the end of the test phase. Although there were only four
nonreinforced test trials, participants may have inferred that trials were not longer
reinforced by the end of the test phase.
In summary, the data of the present experiments suggest that retrospective
revaluation effects can be observed after serial feature-target compound training
followed by nonreinforced target presentations. Without being presented itself
during the critical learning phase, the meaning of the feature cue for other target
cues changed. Target extinction seems to enhance transfer of the originally trained
feature. This may point to a paradoxical effect of extinction learning. Extinction of
responding to a target cue, which was previously conditioned in attendance of
another feature cue, may enhance the ability of the original feature to evoke
conditioned responses when combined with cues that are perceptually similar to
the extinguished cue.
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Appendix
Instructions prior to phases (translated from Dutch)
Pretraining 1: Operant Training
In this task you are asked to defend the planet from invading Martians. Every
quarter of a second one Martian will try to land. You will see that the Martians
appear one by one in rows on the screen.
In order to destroy them, you must shoot them with your laser-gun (by
pressing the space bar) before they can see you. That is, just before a new Martian
will appear on the screen. But do not shoot too early, because you only have one
shot per Martian. You do not have to aim your laser-gun. The only thing that
matters is to fire at the right moment (pressing the space bar). If you destroyed a
Martian, you will see an explosion appearing on the screen, at the place where a
Martian would have appeared otherwise. At the end of this phase, we will tell you
the percentage of Martians that you have killed.
As soon as you press the OK-button, the Martians immediately start
landing, and you must start firing. THE PLANET DEPENDS ON YOU!! DO
NOT ALLOW THEM TO LAND!!
Pretraining 2: US-only Phase
The Martians have now developed a powerful anti-laser shield. You must continue
to use your laser gun to prevent their landing. BUT BE CAREFUL, because if you
shoot when the anti-laser shield is active, your shot will be rebounded, which
temporarily disables your laser-gun. Immediately, thousands of Martians will land
safely and you will not be able to stop that invasion. You will recognize that the
anti-laser shield is activated when you see a WHITE INTERMITTENT
FLASHING on the computer screen. Also, you hear clearly that the anti-laser
shield is activated, due to the fact that activating the shield produces a METALLIC
WIND.
So remember well: just a single shot as soon as the anti-laser shield is
activated (WHITE FLASHING SCREEN & METALLIC WIND), and the
Martians will make a successful invasion!! The experimenter will now illustrate all
this….
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Phase 1: Pavlovian Conditioning
Some INDICATORS will help you to predict when the Martians are about to
activate the anti-laser shield. There are, however, correct and false indicators. If
you learn to distinguish between correct and false indicators, you will always be
able to avoid firing while the anti-laser shield is on. Otherwise, every time that the
Martians activate the anti-laser shield, you will be firing, and an inevitable invasion
will follow…
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Renewal of fear in a novel context and its
resistance to disruption

Effting, M., Vervliet, B., & Kindt, M. (under revision). Renewal of fear in a novel
context and its resistance to disruption.

Chapter 4

Abstract
Enhancing the generality of extinction learning is a well-studied strategy to reduce
renewal. Although effective, original fear learning is not erased and its robust
generalization remains a risk for relapse. The present study examined a novel
strategy aimed at counteracting fear generalization. It was tested whether context
discrimination training during extinction reduces renewal. Fear acquisition (CS-US)
occurred in Context A. Next, participants received either simple extinction in
Context B (EXT-only) or repeated alternation between extinction (CS-noUS) in
Context B and reacquisition (CS-US) in acquisition Context A (context
discrimination training) (EXT-R). Renewal was tested in novel Context C. Fear
responses were assessed by online shock expectancies, startle and skin
conductance. After simple extinction, clear renewal of conditioned responding was
observed upon testing in a novel context (ABC renewal). Contrary to expectations,
context discrimination training did not reduce this renewal effect. The current
paradigm, however, provides an experimental tool to study ABC renewal in
humans in both subjective and physiological measures.
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Introduction
Fear conditioning results from pairing a neutral conditioned stimulus (CS) with an
aversive unconditioned stimulus (US). It is characterized by robust generalization.
Once acquired, conditioned fear perfectly transfers to other contexts (e.g., Bouton
& King, 1983; Harris, Jones, Bailey, & Westbrook, 2000; but see Bonardi, Honey,
& Hall, 1990). Although fear conditioning may easily generalize, extinction of
conditioned fear by CS alone training does not. Presenting an extinguished CS
outside the extinction context typically recovers fear responding known as renewal
(Bouton, 2000, 2002). For instance, when conditioning occurs in one context and
extinction in another context, fear renews in the acquisition context (ABA renewal,
e.g., Bouton & King, 1983; Vansteenwegen et al., 2005) or in a novel context (ABC
renewal, e.g., Bouton & Bolles, 1979; Effting & Kindt, 2007). From a clinical
perspective, the asymmetry in generalization between fear acquisition and
extinction provides an account for relapse of fear after extinction-based therapies
in anxiety disorders (Bouton, 2002; Craske, 1999).
Renewal effects indicate that extinction training does not destroy the
original excitatory association between the CS and the US. Rather, extinction
involves the formation of a second association (CS-noUS) that inhibits the initially
learned excitatory association (CS-US) (e.g., Bouton, 2000, 2002). Moreover, this
second learning depends on the context in which it was acquired (e.g., Bouton,
2004). In explaining renewal, it is stated that the extinction context retrieves or sets
the occasion for inhibitory performance (Bouton, 1994a). If the extinction context
is not present, inhibitory learning is not activated and, hence, initial excitatory
(fear) learning comes to expression again. Thus, contexts appear crucial for
retrieving extinction performance (i.e., context dependent), but not for retrieving
acquisition performance (i.e., context independent) (Bouton, 1993).
A simple implication of this analysis is that there are at least two pathways
to disrupt renewal: either by increasing the generalization (i.e., decontextualization)
of extinction learning or by decreasing the generalization (i.e., contextualization) of
fear learning. Most studies examined strategies aimed to enhance the generality of
extinction over contexts (see Craske et al., 2008 for a review). One such strategy is
to present a retrieval cue at test that was also administered during extinction
(Brooks & Bouton, 1994; Vansteenwegen et al., 2006). Such cues may help to
retrieve extinction, thereby offsetting renewal. Another strategy is to conduct
extinction in multiple contexts, which presumably promotes the transfer of
extinction across contexts (e.g., Chelonis, Calton, Hart, & Schachtman, 1999;
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Gunther, Denniston, & Miller, 1998; Vansteenwegen et al., 2007). Although these
strategies might prevent renewal, the original fear association is not erased. The
fear association may be suppressed by extinction but its vigorous generalization
remains a serious risk for relapse. Therefore, we propose an alternative strategy to
counteract renewal by contextualization of a previously acquired fear association.
Despite supportive evidence of the context independency of fear
associations (e.g., Bouton & Ricker, 1994; Thomas, Larsen, & Ayres, 2003), there is
also evidence to suggest that initially context-free fear associations may become
context dependent. For instance, Harris et al. (2000) showed in rodents that when
extinction occurs in another context than fear conditioning, less fear to the CS was
observed upon testing in a novel context (ABC renewal) than in the original
acquisition context (ABA renewal). This indicates that expression of fear learning
was controlled by its context (see also Effting & Kindt, 2007). Crucially, no
contextual control was observed either before or without extinction, as indicated by
the absence of a response loss by presenting a CS in another context after
acquisition. These findings collectively suggest that extinction training in another
context (B) decreased fear generalization from the acquisition context (A) to a
novel context (C). The precise mechanism is unknown, but one possibility is that
simultaneously changing the context and the contingency (by extinction) provides
contexts with discriminative value. That is, subjects may infer that the acquisition
context is important in the prediction of the occurrence of an aversive event (CSUS), while the extinction context is predictive for the non-occurrence of an
aversive event (CS-noUS). The relevance of contexts seems also to be a key in
contextualizing information that is initially context-free in humans (León, Abad, &
Rosas, 2010). Hence, increasing the discriminative value of contexts for CS
reinforcement may weaken the generalization of fear.
The aim of the present study was to enhance the relevance of the context
for a previously acquired fear association by context discrimination training in
humans. Context discrimination procedures induce context dependency of newly
learned (fear) associations when applied during initial learning (Bouton &
Swartzentruber, 1986; Gawronski, Rydell, Vervliet, & De Houwer, 2010). Given
that upon retrieval fear associations can be modified in rodents long after they are
acquired (Nader, 2003), we hypothesized that context discrimination training after
fear acquisition (i.e., during extinction) contextualizes an established fear association.
For this purpose, we intermingled occasionally reinforced CS trials (i.e.,
reacquisition) in the context of acquisition (A:CS-US) during extinction training in
the context of extinction (B:CS-noUS). The rationale underlying this manipulation
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is that repeated alternation between extinction and reacquisition across contexts
indicates that the (acquisition) context is relevant for CS reinforcement.
Accordingly, fear learning may become confined to the acquisition context, which
should reduce renewal in novel contexts. If renewal can be reduced, it may offer an
opportunity to contextualize fear memories after they are acquired. Obviously,
reexposure to actual aversive events in therapy is inconceivable, but imaginary
rescripting traumatic events may be an alternative way to activate and change fear
memories (e.g., Arntz, Tiesema, & Kindt, 2007).
Two groups of participants received fear acquisition by pairing one
geometric figure (CS1) with a shock US, but not a control figure (CS2), in one
context, Context A (a coloured screen). Conditions differed for extinction
treatment. Condition EXT-only received simple extinction to both stimuli in
another context, Context B. Condition EXT-R received extinction trials in the
same context, Context B, but they were repeatedly alternated with reacquisition
trials in the acquisition context, Context A. During reacquisition, the CS1 was
again paired with the shock US. Renewal was then tested in a novel context,
Context C. As an extra test, renewal was also assessed in the original acquisition
context, Context A, to control for retention of conditioned responding in case no
ABC renewal would be observed after simple extinction. Conditioned fear
responding was measured by online shock expectancy ratings, as well as by startle
and skin conductance responding. It was hypothesized that context discrimination
training during extinction would weaken fear generalization. Accordingly, we
predicted smaller renewal in novel Context C for Condition EXT-R as compared
to Condition EXT-only. Both conditions were predicted to show comparable
renewal in acquisition Context A.

Method
Participants
Fourty-four volunteers with a mean age of 22.09 years (SD = 4.80) were recruited
at the University of Amsterdam and participated for course credits or a small
payment. Exclusion criteria included hearing problems, a past or current anxiety
disorder, and the use of significant medication, all assessed by self-report.
Participants were randomly assigned to Condition EXT-R (n = 22: 5 men) or
Condition EXT-only (n = 22: 3 men).
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Apparatus
Stimuli. Two grey geometric figures (circle and triangle) with black outlines
served as CS1 and CS2, respectively, with assignment counterbalanced across
participants. The circle measured 66 mm of diameter and the triangle had a base 76
mm and a height of 66 mm. CSs were always presented for 8 s in the centre of a
computer screen. Contexts were manipulated by changing the background colour
of the screen in yellow, green, blue, or red. Allocation of the colours as contexts A,
B, or C was counterbalanced.
A 2-ms electrical stimulus delivered to the wrist of the non-preferred hand
served as US (see Effting & Kindt, 2007). The startle probe consisted of a 104-dB
burst of white noise with an instantaneous rise time presented binaurally for 40 ms
through headphones. Startle probes were delivered either during a CS or in the
absence of a CS, the latter referred to as a noise alone (NA). In addition, a 70-dB
broadband background noise was continuously presented.
Measurement. US expectancy ratings were recorded trial-by-trial using a
continuous 11-point scale ranging from 0 (certainly no shock) through 5
(uncertain) to 10 (certainly shock). Participants dragged a pointer along the scale
with a mouse and confirmed their ratings by a mouse click. The scale was
continuously displayed at the bottom of the computer screen.
Electromyographic (EMG) activity in reaction to startle probes was
measured using three 6-mm sintered Ag/AgCl electrodes filled with conductive gel
(Signa, Parker). After cleaning the skin with alcohol, two electrodes were placed
under the right eye on the orbicularis oculi muscle 1 cm apart. To maintain
electrically identical paths and to reduce common noise, a ground electrode was
placed 3 cm below the right orbicularis oculi muscle on an electrically neutral site.
The bundled electrode wires were connected to a front-end amplifier with an input
resistance of 10 Mƙ and a bandwidth of DC-1500 HZ. To remove unwanted
interference, a 50-Hz notch filter was applied. Integration was conducted by using
a true-RMS converter (contour-follower) with a 25-ms time constant. The
integrated signal was digitized using a 16-bit A/D converter at 500 samples per
second.
Electrodermal activity was measured using an input device with a sine
shaped excitation voltage (± .5 V) of 50 Hz, which was derived from the mains
frequency. The input device was connected to two Ag/AgCl electrodes, which
were attached with adhesive tape to the medial phalanges of the second and third
fingers of the non-preferred hand (see Effting & Kindt, 2007). The signal from the
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input device was led through a signal-conditioning amplifier and the analogue
output was digitized at 500 samples per second by a 16-bit A/D converter.
Presentation of stimuli and measurement of expectancy ratings were
controlled by Presentation v12.2, while VSRRP98 v6.1 measured EMG and
electrodermal activity.

Procedure
Upon arrival at the laboratory, participants were seated behind a table with a
computer screen in a sound-attenuated room. After cleaning hands with tap water
and attachment of the electrodes, shock intensity was individually selected on a
level that was “definitely uncomfortable, but not painful”. Participants were orally
explained that two geometric figures would be repeatedly presented to them on the
computer screen. Participants were instructed to observe the figures carefully as
one of the figures would sometimes be followed by a shock, while the other figure
would never be followed by a shock. They were asked to predict shock delivery
during each figure by using the rating scale. Additionally, they were informed about
the administration of loud noises and a background noise. After leaving the room,
the experimenter started the experiment from the adjacent room.
The experiment consisted of a habituation phase, an acquisition phase, an
extinction phase and two test phases. In the habituation phase, 10 startle probes were
administered to reduce initial startle reactivity. During habituation, no contexts or
CSs were presented.
In the acquisition phase, participants were exposed to eight trials of both CS1
and CS2 divided into two blocks of four trials of each stimulus (4 CS1, 4 CS2).
ITIs varied between 15, 20, and 25 s with a mean of 20 s. The startle probe was
presented at 7 s after CS onset and, in case of a CS1, the US was presented 500 ms
later. In addition, four startle probes were presented alone (NA) per block. In each
block, order of trial and ITI was randomized with the restriction that no more than
two consecutively trials or ITIs were identical. During trials and ITIs, the context
was continuously presented. For both conditions, acquisition occurred in Context
A.
During the extinction phase, participants in the EXT-R condition received 16
trials of both CS1 and CS2 divided into four blocks of four trials (4 CS1, 4 CS2). In
addition, four startle probes were presented alone (NA) per block. Each block was
divided into an extinction sub-block including three nonreinforced trials (3 CS1, 3
CS2) and a reacquisition sub-block (1 CS1, 1 CS2), during which the CS1 was again
85

Chapter 4
followed by the US, but not the CS2. This resulted in a total of 12 extinction trials
and four reacquisition trials for each stimulus type. Extinction trials were delivered
in Context B, whereas reacquisition trials were administered in Context A. Hence,
Context B predicted CS1 nonreinforcement, while Context A predicted CS1
reinforcement. To allow for discrimination between extinction and reacquisition
trials, the position of a reacquisition trial within each four-trial block was fixed: on
the 3rd, 4th, 2nd, and 1st position in the four blocks, which corresponds with trials
3, 8, 10, and 13, respectively. Participants in the EXT-only condition received a
similar presentation schedule as the EXT-R condition, except for the following.
Within each reacquisition sub-block, CS1 was never paired with the US, and all
trials were presented in Context B. Hence, it was analogue to a traditional Context
B extinction training.
Each renewal test phase consisted of a block of two nonreinforced
presentations of CS1 and CS2. Furthermore, two startle probes were presented
alone (NA) in each block. The first test was conducted in Context C, while the
second test occurred in acquisition Context A. During extinction and reacquisition
sub-blocks as well as during test blocks, characteristics for trial and ITI order were
identical as to acquisition, with the following exception. The order of the first two
trials in the extinction phase (CS1, CS2) and the test trials was counterbalanced:
Half of the participants started extinction with CS1 followed by CS2 and received
both test phases in the order: CS1, CS2, CS2, CS1. The other half started
extinction with CS2 followed by CS1, while trials in both test phases were ordered
as CS2, CS1, CS1, CS2.
All phases were presented without interruption. Upon every context switch,
there was a 10-s acclimatisation period to the context. As the reacquisition
procedure included eight more context switches than the simple extinction
procedure, the EXT-only condition received eight 10-s extra presentations to
Context B to ensure similar timing of stimuli across conditions.
Afterwards, participants rated CSs on their valence using an 11-point scale
labelled from -10 (negative) to 10 (positive). In addition, participants evaluated the
US and the startle probe on two characteristics. The (un)pleasantness was rated on
an 11-point scale anchored by unpleasant (-10) and pleasant (10). The intensity was
indicated on a 5-category scale with the labels weak, moderate, intense, enormous, and
unbearable (scored as 1 to 5).
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Scoring, response definition, and statistical analysis
Rated expectations of the US were assessed during CS presentation. In case no
rating was recorded, the average rating level of the last 2 s of CS presentation was
used. The peak of the startle response was identified as the maximum EMG value
within 20-200 ms after startle probe onset, while a response onset latency window
of 0-120 ms was used. Startle response amplitudes were calculated by subtracting
the average EMG value during the 50-ms period prior to probe onset from the
peak value. Zero responses were left in the analyses. Skin conductance responses
(SCR) were defined as the maximum skin conductance level within 5 s after CS
onset relative to the average level 2 s prior to CS onset (cf. Milad, Orr, Pitman, &
Rauch, 2005). Negative changes and zero responses were left in the analyses.
Startle and SCR magnitudes were averaged over two trials resulting in four
acquisition blocks, six extinction blocks, two reacquisition blocks, and two test
blocks. In case of a missing value, the value of the other trial was used. Block
magnitudes were standardized by calculating within-subjects z-scores. Z-scores
were converted into T scores by the formula: T = (z * 10) + 50. Due to technical
error, EMG data for seven participants were left out of the analyses (EXT-R: n =
4, EXT-only: n = 3).
Expectancy ratings, startle and SCR data were analyzed by CS-type ×
Trial/Block × Condition mixed analyses of variance (ANOVA) with CS-type and
trial (expectancy ratings) or block (startle/SCR) as within-subjects factors. In all
analyses, the factor CS-type included two levels (CS1, CS2), just like the factor
condition (EXT-R, EXT-only), whilst levels of the factor trial or block varied
depending on the exact analysis. US, CS, and startle probe characteristics were
subjected to 2 Condition (EXT-R vs. EXT-only) factorial ANOVAs. The results
most pertinent to our hypothesis are reported. Greenhouse-Geisser corrections
were applied in case of violation of the sphericity assumption. Adjusted p-values
are reported, but they are accompanied by nominal degrees of freedom.

Results
Conditions did not differ with regard to selection of US intensity (range: 6 to 50
mA; M = 14.73, SD = 8.62), F < 1.
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US expectancy ratings
Acquisition. Figure 4.1 displays mean US expectancy ratings across trials.
Participants gradually developed differential US expectancies to CS1 and CS2
during acquisition, as indicated by a significant CS-type × Trial (trial 1-8)
interaction, F(7, 294) = 80.88, p < .001, Ƨp2 = .66, including the linear trend, F(1,
42) = 190.28, p < .001, Ƨp2 = .82. The pattern of acquisition was comparable
between conditions (CS-type × Trial × Condition, F < 1).
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Figure 4.1 Mean US expectancy ratings for CS1 and CS2 on trials during acquisition,
extinction, and tests in Contexts C and A separately for the EXT-R condition (upper panel)
and the EXT-only condition (lower panel). The reacquisition trials during extinction are
indicated with an asterisk * (trials 3, 8, 10, and 13).

Generalization of acquisition. Switching the context after acquisition produced a
significant decrease in differential ratings from the last acquisition trial (trial 8) to
the first extinction trial (trial 1) (CS-type × Trial: F(1, 42) = 9.47, p = .004 , Ƨp2 =
.18) (see Figure 4.1). Post hoc comparisons indicated that the decline in
differentiation was caused by a significant increase in CS2 ratings, F(1, 42) = 12.46,
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p = .001, Ƨp2 = .23, while the change in CS1 ratings was statistically not significant,
F < 1.24. On the first extinction trial, there was still substantial CS1/CS2
differentiation, F(1, 42) = 96.04, p < .001, Ƨp2 = .70. The absence of a CS-type ×
Trial × Condition interaction, F < 1.12, suggested that the acquired differentiation
was equally well generalized across contexts in both conditions.
Extinction. On extinction trials, participants displayed a gradual decline in
differential US expectancies to CS1 and CS2 that was equal across conditions (see
Figure 4.1). This was indicated by a significant CS-type × Trial (trial 1-2, 4-7, 9, 1112, 14-16) interaction, F(11, 462) = 34.53, p < .001, Ƨp2 = .45, and linear trend, F(1,
42) = 62.52, p < .001, Ƨp2 = .60, and the absence of a CS-type × Trial × Condition
interaction, F < 1.
On reacquisition trials 3 , differential US expectancies to CS1 and CS2
recurred for the reacquisition condition (EXT-R), while they extinguished for the
simple extinction condition (EXT-only) (see Figure 1). This was indicated by a CStype × Trial (trial 3, 8, 10, 13) × Condition interaction, F(3, 126) = 16.93, p < .001,
Ƨp2 = .29. Post hoc analyses revealed that differential ratings gradually increased for
Condition EXT-R (CS-type × Trial: F(3, 63) = 6.46, p = .01, Ƨp2 = .24, and linear
trend: F(1, 21) = 7.85, p = .01, Ƨp2 = .27). By contrast, differential ratings
progressively decreased for Condition EXT-only (CS-type × Trial: F(3, 63) =
10.69, p = .002, Ƨp2 = .34, and linear trend: F(1, 21) = 13.59, p = .001, Ƨp2 = .39).
Renewal test in Context C. Renewal can be qualified by a return of differential
US expectancies to CS1 and CS2 when the context is switched after extinction. As
can be seen in Figure 4.1, transition from the last extinction trial in Context B (trial
16) to the first test trial in novel Context C (trial 1) produced an increase in US
expectancies to CS1 relative to CS2. This was demonstrated by a significant CStype × Trial interaction: F(1, 42) = 21.58, p < .001, Ƨp2 = .34. Contrary to
predictions, the strength of renewal in novel Context C was comparable between
conditions, as indicated by the absence of a CS-type × Trial × Condition
interaction, F < 1. In other words, the reacquisition procedure did not reduce
renewed US expectation in a novel context.
Renewal test in Context A. In contrast to novel Context C, conditions differed
in renewed responding in the original acquisition context, that is, from the last
extinction trial in Context B (trial 16) to the first test trial in Context A (trial 1) (see
Figure 4.1). This was indicated by a significant CS-type × Trial × Condition
Condition EXT-only received nonreinforced CS1 presentations during reacquisition trials,
such that they were analogue to extinction trials.
3

89

Chapter 4
interaction, F(1, 42) = 19.92, p < .001, Ƨp2 = .32. Post hoc analyses revealed a
greater increase in CS1 ratings from Context B (trial 16) to Context A (trial 1) for
Condition EXT-R relative to Condition EXT-only (Trial × Condition interaction:
F(1, 42) = 25.05, p < .001, Ƨp2 = .37), but no difference between conditions for the
change in CS2 ratings, F < 3.27. Hence, the administration of reacquisition trials
during extinction enhanced the expectancy of the US to CS1 in acquisition Context
A compared to a simple extinction procedure.

Startle responses
Acquisition. No significant acquisition effect in startle responding was
obtained in analysing all participants. As fear acquisition is a prerequisite to test our
hypothesis that a reacquisition procedure during extinction would decrease renewal
of conditioned fear at test, we selected participants who showed successful
acquisition. This was defined as stronger responses to CS1 versus CS2 on the last
acquisition block (block 4: i.e., trial 7-8). Figure 4.2 depicts mean startle responses
per block of two consecutive trials during acquisition, extinction, and test for
participants who met the acquisition criterion separately for the EXT-R condition
(n = 13: 3 men) and the EXT-only condition (n = 15: 2 men). As reacquisition
trials were not consecutively presented, but were diverted over extinction, averaged
responses on reacquisition blocks are separately presented in Table 4.1.
Participants displayed a gradual increase of differential startle responding to CS1
and CS2 across acquisition blocks (CS-type × Block (block 1-4) interaction: F(3,
78) = 3.06, p = .03, Ƨp2 = .11, and linear trend: F(1, 26) = 8.19, p = .008, Ƨp2 = .24).
The course of acquisition did not differ between conditions, as was evidenced by
the absence of a CS-type u Block u Condition interaction, F < 2.14.
Generalization of acquisition. Differential responding was lost by changing the
context after acquisition, that is, from the last block of acquisition in Context A
(block 4) to the first extinction block in Context B (block 1) (CS-type u Block
interaction: F(1, 26) = 11.14, p = .003, Ƨp2 = .30) (see Figure 4.2). Similar to
expectancy ratings, post hoc comparisons showed that a context switch produced a
significant increase in startle responding to CS2, F(1, 26) = 44.75, p < .001, Ƨp2 =
.63, but no significant change in responding to CS1, F < 1. The loss of
differentiation was comparable for both conditions, as indicated by the absence of
a CS-type u Block u Condition interaction, F < 1.
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Figure 4.2 Mean startle responses for CS1, CS2, and NA on blocks during acquisition,
extinction, and tests in Contexts C and A separately for the EXT-R condition (upper panel)
and the EXT-only condition (lower panel).

Extinction. Over extinction blocks, startle responses to CS2 initially declined
faster than responses to CS1, as shown by a CS-type × Block (block 1-6)
interaction, F(5, 130) = 2.36, p = .04, Ƨp2 = .08, and the quadratic trend, F(1, 26) =
7.29, p = .01, Ƨp2 = .22 (see Figure 4.2). Post hoc comparisons demonstrated that
differential responding was absent on the first extinction block, F1 < 1.73,
reappeared on subsequent blocks, F2(1, 26) = 22.07, p < .001, Ƨp2 = .46, F3(1, 26) =
12.94, p = .001, Ƨp2 = .33, F4(1, 26) = 6.45, p = .02, Ƨp2 = .20, F5(1, 26) = 13.64, p =
.001, Ƨp2 = .34, but was finally extinguished on the last block, F6 < 1.07. Startle
responses were overall smaller for Condition EXT-R relative to Condition EXTonly (Condition main effect: F(1, 26) = 11.49, p = .002, Ƨp2 = .31). Moreover, the
decline in responses tended to be initially faster across blocks for Condition EXTR than for Condition EXT-only (Block × Condition interaction: F(5, 130) = 2.18,
p = .06, Ƨp2 = .08, and quadratic trend: F(1, 26) = 6.65, p = .02, Ƨp2 = .20). Post hoc
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comparisons showed, however, no differences between conditions on the last
extinction block, F6 < 1.10.
Over reacquisition blocks, differential startle responding remained stable, as
was indicated by a main effect of CS-type, F(1, 26) = 13.45, p = .001, Ƨp2 = .34, and
the absence of a CS-type × Block (block 1-2) interaction, F < 1 (see Table 4.1).
The administration of reinforced reacquisition trials did not affect differential
startle responding (CS-type × Condition interaction: F < 1.91, and CS-type ×
Block × Condition interaction: F < 1). Overall, responding declined significantly
across reacquisition blocks, as was shown by a main effect of block, F(1, 26) =
14.06, p = .001, Ƨp2 = .35.
Table 4.1 Mean startle responses and SCRs (T-scores) to CS1, CS2, and NA during
reacquisition blocks (averaged over two reacquisition trials) for conditions EXT-R and
EXT-only.
Measure
Startle Response
EXT-R
EXT-only
SCR
EXT-R
EXT-only

Reacquisition
CS1

Block 1
CS2

NA

CS1

Block 2
CS2

57.08
55.20

47.54
51.68

45.50
43.30

53.87
49.04

45.86
44.60

43.62
43.35

54.32
47.98

47.57
48.96

-

49.72
47.94

45.13
47.14

-

NA

Renewal test in Context C. Testing in a novel context after extinction renewed
differential responding. That is, differential responding increased from the last
extinction block in Context B (block 6) to the test in Context C (block 1). This was
evidenced by a significant CS-type × Block interaction, F(1, 26) = 6.93, p = .01, Ƨp2
= .21 (see Figure 4.2). Contrary to expectations, but similar to the results for US
expectancy ratings, there was no difference in the renewal effect between
conditions (CS-type × Block × Condition, F < 1). Thus, administering
reacquisition trials in their original context during extinction in another context
could not prevent the recurrence of the startle response in a novel context.
Renewal test in Context A. Differential startle responding renewed upon
testing in the original acquisition context, that is, from the last extinction block in
Context B (block 6) to test in Context A (block 1) (CS-type × Block interaction:
F(1, 26) = 8.68, p = .007, Ƨp2 = .25) (see Figure 4.2). Unlike expectancy ratings, the
strength of renewal was comparable between conditions for startle responses, as
was indicated by the absence of a CS-type × Block × Condition interaction, F < 1.
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Skin conductance responses
Acquisition. Similarly to the startle response analyses, only participants that
showed successful acquisition of discriminative skin conductance responding were
included in the analyses. Figure 4.3 shows mean skin conductance responses across
blocks during acquisition, extinction, and test for participants meeting the
acquisition criterion separately for Condition EXT-R (n = 17: 3 men) and
Condition EXT-only (n = 15: 1 men). Responses on reacquisition blocks are
separately presented in Table 4.1. During acquisition, there was evidence for
stronger responding to CS1 than to CS2 (main effect of CS-type: F(1, 30) = 36.52,
p < .001, Ƨp2 = .55). The absence of a CS-type × Block (block 1-4) interaction
indicated that differential CS1/CS2 responding remained stable across blocks, F <
1. Importantly, the acquisition effect was similar for both conditions (absence of
CS-type × Condition interaction and CS-type × Block × Condition interaction, Fs
< 1).
Generalization of acquisition. Figure 4.3 shows that a context switch after
acquisition produced a reduction in differential skin conductance responding (CStype × Block (block 4 vs. block 1) interaction: F(1, 30) = 6.93, p = .01, Ƨp2 = .19).
Post hoc comparisons showed a marginally significant increase in responding to
CS2, F(1, 30) = 3.62, p = .07, Ƨp2 = .11, but no significant change in CS1
responding, F < 2.49. Moreover, CS1/CS2 differentiation remained evident on the
first extinction block, F(1, 30) = 8.85, p = .006, Ƨp2 = .23. The generalization of
acquisition to a novel context was comparable between conditions, as is evidenced
by the absence of a CS-type × Block × Condition interaction, F < 1.
Extinction. Across extinction blocks, differential skin conductance
responding rapidly extinguished (see Figure 4.3). We observed no CS1/CS2
differentiation over blocks (block 1-6), as was indicated by the absence of a CStype main effect, F < 1. Furthermore, conditions did not differ for their responses
during extinction (absence of a Condition main effect, F < 1).
Across reacquisition blocks (block 1-2), differential skin conductance
responding was marginally greater for the EXT-R condition than for the EXT-only
condition (CS-type × Condition interaction: F(1, 30) = 3.67, p = .07, Ƨp2 = .11) (see
Table 4.1). Post hoc comparisons yielded stronger CS1 than CS2 responses during
reinforced blocks (EXT-R), F(1, 30) = 7.59, p = .01, Ƨp2 = .20, but no CS1/CS2
differentiation during nonreinforced blocks (EXT-only), F < 1.
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Figure 4.3 Mean skin conductance responses (SCR) for CS1 and CS2 on blocks during
acquisition, extinction, and tests in Contexts C and A separately for the EXT-R condition
(upper panel) and the EXT-only condition (lower panel).

Renewal test in Context C. Renewal of differential skin conductance
responding was found when the context changed from extinction Context B
(block 6) to test Context C (block 1) (CS-type × Block interaction: F(1, 30) = 6.60,
p = .02, Ƨp2 = .18) (see Figure 4.3). Contrary to the hypotheses, a reacquisition
procedure (EXT-R) did not reduce the strength of renewal in Context C relative to
a simple extinction procedure (EXT-only), as was evidenced by the absence of a
CS-type × Block × Condition interaction, F < 1.
Renewal test in Context A. In contrast to US expectancy ratings and startle
responses, no renewal of skin conductance responding was observed in either of
the conditions when participants returned from extinction Context B (block 6) to
acquisition Context A (block 1) (see Figure 4.3), F < 1.
To assess whether the type of procedure during extinction (reacquisition
vs. simple extinction) influenced the evaluation of stimuli, postexperimental ratings
were compared between conditions. Following reacquisition, the CS1 was rated as
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more negative than following simple extinction, (MEXT-R = -6.55, SDEXT-R = 2.97;
MEXT-only = -3.64, SDEXT-only = 5.30), F(1, 42) = 5.05, p = .03, Ƨp2 = .11. There was
neither a group difference for CS2 valence ratings (M = 6.23, SD = 3.94) nor for
the way participants experienced the US and the startle probe, Fs < 2.63. Both the
US and the startle probe were rated as fairly unpleasant (MUS = -5.52, SDUS = 2.38;
Mprobe = -5.86, SDprobe = 2.71) and intense (MUS = 2.77, SDUS = 0.61; Mprobe = 2.73,
SDprobe = 0.76).

Discussion
The present study was designed to test whether context discrimination training
during extinction can reduce renewal in humans. The control condition received
normal CS-only extinction training in another context than fear acquisition. The
reacquisition condition received extinction in the same context, but was
occasionally reexposed to CS reinforcement (reacquisition) in the acquisition
context. Hence, extinction and reacquisition were repeatedly alternated across
contexts (context discrimination training). The results clearly showed differential
renewal of conditioned responding in a novel context after simple extinction
training (ABC renewal), both in online shock expectancy ratings as well as in startle
and skin conductance responses. Although differential ABC renewal has been
observed in subjective measures (Neumann & Kitlertsirivatana, 2010), the present
results provide a first demonstration of the effect in physiological measures.
Contrary to expectations, context discrimination training during extinction failed to
reduce renewal in a novel context. This suggests that increasing the predictive
value of the context for fear learning does not thwart its generalization.
Furthermore, context discrimination training increased renewal in the acquisition
context (ABA) relative to simple extinction for shock expectancies but not for
startle responding, whereas ABA renewal was absent for skin conductance
responding.
Importantly, the present study showed an effect of the manipulation on
differential responding during reacquisition, at least for shock expectations and
skin conductance. In the reacquisition condition, expectancy and skin conductance
data showed recurrence of differential responding during reacquisition, while
differential responding extinguished in the control condition. This effect can be
viewed as evidence that context discrimination learning took place. The lack of an
effect of reacquisition on startle data may be explained by slow extinction of startle
responding in the control condition. Given that startle differentiation was still
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present during normal extinction training, an increase in differentiation due to
reacquisition may have been difficult to achieve. Alternatively, we recently showed
that contingency knowledge could be separately manipulated from the automatic
startle response (Sevenster, Beckers, & Kindt, submitted). Note that electrodermal
responding shows a close association with declarative knowledge and is supposed
to reflect the more cognitive level of associative learning (Soeter & Kindt, 2010;
Weike, Schupp, & Hamm, 2007). Consequently, discriminative training during
extinction may mainly affect the cognitive level, leaving the emotional expression
(i.e., startle response) of fear memory unaffected.
Why did our reacquisition procedure fail to abolish renewal? We assumed
that context discrimination training would confine a previously acquired fear
association to its context. One possibility is that increasing the relevance of the
context for fear learning unintentionally enhanced also the context relevance for
extinction learning. Thus, extinction learning may have become even more context
dependent after reacquisition than after simple extinction, thereby cancelling out
the reducing effect of reacquisition on renewal. If our procedure enhanced the
context dependency of both fear and extinction learning, this may have impaired
the generalization of fear learning from acquisition to test (reducing renewal in
novel Context C) as well as any possible generalization of extinction learning from
extinction to test (increasing renewal in novel Context C). Then, the net effect is
no change in renewal following a reacquisition procedure relative to simple
extinction. Alternatively, our attempt to downshift renewal by reacquisition may
have been ineffective because of an increased negative stimulus valence. The
feared stimulus (CS1) was evaluated as more negative after reacquisition than after
simple extinction, presumably because of additional shock exposures. Previous
studies have shown that negative stimulus valence predicts the return of fear, in
that the more negative a stimulus is rated, the more reinstatement is observed
(Dirikx, Hermans, Vansteenwegen, Baeyens, & Eelen, 2007; Hermans et al., 2005).
Hence, an increased negative meaning of the feared stimulus may have hampered
the reduction of renewal by context discrimination training. Note that we did not
measure stimulus valence prior to conditioning, so we cannot exclude the
possibility of existing group differences.
Although the reacquisition procedure failed to reduce renewal in a novel
context, it did not increase the renewal effect either. This suggests that additional
reexposures to the aversive event does not enhance fear generalization. On the
other hand, context discrimination training increased renewal in the acquisition
context (ABA renewal) relative to normal extinction for shock expectancies. This
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result, however, may point to a limitation of the present study in that test phases
were not counterbalanced. Always testing in a novel context before testing in the
acquisition context may have caused order effects. For instance, in the control
condition, nonreinforced CS presentations in the novel test context can be
considered as prolonged extinction training in another context. This may have
weakened subsequent renewal in the acquisition context as compared to testing in
the acquisition context as first. Hence, the observation of larger ABA renewal in
the reacquisition condition relative to the control condition may have been due to
reacquisition, nonreinforced test trials, or a combination of both. As we were
primarily interested in fear responding in a novel context as the ultimate test of
fear generalization, we did not counterbalance the test phases. However, this may
have confounded the return of fear in the acquisition context. In that case, it is
unclear why ABA renewal was not increased for the startle response and absent for
the skin conductance response, but one possibility is that these responses suffered
from habituation (i.e., the decline in responding over time due to repeated stimulus
presentation).
Given that the current strategy was ineffective at preventing renewal, one
may consider how the strategy can be improved. Extinction learning can be
conceptualized as a context-specific exception to the general rule (Bouton, 2004):
A danger stimulus (CS) is safe in the extinction context, but unsafe anywhere else.
Our strategy aimed to induce that the stimulus is only dangerous in the context
where conditioning occurred. However, it turned out that participants rated the
danger stimulus as safe in the extinction context and unsafe in all other contexts.
Perhaps a more effective way to reduce renewal would be to increase the relevance
of the context for fear learning and, simultaneously, to decrease the relevance of the
context for extinction learning. For instance, by administering extinction trials in
multiple contexts combined with reacquisition trials in the context of acquisition.
This may result in a contextual exception to the rule for the fear memory: The
stimulus (CS) means only danger in the context of conditioning, but is safe
anywhere else.
Although we were unable to reduce renewal, the demonstration of ABC
renewal is in itself noteworthy. In clinical practice, the context of fear acquisition is
often unknown, and, as such, ABC renewal studies are clinically more relevant than
ABA renewal studies. The present study provides an experimental tool to observe
ABC renewal in humans for both subjective and physiological indices of fear. This
may be particularly important because almost all behavioural (e.g., Alvarez,
Johnson, & Grillon, 2007; Vansteenwegen et al., 2005) and neurobiological (e.g.,
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Kalisch et al., 2006; Milad, Quinn et al., 2005) studies in humans are exclusively
based on ABA renewal paradigms.
In summary, our data clearly revealed renewal of conditioned responding
in a novel context, but failed to disrupt the effect by context discrimination
training. This may point to the robustness of renewal effects, which is also
indicated by previous difficulties to counteract renewal. For instance, renewal has
shown to be resistant to extinction in multiple contexts (Bouton, García-Gutiérrez,
Zilski, & Moody, 2006; Neumann, Lipp, & Cory, 2007; Thomas, Vurbic, & Novak,
2009), instructions that devalue the role of contextual cues (Neumann, 2007),
extensive extinction (Rauhut, Thomas, & Ayres, 2001), and to drug facilitation of
extinction (Woods & Bouton, 2006). This supports the notion that behaviour
change acquired during exposure therapy is confined to its context and, therefore,
vulnerable to relapse. Given the severity of anxiety disorders, continued efforts
should be undertaken to develop new procedures that boost the efficacy of antianxiety treatment on the long term.
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Cued reacquisition trials during extinction
attenuate recovery of responding upon a
context switch

Effting, M., Vervliet, B. & Kindt, M. (under revision). Cued reacquisition trials during
extinction attenuate recovery of responding upon a context switch.
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Abstract
Two experiments examined whether interspersing cued reacquisition trials during
extinction reduces renewal in human predictive learning. Acquisition occurred in
context AX followed by extinction in context B. Cued reacquisition trials were
administered in the presence of a contextual cue from acquisition (X). After simple
extinction, a return to one of the contextual features from acquisition (A)
produced clear renewal of the acquired contingency. The reacquisition procedure
weakened the general increase of responding induced by a context switch after
extinction (Experiments 1 and 2). Reacquisition conducted within a novel
contextual cue (Y), which was perceptually similar to X, also attenuated recovered
responding (Experiment 2). Moreover, following a reacquisition procedure, but
not following simple extinction, the presence of all contextual cues from
acquisition (AX) was required for evoking full-blown renewal (Experiments 1 and
2). Together, these results suggest that acquisition learning may become more
context specific by exposure to cued reacquisition trials during extinction.
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Introduction
Acquisition and extinction of conditioned responding seem symmetrical learning
phenomena, but they are based on partially different processes. A marked
difference is the sensitivity to changes in the background context: Whereas
acquisition performance is largely resistant to such changes, extinction
performance is easily disrupted (Bouton, 2000, 2002). For instance, when
acquisition occurs in context A and extinction in context B, conditioned
responding renews when the conditioned stimulus (CS) is tested in acquisition
context A (e.g., Bouton & King, 1983; Vansteenwegen et al., 2005) or in a novel
context C (e.g., Bouton & Bolles, 1979; Effting & Kindt, 2007). This so-called
“renewal” effect has been demonstrated across species in a wide variety of
paradigms, including fear conditioning (e.g., Milad, Orr, Pitman, & Rauch, 2005;
Thomas, Larsen, & Ayres, 2003), appetitive conditioning (e.g., Bouton & Peck,
1989), conditioned suppression (Neumann, 2006), and human predictive learning
(e.g., Rosas & Callejas-Aguilera, 2006).
One important implication of the renewal effect is that extinction does not
erase the original excitatory association between the CS and the unconditioned
stimulus (US). Rather, extinction is assumed to involve the formation of new
learning by developing a CS-noUS association that asserts inhibitory control over
the initial association (e.g., Bouton, 1993, 1994a). In addition, the renewal effect
shows that this new (inhibitory) learning is disrupted by switching the context,
allowing the first learned association to produce behavioural effects again (i.e.,
conditioned responding). Hence, extinction represents new learning that is specific
to the context in which it was acquired (e.g., Bouton, 2000, 2002, 2004).
The contrast with context independent acquisition learning is striking, but it
is not absolute. There is growing evidence that acquisition learning (CS-US) can
also be context specific, depending on the experimental conditions. First, Rosas
and colleagues (Rosas & Callejas-Aguilera, 2006; Rosas, García-Gutiérrez, &
Callejas-Aguilera, 2006) showed in a human contingency learning paradigm that
manipulations of the context salience can have a large impact on the generalization
of acquisition learning to a novel context. Second, some studies have reported
smaller ABC renewal effects compared to ABA renewal effects, indicating
contextual specificity of acquisition performance (Effting & Kindt, 2007; Harris,
Jones, Bailey, & Westbrook, 2000; but see Thomas et al., 2003). Notably, Harris et
al. (2000) found only contextual control over conditioned responding for CSs that
had been extinguished. No evidence for context specificity was observed after
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mere acquisition learning. This indicates that extinction training in context B
caused a decrease in generalization of acquisition learning from context A to
context C. One interpretation of this finding is that by simultaneously switching
the context and the CS-US contingency, context A may in retrospect have been
reconsidered as being important for predicting reinforcement, thereby inducing
some context specificity of acquisition learning (Effting & Kindt, 2007; see Harris
et al., 2000, for an alternative explanation).
There is also evidence that the context specificity of extinction is not
absolute either. A number of experimental manipulations have been demonstrated
to decrease renewal effects by enhancing the generalization of extinction learning
(see Bouton, Woods, Moody, Sunsay, & García-Gutiérrez, 2006, for a review).
Most interesting to the present study, conducting extinction in multiple contexts
has sometimes been shown to reduce renewal in the context of acquisition (ABA
renewal) or in a novel context (ABC renewal) (Chelonis, Calton, Hart, &
Schachtman, 1999; Gunther, Denniston, & Miller, 1998; but see Bouton, GarcíaGutiérrez, Zilski, & Moody, 2006; Neumann, Lipp, & Cory, 2007). Arguably,
multiple context extinction increases the probability that the renewal test context
will share some contextual cues with the extinction contexts, thereby decreasing
the context specificity of extinction (Chelonis et al., 1999; Gunther et al., 1998).
This is an interesting viewpoint because it highlights the fact that a context is not
one discrete stimulus, but rather a variety of disparate contextual cues. Animal
research has shown that contextual cues may merge into a single context
representation, but not necessarily do so (Rudy, Huff, & Matus-Amat, 2004; Rudy
& O'Reilly, 2001). This opens the possibility that learning can become specific to
certain contextual cues, but not to others.
This idea can be clarified by the observation of smaller ABC than ABA
renewal. As stated before, by conducting extinction in context B acquisition
learning may in retrospect become specific to the contextual cues of A, thereby
reducing the likelihood that relevant contextual cues are shared by context C.
Thus, context specificity of acquisition learning may be retrospectively induced by
emphasizing the role of acquisition context cues for reinforcement. This sparks the
idea that the effect of context B extinction may even be augmented by
interspersing CS-US reacquisition trials in the presence of only a subset of the
contextual cues from A. The predicted effect would then be that the other
contextual cues from A lose their ability to elicit renewal. Interestingly, this
prediction is in line with the literature on stimulus competition in human
contingency learning, where it has several times been shown that the causal value
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of a stimulus can be changed indirectly by subsequent training with an interrelated
stimulus. In backward blocking, stimuli X and Y are first presented in compound
and paired with the outcome. Subsequently, stimulus X is further paired with the
outcome, in the absence of stimulus Y. The typical result is a decrease in the rated
value of Y as a predictor of the outcome (Dickinson & Burke, 1996; Melchers,
Lachnit, & Shanks, 2004; Wasserman & Berglan, 1998). To date, however, this
effect has not yet been investigated in contextual learning.
The present experiments were designed to test (1) whether renewal of
predictive learning can be elicited by a subset of the contextual cues from
acquisition, (2) whether renewal can be reduced by interspersing reacquisition trials
during extinction in the presence of one of the contextual cues from acquisition,
and (3) whether the reduction of renewal by cued reacquisition trials is restricted to
the use of a contextual cue from acquisition.

Experiment 1
Experiment 1 aimed to establish and reduce renewal in predictive learning. The
design of the experiment is presented in Table 5.1. There were four phases:
acquisition in context AX, extinction in context B, and two renewal tests. Renewal
was first assessed in a subset of contextual cues from acquisition (context A) and,
subsequently, in the original acquisition context (context AX). During acquisition,
one stimulus (S+) was paired with the outcome, whereas another was not (S-). In
the extinction phase, both stimuli were no longer followed by the outcome.
Participants in the control condition (EXT-only) received only extinction trials
throughout extinction. By contrast, participants in the experimental condition
(EXT-R) received occasionally cued reacquisition trials among extinction trials.
During a cued reacquisition trial, including one presentation of each S, the S+ was
again paired with the outcome in the presence of a specific cue (X) from the
acquisition context. This context cue (X) was, however, absent on extinction trials.
Predictive ratings of the outcome were measured during each stimulus.
Most pertinent to our hypothesis was the response pattern between the last
extinction trial in context B and the first test trial in context A as an index of
renewal. It was predicted that after simple extinction (EXT-only) participants
would show a renewal effect in context A. Given that cue X became a valid
predictor of the S+-outcome relationship for the reacquisition condition (EXT-R),
renewal in context A (i.e., without cue X) was expected to be reduced for the
EXT-R condition compared to the EXT-only condition.
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Table 5.1 Experimental designs.
Exp Condition

Acquisition

Extinction

1

EXT-R

AX: 10[S+-O/S-]

2

EXT-only
EXT-R

AX: 10[S+-O/S-]
AX: 10[S+-O/S-]

EXT-Rnovel

AX: 10[S+-O/S-]

EXT-only

AX: 10[S+-O/S-]

B:
BX:
B:
B:
BX:
B:
BY:
B:

12[S+/S-]
4[S+-O/S-]
16[S+/S-]
12[S+/S-]
4[S+-O/S-]
12[S+/S-]
4[S+-O/S-]
16[S+/S-]

Renewal
Test 1
A: 3[S+/S-]

Renewal
Test 2
AX: 1[S+/S-]

A: 3[S+/S-]
A: 3[S+/S-]

AX: 1[S+/S-]
AX: 1[S+/S-]

A: 3[S+/S-]

AX: 1[S+/S-]

A: 3[S+/S-]

AX: 1[S+/S-]

Note. Letters A, B, X, and Y refer to the context manipulations consisting of a coloured computer screen (A or B)
and a background sound (X or Y). The numbers specify how many trials of each type were administered. S+ and
S- were the stimuli, O was the outcome.

Method
Participants
The participants were 48 psychology students (19 male, 29 female) from the
University of Amsterdam receiving course credits or a small payment for
participation. Their age ranged from 18.20 to 32.67 with a mean of 21.72 years (SD
= 3.15). None of them was colour-blind or had previous experience with renewal
experiments. Due to technical error, data of 1 participant was not included,
resulting in a final sample of 47 participants. Participants were randomly assigned
to either Condition EXT-R (n = 24: 10 men, 14 women) or Condition EXT-only
(n = 23: 8 men, 15 women).

Stimuli
Two grey geometric shapes were used as stimuli: A circle with a diameter of 56
mm and a triangle measuring 68 mm of base and 56 mm of height. Both shapes
had a 1-mm black outline. Stimuli appeared against a white slide (14.8 cm × 11.1
cm). Assignment of the shapes as S+ and S- was counterbalanced across
participants. The outcome consisted of an emotional picture from the
International Affective Picture System (IAPS, Lang, Bradley, & Cuthbert, 2005), in
which pictures are rated on their valence (negative/positive) and arousal
(low/high) using a 9-point Self-Assessment Manikin (SAM) (1 = negative, 9 =
positive; 1 = low arousing, 9 = high arousing). Mean valence and arousal ratings
for the picture (woman attacked by man with knife, # 6550) were 2.73 and 7.09,
respectively. The picture measured 14.8 by 11.1 cm. Stimuli were projected in the
middle of a 19-in. computer screen.
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Context manipulation
Contexts were manipulated by changing the background colour of the computer
screen (context cue A or B) and by turning on or off a background sound (context
cue X). The colours of the computer screen (blue or red) that served as context
cues A or B were counterbalanced across participants. The background sound
consisted of a soundtrack that was produced by a midi-editing program (MOTU,
Digital Performer 4.5). The track comprised a 4/4 drumbeat at 120 beats per
minute in combination with a dominant cowbell-pattern played in 16ths. The
sound was presented through two speakers (Q-TECH speaker set 2.0) next to the
computer monitor.

Apparatus
Predictive ratings of the outcome were assessed online during each stimulus
presentation using a pointer on a continuous rating scale. The pointer could be
moved by dragging it with a mouse. Above the scale, the following question was
shown: “To what extent do you expect the picture?” The scale consisted of 11
points labelled from ‘certainly not’ (0) through ‘uncertain’ (5) to ‘certainly’ (10).
The scale was displayed at the bottom of the computer screen.
The experiment was run on a Pentium PC. A software program
(Presentation version 10.3) controlled presentation of stimuli and recording of
predictive ratings.

Procedure
Participants were tested individually in a small booth. After participants gave their
informed consent, written instructions were given on the computer screen. It was
explained that they would see different geometric shapes, which would sometimes
be followed by a picture (outcome). Participants were instructed to predict the
occurrence of the outcome on the basis of the shape. They were asked to indicate
their outcome prediction during each shape by dragging a pointer on the rating
scale with a mouse. Participants were required to confirm their prediction by
clicking the mouse. One practice trial was then provided using a shape different
from the actual experiment (i.e., a square) and no outcome. After assurance that
the instructions were understood, the experimenter left the room and the
participant started the experiment.
The experiment consisted of an acquisition phase, an extinction phase and
two renewal test phases. In the acquisition phase, the relationship between S+ and the
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outcome was learned. Participants received 10 trials of both stimuli (S+ and S-).
Each trial started with a stimulus presentation. After 2 s, the rating scale appeared.
Both stimulus and scale remained on the screen until a prediction of outcome
occurrence was given. The outcome emerged 500 ms after S+ offset for the
duration of 1.5 s. Thus, the interval between onset of S+ and the outcome was at
least 2.5 s, with the actual time depending on the moment of responding. In case
of an S-, the outcome was replaced by presentation of a 1.5-s white slide (14.8 cm
× 11.1 cm). Intertrial intervals (ITIs) were divided into a fixed pre-trial interval of 2
s and a variable post-trial interval of 2.75, 3.25 or 3.75 s with an average of 3.25 s.
During trials and ITIs, the context was continuously presented. Order of trial and
post-trial intervals was randomized, with the restriction that no more than two
trials or post-trial intervals were of the same type. For both conditions, acquisition
occurred in context AX, which consisted of coloured screen A and background
sound X.
In the extinction phase, participants were exposed to 16 trials of each
stimulus, divided into four blocks of four trials. For participants in the EXT-only
condition, both stimuli (S+ and S-) were always presented without the outcome.
Accordingly, participants learned that the S+ was no longer followed by the
outcome. Extinction trials were delivered in context B, which consisted of
coloured screen B in the absence of a background sound. For participants in the
EXT-R condition, the same nonreinforced stimulus presentation schedule as to the
EXT-only condition was applied. However, within each block, one extinction trial
was replaced by a cued reacquisition trial, resulting in a total of 12 extinction trials
and 4 cued reacquisition trials. During a cued reacquisition trial, including 1 S+ and
1 S- presentation, the S+ was again paired with the outcome, but not the S-. The
order of S+ and S- within a cued reacquisition trial was randomized. Cued
reacquisition trials were presented within the combination of a specific context cue
from acquisition (i.e., sound X) and the extinction context (i.e., coloured screen B).
Hence, the presence of X was predictive for occurrence of the outcome after the
S+. As each trial was preceded by a pre-trial interval and followed by a post-trial
interval, context cue X was initiated 2 s before onset of a reacquisition trial and
remained on during the post-trial interval. The position of a cued reacquisition trial
within each block was fixed. That is, trials were presented on the 3rd, 4th, 2nd, and
3rd position in blocks 1 to 4, which corresponds with trials e3, e8, e10, and e15.
The parameters for stimulus, trial order, and ITIs were identical to those used in
acquisition.
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In the first renewal test phase, recovery of predictive ratings was assessed in a
subset of contextual cues from acquisition (context A), that is, coloured screen A
without background sound X. Each stimulus was presented for three times, none
of them being followed by the outcome. In the second renewal test phase, recovered
ratings were tested in the original acquisition context (context AX). This test
consisted of one S+ and one S- presentation. In both test phases, the same
parameters for stimulus, trial order, and ITIs as during acquisition were applied. To
control for outcome omission effects (cf. Effting & Kindt, 2007; Neumann, 2006),
half of the participants started extinction and both renewal test phases with an S+
followed by an S-, whereas the other half started with an S- followed by an S+.
Acquisition, extinction, and renewal tests were presented without interruption.
After the experiment, the picture outcome was rated on valence and arousal
levels using a paper-and-pencil version of the SAM. The scales ranged from 1
(negative/low arousing) to 9 (positive/high arousing).

Results
Statistical analyses were performed using mixed analyses of variance (ANOVA)
with stimulus and trial as within-subjects factors and condition as a betweensubjects factor. In all analyses, the factor stimulus included two levels (S+ and S-),
just like the factor condition (EXT-R and EXT-only), whilst levels of the factor
trial varied depending on the exact analysis. The results most pertinent to our
hypothesis are reported and further examined with planned contrasts, post-hoc
simple interactions and pairwise comparisons (using Bonferroni adjustment for
multiple comparisons). Greenhouse-Geisser corrections were applied in case of
violation of the sphericity assumption. An alpha level of .05 was used for all
statistical analyses.

Outcome characteristics
The mean valence rating for the picture outcome was 2.87 (SD = 1.26) and the
mean arousal rating was 5.28 (SD = 2.26). No differences were obtained between
conditions with respect to outcome ratings, Fvalence < 1, Farousal(1, 45) = 2.76, p =
.10.
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Acquisition
Predictive ratings to trials during all phases of the experiment are shown in Figure
5.1. The figure suggests that differentiation of predictive ratings to S+ and Sdeveloped gradually and similarly in both conditions. A 2 (Stimulus) × 10 (Trial:
a1-a10) × 2 (Condition) ANOVA yielded a main effect of stimulus, F(1, 45) =
406.01, p < .01, and a significant Stimulus × Trial interaction, F(5.64, 253.65) =
53.99, p < .01, with the corresponding linear trend, F(1, 45) = 243.06, p < .01.
Most important, no significant Stimulus × Trial × Condition interaction was
obtained, F(5.64, 253.65) = 1.08, p = .37. The other effects were also not
significant, Fs < 1.
EXT-R
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Figure 5.1 Mean outcome predictive ratings for S+ and S- during 10 acquisition trials (a1 to
a10), 16 extinction trials (e1 to e16), and four test trials (t1 to t4) separately for the EXT-R
condition (upper panel) and the EXT-only condition (lower panel) in Experiment 1. The
extinction trials that were replaced by reacquisition trials for the EXT-R condition are
indicated with an asterisk * (e3, e8, e10, and e15).
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Generalization of acquisition
Both conditions showed a comparable decline in S+/S- differentiation upon
changing the context between acquisition (AX) and extinction (B). Nevertheless,
S+/S- differentiation was still present on the first extinction trial. These
impressions were confirmed by a 2 (Stimulus) × 2 (Trial) × 2 (Condition) ANOVA
comparing the last acquisition trial (a10) with the first extinction trial (e1). The
analysis revealed main effects of stimulus, F(1, 45) = 196.98, p < .01, and trial, F(1,
45) = 23.36, p < .01, and a significant Stimulus × Trial interaction, F(1, 45) =
35.79, p < .01. Although pairwise comparisons indicated a significant decrease in
S+ ratings by a context switch, F(1, 45) = 8.59, p = .01, the difference between S+
and S- was highly significant at the start of extinction, F(1, 45) = 43.85, p < .01.
None of the effects involving condition reached significance, Fs < 1.

Extinction
Differential predictive ratings to S+ and S- progressively decreased across
extinction trials in both conditions. A 2 (Stimulus) × 12 (Trial: e1-e2, e4-e7, e9,
e11-e14, e16) × 2 (Condition) ANOVA found main effects of stimulus, F(1, 45) =
31.11, p < .01, and trial, F(4.19, 188.58) = 151.56, and a significant Stimulus ×
Trial interaction, F(2.69, 121.12) = 22.13, p < .01, with the corresponding linear
trend, F(1, 45) = 38.51, p < .01. Pairwise comparisons indicated that no differential
ratings were left on the last extinction trial, F < 1. No main effect of condition was
observed, F(1, 45) = 2.79, p = .10. Crucially, the Stimulus × Trial × Condition
interaction was not significant, F < 1, suggesting that the course of extinction did
not differ between conditions.

Reacquisition
Participants in the EXT-R condition readily reacquired the discrimination by
showing a gradual increase in ratings to S+ relative to S- across reacquisition trials.
By contrast, ratings to S+ and S- decreased for participants in the EXT-only
condition. Statistical analyses confirmed these observations. A 2 (Stimulus) × 4
(Trial: e3, e8, e10, and e15) × 2 (Condition) ANOVA yielded main effects of
stimulus, F(1, 45) = 96.19, p < .01, and condition, F(1, 45) = 326.66, p < .01, as
well as significant interactions between stimulus and trial, F(1.99, 89.75) = 14.74, p
< .01, and, most important, between stimulus, trial and condition, F(1.99, 89.75) =
15.65, p < .01.
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To decompose the Stimulus × Trial × Condition interaction, simple
interactions (Stimulus × Trial) were performed for each condition separately. For
the EXT-R condition, there was a significant Stimulus × Trial interaction, F(2.05,
47.04) = 16.81, p < .01, including the linear trend, F(1, 23) = 36.84, p < .01,
suggesting that S+, but not S-, progressively gained predictive value for the
outcome. For the EXT-only condition, the analysis yielded only a significant main
effect of trial, F(1.16, 25.44) = 9.59, p < .01, indicating an overall decline in
predictive ratings. Both stimuli predicted the nonoccurrence of the outcome.

Renewal in context A (EXT-only)
As demonstrating renewal in a subset of features from the acquisition context was
one of the aims of the present study, renewal was analyzed separately for the
simple extinction condition (EXT-only) before comparing conditions. A return to
context A (without X) after extinction in context B produced a clear differential
renewal effect. A 2 (Stimulus) × 2 (Trial: e10 vs. t1) ANOVA revealed the
predicted effects of stimulus, F(1, 22) = 21.51, p < .01, trial, F(1, 22) = 137.52, p <
.01, and the Stimulus × Trial interaction, F(1, 22) = 18.22, p < .01, the latter
showing a stronger increase in predictive ratings to S+ relative to S- from extinction
to test (i.e., differential renewal). Renewal was due to higher S+ than S- ratings on
the first test trial, F(1, 22) = 19.94, p < .01, whereas responding was not
differentiated on the last extinction trial, F(1, 22) = 2.24, p = .15.

Renewal in context A (EXT-only vs. EXT-R)
A differential renewal effect was evident upon changing the context from
extinction (B) to test (A), which did not differ significantly between conditions.
However, a reacquisition procedure reduced the general increase in predictive
ratings induced by a context switch compared to a simple extinction procedure.
These impressions were supported by a 2 (Stimulus) × 2 (Trial: e16 vs. t1) ×
2 (Condition) ANOVA, which revealed significant main effects of stimulus, F(1,
45) = 29.94, p < .01, trial, F(1, 45) = 110.28, p < .01, and condition, F(1, 45) =
6.98, p = .01. The significant Stimulus × Trial interaction, F(1, 45) = 34.43, p < .01,
reflects a stronger increase in S+ than S- ratings upon a context change.
Nevertheless, comparisons revealed that S+ ratings as well as S- ratings significantly
increased across contexts, F(1, 45) = 109.54, p < .01, and F(1, 45) = 23.52, p < .01,
respectively. Importantly, the Trial × Condition interaction was significant, F(1,
45) = 9.04, p < .01, indicating a weaker increment in ratings for the reacquisition
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condition as compared to the simple extinction condition, irrespective of stimulus
type. Pairwise comparisons yielded no group differences on the last extinction trial
(MEXT-R = 0.52; MEXT-only = 0.58), F < 1, whereas ratings on the first test trial were
significantly weaker for the EXT-R condition than for EXT-only condition (MEXTR = 2.95; MEXT-only = 4.95), F(1, 45) = 12.10, p < .01. The interaction most
pertinent to our hypotheses (Stimulus × Trial × Condition) was, however, not
significant, F(1, 45) = 2.00, p = .16, suggesting no differences between conditions
regarding the differential renewal effect. Thus, presenting cued reacquisition trials
during extinction reduced the increase of predictive ratings to stimuli in general.

Renewal in context AX
Transition from the extinction context (B) to test in the original acquisition context
(AX) produced similar renewal effects in both conditions. This was confirmed by
the statistical analyses: A 2 (Stimulus) × 2 (Trial: e16 vs. t4) × 2 (Condition)
ANOVA revealed no condition main effect, F(1, 45) = 1.21, p = .28, but there
were main effects of stimulus, F(1, 45) = 57.33, p < .01, and trial, F(1, 45) =
156.43, p < .01. The interaction between stimulus and trial was significant, F(1, 45)
= 65.96, p < .01, reflecting a larger increase in S+ than S- ratings from extinction to
test. Most importantly, the extent of renewal was similar for both conditions as
indicated by a nonsignificant Stimulus × Trial × Condition interaction, F < 1.

Renewal for S+ in context A vs. context AX
Activation of acquisition performance (i.e., S+-outcome relationship) depended on
the test context (A vs. AX) following a reacquisition procedure (EXT-R), but not
following simple extinction (EXT-only). This was confirmed by a 2 (Trial) × 2
(Condition) ANOVA comparing S+ ratings in context A (t1) with context AX (t4).
This analysis yielded a main effect of trial, F(1, 45) = 17.27, p < .01, indicating
higher ratings in context AX than in context A, and a Trial × Condition
interaction, F(1, 45) = 11.17, p < .01. The interaction reflected that predictive
ratings significantly increased from context A to context AX for the EXT-R
condition, F(1, 45) = 28.72, p < .01, whereas the difference was not significant for
the EXT-only condition, F < 1.
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Discussion
Experiment 1 demonstrates that a return to a subset of contextual cues from
acquisition, after simple extinction in another context, was sufficient to produce a
clear renewal effect. This was an important precondition to assess the effectiveness
of the reacquisition procedure. Most importantly, administering reacquisition trials
(during extinction) in the presence of one acquisition context cue (X) reduced the
ability of the other acquisition context cue (A) to produce renewal. The reduction
was not differential: The increase in predictive ratings to stimuli in general was
weakened for the reacquisition condition (EXT-R) compared to the simple
extinction condition (EXT-only).
Moreover, following a reacquisition procedure (EXT-R), the extent of
recovered responding was context specific: Context AX elicited higher predictive
ratings to S+ than context A. By contrast, similar recovered ratings were obtained
in contexts A and AX after a traditional extinction training (EXT-only). In
addition, no differences in recovered ratings were observed between conditions in
context AX. Hence, the presence of context cue X appears to be crucial for the full
recovery of outcome prediction to S+ after reacquisition training (with X).
A possible explanation for the present findings is that the administration of
cued reacquisition trials resulted in the formation of a direct association between
context cue X and the outcome (Rescorla & Wagner, 1972). An alternative
explanation would come in terms of occasion setting. During reacquisition
training, participants may have acquired a hierarchical relationship, in which
context cue X sets the occasion for S+ to be reinforced (Holland, 1986; Ross &
Holland, 1981). In either way, the absence of cue X at test in context A would
explain the attenuation of outcome predictions.
Additionally, and irrespective of the exact mechanism, reacquisition training
may have induced a revaluation of the significance of contextual cues. That is,
participants may have retrospectively inferred that context cue A was a weak
predictor for the outcome. As stated in the introduction, such an effect would
resemble backward blocking, a phenomenon that has been frequently observed in
human causal judgment studies (e.g., Dickinson & Burke, 1996; Melchers et al.,
2004; Wasserman & Berglan, 1998). To recap, backward blocking refers to the
observation that the causal status of a cue can decline by additional learning
experiences of an interrelated cue. For instance, Wasserman & Berglan (1998)
demonstrated that following conditioning of a compound XY in a first phase,
reinforcing one cue (X) of the compound in a second phase reduces the causal
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judgment of the other, nonpresented cue (Y). For backward blocking to occur, it is
stated that cues must have been previously associated (Larkin, Aitken, &
Dickinson, 1998; Melchers et al., 2004; Wasserman & Berglan, 1998).
Although backward blocking has only been demonstrated for Pavlovian
excitatory stimuli, processes of blocking may also occur in contextual learning.
Applied to the current study, learning that cue X signals reinforcement may
retrospectively block the ability of cue A to elicit renewal, on the precondition that
context cues X and A were simultaneously present during acquisition. By
implication, reacquisition with a novel context cue (Y) should not result in
blocking of acquisition context cue A, as these context cues (A and Y) were never
associated. Thus, if backward blocking accounts for the observed effect, a
reduction of renewal is expected following reacquisition with an acquisition
context cue, but not following reacquisition with a novel context cue. This issue
was examined in Experiment 2.

Experiment 2
Experiment 2 was designed to elucidate the role of backward blocking in
attenuating renewal. Two reacquisition conditions were included. Condition EXTR received reacquisition trials in the presence of an acquisition context cue (X),
while for Condition EXT-Rnovel reacquisition occurred within a novel context cue
(Y). Condition EXT-only received merely extinction trials. At test in context A,
reduced renewal was predicted for Condition EXT-R relative to Condition EXTonly. If this effect is caused by retrospective blocking of context cue A, only
Condition EXT-R, but not Condition EXT-Rnovel, is expected to show reduced
renewal in context A. In that case, none of the conditions are predicted to
demonstrate a reduction of renewal at test in original acquisition context AX.

Method
Participants
Seventy-two students from the University of Amsterdam (20 male, 52 female) with
a mean age of 23.01 years (SD = 5.23; range 17.78 – 42.05) participated in return
for course credits or a small payment. None of the participants was colour-blind
and all were naïve to renewal experiments. Assignment of participants to the three
conditions was at random: EXT-R (n = 24: 6 men, 18 women), EXT-Rnovel (n = 24:
7 men, 17 women) and EXT-only (n = 24: 7 men, 17 women).
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Stimuli, context manipulation, apparatus, and procedure
Stimuli, context manipulation, apparatus, and procedure were identical to
Experiment 1, except for the following changes. In Experiment 2, the outcome
consisted of a 500-ms white noise of 95 dB (A) with instantaneous rise time
(Vansteenwegen et al., 2005). A loud noise outcome was selected as future
experiments are planned within a fear conditioning paradigm. In Experiment 2, the
rating scale was changed in the way that participants were asked to predict the
occurrence of the loud noise.
As illustrated by Table 5.1, participants of all conditions received acquisition
trials in context AX (coloured screen A and sound X) and extinction trials in
context B (coloured screen B). For the EXT-R condition, reacquisition took place
in the presence of an acquisition context cue (sound X) and the extinction context
(coloured screen B). For the EXT-Rnovel condition, reacquisition occurred within a
novel context cue (sound Y) and the extinction context (coloured screen B). The
EXT-only condition received only extinction trials. Similar to Experiment 1,
renewal was tested in context A (coloured screen A) followed by a test in the
original acquisition context AX (coloured screen A and sound X). X and Y
consisted of two sounds: the fast sound from Experiment 1 and a slow sound both
played at 55 dB. The slow sound was produced by writing a 4/4 metronome
drumbeat at 110 beats per minute in combination with a dominant closed hi-hat
sound that was played every ¼ note (MOTU, Digital Performer 4.5). Afterwards,
the sound track was pitch-shifted down two octaves in order to enhance
differentiation from the fast sound. Which of the sounds served as X and Y was
counterbalanced across participants. In Experiment 2, all auditory stimuli were
presented through Monacor MD-4600 headphones. During the experiment, all
participants received twice a 1-min break: halfway the acquisition phase and after
three quarter of the extinction phase (cf. Alvarez, Johnson, & Grillon, 2007).
After completion of the test phase, participants were asked to rate the
pleasantness of the white noise outcome on an 11-point scale ranging from -10
(unpleasant) to +10 (pleasant) and the intensity of the white noise on a 5-category
scale (weak, moderate, intense, enormous, and unbearable).

Results
The same statistical analyses were used as in Experiment 1, except that the factor
condition had three levels (EXT-R, EXT-Rnovel, and EXT-only). To examine the
interactions most pertinent to our hypotheses, Helmert’s contrasts were planned to
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compare conditions regarding potential stimulus or trial main effects or a Stimulus
× Trial interaction (Field, 2005, Appendix A.6). In one contrast, the reacquisition
conditions were compared with the simple extinction condition (EXT-R and EXTRnovel combined vs. EXT-only). In a second contrast, the reacquisition conditions
were directly compared (EXT-R vs. EXT-Rnovel).

Outcome characteristics
The mean rating score for outcome pleasantness was -6.47 (SD = 2.65) and
participants characterized the outcome as intense (M = 3.11, SD = 0.60). There
were no differences between conditions in the way they rated the outcome, Fs < 1.

Acquisition
Figure 5.2 depicts mean predictive ratings across all trials of the experiment. The
figure shows a gradual increase in differentiation between S+ and S- ratings. The
course of acquisition did not differ between conditions. This was confirmed by a 2
(Stimulus) × 10 (Trial: a1-a10) × 3 (Condition) ANOVA, which revealed main
effects of stimulus, F(1, 69) = 594.67, p < .01, trial, F(6.32, 436.15) = 2.55, p = .02,
and the crucial Stimulus × Trial interaction, F(5.71, 393.63) = 69.19, p < .01, with
the corresponding linear trend, F(1, 69) = 359.25, p < .01. There was neither a
condition main effect, F(2, 69) = 1.01, p = .37, nor a Stimulus × Trial × Condition
interaction, F < 1.

Generalization of acquisition
Although a context switch after acquisition produced a similar decline in S+/Sdifferentiation for all conditions, differential responding was still present in the
novel context. A 2 (Stimulus) × 2 (Trial: a10-e1) × 3 (Condition) ANOVA yielded
main effects of stimulus, F(1, 69) = 341.73, p < .01, and trial, F(1, 69) = 22.24, p <
.01, as well as a Stimulus × Trial interaction, F(1, 69) = 75.96, p < .01. Subsequent
pairwise comparisons indicated a decrease of S+ ratings from the last acquisition
trial to the first extinction trial, F(1, 69) = 20.23, p < .01, but reliable S+/Sdiscrimination at the start of extinction, F(1, 69) = 49.37, p < .01. Crucially,
conditions did not differ from one another with regard to their generalization
decrement, as reflected by a nonsignificant Stimulus × Trial × Condition
interaction, F(2, 69) = 1.82, p = .17. No main effect of condition was observed, F
< 1.
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Figure 5.2 Mean outcome predictive ratings for S+ and S- during 10 acquisition trials (a1 to
a10), 16 extinction trials (e1 to e16), and four test trials (t1 to t4) separately for the EXT-R
condition (upper panel), the EXT-Rnovel condition (middle panel) and the EXT-only
condition (lower panel) in Experiment 2. The extinction trials that were replaced by
reacquisition trials for the reacquisition conditions (EXT-R and EXT-Rnovel) are indicated
with an asterisk * (e3, e8, e10, and e15).
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Extinction
Differentiation in predictive ratings progressively declined across extinction trials.
Figure 5.2 suggests, however, that extinction was complete for the EXT-R and
EXT-only conditions, but not for the EXT-Rnovel condition. A 2 (Stimulus) × 12
(Trial: e1-e2, e4-e7, e9, e11-e14, e16) × 3 (Condition) ANOVA yielded significant
main effects of stimulus, F(1, 69) = 48.81, p < .01, and trial, F(4.98, 343.67) =
88.67, p < .01, but not of condition, F(2, 69) = 2.10, p = .13. There were also a
Trial × Condition interaction, F(9.96, 343.67) = 2.59, p = .01, a Stimulus × Trial
interaction, F(3.81, 262.91) = 9.68, p < .01, and, crucially, a Stimulus × Trial ×
Condition interaction, F(7.62, 262.91) = 3.53, p < .01.
To examine the pattern of extinction in the three conditions subsequent
ANOVAs (Stimulus × Trial) were performed for each condition. They revealed
that S+/S- differentiation significantly decreased across trials for Conditions EXTR, F(2.79, 64.20) = 2.82, p = .05, and EXT-only, F(3.46, 79.52) = 18.35, p < .01,
but not for Condition EXT-Rnovel, F(3.10, 71.26) = 1.44, p = .24. In the latter
condition, ratings to S+ and S- showed a similar decline during extinction, as
indicated by a main effect of trial, F(4.76, 109.37) = 22.74, p < .01. Subsequent
pairwise comparisons on the last extinction trial confirmed that discriminative
responding was left for Condition EXT-Rnovel, F(1, 23) = 7.42, p = .01, while
differential ratings were extinguished for Conditions EXT-R, F(1, 23) = 1.68, p =
.21, and EXT-only, F < 1. Note that the curve in Figure 5.2 around the 13th
extinction trial (e13) reflects an increase in predictive ratings upon a 1-min break.

Reacquisition
The reacquisition conditions (EXT-R, EXT-Rnovel) readily reacquired discriminative
responding to S+ and S-, whereas ratings declined for the simple extinction
condition (EXT-only). Moreover, presentation of an acquisition cue (X) elicited
larger discriminative responding than a novel cue (Y) during the first reacquisition
trials, indicating that these sounds were perceived differentially. A 2 (Stimulus) × 4
(Trial: e3, e8, e10, and e15) × 3 (Condition) ANOVA produced significant effects
of stimulus, F(1, 69) = 361.96, p < .01, condition, F(2, 69) = 50.60, p < .01, a
Stimulus × Trial interaction, F(2.38, 164.27) = 45.13, p < .01, a Stimulus ×
Condition interaction, F(2, 69) = 77.02, p < .01, a Trial × Condition interaction,
F(4.15, 143.22) = 7.49, p < .01, and, most importantly, a Stimulus × Trial ×
Condition interaction, F(4.76, 164.27) = 15.04, p < .01. Follow-up tests (Stimulus
× Trial) compared ratings to S+ and S- across trials for each condition. These tests
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confirmed that for both reacquisition conditions differential ratings gradually
increased, as indicated by significant interactions, FEXT-R(2.09, 47.99) = 22.16, p <
.01, FEXT-Rnovel(3, 69) = 32.47, p < .01, and linear trends, FEXT-R(1, 23) = 42.96, p <
.01, FEXT-Rnovel(1, 23) = 61.93, p < .01. For Condition EXT-only, ratings declined
across trials, as reflected by a main effect of trial, F(1.54, 35.47) = 9.04, p < .01.
To examine whether reacquisition with an acquisition cue (X) differed from
reacquisition with a novel cue (Y), the Stimulus × Trial × Condition was further
decomposed by conducting simple 2 (Stimulus) × 3 (Condition) interactions for
each trial separately. The analyses revealed that conditions varied for differential
ratings at each level of trial, Fe3(2, 69) = 5.19, p = .01, Fe8(2, 69) = 34.39, p < .01,
Fe10(2, 69) = 84.40, p < .01, and Fe15(2, 69) = 104.88, p < .01, respectively.
Subsequent contrasts showed, not surprisingly, that S+/S- differentiation was larger
following reacquisition (EXT-R, EXT-Rnovel) compared to normal extinction
(EXT-only) on each of the trials, te3(69) = -2.19, p = .03, te8(69) = -8.02, p < .01,
te10(69) = -12.71, p < .01, and te15(69) = -14.41, p < .01. However, S+/Sdiscrimination was also larger by using an acquisition cue (X) than a novel cue (Y)
for reacquisition on the first three trials, te3(69) = -2.36, p = .02, te8(69) = -2.11, p =
.04, te10(69) = -2.68, p = .01, but not on the last trial, te15(69) = -1.48, p = .14. Thus,
while cue X (EXT-R) produced initially larger discriminative responding than cue
Y (EXT-Rnovel), this difference had disappeared by the final reacquisition trial.

Renewal in context A (EXT-only)
Testing in context A after extinction in context B caused a clear renewal effect for
the EXT-only condition. A 2 (Stimulus) × 2 (Trial: e16 vs. t1) ANOVA found
main effects of stimulus, F(1, 23) = 36.65, p < .01, and trial, F(1, 23) = 52.60, p <
.01. Most importantly, the Stimulus × Trial interaction was significant, F(1, 23) =
22.33, p < .01, showing a stronger increase for S+ ratings than for S- ratings across
contexts. Pairwise comparisons indicated no differentiation at the end of
extinction, F < 1, but higher ratings to S+ than to S- at test, F(1, 23) = 30.26, p <
.01.

Renewal in context A (EXT-only, EXT-R, and EXT-Rnovel)
A return to context A produced a differential renewal effect, which was not reliable
different between conditions. However, a reacquisition procedure weakened the
general increase in responding induced by a context switch compared to a
traditional extinction procedure, regardless the context cue that was used for
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reacquisition. A 2 (Stimulus) × 2 (Trial: e16 vs. t1) × 3 (Condition) ANOVA
revealed significant main effects of stimulus, F(1, 69) = 61.70, p < .01, trial, F(1,
69) = 76.47, p < .01, and condition, F(2, 69) = 4.49, p = .02. There was also a
Stimulus × Trial interaction, F(1, 69) = 27.13, p < .01, indicating a greater increase
in outcome predictions to S+ than S- across contexts. Pairwise comparisons
showed that the increase was significant for S+, F(1, 69) = 63.23, p < .01, but also
for S-, F(1, 69) = 24.81, p < .01. The Stimulus × Trial × Condition interaction was,
however, not significant, F(2, 69) = 1.42, p = .25, suggesting no group differences
regarding the differential renewal effect.
The main analysis further yielded a significant Trial × Condition interaction,
F(2, 69) = 5.90, p < .01, suggesting that conditions differed with regard to the
general increase in ratings after a context change. Planned contrasts indicated that
this increase was attenuated for the reacquisition conditions combined compared
to the simple extinction condition, t(69) = -3.43, p < .01, while the reacquisition
conditions did not differ from each other, t < 1. Separate analyses for each trial
revealed that overall ratings differed significantly between conditions on the first
test trial (MEXT-R = 2.60; MEXT-Rnovel = 3.18; MEXT-only = 4.93), F(2, 69) = 7.71, p <
.01, but not on the last extinction trial (MEXT-R = 0.79; MEXT-Rnovel = 1.45; MEXT-only
= 1.13), F < 1. Ratings on the first test trial were higher for Condition EXT-only
compared to Condition EXT-R, p < .01, and Condition EXT-Rnovel, p = .02, while
Conditions EXT-R and EXT-Rnovel did not differ from one another, p = 1.00. This
suggests that both reacquisition procedures impeded increases in outcome
predictions upon a context switch after extinction, regardless whether the context
cue was novel or was part of the acquisition context.
The fact that extinction was incomplete for the EXT-Rnovel condition (see
Figure 5.2) may have contributed to the reduction of responding following
reacquisition, because of a ceiling effect. Therefore, we performed a post-hoc
renewal analysis for participants showing at least 50% of extinction, calculated by
the difference in ratings to S+ on e1 and e16 (e.g., Norrholm et al., 2006).
Participants who met this criterion (EXT-R: n = 22, EXT-Rnovel: n = 18, and EXTonly: n = 21) displayed neither differential responding nor group differences
regarding differential responding on the last extinction trial, as confirmed by
nonsignificant effects of stimulus, F(1, 58) = 2.03, p = .16, and the Stimulus ×
Condition interaction, F(2, 58) = 1.19, p = .31. The renewal analysis for
“extinguishers” revealed similar results as the main analysis: A reacquisition
procedure attenuated the general increase in responding from extinction to test,
irrespective of the cue used for reacquisition. This was confirmed by the ANOVA,
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which yielded a Stimulus × Trial interaction, F(1, 58) = 48.25, p < .01, as well as a
Trial × Condition interaction, F(2, 58) = 8.71, p < .01. Contrasts on the latter
interaction indicated a weaker increase in ratings after reacquisition compared to
simple extinction, t(58) = -4.03, p < .01, whereas the increase was similar for
reacquisition with a novel cue and an acquisition cue, t < 1. No Stimulus × Trial ×
Condition interaction was found, F(2, 58) = 1.26, p = .29. Thus, also when
conditions showed a similar extent of extinction, the increase of responding was
still reduced following reacquisition relative to simple extinction.

Renewal in context AX
As suggested by Figure 5.2, conditions showed similar differential renewal effects
upon a return to the original acquisition context AX. Statistical analyses confirmed
this impression. A 2 (Stimulus) × 2 (Trial: e16 vs. t4) × 3 (Condition) ANOVA
revealed main effects of stimulus, F(1, 69) = 218.83, p < .01, and trial, F(1, 69) =
202.05, p < .01. Also, a significant Stimulus × Trial interaction was found, F(1, 69)
= 123.80, p < .01, indicating a stronger increase in predictive ratings for S+ than for
S-. Importantly, the Stimulus × Trial × Condition interaction was not significant, F
< 1, suggesting that conditions demonstrated comparable renewal effects. No main
effect of condition was observed, F < 1.

Renewal for S+ in context A vs. context AX
Renewed prediction of the outcome to S+ was contextually controlled following a
reacquisition procedure (EXT-R, EXT-Rnovel), but not following traditional
extinction (EXT-only). A 2 (Trial: t1 vs. t4) × 3 (Condition) ANOVA yielded a
main effect of trial, F(1, 69) = 48.19, p < .01, indicating an increment in ratings
from context A (t1) to context AX (t4), and a significant Trial × Condition
interaction, F(2, 69) = 5.87, p < .01. Contrasts demonstrated that the increment in
ratings was more pronounced after a reacquisition procedure (EXT-R, EXT-Rnovel)
than after normal extinction (EXT-only), t(69) = 3.26, p < .01, while similar
increments were observed following reacquisition with an acquisition cue and a
novel cue, t(69) = 1.07, p = .29. Pairwise comparisons for each condition showed a
significant increase in ratings for Conditions EXT-R and EXT-Rnovel, F(1, 69) =
37.14, and 20.98, respectively, ps < .01, but not for Condition EXT-only, F(1, 69)
= 1.82, p = .18. Thus, contextual control over acquisition performance was only
evident when participants experienced cued reacquisition trials during extinction.
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Discussion
The results of Experiment 2 replicate and extend those of Experiment 1. A return
to a subset of contextual cues from acquisition (A), after extinction in another
context (B), evoked a clear renewal effect. A reacquisition procedure during
extinction reduced again the general increase in ratings upon a switch from context
B to context A. This effect was observed even though a more intense outcome was
used compared to Experiment 1. Unexpectedly, however, attenuation was
independent of the reacquisition context cue’s relationship to the acquisition
context: A novel context cue was as effective as an acquisition context cue.
Furthermore, following both reacquisition procedures, the presence of all
contextual cues from acquisition (including cue X) was crucial for evoking full
blown renewal. By contrast, after a conventional extinction procedure, no such
contextual control was obtained. For this condition, equal levels of renewed
responding were observed, regardless whether only a subset or all features from
the acquisition context were presented. The implications of these results are
discussed below.

General discussion
The present study tested whether renewal could be established in a subset of
contextual cues from acquisition and whether this renewal effect could be reduced
by interspersing cued reacquisition trials during extinction. For reacquisition,
reinforced trials were administered in the presence of a contextual cue either from
acquisition or a novel cue. The results can be summarized as follows. First, after
normal extinction, clear renewal was observed upon returning to one of the
contextual features from acquisition (Experiments 1 and 2). Second, the
reacquisition procedure reduced renewal, providing that the reacquisition context
cue was not present at test. The reduction was not differential, however, meaning
that the increase in predictive ratings to S+ and S- was equally attenuated
(Experiments 1 and 2). Third, a reacquisition procedure attenuated the increase of
responding upon a context change after extinction regardless of whether the
contextual feature for reacquisition was novel or was part of the acquisition
context (Experiment 2). Fourth, following a reacquisition procedure during
extinction, but not following simple extinction, the presence of all contextual cues
from acquisition (including cue X) was critical for evoking full-blown renewal. In
sum, the results seem to suggest that exposure to cued reacquisition trials during
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extinction protects extinction performance against the disruptive effects of context
changes.

Renewal after simple extinction
Several facts about the renewal effect after simple extinction are worth noting.
First, the results show that a negatively valenced picture can produce renewal in
contingency judgments when used as an outcome, adding to the range of stimuli
employed in human renewal studies, such as loud noises (e.g., Vansteenwegen et
al., 2005) and mild electric stimuli (Effting & Kindt, 2007). Second, the context of
testing (A or AX) had no influence on the degree of renewal. Hence, acquisition
performance could be activated by only a subset of features that made up the
acquisition context. Third, the observation of renewal adds to the body of evidence
in contingency learning (e.g., Paredes-Olay & Rosas, 1999; Rosas & CallejasAguilera, 2006) and suggests that similar mechanisms may underlie human
contingency learning and Pavlovian conditioning (De Houwer & Beckers, 2002).
It must be noted that the exact mechanism underlying renewal is unclear
here. One plausible explanation is that retrieval of the second information that was
learned about the cue (S+-no outcome), but not first learned information (S+outcome), was gated by contextual stimuli (e.g., Bouton, 2004; Nelson, 2002).
Accordingly, a context switch after extinction promotes responding appropriate to
the first learned association, regardless of the test context. However, other
mechanisms may also account for the observed recovery of responding (see
Lovibond, Preston, & Mackintosh, 1984). Renewal might be the result of
summation between the excitatory value of the acquisition context and the
remaining stimulus excitation. The decline of ratings observed with a context
change after acquisition may imply the formation of excitatory context-outcome
associations during conditioning. On the other hand, the finding that S+ ratings
were more affected than S- ratings by a return to the acquisition context is less
consistent with an explanation of contextual excitation. Another possibility is that
renewed responding reflects a release from inhibition. When extinction occurs in a
different context than acquisition, the extinction context may become inhibitory,
which in turn “protects” the S+ from extinction (e.g., Lovibond, Davis, &
O'Flaherty, 2000; Rescorla, 2001). Increased responding to the S+ at test could
then be explained as responding that was never extinguished. The available data
cannot rule out this possibility as no direct evaluation of the associative value of
contexts was performed. Alternatively, renewal can also be the effect of the
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combination of these processes. Although the mechanism underlying renewal was
not the focus of the present study, this brief account of possibilities may shed a
light on the working of the reacquisition procedure.

Renewal reduction after a reacquisition procedure
To our knowledge, it is the first time that attenuation of recovered responding has
been observed by reinforcing the target cue during an extinction phase. Previously,
it has been demonstrated in rodents that renewal could be thwarted by
intermingling outcome alone trials among extinction trials (Rauhut, Thomas, &
Ayres, 2001, Exp 2 and 4; Thomas, Longo, & Ayres, 2005). An important
characteristic of these studies is that presentations of stimuli and outcome
occurred in a noncontiguous relationship, also known as an explicitly unpaired
procedure. By contrast, in the present study, delivery of the outcome was always
signalled by the target cue (S+) and conditional on the presence of a contextual
feature. The only study that prevented renewal by a cued reinforcement procedure,
reinforced a cue other than the target cue during extinction (Rauhut et al., 2001,
Exp 3 and 4).
Note that the difference in the number of extinction trials for the two
conditions (16 in EXT-only vs. 12 in EXT-R) could not have contributed to the
attenuation effect by the reacquisition procedure. Several studies have shown that
the transfer of extinction across contexts improves as the number of extinction
trials increases (Denniston, Chang, & Miller, 2003; Rosas & Callejas-Aguilera,
2006; Tamai & Nakajima, 2000; but see Rauhut et al., 2001). Therefore, if anything,
the current procedure works against the hypothesis, such that extinction learning in
the condition that received more nonreinforced S+ exposures (i.e., EXT-only)
would have been expected to be less disrupted by context changes. The reverse,
however, was observed in both experiments.
The observation of reduced ratings at test in context A may suggest that
responding became under contextual control (X) by our reacquisition procedure.
In this perspective, the finding of intact renewal in the original acquisition context
(AX) was important, as it makes at least two alternative explanations less likely.
First, the ability of the reacquisition procedure to reduce responding could be the
result of enhanced extinction learning. Presenting nonreinforced trials in the
presence of reinforced trials may have caused stronger S+-no outcome associations
compared to a simple extinction procedure (e.g., Rauhut et al., 2001). The fact that
S+ was still able to elicit full responding in context AX is in contrast with this
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explanation. Second, reduced responding at test in context A may reflect enhanced
retrieval of extinction learning. A procedure that intermixes reinforced trials and
nonreinforced trials may make the extinction phase more similar to the acquisition
phase (Bouton, Woods, & Pineño, 2004; Woods & Bouton, 2007). It follows that
testing in the context of acquisition retrieves extinction learning more easily, which
would then interfere with the expression of acquisition performance. Again,
however, such an explanation would also predict reduced responding in context
AX, which was not observed.
Instead of affecting extinction learning, the reacquisition procedure may
have modified acquisition learning. The fact that responding improved throughout
reacquisition training (Experiments 1 and 2) implies additional learning about the
S+-outcome relationship, such as learning about contextual cues. Related to this,
the observed decline in generalization of acquisition may indicate that acquisition
learning was already contextually controlled to some extent prior to extinction,
which perhaps increased the susceptibility to further contextualization. One
possibility is that a direct association between context cue X and the outcome was
formed during reacquisition. In both experiments, feature X was a good predictor
of the outcome in the reacquisition condition (EXT-R). Alternatively, participants
may have acquired a hierarchical structure, in which context cue X signals that S+
will be reinforced. In that case, context cue X would have properties similar to
those of positive occasion setters (see Holland, 1992; Swartzentruber, 1995, for
reviews). Occasion setting is normally observed in serial feature positive
discrimination training with discrete cues (AȺX+/ X-). In such discriminations,
cue A controls responding to X independently of its own association with the
outcome. There is indeed some evidence that contexts can serve as occasion
setters (Bouton & Swartzentruber, 1986; Swartzentruber, 1991). Although differing
to the locus of their contextual control, both explanations share the view that the
presence of cue X is necessary for eliciting conditioned responding. This would
support the notion that reacquisition training induced context specificity of
acquisition performance. The absence of X at test in context A may then explain
the observed reduction in the recovery of responding. Irrespective of the exact
mechanism, the results suggest that cue X has retrospectively blocked the ability of
cue A to produce renewal.
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Reacquisition with a novel contextual cue
The role of backward blocking was further explored in Experiment 2. Theoretical
accounts of backward blocking state that two cues should have been trained in
compound (and associated) for later retrospective revaluation to occur (e.g.,
Dickinson & Burke, 1996). For Condition EXT-Rnovel, in which reacquisition took
place in the presence of a novel contextual cue (sound Y), nothing could have been
retrospectively inferred about the elemental features of the acquisition context
(e.g., coloured screen A) regarding S+ reinforcement: Y and A had never occurred
together and, hence, were never associated. As such, no or at least less reduction of
renewal in context A was predicted for Condition EXT-Rnovel compared to
Condition EXT-R.
The finding of equal attenuation of increased responding after reacquisition
with a novel cue (EXT-Rnovel) and an acquisition cue (EXT-R) was, therefore,
unexpected and intriguing. One explanation may be that participants in the EXTRnovel condition simply failed to discriminate between the sound from acquisition
(X) and the novel sound (Y), which would imply no difference between Conditions
EXT-R and EXT-Rnovel. However, the fact that presenting sound Y (EXT-Rnovel)
produced smaller discriminative responding (S+/S-) than sound X (EXT-R) on the
first reacquisition trials suggests that these sounds were perceived differentially.
Additionally, the finding that extinction was complete in Condition EXT-R but not
in Condition EXT-Rnovel may also point towards a qualitative difference between
conducting reacquisition with a novel cue compared to a cue from acquisition.
Incomplete extinction for the EXT-Rnovel condition, however, may have
confounded the renewal results, artificially reducing the increase of responding
upon a context switch for this condition. Nevertheless, a post-hoc analysis for
samples that showed a similar extent of extinction revealed exactly the same
pattern of findings.
Hence, the results of a comparable reduction for Conditions EXT-Rnovel and
EXT-R seem not in line with a hypothesis of backward blocking, unless one would
assume a process of generalization. In the EXT-Rnovel condition, a different (Y) but
same modality context cue (i.e., sound) predicted reinforcement during
reacquisition, which may have generalized to the sound from acquisition (X). Thus,
the presence of sounds in general may have become relevant for activation of
acquisition performance, which in turn may have blocked the predictive value of
screen A for signaling the S+-outcome relationship. If this is the case, the present
test of a backward blocking account is not optimal because the null hypothesis (i.e.,
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no difference between the reacquisition conditions) could not be easily rejected.
Nevertheless, in that case, the results are still of interest, indicating that recovered
responding can also be weakened by using a contextual feature that is perceptually
similar to a feature from acquisition.

Nondifferential reduction
Contrary to expectation, the reduction by the reacquisition procedure was not
specific to the S+. That is, participants showed an equally strong reduction for S+
ratings as for S- ratings. Before interpreting this result, one could ask why
predictive ratings to the S- increased in the first place for the simple extinction
condition. As this stimulus was never paired with the outcome, the increase cannot
be understood as a restoration of the learned relationship between S- and the
outcome. The disruptive effect of context changes on control stimuli is, however, a
familiar phenomenon in human differential (CS+/CS-) conditioning studies
(Effting & Kindt, 2007; Neumann, 2006). As argued by Neumann (2006), this
increase may reflect the effects of learning about the CS+. When the CS+ is no
longer followed by the US after switching the context (i.e., either on the first
extinction trial or the first test trial), participants become uncertain about the CSwith respect to nonreinforcement, which augments responding. The finding of
reduced S- ratings after reacquisition in the present study may, therefore, be
interpreted in terms of increased certainty that the S- was not going to be followed
by the outcome. Thus, while presenting cued reacquisition trials might protect the
extinguished S+ for the disrupting effects of context changes, the same may be true
for the S-.
In summary, interspersing cued reacquisition trials during extinction trials
attenuated general recovered responding induced by a context change after
extinction. Attenuation of responding appeared to be independent of whether
reacquisition occurred with a contextual cue from acquisition or a novel but
perceptual similar cue. Hence, the present results lead to the perhaps
counterintuitive conclusion that further (cued) reinforcement of the target cue
during extinction can enhance the generalization of extinction effects over
contexts.
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Abstract
Background and Objectives. Enhancing the generality of extinction learning is a wellstudied strategy to reduce renewal, but may not be very efficient. A more potent
strategy might be to weaken the generality of fear learning. Here, we tested
whether context-cue discrimination training selectively increases the relevance of
one context cue for fear learning and consequently reduces renewal.
Methods. Fear acquisition (CS-US) occurred in Context AX. Next, Condition EXTonly was exposed to simple extinction training (CS-noUS) in Context B. In
contrast, Condition EXT-R received repeated alternation between extinction (CSnoUS) in Context B and reacquisition (CS-US) in the joint presence of extinction
Context B and context Cue X from acquisition (Context BX). Renewal was first
tested in a subset of the acquisition context (Context A), followed by a test in the
initial acquisition Context AX. Fear responding was assessed by online shock
expectancies, startle, and skin conductance.
Results. In line with our predictions, context-cue discrimination training was
effective in reducing renewal of shock expectancy in Context A. Moreover,
Contexts A and AX revealed similar renewal effects after simple extinction
training, whereas renewal was larger in Context AX than A following
discrimination training.
Limitations. Startle and skin conductance yielded no reliable acquisition effects, such
that the effect of discrimination training on fear responses remains unclear. Test
phases were not counterbalanced and may have caused order effects.
Conclusions. The results seem to suggest that conditioned responding became under
the control of a specific context cue after context-cue discrimination training.
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Introduction
Traumatic events do not occur in isolation. Instead, they take place against a
variety of cues (e.g., specific site, smell, sounds) that provide a context for the
traumatic experience. These contextual cues may play an important role in
retrieving memories for the traumatic event and concomitant fear reactions
(Ehlers, 2010). Generalization occurs when fear memories are also triggered by
situations unrelated to the trauma and is a core feature of pathological anxiety,
such as posttraumatic stress disorder (PTSD) (e.g., American Psychiatric
Association, 1994). In itself, fear generalization can be adaptive as it enables one to
respond rapidly to impending threat in novel situations. However, it becomes
maladaptive when fear reactions persist in situations where intrinsic threat is
absent. Indeed, anxiety patients show exaggerated fear reactions compared to the
actual level of threat (Rosen & Schulkin, 1998). Although exposure therapy is
effective in reducing (i.e., extinguishing) excessive fear reactions (e.g., Öst, 1997),
the maintenance of such behaviour change appears delicate: Fear often returns
after successful therapy (Rachman, 1989).
One prominent explanation for fear relapse is that fear learning is robust
and context independent, while extinction learning is fragile and context dependent
(e.g., Bouton, 2002; Craske, 1999). The presumed asymmetry in context
dependence between fear and extinction learning is most clearly illustrated by the
renewal effect. In a typical renewal experiment, a neutral conditioned stimulus (CS;
e.g., a tone) is paired with an aversive unconditioned stimulus (US; e.g., a shock) in
one context (Context A) followed by extinction in another context (Context B).
Importantly, the context change after acquisition has little impact on conditioned
responding to the CS (e.g., Bouton & King, 1983; Harris, Jones, Bailey, &
Westbrook, 2000). In contrast, the same sort of context change after extinction of
responding by CS alone presentations disrupts extinction performance. That is,
conditioned responding renews by presenting the CS again in the context of
acquisition (ABA renewal) (Bouton & King, 1983; Vansteenwegen et al., 2005) or in
a novel context (ABC renewal) (Bouton & Bolles, 1979; Effting & Kindt, 2007).
Renewal effects indicate that extinction doesn’t erase the initial fear memory (CSUS), but rather involves new inhibitory learning (CS-noUS) that is highly contextspecific. Outside the extinction context, the fear memory is selectively retrieved
and fear renews (Bouton, 2002). Hence, the behavioural effects of exposure (i.e.,
fear reduction) may be lost when the previously feared object is encountered
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outside the therapy context. Insight into processes that decrease renewal effects
may therefore boost the efficacy of anti-anxiety therapies on the long term.
To date, experimental research has predominantly focused on enhancing the
generality of extinction learning in order to reduce renewal (e.g., Craske et al.,
2008). Most relevant to the present study is that extinction in multiple contexts has
sometimes shown to attenuate renewal in the context of acquisition or a novel
context (Chelonis, Calton, Hart, & Schachtman, 1999; Gunther, Denniston, &
Miller, 1998; Vansteenwegen et al., 2007; but see Bouton, García-Gutiérrez, Zilski,
& Moody, 2006; Neumann, Lipp, & Cory, 2007; Thomas, Vurbic, & Novak, 2009,
Exp 1 and 2). From the view that a context consists of many cues, extinction in
multiple contexts might connect extinction learning to a wide variety of contextual
cues (see Bouton, García-Gutiérrez et al., 2006). This increases the likelihood that
the test context includes cues that are associated with extinction, thereby
facilitating retrieval of extinction learning and weakening renewal of fear. However,
extinction in multiple contexts seems not the most efficient reduction strategy:
Exposure therapy can impossibly cover all cues of the trauma context or future
contexts and, thus, the risk for relapse remains. Therefore, a more potent strategy
may be to target the robust fear generalization. We propose that focusing on
contextual cues that were most relevant for a threatening event may reduce the
relevance of the other contextual cues for this event, thereby weakening the
generalization of fear.
In order to manipulate the relevance of a context cue at the expense of
other cues, two phenomena from the learning literature may be important. Firstly,
backward blocking studies show that increasing the relevance of one cue decreases
the relevance of other, related cues. Specifically, after pairing a compound
consisting of two cues (AX) with an outcome or US, then further pairings of one
of the cues (e.g., X) with the outcome/US in absence of the other cue (e.g., A)
declines (i.e., blocks) responding to cue A at a later test moment (e.g., Shanks,
1985; Urushihara & Miller, 2010; Wasserman & Berglan, 1998). Second, context
discrimination procedures during initial training may enhance the relevance of
contexts for responding to a stimulus relative to other contexts (Bouton &
Swartzentruber, 1986; Gawronski, Rydell, Vervliet, & De Houwer, 2010). In
context discrimination training, stimulus reinforcement in one context (e.g.,
Context A) is repeatedly alternated with nonreinforcement of the same stimulus in
another context (e.g., Context B). Subsequent responding to the stimulus in a
novel context (Context C) is less than in the context of reinforcement (Context A).
Hence, context discrimination may provide the acquisition context with predictive
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value (i.e., relevance) for reinforcement, and, accordingly, acquisition effects
become confined to that context.
For the present study, we integrated both strategies (additional acquisition
training and context discrimination training) within an extinction procedure. After
fear acquisition in one context (Context AX: CS-US), we alternated extinction trials
in another context (Context B: CS-noUS) with reacquisition trials accompanied by
a contextual cue from acquisition (Context BX: CS-US). Repeatedly alternating
between extinction and reacquisition across different contexts may emphasize that
this context cue (X) is the relevant context for fear learning. We predict that the
remaining cues from the acquisition context (A) become less relevant for fear
learning and lose their ability to elicit conditioned responding, thereby weakening
renewal of fear in Context A. Evidently, re-exposure to actual aversive events in
therapy is inconceivable. However, it is well known that previously acquired fear
reactions can also be influenced by indirect experiences. Firstly, imaginary
rescripting of traumatic events is effective in reducing fear reactions in PTSD
patients (e.g., Arntz, Tiesema, & Kindt, 2007; Ehlers, Clark, Hackmann, McManus,
& Fennell, 2005). Secondly, reconsolidation studies show that retrieving a fear
memory along with amnestic agents (without the aversive event) disrupts the
expression of fear memory (e.g., Kindt, Soeter, & Vervliet, 2009; Nader, Schafe, &
LeDoux, 2000). Hence, we currently test an experimental method that may be
applied by imagery in clinical practice.
The present study examined whether increasing the relevance of a
contextual cue for established fear learning by context-cue discrimination training
reduces renewal. Participants of two conditions were exposed to differential fear
acquisition in Context AX (room picture A and lamp X) by pairing one geometric
figure (CS1) with a shock US, while another figure (CS2) was not followed by a
shock. Conditions differed for the extinction phase. Condition EXT-only received
simple extinction training to both stimuli in Context B (room picture B). Condition
EXT-R was exposed to the same amount of extinction trials in Context B. In
addition, this condition occasionally received reacquisition trials in which the CS1
was again paired with the shock US. Crucially, reacquisition trials occurred in the
joint presence of the extinction context and a discrete cue from the acquisition
context (Context BX; room picture B and lamp X). It follows that extinction and
cued reacquisition occurred in alternation (context-cue discrimination training). To
equate the number of trials in both conditions, reacquisition trials were replaced by
unreinforced presentations of an irrelevant figure (CS3) in Context B for the EXTonly condition. Renewal was first tested in a subset of the acquisition context
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(Context A; room picture A without lamp X) followed by a test in the initial
acquisition context (Context AX; room picture A and lamp X). Measures of
conditioned fear responding included online expectancy ratings, startle, and skin
conductance responding. We hypothesized that context-cue discrimination training
would weaken the ability of Context A to elicit renewal of fear. Hence, we
expected less renewal in Context A for the EXT-R condition than for the EXTonly condition.

Method
Participants
Forty-eight volunteers with a mean age of 22.48 years (SD = 3.11), who were
recruited at the University of Amsterdam, participated for course credits or a small
payment. Participants were randomly allocated to Condition EXT-R (n = 24: 13
men) or Condition EXT-only (n = 24: 8 men).

Apparatus
Stimuli. Three blue geometric figures with black outlines served as CSs: A
circle with a diameter of 56 mm, a triangle measuring 68 of base and 56 mm of
height, and a square of 56 by 56 mm. Contexts consisted of two pictures of a living
room or an office (A, B) with or without a floor lamp (X) (see Figure 6.1).
Assignment of the room pictures as context cues A or B was counterbalanced. CSs
were presented for 8 s in the middle of a computer screen on top of the context
picture.
A 2-ms electric shock served as US (see Effting & Kindt, 2007). The startle
probe consisted of a 104-dB burst of white noise with an instantaneous rise time
presented binaurally for 40 ms through headphones. In addition, a 70-dB
broadband background noise was continuously presented.
Measurement. US expectancy ratings were recorded trial-by-trial using a
continuous 11-point scale ranging from 0 (certainly no shock) through 5 (uncertain) to
10 (certainly shock). Participants dragged a pointer along the scale with a mouse and
confirmed their ratings by a mouse click. The scale was displayed at the bottom of
the screen.
Electromyography (EMG) of the left orbicularis oculi muscle in reaction to
startle probes and skin conductance responses (SCR) during CSs were measured.
The physiological data for both EMG and SCR are not reported because no
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reliable effects were observed. That is, for the EMG data, no reliable acquisition
was obtained in Condition EXT-R and, for the SCR data, we did not observe a
reliable acquisition effect across conditions. Accordingly, the methods for
recording EMG and SCR are only briefly described. The physiological data are,
however, available upon request.

Procedure
After attachment of the electrodes, shock intensity was individually selected on a
level defined by participants as definitely uncomfortable, but not painful.
Participants were orally explained that different figures would be presented to
them. They were instructed to observe the figures carefully as one of the figures
would sometimes be followed by a shock, while other figures would never be
followed by a shock. Participants were asked to predict shock delivery during each
figure by using the rating scale. Participants were individually tested in a soundattenuated room with dimmed light, adjacent to the experimenter’s room.
There were four phases: acquisition, extinction and two renewal tests (see
Figure 6.1). During the acquisition phase, participants received eight trials of both
CS1 and CS2 divided into two blocks of four trials of each stimulus (4 CS1, 4
CS2). The circle and triangle served as CS1 and CS2, respectively, with assignment
counterbalanced across participants. The US co-terminated with the CS1. Intertrial
intervals (ITIs) consisted of a fixed pretrial interval of 10 s and a variable posttrial
interval of 16, 18, or 20 s with a mean of 18 s. In each block, order of trial and
posttrial interval was randomized with the limitation that no more than two trials
or posttrial intervals of the same type could be administered consecutively. For
both conditions, acquisition occurred in Context AX (room A and lamp X).
During the extinction phase, participants in the EXT-R condition received 16
trials of both CS1 and CS2 divided into four blocks of four trials (4 CS1, 4 CS2).
Each block consisted of an extinction subblock including three nonreinforced
trials (3 CS1, 3 CS2) and a reacqsuition subblock (1 CS1, 1 CS2), during which the
CS1 was again followed by the US, but not the CS2. This resulted in a total of 12
extinction trials and four reacquisition trials for each stimulus type. Extinction
trials were administered in Context B (room B), while cued reacquisition trials were
presented in the joint presence of the extinction context and a context cue from
acquisition, Context BX (room B and lamp X). Presentation of Cue X started 10 s
before CS onset (i.e., pretrial interval) and continued until 16-20 s after CS offset
(i.e., posttrial interval). To allow for discrimination between extinction and cued
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reacquisition trials, the position of a cued reacquisition trial within each four-trial
block was fixed: on the 3rd, 4th, 2nd, and 1st position in four blocks, which
corresponds with trials 3, 8, 10, and 13, respectively. Participants in the EXT-only
condition received a similar presentation schedule, with two exceptions. First,
within each block, a novel subblock including one nonreinforced presentation of
novel CS3 and CS2 (1 CS3, 1 CS2) replaced the reacquisition subblock. Second, all
trials, including novel trials, were presented in Context B (room B).
Each renewal test phase consisted of a block of two nonreinforced trials of
both CS1 and CS2. The first test was conducted in a subset of contextual cues
from acquisition, Context A (room A without lamp X). The second test occurred
in original acquisition Context AX (room A including lamp X). During extinction
and cued reacquisition subblocks as well as during test blocks, characteristics for
trial and ITI order were similar as to acquisition with the following exception. The
first two trials in extinction (CS1, CS2) and the test trials were counterbalanced:
Half of the participants started extinction with CS1 followed by CS2 and received
both test phases in the order: CS1, CS2, CS2, CS1. The other half started
extinction with CS2 followed by CS1, while trials in both test phases were ordered
as CS2, CS1, CS1, CS2. All phases started with a 5-s acclimation period during
which the context but no stimuli were presented.
Prior to acquisition, 10 startle probes were presented to habituate the startle
response. To assess context conditioning, two startle probes were delivered in each
phase before CS presentations. To assess cue conditioning, six startle probes were
administered during each experimental block: Two probes were delivered at 5 or 7
s after CS onset (2 CS1, 2 CS2) and two probes at 11 or 15 s after CS offset (2
ITI). Additionally, on the 1st and 4th extinction block, three probes were
presented during the reacquisition subblock (EXT-R) or the novel subblock (EXTonly): 1 CS1/1 CS3, 1 CS2, and 1 ITI.
Afterwards, participants were asked to rate the valence of CSs on an 11point scale labelled from -10 (negative) to 10 (positive). Additionally, participants
evaluated the US and the startle probe on two characteristics. Pleasantness was
rated on an 11-point scale anchored by unpleasant (-10) and pleasant (10) and
intensity was indicated on a 5-category scale with the labels weak, moderate, intense,
enormous, and unbearable (scored as 1 to 5).
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Statistical analysis
Rated expectations of the US were measured during CS presentation. In case no
rating was recorded, the average rating level of the last 2 s of a CS presentation was
used. Expectancy ratings were analyzed by CS-type × Trial × Condition mixed
analyses of variance (ANOVA) with CS-type and trial as within-subjects factors.
The factor CS-type always included two levels (CS1/CS3, CS2), just like the factor
condition (EXT-R, EXT-only), whilst levels of the factor trial varied depending on
the exact analysis. US, CS, and startle probe characteristics were analyzed by 2
Condition (EXT-R vs. EXT-only) factorial ANOVAs. The results most pertinent
to the hypotheses are reported. Greenhouse-Geisser corrections were applied in
case when the sphericity assumption was violated. Adjusted p-values are reported,
but accompanied by nominal degrees of freedom.

Results
There were no differences between conditions in selected US intensity (Moverall =
16.50 mA; SDoverall = 11.00), F < 1. Figure 6.2 displays mean US expectancy ratings
per condition. Participants readily acquired differential shock expectancies to CS1
and CS2 during acquisition, as was indicated by a significant CS-type × Trial (trial
1-8) interaction, F(7, 322) = 146.74, p < .001, Ƨp2 = .76, including the linear trend,
F(1, 46) = 592.85, p < .001, Ƨp2 = .93. Unexpectedly, overall ratings were somewhat
higher for Condition EXT-R than for Condition EXT-only with the difference
approaching significance, F(1, 46) = 3.92, p = .05, Ƨp2 = .08. Nevertheless, the
pattern of acquisition did not differ between conditions (CS-type × Trial ×
Condition: F < 1.53).
A context switch after acquisition caused a decline in differential ratings
from the last acquisition trial (trial 8) to the first extinction trial (trial 1) (CS-type ×
Trial: F(1, 46) = 64.42, p < .001, Ƨp2 = .58) (see Figure 6.2). Post hoc comparisons
showed that ratings of the CS1 decreased, F(1, 46) = 20.44, p < .001, Ƨp2 = .31,
whereas ratings of the CS2 increased, F(1, 46) = 63.31, p < .001, Ƨp2 = .58.
Nevertheless, CS1/CS2 differentiation was still highly significant on the first
extinction trial, F(1, 46) = 63.27, p < .001, Ƨp2 = .58. The absence of a CS-type ×
Trial × Condition interaction, F < 1.61, suggested no difference in generalization
decrement between conditions.
On extinction trials, both conditions showed a comparable loss of
differential expectancy ratings to CS1 and CS2, as shown by a significant CS-type
× Trial (trial 1-2, 4-7, 9, 11-12, 14-16) interaction, F(11, 506) = 28.43, p < .001, Ƨp2
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= .38, and linear trend, F(1, 46) = 46.32, p < .001, Ƨp2 = .50, and the absence of a
CS-type × Trial × Condition interaction, F < 1 (see Figure 6.2).
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Figure 6.2 Mean US expectancy ratings for CS1 and CS2 during acquisition, extinction,
and tests in Contexts A and AX separately for the EXT-R condition (upper panel) and the
EXT-only condition (lower panel). The reacquisition trials (EXT-R) and the novel trials
(EXT-only) administered during extinction are indicated with an asterisk * (trial 3, 8, 10,
and 13). Note that on novel trials (EXT-only) CS1 was replaced by CS3.

On reacquisition trials4, shock expectancies to CS1 recurred rapidly for the
EXT-R condition. By contrast, ratings to CS3 extinguished on novel trials for the
EXT-only condition. This was indicated by a significant CS-type × Trial (trial 3, 8,
10, 13) × Condition interaction, F(3, 138) = 76.39, p < .001, Ƨp2 = .62. Post hoc
analyses showed that differential ratings (CS1/CS2) progressively increased for
Condition EXT-R (CS-type × Trial: F(3, 69) = 42.99, p < .001, Ƨp2 = .65, and linear
4

Condition EXT-only received nonreinforced CS3 presentations during reacquisition trials.
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trend, F(1, 23) = 49.16, p < .001, Ƨp2 = .65), whereas differential ratings (CS3/CS2)
gradually decreased for Condition EXT-only (CS-type × Trial: F(3, 69) = 33.86, p
< .001, Ƨp2 = .60, and linear trend, F(1, 23) = 66.70, p < .001, Ƨp2 = .74) (see Figure
6.2).
Renewal was qualified as an increase in responding to CS1 relative to CS2
from the last extinction trial (trial 16) to the first test trial (trial 1). As predicted, a
return to a subset of contextual cues from acquisition (Context A) after extinction
in Context B produced weaker renewal in Condition EXT-R than in Condition
EXT-only, as was indicated by a CS-type × Trial × Condition interaction that
approached significance, F(1, 46) = 3.91, p = .05, Ƨp2 = .08 (see Figure 6.2). Post
hoc analyses revealed that not only the increase for CS1 ratings but also the
increase for CS2 ratings was significantly reduced for Condition EXT-R compared
to Condition EXT-only (Trial × Condition: FCS1(1, 46) = 21.35, p < .001, Ƨp2 = .32,
and FCS2(1, 46) = 18.10, p < .001, Ƨp2 = .28, respectively). Additional post hoc
analyses showed, however, that renewal was not completely abolished in Context
A after context-cue discrimination training, as indicated by significant renewal
effects for both conditions (CS-type × Trial: FEXT-R(1, 23) = 10.61, p < .01, Ƨp2 =
.32, and FEXT-only(1, 23) = 28.08, p < .001, Ƨp2 = .55, respectively).
In contrast to Context A, testing in the original acquisition Context AX
resulted in significantly stronger renewal for the EXT-R condition than for the
EXT-only condition (CS-type × Trial × Condition: F(1, 46) = 7.63, p < .01, Ƨp2 =
.14). Post hoc analyses showed a greater increase in CS1 ratings from the last
extinction trial in Context B (trial 16) to the first test trial in Context AX (trial 1)
for Condition EXT-R relative to Condition EXT-only (Trial × Condition: F(1, 46)
= 15.23, p < .001, Ƨp2 = .25), but no difference between conditions for CS2 ratings
(Trial × Condition: F < 1).
Comparison of renewed differential responding in Context A (trial 1) and
Context AX (trial 1) between conditions indicated that renewal was context
dependent for Condition EXT-R, but not for Condition EXT-only (CS-type ×
Trial × Condition: F(1, 46) = 15.26, p < .001, Ƨp2 = .25). Post hoc analyses showed
smaller differential responding in Context A than in Context AX for Condition
EXT-R (CS-type × Trial: F(1, 23) = 26.55, p < .001, Ƨp2 = .54), whereas differential
responding did not differ across contexts for Condition EXT-only (CS-type ×
Trial: F < 1).
After the experiment, participants rated the CS1 as more negative following
context-cue discrimination than following simple extinction (MEXT-R = -6.42,
SDEXT-R = 3.12; MEXT-only = -3.42, SDEXT-only = 5.26), F(1, 46) = 5.58, p = .02, Ƨp2 =
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.11. In contrast, the CS3 was rated more positively after simple extinction (MEXTonly = 5.50, SDEXT-only = 5.01) than after context-cue discrimination (MEXT-R = 0.83,
SDEXT-R = 2.28), F(1, 46) = 17.24, p < .001, Ƨp2 = .27. No group differences were
obtained regarding CS2 valence ratings (Moverall = 7.54, SDoverall = 3.26), F < 1, or
in the way participants experienced the US and the startle probe, Fs < 2.90. Both
US and startle probe were rated as fairly unpleasant (MUS-overall = -5.54, SDUS-overall =
2.81; Mprobe-overall = -5.75, SDprobe-overall = 3.37) and intense (MUS-overall = 2.83, SDUSoverall = 0.52; Mprobe-overall = 2.98, SDprobe-overall = 0.67).

Discussion
The present study examined whether context-cue discrimination training during
extinction can weaken renewal. First, the control group that received simple
extinction in a context different from acquisition, showed clear renewal of shock
expectancy upon returning to only a subset of contextual cues from acquisition.
This finding extends the generality of the renewal effect. Second and most
important, occasionally presenting reacquisition trials featured by a context cue
from acquisition during extinction (context-cue discrimination training) weakened
the renewal effect in the subset from the acquisition context. Third, context-cue
discrimination training unexpectedly increased renewal of shock expectancy in the
original acquisition context relative to simple extinction training. Fourth, the
strength of renewal depended on the test context following context-cue
discrimination training, but not following simple extinction training. In sum, the
results suggest that context-cue discrimination training during an extinction
procedure confines conditioned responding to a specific context cue, thereby
reducing the recovery of conditioned responding by other, related context cues.
No reliable acquisition effects were obtained for physiological measures
(startle, skin conductance). Therefore, the present findings do not permit any
conclusions regarding conditioned fear responses. The lack of conditioning for
startle may be due to the startle procedure: Only some of the CS trials were probed
and the moment of a CS probe varied. Although such a procedure can induce
reliable conditioning (Alvarez, Johnson, & Grillon, 2007), it may have caused
unpredictability of probe delivery, thereby elevating fear to both conditioned
stimuli and thus leaving less room for differentiation. In a similar vein, elevated
fear to stimuli may also have impeded the acquisition of discriminative skin
conductance responding.
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Remarkably, both test contexts (Contexts A and AX) unveiled clear and
similar renewal effects after simple extinction training. Hence, returning to only a
component of the original acquisition context after extinction in another context
was sufficient to reactivate conditioned shock expectancies. This is in line with the
proposed asymmetry in generalization between fear and extinction learning: Fear
learning generalizes easier to different contextual cues than extinction learning
(e.g., Bouton, 2002). In contrast to the simple extinction condition, tests contexts
revealed different renewal effects in the reacquisition condition: Renewal was
larger in Context AX than in Context A, suggesting that conditioned responding
became dependent on the presence of the specific context cue (X) after
discrimination training.
With regard to the mechanism underlying the reduction of renewal by
context-cue discrimination training, several speculations can be put forward. To
begin with, it may be that initial context-free fear learning became context
dependent by context-cue discrimination training. Such an explanation implies
updating of an existing fear memory with information about the context. Recent
research indicates that consolidated fear memories are not fixed, but may be
influenced when retrieved (e.g., Kindt et al., 2009; Nader et al., 2000). Retrieval of
a previously stable fear memory returns it into a plastic state before it is
reconsolidated again (Lee, 2009). Hence, reconsolidation may provide an
opportunity for a context-free memory to become context dependent. However,
one may question whether the current procedure allowed for reconsolidation as
this involves a subtle timing process (e.g., Schiller et al., 2010).
Alternatively, context-cue discrimination training may have endowed the
specific context cue with (positive) occasion setting properties. Positive occasion
setters modulate responding to other stimuli. That is, they signal that other stimuli
will be followed by an aversive outcome (e.g., Holland, 1992). An explanation in
terms of occasion setting predicts that the presence of the context cue is necessary
for eliciting conditioned responding. In line with this interpretation, shock
expectancies were higher in the presence than in the absence of the context cue used
for discrimination training.
Despite the absence of physiological evidence, we believe that the current
observation of reduced shock expectancies by context-cue discrimination training
may be clinically relevant for several reasons. First, current learning models of
anxiety assume that expectancy of aversive events underlies the development and
maintenance of anxiety disorders (e.g., Craske et al., 2008). Second, recent
developments in conditioning emphasize the role of reasoning processes and
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contingency awareness in associative learning, which give rise to propositional
knowledge. The belief that a cue will lead to a harmful event can activate fear
responses (Mitchell, De Houwer, & Lovibond, 2009). However, there is mixed
evidence whether anticipation of an aversive event is sufficient for fear responses
to occur (Kindt et al., 2009; Soeter & Kindt, 2010; Weike, Schupp, & Hamm,
2007). Hence, it may well be possible that we only changed declarative knowledge
without producing a shift in the fear system.
The context-cue discrimination procedure unintentionally increased negative
valence ratings to the threat stimulus (CS1) relative to a simple extinction
procedure. This finding was not due to group differences in selected shock
intensity. Arguably, additional pairings with the shock rendered the threat stimulus
(CS1) more negative. Despite this negative connotation, discrimination training
weakened renewal of shock expectancy (in Context A). Hence, expectancy ratings
were not driven by evaluative ratings, but rather by inferential learning: Learning
about (context) cues that predict the occurrence or non-occurrence of an aversive
event. However, this also raises the question of whether context-cue discrimination
training affected declarative knowledge rather than the fear system.
Irrespective of the exact mechanism, the present results suggest that
increasing the informational value of one cue from acquisition reduced the ability
of the remaining cues to elicit renewal. Recently, increasing the predictability of a
threatening event showed to be an effective strategy in reducing contextual anxiety
(Fonteyne, Vervliet, Hermans, Baeyens, & Vansteenwegen, 2009, 2010). It was
argued that providing a discrete cue that predicts threat simultaneously signals the
absence of threat when this cue is not present. A similar account may apply to the
current findings. Learning to differentiate between situations in which a cue
predicts danger or safety may impede the generalization of cued fear. The present
findings also show similarities with the concept of contextualization of trauma
memories as a strategy for reducing re-experiencing symptoms in PTSD patients
(Ehlers & Clark, 2000). In this approach, contextualization refers to learning that
similar cues (CS) can have different meanings in various situations. Differentiating
between safe and unsafe situations is thought to prevent unnecessary triggering of
the trauma memory.
A limitation of the present study is that the renewal tests were not
counterbalanced. Always testing in Context A before testing in Context AX may
have caused order effects. For instance, in the simple extinction condition,
nonreinforced stimulus presentations (i.e., extinction) in the first test Context A
may have lowered this context’s ability to elicit renewal. Given that Context A was
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also part of the second test Context AX, renewal in Context AX may have been
smaller relative to testing in this context at first. The unexpected finding that
context-cue discrimination training enhanced renewal in the original acquisition
context (Context AX) relative to simple extinction training may therefore reflect an
order effect. As we were primarily interested in renewal reduction in Context A, we
did not counterbalance the test phases. However, this may have confounded
responding in the second test Context AX.
Despite this limitation, we believe that the present study provides a new
perspective on the prevention of relapse after treatment. The current findings
show that context-cue discrimination training during extinction reduced recovered
expectancies of an aversive event. An intriguing question for future research is
whether the context cue used for discrimination training must be identical to the
cue that was present during acquisition. If similarity is not required, this would
enlarge clinical applications as patients do not always accurately remember the
context features that surrounded the trauma (Christianson, 1992).
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Introduction
The objective of this thesis was to develop novel strategies to prevent the renewal
of extinguished fear in humans. Animal models explain renewal by a poor
generalization of extinction learning over contexts on the one hand and a strong
generalization of the original fear learning on the other hand. Increasing the
generalization of extinction learning is a well-studied strategy to reduce renewal.
An example in clinical practice is to conduct exposure treatment in a variety of
real-life situations, which might increase the generalization of what is learned
during treatment. Given that the original fear learning is not erased and due to its
robust generalization, return of fear is always possible. In sharp contrast to the
more traditional strategies, the present thesis aimed to reduce renewal by targeting
the fear memory itself instead of the extinction memory. For this objective, we
designed novel strategies to study the boundary conditions for renewal. In a series
of experiments, we tested whether a discrimination training procedure during
extinction learning decreased the generalization of (i.e., contextualized) the original
fear memory. In this final chapter, the main findings of our studies are summarized
and discussed. In addition, possible clinical implications and suggestions for future
research are presented.

Contextual control of fear learning
The occasion setting model states that retrieval of extinction learning, but not fear
learning, depends on the context (e.g., Bouton & Ricker, 1994). Accordingly,
recovery of extinguished fear in a novel context (ABC renewal) is expected to be as
strong as in the original acquisition context (ABA renewal). However, we
hypothesized that the context independency of fear learning might be less stringent
than proposed and expected smaller ABC than ABA renewal.
In this thesis, conditioned responding renewed upon changing the context
after extinction (Chapters 2, 4, 5, and 6). In line with our predictions, renewal in a
novel context (ABC) appeared to be smaller than in the context in which fear was
originally acquired (ABA), as assessed by cognitive expectancy (Chapter 2). This
parallels a recent study of Neumann and Kitlertsirivatana (2010) who, in a similar
paradigm, also found less ABC than ABA renewal. The fact that we observed
smaller ABC than ABA renewal is important as it may indicate that fear learning is
also partially context dependent. The implication is that the context dependency of
fear learning may be sensitive for modification.
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It should be noted that the ABC renewal in Chapter 2 was not differential.
That is, the increase of responding to the fear conditioned stimulus (CS+) and the
control stimulus (CS-) was similar. Nondifferential renewal could be the effect of
cognitive processes like reasoning. It is likely that human subjects reason while
participating in the conditioning experiments. For instance, one may reason that
context changes generally imply a switch in contingency (e.g., from stimulus-no
shock to stimulus-shock). Such reasoning would lead to a reversal of responding to
both stimuli when the context changes after extinction (i.e., increased expectancy).
Since a similar reversal effect was not observed upon a context change after initial
fear acquisition (i.e., no change or a minimal loss in responding to the CS+)
(Chapters 2, 4, 5, and 6), reasoning does not offer a plausible explanation.
Alternatively, nondifferential renewal could be due to a general uncertainty about
what is going to happen in a novel context. This would result in uncertainty ratings
to both stimuli and, therefore, in nondifferential renewal. If novel contexts evoke a
general uncertainty, then both stimuli should also elicit uncertainty ratings when
the context changes after initial fear acquisition. This was not the case (Chapters 2,
4, 5, and 6). On the other hand, uncertainty may lead to a generalization of learned
fear to stimuli that resemble the fear conditioned stimulus, that is, the control
stimulus. If so, this would also explain the increase of responding to this stimulus
(CS-) by switching the context after acquisition (Chapters 2, 4, 5, and 6). Note that
nondifferential return of responding is also observed in other recovery studies
(Dirikx, Vansteenwegen, Eelen, & Hermans, 2009) and seems to be related to the
use of a control stimulus. In human conditioning studies, the CS- is included to
control for nonassociative processes as possible confounders. In the remaining
studies of this thesis (Chapters 4 and 6), we instructed participants more explicitly
that one stimulus would never be followed by an aversive event in order to ensure
that the CS- was actually treated as a control stimulus. Indeed, we found a
differential ABC renewal effect in Chapter 4.
Several explanations were provided for the difference in ABA and ABC
renewal (Chapter 2). One explanation is that fear learning was already context
dependent before extinction started. This possibility received some support from
the studies in this thesis – showing a loss of conditioned responding when the
context changes after acquisition – (Chapters 2, 5, and 6), but not all (Chapter 4).
An alternative explanation is that extinction learning generalized easier to a novel
context than to the acquisition context. Two other explanations relate to
retrospective learning processes. When participants realize that the context during
extinction is different from the one during fear learning, they may retrospectively
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infer that the acquisition context itself was dangerous (i.e., predicts the aversive
event). In associative learning terms, the acquisition context may retrospectively
acquire excitatory strength (retrospective excitation). Alternatively, when extinction
occurs in a different context than fear acquisition, participants may retrospectively
infer that the threat stimulus only signalled danger in the context of acquisition. In
learning terms, the acquisition context may retrospectively become a positive
occasion setter indicating that the conditioned stimulus will be followed by an
aversive event (retrospective occasion setting). Note that these processes are not
mutually exclusive, but may operate next to one another.

Mechanisms of contextual control of fear learning
In Chapter 3, we examined two possible processes that might explain the
contextual control of renewed responding observed in Chapter 2: retrospective
excitation and retrospective occasion setting. Unravelling mechanisms might be
interesting for clinical practice. In case that the acquisition context retrospectively
acquires excitatory strength by extinction (retrospective excitation), this may point to a
paradoxical effect of exposure therapy: Reducing fear by exposure may have the
unintended consequence of increasing fear to the situation in which the traumatic
experience occurred. In case that the acquisition context retrospectively becomes
an occasion setter by extinction (retrospective occasion setting), this may imply a
beneficial effect of exposure therapy: Through exposure one may not only learn
that the threat stimulus is safe, but also learn that the threat stimulus only signalled
danger in the traumatic situation. Hence, the anticipation of threat comes to
depend on the situation. In contrast to our predictions, an extinction procedure
neither induced retrospective excitation nor retrospective occasion setting. This
makes it less plausible that contextual control of renewal could be explained by
retrospective revaluation of the acquisition context.
Although extinction training neither induced retrospective excitation nor
retrospective occasion setting, we observed another retrospective learning effect
after extinction (Chapter 3). Extinction training eliminated conditioned responding
to a target stimulus that was previously conditioned in the presence of another
(feature) stimulus. After extinction, the feature stimulus enhanced responding to a
novel stimulus that resembled the original target stimulus. Hence, without being
presented itself during extinction, the meaning of the feature stimulus for other
stimuli (retrospectively) changed. Translated into clinical terms, while exposure
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therapy may reduce fear to the threat stimulus, it may simultaneously increase fear
to other, perceptual similar stimuli in the trauma situation.
Note that in the study of Chapter 3, we employed a different paradigm
(conditioned suppression task) than in the other studies of this thesis (differential
conditioning). The reason for this difference is that a conditioned suppression task
was more suitable to test the proposed explanations (occasion setting/excitation)
(cf. Baeyens, Vansteenwegen, Hermans, Vervliet, & Eelen, 2001) than the
differential conditioning paradigm. An obvious disadvantage is that it is difficult to
extrapolate these findings to our fear conditioning studies.

Enhancing the contextual control of fear learning
In this thesis, we tested two strategies that aimed to weaken renewal by
contextualization of a previously acquired fear association. We attempted to
contextualize fear either by context discrimination training (Chapter 4) or by context-cue
discrimination training (Chapters 5 and 6) during extinction. For discrimination
training, extinction trials (CS-noUS) in the context of extinction were repeatedly
alternated with reacquisition trials (CS-US). Crucially, these reacquisition trials were
presented either in the context of initial acquisition (Chapter 4) or featured by a
specific context cue from acquisition (i.e., cued reacquisition; Chapters 5 and 6).
Repeated alternation between extinction and reacquisition across contexts may
indicate that the context is relevant for fear learning, thereby contextualizing fear.
Contrary to our predictions, context discrimination training failed to reduce
renewal (Chapter 4). At this moment, it is unclear whether context discrimination
training after fear learning should reduce fear generalization. Nevertheless, context
discrimination training can generate context dependent (fear) learning when
applied during initial fear learning (Bouton & Swartzentruber, 1986; Gawronski,
Rydell, Vervliet, & De Houwer, 2010). In line with our predictions, context-cue
discrimination reduced renewal (Chapters 5 and 6). After context-cue
discrimination, participants showed less renewal of conditioned responding than
after simple extinction. Hence, in this thesis we only provided evidence that
context-cue discrimination training can weaken renewal. Notably, we tested the
effect of context-cue discrimination only in the context of acquisition (i.e., without
the cue used for discrimination training; Chapters 5 and 6), whilst the effect of
context discrimination was assessed in a novel context (Chapter 4). It is unclear
whether context-cue discrimination is also effective at reducing renewal in a novel
context, which is clearly the ultimate test of fear generalization.
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A limitation is that no conclusions could be drawn for the effect of contextcue discrimination on physiological responding (Chapter 6). Therefore, it may be
possible that reducing renewal by context-cue discrimination was only realized on a
cognitive level (expectancy), but not on a physiological level of fear learning (startle
and skin conductance). Recent evidence suggests that contingency knowledge
(expectancy) can be separately manipulated from physiological fear responding
(Sevenster, Beckers, & Kindt, submitted). Currently, it is unclear whether or not
context-cue discrimination training affected the physiological expression of fear
learning.

Speculations on the (in)effectiveness of discrimination
training
Several explanations were given for the lack of an effect of context discrimination
training on renewal (Chapter 4). Firstly, the failure to weaken renewal may be due
to an increased context specificity of extinction learning. We assumed that context
discrimination would confine a previously acquired fear association to its context.
However, increasing the relevance of the context for fear learning might
unintentionally also enhance the context relevance for extinction learning. Thus,
extinction learning may have become even more context dependent after context
discrimination than after simple extinction. If our procedure enhanced the context
dependency of both fear and extinction learning, this may have impaired the
generalization of fear learning from acquisition to test (reducing renewal in a novel
context) as well as any possible generalization of extinction learning from
extinction to test (increasing renewal in a novel context). Then, the net effect is no
change in renewal. Secondly, the failure to downshift renewal could be explained
by enhanced negative stimulus connotation. Context discrimination training had
the unintended consequence of increasing negative valence ratings to the fear
conditioned stimulus (CS+) as compared to simple extinction training, presumably
due to additional pairings with the shock. It is known that negative stimulus
valence after extinction predicts return of fear (Dirikx, Hermans, Vansteenwegen,
Baeyens, & Eelen, 2007; Hermans et al., 2005). Although a negative stimulus
connotation possibly precluded the reduction of renewal in Chapter 4, it did not
prevent renewal reduction in Chapter 6. Rather, context discrimination training
(Chapter 4) and context-cue discrimination training (Chapters 5 and 6) may have
resulted in different learning processes.
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We hypothesized that context-cue discrimination training might enable
previously acquired (context-free) fear learning to become context dependent. This
implies updating of an existing fear memory in that new information about the
context is integrated into that memory. Recent work indicates that consolidated
(i.e., existing) memories are not necessarily permanent, but open to change when
retrieved (Kindt, Soeter, & Vervliet, 2009; Nader, Schafe, & LeDoux, 2000; Soeter
& Kindt, 2010). When a memory is reactivated, it appears labile and vulnerable to
change before it is reconsolidated again. Hence, reconsolidation may provide an
opportunity to modify or update an existing memory (Lee, 2009), that is, to
become context dependent. However, one may question whether the current
protocol allowed for reconsolidation to occur. Memory reconsolidation is subject
to several boundary conditions, for instance, the timing between memory
reactivation and presentation of the to-be integrated information (e.g., Schiller et
al., 2010).
In contrast to changing the original fear memory, discrimination training
may have triggered new learning. Learning theories (e.g., Rescorla & Wagner, 1972)
state that the amount of learning on a trial depends on violation of expectations,
that is, the discrepancy between what is expected and what happens. This implies
that more learning occurs when an event is surprising. Based on visual inspection
of the expectancy ratings, we speculate that occurrence of the aversive event (US)
on reacquisition trials (CS-US) was more surprising in the context-cue
discrimination training (Chapters 5 and 6) than in the context discrimination
training (Chapter 4). That is, on the first reacquisition trial in the context
discrimination training, participants almost completely expected the aversive event to
occur. Given that the aversive event was actually delivered, there was little
violation of expectation. By contrast, on the first reacquisition trial in the context-cue
discrimination training, participants were uncertain whether the aversive event (US)
would occur. Hence, subsequent delivery of the aversive event substantially
violated their expectation. Accordingly, context-cue discrimination training, but not
context discrimination training, may have triggered a new fear memory that also
comprised information about the context (cue X: CS-US).
In line with an explanation of additional learning, context-cue discrimination
training (Chapters 5 and 6) may have endowed the specific context cue with
(positive) occasion setting properties. Positive occasion setters appear to control
responding to other stimuli independently of their own associative strength (e.g.,
Holland, 1992). Rather, they signal that other stimuli will be followed by an
aversive outcome. An explanation in terms of occasion setting predicts that the
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presence of the context cue is necessary for eliciting conditioned responding. This
interpretation was supported by our findings. Outcome expectancies at test were
larger in the presence than in the absence of the context cue used for discrimination
training (Chapters 5 and 6).
The occasion setting hypothesis may be consistent with safety-signal
learning (Seligman, 1968). The explicit discrimination procedure may not only
specify conditions in which the aversive event occurs, but also provide information
about the absence of threat. That is, by administering the aversive event only in the
presence of a specific cue, the absence of that cue indicates the absence of danger
(i.e., safety). Moreover, by presenting a discrete cue (Chapters 5 and 6), as opposed
to an entire context (Chapter 4) for signalling the aversive event, the occurrence of
danger may become specific to this cue. This may restrict the range of cues or
situations that trigger fear responding when the context is changed after extinction
(i.e., reduction of renewal). Our strategy of reducing renewal by specifying the
conditions of danger may parallel with studies presenting signalling cues to reduce
chronic anxiety. Increasing the predictability of a threatening event has shown to
reduce contextual anxiety (Fonteyne, Vervliet, Hermans, Baeyens, &
Vansteenwegen, 2009, 2010). Together, these findings may indicate that rendering
an aversive event more predictable or specific to certain situations might restrict
the unrestrained elicitation of fear.
Finally, we found no evidence for the hypothesis that attenuation of renewal
was caused by backward blocking (Chapter 5). Learning that only one context cue
from acquisition reliably signalled the aversive outcome (US) may retrospectively
have blocked (i.e., reduced) the signalling properties of the remaining context cues
from acquisition. Theoretical accounts of retrospective learning state that cues
must have been previously associated for later backward blocking to occur (e.g.,
Dickinson & Burke, 1996). By implication, reduction of renewal was only expected
by using a context cue from acquisition, but not by using a novel cue for contextcue discrimination training. However, the reduction of renewal appeared to be
independent of the cue used for discrimination training. One might argue that
participants failed to discriminate between the novel cue (sound Y) and the cue
originally presented during acquisition (sound X). If so, it follows that the novel
cue condition was not appropriate to test for backward blocking. To avoid a
potential discrimination failure, we are currently planning an experiment in which
discrimination training with an acquisition context cue (sound X) is compared with
discrimination training with a novel cue of a different modality (i.e., visual cue Y).
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Context manipulations
A methodological issue concerns the operational definition of contexts in the
present thesis. Contexts were defined quite diverse, ranging from simple coloured
computer screens and sounds, through more complex pictures of rooms, to
illumination of three-dimensional rooms. This restricted use of unimodal or
bimodal contexts (i.e., visual and auditory stimuli) in our human studies (see also
Kalisch et al., 2006; Neumann & Kitlertsirivatana, 2010; Vansteenwegen et al.,
2005) differs from the multimodal contexts used in animal conditioning research
(e.g., Bouton & King, 1983; Thomas, Larsen, & Ayres, 2003). In animal studies,
contexts are usually manipulated by varying odour, floor texture, sound level,
illumination, and sizes of three-dimensional boxes. Moreover, stimuli that served
as contextual features in the present thesis (e.g., a lamp) were used as conditioned
stimuli (CSs) in other studies (Milad, Orr, Pitman, & Rauch, 2005). Finally, the
simple contexts used in the present thesis do not comprise the multifaceted
situations in which traumatic conditioning experiences occur and may therefore
lack ecological validity (i.e., the ability to generalize findings to real-life situations).
Nevertheless, the use of simple contexts in the present thesis allowed us to
demonstrate similar effects of context specificity of extinction learning like in
animal research.
It has been argued that contexts can be defined in a structural and a
functional way (Balsam & Tomie, 1985). A structural definition refers to all the
features of an experimental situation that surround the conditioned stimuli and are
irrelevant to the task that has to been learned (i.e., CS-US). This may include
external features, like a room or background stimuli, but also internal features,
such as hormonal states or the passage of time (Bouton, 2000). A functional
definition of contexts refers to the modulatory role a stimulus can have over the
control exerted by other stimuli. For instance, contexts may signal when a
particular relationship between a CS and US is in effect. We believe that both
aspects are important for the operational definition of contexts in renewal
research. That is, contexts may surround conditioned stimuli perceptually
(background stimuli) and temporally (longer duration), but may also gain
functional control over performance when the situation becomes ambiguous like
in extinction training.
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Clinical implications
In the present thesis, only modest evidence was provided that a discrimination
procedure during extinction reduces renewal. Renewal reduction was only
observed after context-cue discrimination training, but not after context
discrimination training. Moreover, we found only support for the attenuating effect
of context-cue discrimination on renewal on a subjective fear level. Furthermore,
although context-cue discrimination training weakened renewal, the return of fear
was not abolished. Also, discrimination training undesirably enhanced the negative
connotation of the fear conditioned stimulus. Finally, the present thesis lacks data
on whether context-cue discrimination training would also be beneficial in anxious
individuals. Altogether, this raises serious questions about the clinical applications
of discrimination training in the prevention of relapse.
Nevertheless, although more research is warranted, we may speculate about
possible clinical applications. If context-cue discrimination training is effective in
contextualizing fear, we suggest that it should specifically be applied in fears that
include a realistic component. That is, when a realistic threat to the patient’s wellbeing underlies the development of an anxiety disorder, such as a history of
bullying in social phobia, being bitten by a dog in specific phobia, or an assault in
posttraumatic stress disorder (PTSD). This does not imply that the threatening
event should be directly experienced. Also observing others experiencing a trauma
(vicarious learning) or simple provision of information about a trauma may lead to
the development of strong fear memories (Rachman, 1977). In therapy, one may
focus on contextualizing the traumatic memory, for instance by imagination. That
is, one may learn that situational features that are related to the traumatic
experience differ from current situational features. For instance, consider a person
with social phobia and a history of bullying and humiliation. Explicitly focusing on
features that were specific for the traumatic experience (e.g., a specific boy or girl
that bullied) may help to contextualize fear. Such contextualization may prevent
the recurrence of threat expectancies in situations that lack these features.
Although contextualization of fear memories might be a novel approach in
experimental conditioning research, similar approaches are already applied in
clinical practice. For instance, contextualization is one of the key components of
effective cognitive therapy for reducing re-experiencing symptoms in patients with
PTSD (e.g., Ehlers, Clark, Hackmann, McManus, & Fennell, 2005; Ehlers et al.,
2003). Patients with PTSD often report re-experiencing brief moments from the
trauma such as “hearing footsteps behind me” or “seeing the perpetrator stand
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before me with a knife” (Ehlers et al., 2002). According to Ehlers and colleagues
(2002), these intrusions reflect sensory stimuli that predict the worst moments of
the trauma (“hotspots”). In this sense, the functional significance of intrusions can
be compared to the signalling value of conditioned stimuli (CSs) in predicting
aversive events (USs). Intrusions are thought to result from a disjointed trauma
memory, in that the traumatic experience is not remembered as an integrated
event, but rather as isolated parts (Ehlers & Clark, 2000). The disjointedness of
memories is addressed in therapy by reconstructing the memory of the traumatic
event (Ehlers et al., 2005). By various techniques such as imaginal reliving, writing
narratives, and revisiting the trauma site, patients reconstruct the trauma memory
and try to identify cues (CSs) that trigger the memories of the worst moments of
the trauma (US). By stimulus discrimination training, patients learn that those cues
(CSs) can have different meanings in different contexts. Patients focus on the
differences between the trigger (CS) in the present (safe) context and the trigger
that occurred in the trauma context (Ehlers et al., 2005). In other words, patients
learn to distinguish the safe context from the trauma context. Although such
interventions are based on a theoretical model (Ehlers & Clark, 2000), the exact
mechanisms by which behaviour change is realized remains unclear. Conditioning
studies may provide an excellent experimental framework in which these
predictions can be tested.

Future research
Several areas are of interest for future research. A first suggestion for future
research relates to test contexts. In the present thesis, we only demonstrated that
context-cue discrimination training weakened renewal in a subset of the initial
acquisition context (Chapters 5 and 6). Whether context-cue discrimination can
also reduce renewal in a novel context remains to be studied. Although a subset of
the acquisition context could be viewed as a context that was never seen before,
testing in an entire novel context is obviously the ultimate test for fear
generalization. It may be possible that novel situations create a sense of ambiguity
that override the previously acquired rule of discrimination training (i.e., in absence of
the specific cue the aversive event does not occur). Future studies on the beneficial effects of
discrimination training should therefore include novel renewal test contexts.
A second consideration for future research is related to individual
differences. Although the present thesis provides a first step in that discriminating
training may reduce fear generalization, the present studies were only conducted in
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healthy subjects. Future research may elucidate whether anxious individuals also
show beneficial effects of discrimination training on renewal of extinguished fear.
This is important as learning about contexts may be impaired in patients with
anxiety disorders (Pohlack, Liebscher, Ridder, Lipinski, & Flor, 2009). This
impairment would explain the overgeneralization of fear in patients suffering from
anxiety disorders and may impede adequately differentiating between dangerous
and safe contexts in discrimination training. Moreover, people with anxiety
disorders tend to interpret ambiguous stimuli and situations as threatening (Clark
et al., 2007), which may also preclude advantageous effects of discrimination
training.
Future research may also examine the challenging interaction of decreasing
the generalization of fear learning and increasing the generalization of extinction
learning in order to reduce renewal. As noted before, one way of countering the
context dependency of extinction learning is conducting extinction in multiple
contexts. A reduction of renewal by extinction in multiple contexts has recently
been shown in spider anxious people (Vansteenwegen et al., 2007). Nevertheless,
overall, the reducing effects of extinction in multiple contexts on renewal are
inconsistent, with some studies demonstrating positive effects (Chelonis, Calton,
Hart, & Schachtman, 1999; Gunther, Denniston, & Miller, 1998; Thomas, Vurbic,
& Novak, 2009, Exp 3), while other studies fail to do so (Bouton, GarcíaGutiérrez, Zilski, & Moody, 2006; Thomas et al., 2009, Exp 1 and 2). Therefore, it
would be interesting to examine whether simultaneously decontextualizing
extinction learning and contextualizing fear learning may produce more robust
attenuating effects. A novel experiment could be designed in which extinction
training in multiple contexts is combined with context-cue discrimination training.
Such a procedure might reverse the rules for extinction and fear learning. That is,
contexts may become irrelevant for extinction learning, but important for fear
learning. In other words, fear learning may become the contextual exception to the
general rule: The threat stimulus means only danger when accompanied by the
context-cue, but is safe anywhere else.
Another area for future research is whether discrimination training is also
effective in reducing renewal by exposure to imagery instead of real aversive events
in discrimination training. In clinical practice, re-exposing patients to their original
traumatic experience would obviously be unethical. Therefore, an interesting
question is whether it is sufficient to instruct participants to think about the past
experience with the shock and its predictive salient context features.
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A final area of interest for future research may be identifying the neural
circuitry underlying the attenuating effects of discrimination training on renewal. In
the present thesis, only behavioural (i.e., subjective and physiological) data were
collected. Although behavioural effects can provide insight in mechanisms, they do
not unveil the underlying neurobiological pathways. As understanding how the
brain controls fear is relevant for the treatment of unrestrained fear, some
suggestions are proposed for neural circuits that may be important for fear
contextualization. Given the limited effects in the present thesis, these suggestions
are highly speculative.
The amygdala is stated to be critically involved in the acquisition and
expression of conditioned fear (see Hartley & Phelps, 2010; LeDoux, 2000, for
reviews). By consequence, presentation of the fear stimulus (CS) activates the
amygdala among several other brain areas, which in turn drives fear behaviour
(e.g., autonomic and avoidance responses). A neural circuit that includes the
amygdala, the ventral medial prefrontal cortex (vmPFC), and the hippocampus is
thought to support the acquisition, retrieval and contextual modulation of
extinction learning (Quirk & Mueller, 2008). The amygdala seems a critical site for
the formation of extinction memories (CS-noUS), while the ventromedial
prefrontal cortex (vmPFC) appears to be important for the consolidation and
retrieval of extinction memory. During extinction retrieval, the vmPFC inhibits the
amygdala, so that the fear stimulus (CS) is prevented from eliciting a conditioned
fear response. The hippocampus is thought to play a central role in the contextdependent retrieval of extinction learning. The hippocampus has been implicated
with the formation of contextual memory representations (Holland & Bouton,
1999). One hypothesis is that the vmPFC uses contextual information from the
hippocampus to determine the retrieval of extinction (e.g., Hobin, Goosens, &
Maren, 2003): Within the extinction context, the vmPFC inhibits the amygdala
resulting in reduced fear (i.e., suppression of CR). Outside the extinction context,
the vmPFC is prevented to inhibit the amygdala, which allows fear responding to
recover. Thus, retrieval of extinction memories by the vmPFC may be
hippocampal dependent.
Assuming that the hippocampus is involved in the context-dependent recall
of extinction, a similar hippocampal involvement may be achieved in the retrieval
of initial fear memories. That is, fear may be contextualized by turning the
amygdala-dependent retrieval of fear memories hippocampal dependent, for
instance by using reconsolidation updating mechanisms. As noted before,
reconsolidation processes may allow for the modification of existing memories
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when retrieved. Accordingly, when a traumatic memory (CS-US) is reactivated,
focusing on situational features associated with the traumatic event may result in a
hippocampal dependent recall of fear memories. Since the time window of
reconsolidation appears to be rather limited (e.g., Nader et al., 2000),
contextualization of fear memories may involve a subtle timing process.

Conclusion
Without any doubt, experimental models of fear acquisition, its extinction, and
recurrence are an oversimplification of the complexity of real-life fear and its
related disorders. Nevertheless, scientific efforts to unravel the mechanisms of fear
relapse may eventually culminate in strategies to improve the long-term
effectiveness of anti-anxiety therapies. The dominant theoretical model states that
fear relapse results from context-dependent extinction learning and context-independent
fear learning. In line with this model, the present thesis demonstrated that
extinction learning is specific to its context. Contrary to the prevailing account, we
showed that fear learning can also become context dependent in humans. The
contextual control of fear was a starting point for the development of novel
strategies to prevent occasions of relapse due to renewal. More specifically, we
tested strategies aimed to increase the context dependency of fear learning through
discrimination training. We demonstrated that context-cue discrimination training
during extinction weakens renewal. By contrast, context discrimination training
failed to attenuate renewal. This may point to the robustness of renewal effects in
general, which is also indicated by previous failures to counter renewal. For
instance, renewal has been shown to be resistant to extinction in multiple contexts
(e.g., Bouton, García-Gutiérrez et al., 2006; Thomas et al., 2009), instructions that
devalue the role of contextual cues (Neumann, 2007), extensive extinction (Rauhut,
Thomas, & Ayres, 2001), and to drug facilitation of extinction (Woods & Bouton,
2006). Given the severity of anxiety disorders, continued efforts should be
undertaken to develop new procedures that boost the efficacy of anti-anxiety
treatment on the long term. In the same way that continued efforts are undertaken
to bridge extinction learning over contexts, we hope that the current thesis will
inspire researchers to target the root of anxiety disorders, that is, the unrestrained
generalization of fear.
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Summary
Fear learning is crucial for survival. It serves as an alarm mechanism by identifying
cues that signal impending threat. Just the perception of a threat cue may evoke
fear reactions that enable the body to respond rapidly. While it can be highly
adaptive to generalize fear to threat cues across different situations, fear
generalization becomes maladaptive when fear persists in situations without
imminent threat. Indeed, overgeneralization of fear is a core feature of many
anxiety disorders.
Most psychological treatments for anxiety disorders involve exposure
procedures in which patients are exposed to their feared object in the absence of
any overt danger. By consequence, fearful responding to that object declines.
Unfortunately, relapses of fear after successful therapy is the rule, rather than the
exception. Given that the maintenance of therapeutic change is delicate, an
important issue concerns the explanation of these relapses of fear. From a clinical
perspective, an even more important question is how such relapses can be
prevented.
Over the last decades, laboratory studies in animals have provided major
contributions to understanding the rise and fall of fear in humans. Pavlovian fear
conditioning is considered to play an important role in the etiology of pathological
fear. Fear conditioning refers to the process of pairing an initially neutral
conditioned stimulus (CS; e.g., a tone) with an intrinsically aversive unconditioned
stimulus (US; e.g., a shock). The learned association between the CS and the
occurrence of the US generates a conditioned fear response to the CS on its own
(i.e., acquisition effect). Extinction of Pavlovian conditioned fear by repeated
presentations of a CS in absence of an aversive event (US) is viewed as the
experimental model for exposure therapy.
Animal conditioning studies have also provided explanations for the
unstable nature of fear reduction in clinical practice. The most prominent
explanation is that extinction is context dependent, whereas fear learning is context
independent. The asymmetry in the contextual control of extinction and fear
learning is most obviously unveiled in the studies on renewal. In a typical renewal
experiment, animals receive fear conditioning to a CS in one context (Context A)
followed by extinction in another context (Context B). Remarkably, the context
change after conditioning (from A to B) has little impact on fear responding to the
CS; fear learning generalizes well across contexts. By contrast, the same sort of
context change after extinction vigorously disrupts extinction performance. That
is, a robust return of fear is observed by presenting the CS again in the context of
fear acquisition (ABA renewal) or in a novel context (ABC renewal). Hence,
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extinction learning generalizes weakly over contexts. Importantly, renewal effects
indicate that the originally learned fear association is not erased during extinction.
Rather, extinction involves the development of a second association (CS-noUS)
that inhibits the initial fear association. It is argued that contexts modulate which
association prevails in a certain situation: In all contexts, the initial fear association
(CS-US) is on unless the extinction context turns it off. Thus, exposure procedures
might extinguish fear reactions without erasing its roots. By implication, the
behavioural effects of exposure (i.e., fear reduction) may be lost when the
previously feared object is encountered outside the treatment context.
Given that extinction learning is fragile and may easily be forgotten, research
on the prevention of renewal has mainly focused on strengthening the extinction
memory. Specifically, most studies examined strategies aimed to generalize
extinction learning more effectively across contexts. However, such strategies leave
the original fear memory intact and due to its robust generalization, return of fear
is always possible. In sharp contrast to the traditional strategies, we targeted the
original fear memory and designed novel procedures to reduce renewal by
weakening of the generalization of (i.e., contextualizing) fear learning. In the
present thesis, five experimental studies were conducted that examined contextual
renewal and its reduction in humans.
The study in Chapter 2 challenged the dominant hypothesis that fear
learning is context independent. Two experiments were conducted using a fear
conditioning paradigm with online expectancy ratings and skin conductance. In a
first experiment, the basic renewal effect was replicated. Participants received fear
conditioning in one context followed by extinction in another context. Upon a
return to the original acquisition context, participants showed renewed shock
expectancies (ABA renewal). No renewal was found for skin conductance
responding. A second experiment compared the influence of different context
changes on renewal. The dominant model of renewal states that only extinction
learning depends on the context, such that renewal in the original acquisition
context (ABA renewal) should be as strong as in a novel context (ABC renewal).
By contrast, we predicted that the context independency of fear learning is possibly
less stringent than originally proposed. This idea was inspired by several
anomalous findings for the current renewal model. In line with our predictions,
participants demonstrated larger renewal of shock expectancies in the acquisition
context (ABA renewal) than in a novel context (ABC renewal). The physiological
data indirectly showed that renewal effects differed: There was a trend for renewed
skin conductance responding in the acquisition context (ABA renewal) but no
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evidence of renewal in a novel context (no ABC renewal). Together, these findings
suggest that in humans not only extinction learning, but also fear learning is
controlled by its context.
The study in Chapter 3 examined two possible mechanisms that may
explain the contextual control of fear learning observed in Chapter 2. When
participants realize that the context during extinction differs from the one during
fear learning, they may infer that the acquisition context itself was dangerous (i.e.,
predicts danger). In associative learning terms, the acquisition context may
retrospectively acquire excitatory strength (retrospective excitation). Alternatively,
when extinction occurs in a different context than fear learning, participants may
infer that the threat stimulus only signifies danger in the context of fear acquisition.
In learning terms, the acquisition context may retrospectively become an occasion
setter indicating that the conditioned stimulus is followed by an aversive event
(retrospective occasion setting). Using a conditioning suppression paradigm, two
experiments were conducted to examine whether an extinction procedure
provokes retrospective excitation and retrospective occasion setting in humans.
Participants received conditioning training, in which a feature stimulus (X)
preceded the conditioning of a target stimulus (A+), followed by extinction
training of the target stimulus (A-). In this task, the feature (X) and the target (A)
modelled the role of the context and the CS, respectively. The results did not
support our hypotheses: Extinction training neither induced retrospective
excitation nor retrospective occasion setting of the feature (X). However, we
observed another retrospective learning effect. That is, extinction training
retrospectively enhanced the ability of the feature (X) to elicit responding to a
novel target (B). Nevertheless, these findings make it less plausible that contextual
control of renewed fear responding (Chapter 2) could be explained by
retrospective revaluation of the acquisition context.
The remaining chapters of the present thesis focused on weakening renewal.
The studies in Chapters 4, 5, and 6 were designed to reduce renewal by
contextualizing fear learning. Because the history of fear learning can not literally
be changed, contextualization should occur after a fear memory is established, for
instance during extinction training. Chapter 4 describes a study that used a context
discrimination procedure during extinction to contextualize previously acquired
fear learning. We employed a fear conditioning paradigm with expectancy ratings,
skin conductance responding and startle responding as dependent measures.
Participants received fear conditioning in one context followed by extinction
training in another context. The control condition received simple extinction
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training (CS-noUS). By contrast, the reacquisition condition occasionally received
reacquisition trials during extinction training (CS-noUS), in which the CS was again
paired with the aversive event (CS-US). Crucially, reacquisition trials were
presented in the original acquisition context, while extinction training occurred in
the extinction context. Hence, extinction and reacquisition alternated across
contexts (context discrimination training). Renewal was tested in a novel context. We
hypothesized that a context discrimination procedure after acquisition stresses that
the context is relevant for fear learning. This may contextualize fear and prevent
the generalization of fear to a novel context. Accordingly, we predicted smaller
renewal of fear after context discrimination training relative to simple extinction
training. The results showed a clear renewal effect after simple extinction (ABC
renewal). Contrary to the hypotheses, context discrimination training did not
weaken this renewal effect. These findings suggest that the repeated presentation
of the fear association in its original context during extinction does not attenuate
fear generalization. Despite its failure to disrupt renewal, context discrimination
did not increase the renewal effect either, suggesting that additional acquisition
training does not enhance fear generalization.
The studies presented in Chapters 5 and 6 used a slightly different
discrimination procedure in order to weaken renewal. In general, fear learning does
not occur in a vacuum, but against a constellation of background cues that make
up the context. Rather than increasing the importance of all those cues for fear
learning, the studies were designed to enhance the salience of only one cue that was
part of the acquisition context. It was hypothesized that the remaining context cues
from acquisition would loose their ability to retrieve the fear memory and, thereby,
reduce renewal. The two experiments that are described in Chapter 5 tested this
hypothesis by employing a predictive learning paradigm with outcome expectancy
ratings. In a first experiment, participants were exposed to conditioning in one
context (AX) consisting of a coloured screen (A; e.g., red screen) and a sound (X).
The control condition then received simple extinction training (CS-noUS) in
another context consisting of a different coloured screen (B; e.g., blue screen). The
reacquisition condition was also exposed to extinction training (CS-noUS) in this
context (B), but, in addition, occasionally received reacquisition trials (CS-US) in
the presence of a context cue from acquisition (sound X) (i.e., cued reacquisition).
Hence, extinction and cued reacquisition were alternated (context-cue discrimination
training) in this condition. The results showed that after simple extinction, a return
to one contextual feature from acquisition (A; e.g., red screen) produced clear
renewal. As expected, context-cue discrimination training reduced this renewal of
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responding, although renewal was not eliminated. As expected, both conditions
demonstrated full-blown renewal upon a return to the original acquisition context
including the cue used for discrimination training (AX; e.g., red screen and sound).
A second experiment examined whether the reduction of renewal was
caused by backward blocking. Increasing the relevance of one cue from the
acquisition context for fear learning may have reduced (i.e., blocked) the relevance
of the other context cues, such that they become less able to elicit renewal. Current
learning theories state that cues must have been previously presented together for
later blocking to occur. By implication, reduction of renewal is only expected when
a cue from acquisition, but not when a novel cue is used for context-cue
discrimination training. A similar experiment as the previous experiment was
conducted with the difference that reacquisition occurred either in the presence of
a context cue from acquisition (sound X) or a novel context cue (sound Y). The
results showed that context-cue discrimination training with an acquisition context
cue (sound X), again, reduced renewal of responding relative to simple extinction
training. Unexpectedly, context-cue discrimination training with a novel context
cue (sound Y) also weakened renewal, suggesting that backward blocking played
no role in reducing renewal. Instead, the findings suggest that conditioned
responding became under the control of a discrete context cue irrespective of its
origin. This may enlarge clinical implications as patients do not always remember
the exact context features that surrounded a traumatic event.
Chapter 6 presents a study that is similar to the first experiment described
in Chapter 5. This time, however, the effects of context-cue discrimination training were
examined in a fear conditioning paradigm that allowed for assessing physiological
fear indices (skin conductance and startle responding) besides subjective ratings.
Furthermore, we employed more complex contexts (room pictures) than the
context cues in Chapter 5 (coloured screens and sounds). All participants were
exposed to fear conditioning in one context (AX; e.g., living room including a
lamp) and extinction in another context (B, e.g., office). Participants in the control
condition received simple extinction training (CS-noUS). In contrast, participants
in the experimental condition occasionally received reacquisition trials (CS-US)
during extinction training (CS-noUS). Crucially, reacquisition occurred in the joint
presence of the extinction context (B; office) and a discrete cue from the
acquisition context (X; a lamp). Hence, extinction and cued reacquisition occurred
in alternation (context-cue discrimination training). Context-cue discrimination training
appeared, again, effective in reducing renewal of subjective expectancies when
tested in a subset of the acquisition context (A; e.g., living room). Unexpectedly,
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context-cue discrimination increased renewal in the original acquisition context
(AX; e.g., living room and lamp). Given that no acquisition effect was obtained for
skin conductance responding and startle responding, no conclusions could be
drawn for the physiological data. Thus, we only showed that context-cue
discrimination training reduces renewal for the subjective level of fear expression.
This study supports again the conclusion that conditioned responding became
under the control of a specific context cue.
In the general discussion, presented in Chapter 7, the main findings of the
studies in this thesis are discussed. First, we concluded that not only extinction
learning, but also fear learning may depend on the context. It seems not plausible
that retrospective learning effects caused this contextual control of fear learning.
Second, we provided some evidence that a context-cue discrimination procedure
reduces renewal of extinguished fear, at least for declarative knowledge (i.e., the
conscious recollection about events). Nevertheless, reduction of renewal was only
observed when tested in (a part of) the acquisition context. Whether context-cue
discrimination training also attenuates renewal in a novel context remains to be
tested. Third, we found no evidence that backward blocking contributed to
renewal reduction by discrimination training. Instead, we assume that context-cue
discrimination training provides the specific context cue with occasion setting
properties. That is, the presence of the specific context cue may be necessary to
elicit conditioned responding (to the CS), while absence of this cue might hamper
conditioned responding, thereby weakening renewal. This indicates that it may be
possible to bring fear learning under contextual control. Whether this indeed
implies updating of an existing fear memory with information about the context
(plasticity of fear memory) or triggering of new learning is a question for future
research. The chapter closes with possible applications of discrimination training in
clinical practice and suggestions for future research.
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(Summary in Dutch)

Samenvatting
Het aanleren van angst is buitengewoon functioneel. Zo is het bijvoorbeeld handig
om te leren dat pitbulls gevaarlijk kunnen zijn. Angsten helpen gevaar te signaleren
en roepen lichamelijke reacties op, waardoor mensen in staat zijn snel te reageren.
Het is niet alleen functioneel om een angst aan te leren, maar ook om een
algemene regel te leren. Mensen die weten dat een pitbull van de ene buurman kan
bijten, weten dat de pitbull van de andere buurman ook zo kan reageren. Op die
manier hoeven we niet in iedere situatie opnieuw te leren dat pitbulls gevaarlijk
kunnen zijn.
Maar soms gaat dat mis. Sommige mensen blijven angstig zonder dat er
daadwerkelijk gevaar dreigt. In hun hoofd passen ze de algemene regel te pas en te
onpas toe. Op dat moment is angst irrationeel en niet meer functioneel, waardoor
een angststoornis zich kan ontwikkelen. Buitensporige generalisatie van angst is
dan ook een belangrijk kenmerk van verschillende angststoornissen.
Patiënten met een angststoornis worden vaak behandeld door middel van
exposure: ze worden herhaaldelijk blootgesteld aan het object waar ze bang voor
zijn, bijvoorbeeld een hond, zónder dat de gevreesde consequentie, bijvoorbeeld
bijten, optreedt. Hierdoor leren patiënten dat hun angst ongegrond is en neemt de
angst voor het gevreesde object geleidelijk af. Hoewel angststoornissen in de regel
goed te behandelen zijn met exposure, is de behandeling niet optimaal. Bij een
groot deel van de patiënten keert de angst terug, ondanks een aanvankelijk
succesvolle behandeling. Hieruit volgt de vraag wat de terugkeer van uitgedoofde
angst veroorzaakt. En vanuit klinisch oogpunt nog belangrijker: hoe is de terugkeer
van angst te voorkomen?
Dierexperimenteel onderzoek heeft de afgelopen decennia belangrijke
inzichten verschaft in het ontstaan en verminderen van angst. Zo wordt
angstconditionering beschouwd als een belangrijk experimenteel model voor het
ontwikkelen van angst. In conditioneringsonderzoek krijgt een knaagdier (een rat
of een muis) herhaaldelijk een neutrale stimulus aangeboden, zoals een toon. Na
elke toon krijgt de rat consequent een pijnlijke prikkel toegediend, zoals een schok.
Een rat leert daardoor een associatie tussen de toon en de pijnlijke schok. De toon
roept hierdoor een angstreactie op, óók als de schok niet meer op de toon volgt.
Dit mechanisme wordt angstconditionering genoemd. Wanneer de rat nadien
herhaaldelijk alleen de toon te horen krijgt, dus zonder de schok, leert de rat dat de
toon niet langer een goede voorspeller is van de schok. Hierdoor neemt de
angstreactie op de toon geleidelijk af. Dit effect wordt ook wel extinctie oftewel
uitdoving genoemd. Extinctie wordt gezien als het experimentele model voor het
verminderen van angst, vergelijkbaar met exposure in de klinische praktijk.
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Experimentele dierstudies hebben ook inzicht gegeven in de terugkeer van
uitgedoofde angst. Een belangrijke verklaring voor de terugkeer van angst is dat
het afleren van angst (extinctie) contextgevoelig is, terwijl het aanleren van angst
(conditionering) juist ongevoelig is voor de context. Dit verschil komt het
duidelijkste naar voren in studies naar renewal. In deze studies leren knaagdieren een
angst aan voor een neutrale stimulus, zoals een toon, in een bepaalde omgeving,
bijvoorbeeld een kooi (Context A). Als de dieren vervolgens naar een andere
omgeving worden verplaatst (Context B), heeft dat nauwelijks invloed op de angst:
de toon roept meteen de eerste keer in de nieuwe kooi een sterke angstreactie op.
Aangeleerde angst generaliseert dus goed naar andere omgevingen. Voor het
afleren van de angst is de omgeving echter wel van groot belang. Als de angst
wordt afgeleerd in de tweede kooi (Context B), en de dieren worden vervolgens
teruggezet in de oorspronkelijke kooi (Context A), dan keert de angst na het
aanbieden van de toon alsnog terug (ABA renewal). Hetzelfde gebeurt als de dieren
na het afleren van de angst in een derde, nieuwe kooi (Context C) worden gezet.
Ook dan keert de angst bij de toon terug (ABC renewal). Het afleren van angst
generaliseert dus slecht naar andere omgevingen.
Renewal effecten tonen aan dat extinctie het oorspronkelijke angstgeheugen
niet wist, ook al is de angstreactie verdwenen. In plaats van het wissen van het
angstgeheugen veronderstelt men dat tijdens extinctie een nieuwe associatie wordt
geleerd. Deze nieuw geleerde associatie onderdrukt het angstgeheugen, en daarmee
de angstreacties. Na extinctie bestaan er dus twee associaties of geheugensporen
naast elkaar die met elkaar in competitie zijn. De omgeving bepaalt welk
geheugenspoor de overhand heeft: in alle omgevingen domineert het
angstgeheugen, behalve in de omgeving waar de angst is afgeleerd. In deze
extinctieomgeving overheerst het extinctiegeheugen en zijn er geen angstreacties
waar te nemen.
In de klinische praktijk betekent dit dat een exposure behandeling angst kan
doen verminderen, maar het oorspronkelijke angstgeheugen intact laat. De angst
kan altijd terugkeren als de patiënt buiten de therapeutische omgeving wordt
geconfronteerd met het gevreesde object. Iemand met een hondenfobie kan in de
therapeutische omgeving niet meer angstig zijn voor honden, maar hij kan toch
weer bang worden als hij een hond in een nieuwe omgeving tegenkomt.
Omdat het afleren van angst gemakkelijk wordt ‘vergeten’, richt onderzoek
naar het voorkomen van terugkeer van angst zich vooral op het versterken van het
geheugenspoor voor extinctie. Maar hoe sterk je het extinctiegeheugen ook maakt,
het angstgeheugen blijft intact; de terugkeer van angst blijft altijd mogelijk. In
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tegenstelling tot traditioneel onderzoek, richtte ons onderzoek zich juist op het
aanpakken van het oorspronkelijke angstgeheugen. We hebben nieuwe strategieën
ontwikkeld met als doel om de buitensporige generalisatie van het angstgeheugen
tegen te gaan. We probeerden het angstgeheugen, net als het geheugen van
extinctie, afhankelijk te maken van een bepaalde context. Op die manier beoogden
we de terugkeer van uitgedoofde angst te verminderen. Dit proefschrift beschrijft
vijf experimentele studies naar de terugkeer van angst en het verminderen ervan bij
mensen. Alle experimenten zijn uitgevoerd bij gezonde proefpersonen, dat wil
zeggen mensen zonder een angststoornis.
De studie in Hoofdstuk 2 toetst de heersende opvatting dat het aanleren
van angst contextonafhankelijk is. De twee experimenten in dit hoofdstuk
gebruiken hiervoor een zogenaamd angstconditioneringsparadigma. Een
proefpersoon kreeg eerst herhaaldelijk een neutrale stimulus te zien, in dit geval
een neutraal gezicht, consequent gevolgd door een schok op de pols. De mate van
angst voor het gezicht werd gemeten aan de hand van schokverwachting en een
fysiologische respons, de huidgeleidingsrespons. De angst werd aangeleerd in één
context, een geel verlichte kamer (A), en vervolgens afgeleerd in een andere
context, een paars verlichte kamer (B). Wanneer ze het gezicht daarna weer te zien
kregen in de aanleeromgeving, de gele kamer (A), verwachtten proefpersonen dat
het gezicht opnieuw zou worden gevolgd door een schok. Oftewel, de angst was
teruggekeerd (ABA renewal). Dit experiment toonde het basis renewal effect aan.
We vonden echter geen renewal voor de huidgeleidingsrespons.
In het tweede experiment herhaalden we dit, maar dan met een andere
omgeving na extinctie. Na het afleren van de angst in de paarse kamer (B) werden
proefpersonen getest in de aanleeromgeving, de gele kamer (A), of in een nieuwe
omgeving, een groene kamer (C). Volgens het geldende model zou de angst even
sterk terug moeten komen in de aanleeromgeving (ABA renewal) als in een nieuwe
omgeving (ABC renewal); het aanleren van angst zou immers contextonafhankelijk
zijn.
Wij voorspelden daarentegen dat de context óók bepalend is voor het
aanleren van angst. Bij een nare gebeurtenis, zoals een schok tijdens
conditionering, gaan mens en dier op zoek naar een voorspeller om grip te krijgen
op de situatie. Als dan tijdens extinctie vervolgens blijkt dat het gezicht of de toon
geen goede voorspeller was, wordt er gezocht naar een verklaring. Mogelijk speelde
de context een rol bij het krijgen van de schok. Als gevolg hiervan zou de renewal
het grootst moeten zijn in de aanleercontext. Onze voorspelling was gebaseerd op
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bevindingen in de literatuur die suggereren dat het aanleren van angst, net als
extinctie, contextafhankelijk is.
Zoals voorspeld vertoonden de proefpersonen een sterkere terugkeer van de
schokverwachting in de aanleeromgeving, de gele kamer (A), dan in de nieuwe
omgeving, de groene kamer (C). De resultaten voor huidgeleiding waren minder
eenduidig. We vonden wel een terugkeer van de huidgeleidingsrespons in de
aanleeromgeving (ABA), maar niet in de nieuwe context (ABC). Deze resultaten
suggereren dat bij mensen de context niet alleen bepalend is voor het afleren van
angst, maar ook voor het aanleren van angst.
In Hoofdstuk 3 onderzochten we twee mechanismen die de bevindingen in
Hoofdstuk 2 kunnen verklaren. Beide verklaringen gaan ervan uit dat mensen zich
tijdens extinctie realiseren dat de omgeving anders is dan toen ze hun angst
aanleerden. De eerste verklaring is dat mensen de aanleeromgeving daardoor
achteraf koppelen aan de schok; de gele kamer (A) wordt retrospectief een signaal
voor gevaar (retrospectieve excitatie) en zal dus meer angst uitlokken dan nieuwe
omgevingen, zoals de groene kamer. De tweede verklaring stelt dat mensen
achteraf leren dat de stimulus (het gezicht) alleen gevaar betekende in de gele
kamer, en niet in een andere omgeving (retrospectieve occasion setting). De
aanleeromgeving leidt dan niet zélf tot angst. Slechts wanneer het gezicht in deze
omgeving wordt aangeboden, zal angst optreden. Oftewel, het angstgeheugen
wordt door extinctie contextafhankelijk.
In twee experimenten is getoetst of retrospectieve excitatie en retrospectieve occasion
setting mechanismen zijn die na extinctie optreden. We onderzochten dit met een
zogenaamde geconditioneerde suppressietaak. Proefpersonen dienden tijdens de
taak constant op een knop te drukken. Allereerst ondergingen ze conditionering,
waarin een stimulus (groen scherm) werd gevolgd door een vervelende gebeurtenis
(flikkerend scherm en schel geluid). Ze kregen altijd een toon te horen voordat het
groene scherm kwam. De toon en het groene scherm stonden model voor de
context (gele kamer) en de stimulus (gezicht) van Hoofdstuk 2. Proefpersonen
konden de vervelende gebeurtenis voorkomen door te stoppen met drukken
(suppressie). Na verloop van tijd stopten ze alleen met drukken bij het groene
scherm, maar niet bij de toon; het groene scherm voorspelde de vervelende
gebeurtenis immers het beste. Daarna volgde extinctie training, waarin alleen het
groene scherm werd aangeboden zodat de suppressie op het groene scherm
verdween. Ten slotte keken we of de betekenis van de toon door extinctie was
veranderd.
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De resultaten ondersteunden de hypothesen niet: extinctie veroorzaakte
noch retrospectieve excitatie noch retrospectieve occasion setting. Dat wil zeggen, de toon
zélf lokte na extinctie geen suppressie uit; het was geen signaal voor de vervelende
gebeurtenis geworden (retrospectieve excitatie). Ook vertoonde de toon na extinctie
niet de typische kenmerken van een occasion setter (retrospectieve occasion setting). Dit
maakt het niet aannemelijk dat proefpersonen in de vorige studie (Hoofdstuk 2)
achteraf, dus tijdens extinctie training, leerden dat de context informatief was voor
de nare gebeurtenis. Mogelijk speelde de context al tijdens het aanleren van angst
(conditionering) een rol.
In de overige hoofdstukken van dit proefschrift stond het tegengaan van
terugkeer van angst centraal. De studies in de hoofdstukken vier tot en met zes
hadden als doel een angstgeheugen te verzwakken door het weer op te halen en
afhankelijk te maken van een bepaalde situatie (contextafhankelijk). Hierdoor
wordt het angstgeheugen in andere situaties minder gemakkelijk geactiveerd,
hetgeen de terugkeer van angst (renewal) in deze situaties vermindert.
In Hoofdstuk 4 ondergingen proefpersonen een context discriminatie training
om aangeleerde angst contextafhankelijk te maken. In de eerste fase van het
onderzoek (conditionering) werd angst aangeleerd door een driehoek consequent
te laten volgen door een schok in één context, in dit geval een blauw
achtergrondscherm. Vervolgens kregen proefpersonen in de ene conditie extinctie
training in een andere context, een geel scherm, waarin de driehoek alleen, dus
zonder schok, werd aangeboden. Proefpersonen in de andere conditie kregen ook
extinctie training bij een geel scherm, maar bij hen werd de driehoek zonder schok
af en toe afgewisseld door de driehoek mét schok. Dit laatste wordt
herconditionering genoemd. Herconditionering vond echter plaats in een andere
context dan extinctie, namelijk in de oorspronkelijke aanleercontext. De driehoek
werd dus wel gevolgd door een schok bij het blauwe scherm, maar niet bij het gele
scherm. Daardoor werd de kleur van het scherm (context) bepalend of de schok
wel (blauw) of niet (geel) kwam (context discriminatie training). Terugkeer van angst
werd uiteindelijk getest in een nieuwe context, een groen scherm. Angst werd
gemeten met schokverwachting en twee fysiologische responsen: de
huidgeleidingsrespons en de startle reflex, een soort schrikreactie.
We veronderstelden dat proefpersonen na deze context discriminatie
training beter leren in welke contexten de driehoek wel en niet gevolgd wordt door
een schok dan na alleen extinctie training. Met andere woorden, dat proefpersonen
beter leren om gevaarlijke situaties (blauw scherm) van veilige situaties (geel
scherm) te onderscheiden. We voorspelden daarom minder terugkeer van angst in
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de nieuwe context (groen scherm) na context discriminatie training dan na alleen
extinctie training. De resultaten leverden echter geen bewijs dat context
discriminatie training terugkeer van angst tegengaat: deze training verzwakte de
terugkeer van angst in de nieuwe omgeving (groen scherm) niet.
De studies in de laatste twee hoofdstukken gebruiken een net iets andere
discriminatie procedure om renewal tegen te gaan. De gedachte achter deze
procedure is dat omgevingen opgebouwd zijn uit meerdere componenten (cues),
denk aan een park met bomen, fietsen, honden, wandelaars, etc. In plaats van het
leren dat de hele omgeving (alle cues) gevaar voorspelt, zoals in Hoofdstuk 4,
probeerden de studies in Hoofdstuk 5 en 6 gevaar te koppelen aan slechts één cue
uit de omgeving. We veronderstelden dat dit de voorspellende waarde van de
overige cues uit de omgeving zou ‘blokkeren’, zodat de kans op terugkeer van
angst zou afnemen. De twee experimenten in Hoofdstuk 5 toetsten deze
hypothese met een predictief leerparadigma, waarin alleen gekeken wordt naar
verwachtingen die mensen hebben over bepaalde gebeurtenissen, maar niet naar de
bijbehorende fysiologische reacties.
In het eerste experiment ondergingen proefpersonen conditionering, waarbij
een driehoek steeds gevolgd werd door een nare foto. Dat gebeurde in één
bepaalde context, een rood scherm met een toon. De proefpersonen kregen
vervolgens extinctie training in een andere context, een blauw scherm, waarbij ze
alleen de driehoek te zien kregen. Af en toe werd de driehoek opnieuw gevolgd
door de nare foto (herconditionering). Tijdens herconditionering was altijd een
specifieke cue uit de aanleercontext aanwezig: de toon. Deze toon was er niet
tijdens extinctie. De toon (en dus niet het rode scherm) werd daardoor een
duidelijk signaal voor de nare foto. Dit wordt context-cue discriminatie training
genoemd.
Vervolgens keerden proefpersonen weer terug naar de aanleercontext,
zonder de toon (dus alleen naar het rode scherm). Na context-cue discriminatie
training hadden ze minder sterk de verwachting dat de nare foto weer zou volgen
op de driehoek in vergelijking met normale extinctie training. Oftewel, context-cue
discriminatie training verminderde het renewal effect. Tenslotte kregen
proefpersonen de oorspronkelijke aanleercontext te zien: het rode scherm mét de
toon. Nu riep de driehoek zowel na discriminatie training als na normale extinctie
training een sterke verwachtingsrespons op. Dit suggereert dat het geleerde onder
controle is gebracht van de specifieke cue: Proefpersonen verwachten uitsluitend
de nare foto als de toon aanwezig is.
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In het tweede experiment is onderzocht of de vermindering van renewal
veroorzaakt werd door ‘blokkering’. De gedachte hierachter is dat het vergroten
van de voorspellende waarde van één cue uit de omgeving de voorspellende
waarde van de andere omgevingscues ‘blokkeert’. We hebben deze hypothese
getoetst met een soortgelijk experiment als het vorige. Het cruciale verschil zat in
de vorm van context-cue discriminatie training. Sommige proefpersonen kregen
context-cue discriminatie training met een specifieke cue uit de oorspronkelijke
aanleeromgeving (toon A), zoals in het eerste experiment. Andere proefpersonen
kregen deze training met een nieuwe toon (toon B). De nare foto werd bij hen dus
gekoppeld aan een andere toon dan ze daarvoor hadden gehoord.
Het opvallende was dat de proefpersonen na beide discriminatie trainingen
minder renewal vertoonden dan na alleen extinctie training. Het lijkt er dus op dat
het niet uitmaakt of de cue aanwezig was tijdens het aanleren of dat deze nieuw is.
Dit zou de toepasbaarheid van context-cue discriminatie training in de klinische
praktijk kunnen vergroten, omdat patiënten zich niet altijd alle elementen uit de
omgeving kunnen herinneren die tijdens een traumatische gebeurtenis aanwezig
waren.
De studie in Hoofdstuk 6 is vergelijkbaar met het eerste experiment van
Hoofdstuk 5. Ditmaal werd de hypothese niet alleen getoetst voor verwachtingen,
maar ook voor de fysiologische reacties die kenmerkend zijn voor angst
(huidgeleiding en startle). Verder gebruikten we in deze studie complexere
contexten, dat wil zeggen foto’s van kamers in plaats van gekleurde schermen en
tonen. Context-cue discriminatie training bleek wederom effectief in het
terugdringen van renewal. Helaas was er geen ondersteuning voor het aanleren van
angst op de fysiologische maten. Daardoor moeten we het antwoord op de vraag
of context-cue discriminatie training ook fysiologische angstreacties vermindert
schuldig blijven. We hebben in dit proefperschrift dus alleen aangetoond dat
context-cue discriminatie training terugkeer van angst kan verminderen op een
declaratief niveau, dat wil zeggen de bewuste herinnering over gebeurtenissen.
In de discussie van dit proefschrift, Hoofdstuk 7, worden de belangrijkste
bevindingen besproken. Ten eerste concludeerden we dat het aanleren van angst,
net als het afleren van angst, bij mensen contextgevoelig lijkt. We vonden geen
aanwijzingen dat het angstgeheugen pas na extinctie training contextgevoelig
wordt. Ten tweede vonden we dat context-cue discriminatie training de terugkeer
van angst na extinctie kan verminderen. Dit werd echter alleen gevonden voor
declaratieve kennis, de bewuste herinnering van gebeurtenissen. Daarnaast
toonden we alleen vermindering van renewal aan in (een deel van) de
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oorspronkelijke leeromgeving. De vraag of context-cue discriminatie training ook
terugkeer van angst in nieuwe omgevingen tegengaat blijft onbeantwoord.
Hoe kan de vermindering van renewal door context-cue discriminatie
training verklaard worden? We veronderstellen dat de specifieke cue door
discriminatie training een occasion setter wordt. Dat wil zeggen dat de specifieke
cue een signaal wordt voor gevaar, terwijl de afwezigheid ervan aangeeft dat de
situatie veilig is (en dus geen angst oproept). Dit wijst erop dat de expressie van
angst contextafhankelijk gemaakt kan worden. De vraag is echter of dit het
veranderen van een bestaand angstgeheugen inhoudt (plasticiteit van het
angstgeheugen) of dat het de vorming van een nieuw angstgeheugen betreft, dat
contextgevoelig is.

190

Dankwoord

(Acknowledgements in Dutch)

Dankwoord
Graag wil ik hier iedereen bedanken die direct of indirect, heeft bijgedragen aan de
totstandkoming van mijn proefschrift.
Allereerst wil ik mijn begeleiders Merel Kindt en Bram Vervliet bedanken.
Merel, promotor, jij stond altijd open om resultaten en nieuwe experimenten te
bespreken. Je enthousiasme voor het vakgebied en je liefde voor het onderzoek
werkte daarbij motiverend. De vrijheid die je me bood om soms een andere
richting in te slaan met het onderzoek dan gepland, heb ik erg gewaardeerd. Dank
ook voor je nooit aflatende kritische blik over mijn teksten. Je
relativeringsvermogen en je roze-bril-lessen hielpen mij om het onderzoek
luchtiger te maken. Daarnaast bedankt voor je belangstelling voor mij als persoon
en het benadrukken dat werk geen belemmering hoeft te zijn om kinderen te
krijgen. Gelukkig mag ik nog een tijdje van je enthousiasme genieten. Bram,
copromotor, dank dat ik altijd bij je kon binnenlopen voor vragen, maar ook
gewoon voor een praatje. Bedankt ook voor het delen van je kennis, je vertrouwen
en je waardevolle bijdrage aan het project. Met veel plezier denk ik terug aan onze
gesprekken over onderzoek, ons filmproject, de lunches (ik zonder boterhammen)
en je Vlaamse uitdrukkingen. En niemand kan zo mooi uit Pavlov voorlezen als jij.
Ik hoop dat we in de toekomst nog vaker zullen samenwerken.
Graag dank ik de leden van de beoordelingscommissie, Dirk Hermans,
Arnoud Arntz, Reinout Wiers, Jan-Henk Kamphuis en Tom Beckers, voor het
kritisch lezen en beoordelen van mijn proefschrift. Tom, ook bedankt voor de
ruimte die je me hebt gegeven om dit proefschrift af te ronden. Het is fijn om nu
met je samen te werken en ik kijk met spanning uit naar de resultaten van ons
eerste spinnenonderzoek.
Ik bedank de onderzoeksgroep in Leuven, in het bijzonder Dirk Hermans,
Deb Vansteenwegen en Frank Baeyens, voor de inspirerende onderzoeksretraites
in de Ardennen. Jullie stonden altijd klaar om mee te denken over resultaten en
onderzoeksopzetten. Het bezoek aan de Hare Krishna’s heeft een onuitwisbare
indruk achtergelaten.
De studenten Patrick Adrichem, Ana Belen Gonzalez, Karlijn van Hoek en
Amarin Schouten bedank ik voor het uitvoeren van (pilot-)experimenten. Karlijn
en Amarin, bedankt ook voor het maken van de foto’s van de kamercontexten.
Zonder aarzeling verbouwden jullie even de kamer van mijn promotor tot een
geschikte context.
Geen experimenteel onderzoek zonder proefpersonen. Mijn dank gaat uit
naar alle proefpersonen voor het ondergaan van vervelende onderzoeken met

193

schokken en nare geluiden. Al vielen sommige proefpersonen in slaap bij deze
onderzoeken.
Bert Molenkamp wil ik bedanken voor zijn hulp bij het programmeren en
het oplossen van technische problemen. Bert, je blijft altijd zo heerlijk rustig op
hectische momenten. Nico Notebaart bedank ik voor het maken van verschillende
geluidsfragmenten. Conor Dolan dank ik voor de statistische adviezen bij het
eerste artikel.
Tijdens mijn promotietraject heb ik veel tijd doorgebracht in kamer 8.13, de
boomkamer mét panorama uitzicht over Amsterdam. Sam Ghane, Leentje
Vervoort, Kiki Hohnen, Dieuwke Sevenster en Annemarie Eigenhuis, bedankt
voor de prettige sfeer op de kamer. Sam, met jou zat ik het langst onder de boom.
Het was erg fijn om de pieken en dalen van het aio-bestaan met je te delen. De
laatste loodjes van mijn proefschrift schreef ik in 8.05 bij Sonja van Well. Het
uitzicht is een stuk minder spannend, maar het is wel erg gezellig met alle
peuterpraat. Daarnaast bedankt voor je steun de afgelopen jaren en het helpen bij
het maken van de omslag. Je bent een ware plaatjesmaker. En ja, het is nu toch
bijna echt 10-0.
Ex-buren Mark Spiering, Sandra Raabe en Kitty Rolf, bedankt voor de
gezellige gesprekken en het delen van lief en leed. Mark, dank ook voor je
sinterklaasacts en je stimulans om aan de triathlon mee te doen. Het is tijd voor
een revanche. De conditionerings-aio’s Femke Gazendam, Vanessa van Ast,
Marieke Soeter, Marieke Bos, Dieuwke Sevenster, Renée Visser, Sandra Cornelisse
en Angelos Krypotos, wil ik bedanken voor de gezelligheid en de inhoudelijke
discussies. Het was fijn dat jullie je zo snel “vermeerderden”, zodat ik ook met
anderen kon praten over CSplussen, FIR’s en de-CSmin-die-omhooggaat. Herman
Vinckers, mede-triathlonner, bedankt voor je fietsverhalen en je prachtige muziek.
Emily Brugman, dank voor je luisterend oor en de fijne gesprekken over het
moeder-zijn. Juliette Liber, bedankt voor je oprechte interesse in de vorderingen
van mijn proefschrift. Petra Karsdorp en Wieke de Vente wil ik bedanken voor
hun gezelligheid en hulp in het begin van mijn promotietraject.
Emoke Jakab, paranimf, ik ben blij dat ik je heb ontmoet tijdens het testen
in de kelders. Je enthousiasme en grapjes fleurden het soms eenzame kelderbestaan
op. Onze promotietrajecten liepen deels parallel en het was fijn om met je te praten
over onderzoek, de perikelen van het aio-zijn en andere belangrijke dingen.
Rafaële Huntjens, je vertrouwen tijdens mijn afstuderen maakte dat ik de
weg van een promotietraject in durfde te slaan. Ik ken geen onderzoeker die zo
integer en consciëntieus is als jij en ook nog eens een heel leuk persoon is.
194

Dankwoord
Lieve Mijke, paranimf, ik hoop dat jij vandaag hier naast me kunt staan,
zoals je dat al zolang doet. Je relativeringsvermogen is voor het slagen van dit
promotietraject onmisbaar geweest. Wat een geluk dat ik jou in Maastricht heb
ontmoet. Dank voor je warme en onvoorwaardelijke vriendschap. Allebei ronden
we nu een belangrijke periode in ons leven af en het is fijn om dit met elkaar te
kunnen delen, net als zoveel andere dingen. Ik kijk erg uit om weer vaker met onze
‘mannen’ samen te zijn. Annemarike, bedankt voor je lieve vriendschap en je steun
in de afgelopen jaren. Onze wekelijkse squash-/fietsavonden en soap-verhalen
deden vaak wonderen als ik weer eens vastliep in een moeilijk stuk. Daarnaast
bedankt voor het maken van de foto van de omslag.
Ik dank ook alle andere lieve vrienden, zoals Noor, Inez, Henry, Yohan,
Korine en Mari-janne. Jullie steun, gezelligheid en vriendschap is heel belangrijk
geweest in de afgelopen jaren. Puri and Ivet, Spain is unfortunately far away, but I
am grateful that our friendship is immune to distance.
Ank en Frans, bedankt voor jullie interesse en steun in de afgelopen jaren.
Het is een genot om te zien hoe jullie van Jens genieten en Jens van zijn opa en
oma. Frans, ik verheug me op alle verhalen die je Jens zult vertellen.
Mijn lieve familie, Henny, Nelly, Maud, Frank, Kees en Boris, wil ik
bedanken voor alle steun en afleiding in de afgelopen jaren. Maud en Frank, de
filmpjes van de jongens waren een geweldige onderbreking tijdens het schrijven
van ingewikkelde stukken. Maud, dank ook voor je hulp bij de Nederlandse
samenvatting. Lieve papa en mama, bedankt voor jullie onvoorwaardelijke
vertrouwen en het doorzettingsvermogen dat ik van jullie heb meegekregen. Ook
dank voor de hechte band in ons gezin. Ik hoop dat we nog heel lang van elkaar
mogen genieten.
Ten slotte wil ik mijn allerliefsten, Jappe en Jens, bedanken voor dat ik me
zo vertrouwd voel thuis. Lieve Jappe, eindelijk, het is klaar. Dank voor al je geduld
en je vertrouwen dat het allemaal wel goed zou komen als ik het zelf even niet
meer zag zitten. Jij bent er altijd voor mij. Ik kijk er zo naar uit om weer meer
samen te zijn. Lieve Jens, wat een geluk dat ik jouw moeder mag zijn. Jij maakt het
leven zó leuk. En wat is het iedere dag een feest om thuis te komen, als je daar
staat met je stralende glimlach en uitroept ‘Papaaaaaaa’!

195

Curriculum Vitae
Marieke Effting was born on March 25th 1975, in Zevenaar, The Netherlands.
After completing secondary school (VWO, Liemers College in Zevenaar) in 1993,
she left for a one-year stay to Bristol in the United Kingdom, to work as an au pair.
Back in The Netherlands, she started studying Health Sciences at Maastricht
University. During this period, she also studied Psychology at Utrecht University.
After a joint master thesis on memory and Dissociative Identity Disorder, she
graduated in Mental Health Science (2001) and Clinical Psychology (2002).
Following several jobs, she started working on the present thesis as a PhD student
at the department of Clinical Psychology of the University of Amsterdam in April
2005. Since October 2010 she is working as a researcher at the University of
Amsterdam and continues her research on mechanisms of anxiety disorders.

196

