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xtinction in Human Fear Conditioning
irk Hermans, Michelle G. Craske, Susan Mineka, and Peter F. Lovibond

lthough most extinction research is conducted in animal laboratories, the study of extinction learning in human fear conditioning
as gained increasing attention over the last decade. The most important findings from human fear extinction are reviewed in this
rticle. Specifically, we review experimental investigations of the impact of conditioned inhibitors, conditioned exciters, context
enewal, and reinstatement on fear extinction in human samples. We discuss data from laboratory studies of the extinction of
versively conditioned stimuli, as well as results from experimental clinical work with fearful or anxious individuals. We present
irections for future research, in particular the need for further investigation of differences between animal and human conditioning
utcomes, and research examining the role of both automatic and higher-order cognitive processes in human conditioning and

xtinction.
ey Words: Associative learning, fear conditioning, extinction, re-
ewal, reinstatement, exposure

xtinction can be described as a procedure, as a result, or as
a process. As a procedure, extinction refers to the repeated
presentation of a conditioned stimulus (CS) in the absence

f the unconditioned stimulus (US) with which it was previously
aired. Following a series of CS-only presentations, the condi-
ioned response (CR) that was established during the preceding
cquisition phase gradually diminishes. For instance, during fear
onditioning, the contingent presentation of a tone CS and an
versive shock (US) will alter the response to the former stimulus;
.e., the CS will come to evoke fear responses when tested in
bsence of the US. Subsequent nonreinforced presentations of the
one CS will lead to a reduction in these acquired fear CRs.

Although there are many aspects of extinction that are still not
ully understood (Rescorla 2001), the past 15 years have seen
ignificant developments in the conceptualization of the pro-
esses of extinction. For instance, insights into the anatomical
nd biochemical basis of the extinction of conditioned fear have
een growing steadily (for an overview, see Barad, in press;
yers and Davis 2002). Moreover, some of these insights have
irectly informed possible future treatments for anxiety disorders
Ressler et al 2004; Walker et al 2002).

Another development that has important theoretical and
linical implications is the growing recognition that the dimin-
shed (or even vanished) responding that is observed after
xtinction, whether measured behaviorally or psychophysiologi-
ally, does not reflect “unlearning” at the process level (e.g.,
outon 1988; Delamater 2004). Within an associative approach

o Pavlovian conditioning, this means that extinction does not
completely) destroy the original CS-US association. Empirical
upport comes from a large amount of animal work showing that
nder the right conditions, extinguished conditioned responses
an be recovered (for an overview, see Bouton 1994, 2004; Falls
998). Examples of such conditions are the mere passage of time
spontaneous recovery) (Pavlov 1927; Rescorla 2004), context
hange after extinction (renewal) (e.g., Bouton and Ricker 1994),
r the presentation of postextinction US-only trials (reinstate-
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ment) (e.g., Rescorla and Heth 1975). Whereas these phenomena
support the view that extinction does not completely destroy the
CS-US association, more direct tests of the CS-US association in
animals actually suggest that extinction leaves the CS-US associ-
ation intact (Delamater 1996; Rescorla 1996).

These developments in extinction research have been largely
based on work with laboratory rodents. Hence, it remains an
open question as to whether these findings can be generalized to
humans. Clearly, there are large differences in brain anatomy
between rats on the one hand and humans on the other. Given
the often highly specialized functions of specific brain regions,
there are no a priori reasons to assume that identical processes
are involved in extinction in human and nonhuman animals.
Although there is now a fair amount of work concerning the
neurobiological basis of fear acquisition in humans (e.g., Phelps
et al 2001), the study of the neural mechanisms of extinction
learning in humans has received less attention (e.g., Knight et al
2004; LaBar et al 1998; Phelps et al 2004). For an overview of this
literature, we refer to Rauch et al (in press).

Another reason why animal findings might not readily trans-
late to human samples is that humans are endowed with a
cognitive system that is capable of a symbolic and propositional
analysis of conditioning experiences (see De Houwer et al 2005;
Lovibond and Shanks 2002). The extent to which higher level
propositional processes are involved in associative learning in
general, and in fear conditioning and extinction more specifi-
cally, has been a matter of debate (see Beaver et al 2005; Carter
et al 2003; Clark and Squire 1998; Lovibond 2003, 2004; Öhman
and Mineka 2001).

The translation of animal extinction research to human sam-
ples has received more attention lately due to the clinical
relevance of the topic. That is, extinction of conditioned fear can
be viewed as a laboratory analog for the study of exposure
treatment for anxiety disorders (Bouton et al 2001; Davey 1997;
Eelen et al 2001; Mineka 1985). Hence, insight into the mecha-
nisms that are responsible for fear extinction may have clinical
significance. In addition, knowledge of the conditions that
facilitate or hamper extinction learning may help to sharpen
exposure treatments in such a way that treatment outcome can
be maximized in the short run (therapy efficacy) as well as in the
long run (relapse prevention). In this article, we review recent
experimental work on extinction of human fear learning. In
general, two different approaches have been employed in this
context. The first approach mainly uses Pavlovian preparations
to study procedures and processes of acquisition and extinction
in the laboratory. These experiments typically employ a differ-
ential aversive conditioning procedure with nonclinical groups.
The second approach takes these observations one step further

by translating the extinction principles to exposure therapy
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rotocols in clinical groups with established fears. The combina-
ion of these two methods offers a fruitful approach to study
undamental as well as clinical aspects of extinction of condi-
ioned fear (Vansteenwegen et al, in press).

xperimental Laboratory Studies

rotection from Extinction and Super-Extinction
Various theoretical models of Pavlovian conditioning allow

oncrete predictions about the conditions that influence the
rocess of extinction and either facilitate or hamper its behav-

oral outcome. Examples are the effects of trial spacing in
xtinction, the impact of the associative strength of contextual
ues, the nature of the CS (e.g., fear-relevance), the presentation
f other excitatory CSs during extinction, or the introduction of
nhibitory CSs. Particularly the latter phenomenon has received
reat interest within the clinical field, as it is widely believed that
uch inhibitory “safety-signals” can have a deleterious effect on
he progress of exposure. For instance, the presence of the
herapist during exposure to anxiety-provoking cues can act as a
onditioned inhibitor (“when the therapist is present, nothing
ad will happen”). The presence of the therapist may lead to
apid symptom reduction, but a return of anxiety may occur
hen the client subsequently confronts the stimuli alone. In

erms of the Rescorla-Wagner model (Rescorla and Wagner
972), adding an inhibitory stimulus during extinction blocks
xtinction of the excitatory CS. Given that the inhibitory stimulus
as a negative associative strength that cancels out the positive
ssociative strength of the excitatory stimulus, this will lead to
ittle or no discrepancy between what is predicted by the sum of
oth cues (close to zero) and what actually happens on extinc-
ion trials (zero). As a result, there is little change in associative
trength of the stimuli, and in particular, the excitatory CS should
etain a positive associative strength, revealed when it is tested
lone. This phenomenon is known as protection from extinction
nd has been demonstrated in animal research using procedures
f aversive Pavlovian conditioning (Soltysik et al 1983) and
utoshaping (Rescorla 2003).

Employing a differential aversive conditioning procedure with
olored blocks and a 500-Hz tone as CSs and .5-second shock as US,
ovibond et al (2000) (Experiment 1) tested the protection from
xtinction hypothesis in a group of undergraduate students.

In the acquisition phase of this study, two CSs (stimulus C and
timulus D) were contingently followed by the US and were
ence established as valid predictors of this aversive stimulus.
timulus D was subsequently extinguished by presenting it alone
ithout shock. Stimulus C was also presented without shock, but
uring the extinction trials, it was accompanied by a stimulus K
hat had previously been established as an inhibitory stimulus
i.e., following a procedure of conditioned inhibition; A�/AK�).
ollowing these extinction trials, stimulus C and stimulus D were
resented alone in a test phase (see Figure 1). Stimulus A and
timulus B were control stimuli that had been consistently paired
ith shock and no shock, respectively. Compared with stimulus
, presentation of stimulus D without shock led to a substantial
eduction in both shock expectancy (left panel of Figure 1) and
lectrodermal responses during stimulus D (right panel of Figure
). By contrast, stimulus C showed little extinction. The presence
f stimulus K had protected it from extinction.

Human studies have not yet demonstrated that the added
timulus needs to be inhibitory to interfere with extinction. In
act, it has been shown that an excitatory stimulus can have the

ame effect. According to the Rescorla-Wagner model, adding a

ww.sobp.org/journal
conditioned exciter to the target CS during extinction should
actually enhance extinction of the target CS. Although there is
evidence for such super-extinction in animal studies (e.g., Res-
corla 2000; Thomas and Ayres 2004), two studies in human
participants have demonstrated protection from extinction by an
excitatory CS (Lovibond et al 2000, Experiment 2; Vervliet et al
2005). Hence, future research should target possible differences
between human and nonhuman conditioning procedures con-
cerning the effect of nonreinforcement in the presence of
another excitatory stimulus. For example, the ceiling effect
imposed by ethical constraints on US magnitude in humans may
disrupt the normal process of additivity that underpins the
Rescorla-Wagner model (Mitchell and Lovibond 2002). Alterna-
tively, it is possible that humans are particularly sensitive to
generalization decrement or contextual changes, such that ex-
tinction is highly specific to the precise circumstances under
which nonreinforcement has occurred.

Contextual and Stimulus Specificity of Fear Extinction
The studies described above show how differences in extinc-

tion procedures can affect responding to the extinguished CS
later at test. As shown by the phenomenon of protection from
extinction, responding that disappeared as a result of apparently
successful extinction may nevertheless reappear afterward. As
was already pointed out, context changes might also lead to
recovery of apparently extinguished responses. The phenome-
non of renewal is a good example of the context-dependency of
extinction, which is most frequently observed in ABA-renewal
designs. Bouton and Swartzentruber (1986) demonstrated that
conditioned responding is renewed when animals are tested in
the original acquisition context after extinction in a different
context. Renewal effects also are obtained when, after extinction
in a different context, transfer of extinction is tested in a third
context (ABC-renewal) and in AAB-renewal designs in which
acquisition and extinction take place in an identical context but
testing is executed in a new context (Bouton and Ricker 1994).

In a recent study, Vansteenwegen et al (2005) studied ABA-
renewal in a human differential fear conditioning preparation.
The CSs in this study were line drawings of pictorial faces.
Contexts were manipulated by turning the central lighting of the
experimental room on or off. An ABA-renewal group and an
AAA-control group were compared. The renewal group received

Figure 1. Mean online shock expectancy ratings (left panel) and mean
change in log skin conductance level during test trials from a protection
from extinction procedure (Lovibond et al 2000). Stimulus A was established
as a consistent predictor of shock and stimulus B as a consistent predictor of
no shock. Stimuli C and D were initially paired with shock and then extin-
guished. During extinction, stimulus D was presented alone, whereas stim-
ulus C was accompanied by a safety signal K. In the test phase data shown,
stimuli C and D were both tested alone. The data show a return of respond-
ing to stimulus C, indicating that the presence of K had protected stimulus C
from complete extinction. (Reproduced with permission from Lovibond
et al 2000).
acquisition in one context (dark/light) and extinction in the
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pposite context (light/dark) and was tested again with the CSs
n the original acquisition context. In the control group, all
hases were executed in the same context (which could be
ither light or dark, depending on the counterbalancing scheme).
lthough no change in differential electrodermal responding was
bserved when switching the context after acquisition (i.e., there
as generalization of acquisition to the new context), there was
clear return of conditioned responding with the context change
fter extinction. No such return was observed in the control group.
etrospective US-expectancy ratings confirmed this data pattern.
hus, in line with animal research, this study demonstrated that
reviously extinguished fear responses can return when tested in a
ontext different from the extinction context. Similar results were
ecently obtained in a study by Milad et al (2005).

In a subsequent study, Vervliet et al (2005) investigated
hether recovery of extinguished fear responses is observed
hen stimuli rather than contexts were manipulated. In this
xperiment, participants learned that one of two geometrical
igures (e.g., a parallelogram or a triangle) was followed by an
versive US (shock). During the subsequent extinction phase,
ariants of these CSs were presented (angles were slightly more
harp/blunt) for the experimental group. For the control group,
he original acquisition CSs were employed. Testing involved the
cquisition CSs for both groups. Differential acquisition effects
eneralized substantially to the extinction stimuli in the experi-
ental group. However, similar to what is observed in ABA-

enewal, participants from the experimental group hardly gen-
ralized from what was learned with the extinction stimuli to the
riginal acquisition stimuli during final testing. These findings
ere later replicated in a follow-up study (Vervliet et al 2004).
To what extent the same mechanisms drive these contextual

ffects in humans and animals needs to be subjected to further
xperimental analysis (Vansteenwegen et al, in press). As already
ndicated, the importance of higher-order cognitive processes in
umans also needs closer examination. For example, it may be
ossible to establish or reverse safety signals in humans through
erbal instruction (e.g., Norrholm et al, unpublished data).

einstatement Following Fear Extinction
Another paradigm that has received attention in the context of

xtinction research is reinstatement. In a reinstatement proce-
ure, a previously conditioned stimulus is first extinguished until
onditioned responding disappears. Next, a few USs are admin-
stered in the absence of the CS. When the previously extin-
uished CS is finally re-presented, conditioned responding to the
S (partially) reappears (e.g., Rescorla and Heth 1975; Richard-
on et al 1999). It is assumed that the US-only presentations
einstate the CS-US association that is still present but dormant
fter extinction. Research has pointed to the crucial role of the
ontext for the emergence of reinstatement effects in animals.
pecifically, reinstatement effects only occur when USs are
resented in the original conditioning context (for an overview
nd discussion, see Bouton 2004; Westbrook et al 2002). As a
atter of fact, in a human reinstatement study using a single-cue
aradigm, LaBar and Phelps (2005) demonstrated reinstatement
ffects to be context-specific.

In a series of differential fear conditioning experiments,
ermans and colleagues studied reinstatement in humans. In the

irst experiment, Hermans et al (2005) used pictures of neutral
aces as CSs and an electrocutaneous stimulus as the US. During
cquisition training, one stimulus (CS�) was contingently fol-
owed by the US, while a second stimulus (CS�) predicted the

bsence of the US. Subsequently, both CSs were involved in a
lengthy extinction phase. For half of the participants (reinstate-
ment group), extinction training was followed by the presenta-
tion of four unpredicted USs (in the same context). For the
control group, no such US-only presentations were scheduled.
As can be seen from Figure 2, the groups showed equal acquisition
and extinction effects for the US-expectancy ratings. Crucially, when
the CSs were tested after reinstatement, there was a selective partial
return of US-expectancy for the CS� in the reinstatement group.
This effect was absent in the control group. Analogous to the
US-expectancy ratings, selective reinstatement was observed in the
fear ratings as well. These findings were replicated in a study by
Dirikx et al (unpublished data).

However, a limitation of both of these studies is that the
reinstatement effects were restricted to self-report measures of
fear and US-expectancy. In a study by Dirikx et al (2004),
reinstatement was also demonstrated using a reaction time
measure of fear that indexed allocation of attentional resources.1

In this task, participants press a key as soon as a tone probe is

1The reaction time task that was used in this experiment was originally
developed by Dawson et al (1982) and has been successfully employed
as a measure of allocation of processing resources to the CS�/CS� in
studies of human Pavlovian conditioning (see also Hermans et al 2005;
Lipp et al 1993). There has been a growing interest in this type of
procedure. Other reaction time procedures that have been used in
human fear conditioning research include the visual dot probe reaction
time task (e.g., Beaver et al 2005) a n d t h e exogenous cuing paradigm
(Koster et al 2004). To assess the affective meaning of the conditional
stimuli, the affective priming procedure has been employed as a

Figure 2. Differences in US-expectancy for the CS� and CS� as a function of
condition (reinstatement group, control group) and moment (postacquisi-
tion, postextinction, postreinstatement) (difference score � CS� � CS�).
(Reproduced with permission from Hermans et al 2005). US, unconditioned
stimulus; CS�, stimulus that was contigently followed by US during acqui-
sition; CS�, stimulus that was never followed by US during acquisition.
nonverbal measure (e.g., Hermans et al 2002).

www.sobp.org/journal
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resented. It was demonstrated that during acquisition, response
atencies were significantly slowed when tones were presented
uring the CS� as compared with the CS�. This difference
isappeared as a result of extinction training. After reinstatement,
owever, a selective slowing for the CS� (as compared with the
S�) was observed again in the reinstatement group.

Another intriguing finding in this series of reinstatement
tudies is that the (extinction resistant) negative valence of the
S� (or the affective discrimination between the CS� and the
S�) was predictive of the extent to which fear returned.2

ermans et al (2005) showed that to the extent that the CS� had
more negative valence after extinction, there was a more

ignificant return of fear responses. The more negative the CS�,
he more recovery of the extinguished fear responses. This effect
ould only be attributed to the negative valence of the CS� and
as unrelated to other characteristics of the CS� after extinction.
imilar findings were reported by Dirikx et al (unpublished data)
ho showed that the valence of the CS� or the difference in
alence between CS� and CS� (Dirikx et al 2004) was predictive
f the amount of return of fear. Depending on the study, this
redictive power was restricted to the reinstatement group
reinstatement effect) or concerned both groups as a whole
general return of fear). These results clearly show that negative
timulus valence functions as a separate source for the recovery
f extinguished fear responses. A possible explanation for these
indings is that insofar as fear is based on an orthogonal
ombination of negative valence and high arousal (e.g., Lang et
l 1990), extinction might change the arousal component but not
he valence component According to that view, adding arousal
hrough US-only presentations would reinstate fear to the extent
hat the CS is still negative in valence.

Based on this overview of experiments, we can conclude that
number of extinction phenomena that were previously

emonstrated in animal research can be replicated in experi-
ental laboratory studies in humans (e.g., protection from

xtinction, renewal, reinstatement). The fact, however, that
imilar procedures lead to similar effects does not imply that
imilar processes are at work. Further research is needed to
lluminate similarities and differences at the process level.
evertheless, these findings have clear clinical implications
bout what procedures could be employed to facilitate exposure
nd reduce return of fear.

xperimental Clinical Studies

The experimental investigation of extinction procedures in
uman phobic samples is immediately disadvantaged by starting
rom the stage of fear reduction rather than fear acquisition.
hus, the circumstances of acquisition are often unknown and
here is usually no opportunity to test in the original context.
onetheless, such studies are of great importance because of

heir potential relevance for enhancing treatments for anxiety
isorders. Moreover, replicable effects have been observed. This
ection reviews experimental investigations of conditioned in-
ibitors, conditioned exciters, context renewal, and reinstate-
ent effects in human phobic samples.

In line with findings from nonaversive conditioning procedures (for an
overview, see De Houwer et al 2001), it has been demonstrated that
differential fear conditioning procedures can lead to an affective shift
in the valence of the CS� (which becomes a more negatively
valenced stimulus). This conditioned valence seems relatively resis-

tant to extinction (see Hermans et al 2002; Lipp and Purkis 2005).

ww.sobp.org/journal
Safety Signals and Protection from Extinction
Although clinicians are typically encouraged to wean their

clients from safety signals (such as the presence of a therapist,
pill bottles, etc.) during exposure therapy (e.g., Barlow and
Craske 1994), the role of conditioned inhibitors during exposure
therapy for phobias remains poorly studied. Investigations to
date have either failed to experimentally establish safety signals
as conditioned inhibitors and/or have confounded safety signals
with the primary conditional/phobic stimulus.

Sloan and Telch (2002) reported that claustrophobic partici-
pants who received an exposure treatment in which they were
encouraged to use safety signals reported more fear at posttest
and follow-up than those encouraged to focus on their fear
during exposure. In a subsequent study, Powers et al (2004)
found that the perception of safety (i.e., availability of safety
behaviors regardless of whether they were used) rather than use
of safety was detrimental to treatment outcome, since level of
fear reduction was unaffected by actual use of safety behaviors.
However, in both studies, the effects of safety signal encouragement
may have been attributable to distraction and purported safety
signals were not established experimentally as safety signals. More-
over, the safety signals (i.e., opening a window, unlocking a door
lock) constituted behaviors that in essence degraded the condi-
tioned stimulus (i.e., enclosed situations for claustrophobic partici-
pants). Hence, they more closely represent avoidance responses
rather than safety signals.

However, avoidance responses may share some functional
properties with Pavlovian safety signals. Consistent with this
idea, Salkovskis and his colleagues (e.g., Salkovskis 1991; Wells
et al 1995) have provided evidence that “within-situation safety
behaviors,” equivalent to avoidance responses, interfere with the
benefits of exposure therapy. Specifically, they showed that
teaching anxious clients to refrain from these behaviors leads to
greater fear reduction after an exposure session. These research-
ers argue that clients attribute the absence of harm to their safety
behaviors, rather than reducing their appraisal of the threatening
stimulus. An alternative interpretation of these results derives
from a protection from extinction perspective. Exposure to a
phobic stimulus while using safety signals (avoidance responses/
conditioned inhibitors) partially protects the phobic stimulus
from extinction. Clearly, much more direct investigation is
needed on the effects of safety signals and avoidance responses
during exposure, especially given the very direct implications for
clinical practice.

As noted earlier, two human laboratory studies have failed to
show that concurrent conditioned exciters enhance extinction. In
the realm of clinical phobias, inclusion of multiple exciters
during exposure therapy is sometimes advocated, such as occurs
when interoceptive exposure (e.g., consuming caffeine) is incor-
porated with exposure to feared situations (e.g., traveling by
subway) for the treatment of panic disorder with agoraphobia
(Barlow and Craske 1994). However, no studies have directly
evaluated multiple exciters in a clinical population.

Contextual Effects on Return of Fear
By far, the majority of research to date has focused on context

renewal effects in human phobic samples, wherein contexts
associated with successful exposure treatment are assumed to
activate nonfearful memories and nontreatment contexts are
assumed to elicit fearful memories and return of fear. Studies to
date have evaluated effects of contextual shifts on renewal in
individuals who are highly fearful of spiders, who undergo

graduated exposure therapy with a live spider using participant
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odeling, conducted within one session. Outcome is assessed
mmediately posttreatment, and retesting occurs 1 to 2 weeks
ater. Fear typically is measured via self-report, behavioral avoid-
nce, and heart rate during a behavioral approach test to a live
pider.

In general, context renewal effects have been observed when
articipants are retested 1 to 2 weeks later in a context that differs
rom the treatment context (e.g., Rodriguez et al 1999; Mineka et
l 1999). The effects became stronger with more distinctly
ifferent contexts and with various other improvements to
ethodology. Specifically, Mystkowski et al (2002) compared an
utside context to the standard laboratory context. As was done
n the study by Mineka et al (1999), the contexts were addition-
lly differentiated by the sex of the experimenter and salient
isual cues (i.e., color of treatment materials and therapist lab
oats), and to overcome prior methodological limitations, self-
eport fear measures were administered in the experimental
ontext (versus the instruction room) throughout the study. Also,
his study utilized a within-subjects paradigm, similar to designs
ometimes used in the animal conditioning literature (e.g.,
outon and Brooks 1993) to maximize power. Thus, 1 week

ater, participants were tested for return of fear in both the
riginal treatment context and the different context in a counter-
alanced order (AB or BA). Self-reported return of fear was
reater when individuals confronted a previously feared stimulus
n a context different than the extinction context (see Figure 3),
nd the effect sizes and power were much larger than in prior
ontext studies. However, the findings were restricted to self-
eported fear obtained during behavioral approach tasks, and the
-B/A condition failed to produce renewal, for reasons that are
ot immediately clear. In addition, these studies, in general, do
ot find context effects in terms of how closely participants
pproach the phobic stimulus. This may be due to ceiling effects,
ecause exposure treatments effectively eliminated behavioral
voidance (Mystkowski and Mineka, in press).

Context-based renewal also has been demonstrated via use of
ideotaped presentations. Specifically, Vansteenwegen et al (un-
ublished data) randomized spider-fearful individuals to condi-
ions of videotaped exposure to a spider in a specific location of
house or videotaped exposure to locations of a house without

he spider. Measures included electrodermal responding and
isgust ratings, because disgust is elevated in persons phobic of

igure 3. Mean self-reported fear (SUDS) for spider-fearful subjects treated
n context A and tested in contexts A and B and subjects treated in context B
nd tested in contexts B and A. Follow-ups 1 and 2 refer to follow-up tests

ater that day, the first of which was in the same context as extinction
reatment, while the second was in a different context. (Reproduced with

ermission from Mystkowski et al 2002). SUDS, subjective units of distress.
spiders (e.g, Matchett and Davey 1991; Tolin et al 1997). Not only
did videotaped exposure to the spider lead to decreased elec-
trodermal responding and disgust ratings compared with the
control group, but both indices subsequently increased when
tested with a videotape showing the same spider in a new
context (e.g., a location in the house that was not previously
seen) relative to the original exposure context.

Bouton and Swartzentruber (1991) suggested that mismatch
of internal states during treatment and follow-up, manipulated
via drug state, can also lead to significant return of fear. This has
direct relevance to the use of psychotropic medications in
combination with exposure therapy for anxiety disorders and
may explain the high rates of relapse when medications are
withdrawn (e.g., Marks et al 1993), particularly those medications
that have a very distinct effect on internal state (i.e., high-potency
benzodiazepines).

Initial failure to induce context-based renewal via alprazolam
(Zoellner and Craske, unpublished data) was most likely attrib-
utable to dosage levels (.25 mg) that were too low to generate a
sufficiently salient context. Evidence for internal context speci-
ficity of extinction was demonstrated in a study that manipulated
drug state through caffeine versus placebo ingestion for individ-
uals fearful of spiders (Mystkowski et al 2003). Participants
received one session of exposure therapy under the influence of
a randomly chosen drug condition (i.e., placebo or caffeine, 4
mg/kg of body weight) and were reassessed 1 week later after
ingesting a drink mixture that was either the same or different
than the drink ingested during the previous treatment session. As
predicted, participants experiencing incongruent drug states
exhibited significantly greater self-reported return of fear, mea-
sured during a behavioral approach task, from posttreatment to
follow-up than those participants experiencing congruent drug
states. Interestingly, the effects were comparable whether the
shift was from caffeine to placebo or vice versa. However, the
effect sizes (calculated as the difference between mean pretreat-
ment and posttreatment scores divided by the pooled standard
deviations) (Cohen 1988) were smaller than those achieved via
the inside/outside context shifts (Mystkowski et al 2002; Myst-
kowski and Mineka, in press).

In summary, a series of experimental studies have consis-
tently demonstrated context specificity effects of exposure ther-
apy in circumscribed phobias, with larger effects obtained when
more distinctly different contexts were employed. Conceivably,
even larger effects might have been obtained if retesting had
occurred in the original fear acquisition context. This is because
in the animal literature the contextual control of return of fear is
stronger when testing for renewal of fear occurs in the context in
which the fear was originally conditioned than when tested in a
new context (Bouton and Brooks 1993).

Attenuation of Context-Based Return of Fear
An obvious implication of these studies on the effects of

contextual change on enhancing return of fear would seem to be
to conduct exposure therapy in multiple contexts so that extinc-
tion memories can be cued by multiple contexts. Unfortunately,
however, animal studies on this topic have revealed very incon-
sistent results, with only some finding that extinction in multiple
contexts has reduced fear renewal in a final novel context
relative to conducting extinction in only one context (see Bouton
et al, in press, for a review). In a recent study of human fearful
participants, Vansteenwegen et al (unpublished data) compared
multiple context exposure treatment, in which spider-fearful indi-

viduals viewed video fragments of a spider in different locations of

www.sobp.org/journal
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house, to single context exposure in which participants viewed
ragments always in the same location. Although disgust ratings
vinced context renewal effects in both groups on subsequent
etesting to video fragments of a spider in a novel house location,
lectrodermal responding showed a renewal effect in the single
ontext exposure group only.

Because it is not always feasible to conduct exposures in
riginal fear acquisition contexts or multiple contexts, Myst-
owski et al (in press) sought to investigate whether a contex-
ual-based return of fear could be counteracted via “mental
ehearsal.” Mental rehearsal of extinction contexts (e.g., the
herapist, treatment information, and the physical surroundings
here treatment took place) may override veridical context

hifts. Such results might be anticipated based on findings in the
erbal memory literature. Specifically, participants who are in-
tructed to recall the original learning environment just prior to
ree recall of a list of words in an unfamiliar environment
xperience a release from contextual dependence otherwise
bserved following contextual shifts and perform identically to
articipants tested in the original learning environment (Smith
979).

Spider-phobic participants were treated and followed up in
he same context (i.e., matched context groups) or treated and
ollowed up in different contexts (i.e., mismatched context
roups). Half of the participants in each of these two groups
ere instructed to mentally rehearse the treatment context and

he material learned in that context before entering the test
ontext at follow-up, whereas the other half was instead asked to
ecall a neutral scenario. Self-report data replicated previous
esearch on contextually driven return of fear, with strong effect
izes between groups and a high degree of statistical power.
urthermore, participants who mentally rehearsed the treatment
ontext before encountering the phobic stimulus in a new
ontext at follow-up had less return of fear than those who did
ot (see Figure 4). Indeed, their fear levels were comparable to
hose obtained in participants tested at follow-up in the original
reatment context.

Other research has demonstrated the value of objects as
etrieval cues in relation to reactivity to alcohol cues. Specifically,
ollins and Brandon (2002) showed that the return of alcohol
ue reactivity after extinction due to a context change could be

igure 4. Mean self-reported fear (SUDS) for spider-fearful subjects from
retreatment to follow-up BATs. Group “Same” had matched treatment and

ollow-up contexts, while group “Different” had mismatched treatment and
ollow-up contexts. A plus sign (�) after the group name indicates treat-

ent context mental reinstatement instructions, compared with a minus
ign (�) for nontreatment context mental reinstatement instructions. (Re-
roduced with permission from Mystkowski et al, in press). SUDS, subjective

nits of distress; BAT, Behavioral Approach Test.

ww.sobp.org/journal
reduced by the use of retrieval cues that were present during
extinction. However, mental rehearsal effects would seem to
have more practical value than retrieval objects, given that fear
cues might be encountered at times when retrieval objects are
not available (Mystkowski and Mineka, in press). Notably, these
human studies corroborate evidence from rodent studies show-
ing that retrieval cues during extinction trials attenuate context-
based renewal effects and more so than relatively novel cues or
cues that were present during conditioning rather than extinction
(Brooks and Bouton 1994).

Reinstatement Effects
The experimental investigation of reinstatement effects is

prohibited by ethical constraints with human phobic samples.
However, naturalistic observations support the notion of fear
reinstatement. For example, Wade et al (1993) found that panic
disorder and agoraphobia clients who experienced more nega-
tive life events 3 to 5 years after a 12-week behavioral treatment
were functioning less well than those who experienced fewer
negative life events. Similarly, relapsers from treatment for
obsessive-compulsive disorder reported more distress over inter-
vening life events since the end of treatment than clients who
maintained their treatment gains (Steketee 1993). Notably, these
observations suggest that reinstatement effects may occur with
aversive events that are distinctly different from the aversive
event involved in initial fear acquisition, as was found by
Rescorla and Heth (1975) (Experiment 3) in rodents.

Discussion

Although most extinction research is conducted in animal
laboratories, the study of extinction learning in human fear
conditioning has received more attention during the last decade.
We have reviewed experimental investigations of the impact of
conditioned inhibitors, conditioned exciters, context renewal,
and reinstatement on fear extinction in human samples. The
results of these studies have generally confirmed predictions
derived from animal research, with one exception being the
effect of conditioned exciters during extinction training. First and
foremost, however, the findings from human samples support
the view that extinction does not entail unlearning and that the
addition of conditioned inhibitors during extinction training, context
changes, or the presentation of US-only trials after extinction
training can lead to a partial recovery of the apparently “extin-
guished” fear responses. These findings raise the immediate
question of how the procedure of extinction can be altered to
improve its behavioral outcome. The work on extinction in
multiple contexts and use of reminder cues has been important
in this respect, not only because of its theoretical relevance but
also because of the potential clinical applications.

Given that research has established comparable findings in
human and nonhuman animals, we see a number of directions
for future research. First, attention should be focused on those
areas of divergence between research with humans and
laboratory rodents. We already pointed to discrepancies con-
cerning the effects of adding extra exciters during extinction
(Lovibond et al 2000; Rescorla 2000; Vervliet et al 2005).
Another example is AAB-renewal. Although the renewal effect
is generally less pronounced in AAB designs (as compared with
ABA designs) in animal studies, human extinction studies have
failed to replicate the AAB effect (Vansteenwegen et al 2005;
Vervliet et al 2004).

Irrespective of whether these discrepancies are replicable or

not, a second important research focus will be to study corre-
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pondences and divergences at the process level. Similar out-
omes do not necessarily reflect similar processes. As already
ndicated, the role of higher-order, propositional processes in
uman conditioning deserves further exploration. Although no
ne will dispute that reasoning processes are an essential
omponent of how humans approach the conditioning prepara-
ions in which they participate, the extent to which these
ropositions have a causal impact needs further examination. It

s our view that these studies should not assume an all-or-none
pproach but should focus on the conditions under which
ropositional mechanisms have a key influence compared with
he conditions under which their impact is less pronounced
Hermans and Van Gucht, in press).

The research that we reviewed stemmed from two related
pproaches: experimental laboratory research in nonclinical
roups and experimental clinical work in anxious individuals.
e believe that the combination of both approaches, together with

nimal conditioning work, provides a solid basis to answer the
any research questions that we summarized in this discussion.
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