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A B S T R A C T

Exposure-based therapies are effective for anxiety disorders, but relapse remains a problem. One explanation
might be that exposure therapy reduces threat expectancy but not related feelings of unpleasantness (negative
valence of the conditioned stimulus; CS+), which may promote return of threat expectancy and associated fear.
Laboratory research has indeed shown that fear extinction leaves negative valence of the conditioned stimulus
(CS+) intact. Here, we tested whether adding positive consequences to the CS+ during extinction, a procedure
known as counterconditioning, would change the valence of the CS+ and thereby prevent return of threat
expectancy. Participants underwent Acquisition (day 1), Intervention (counterconditioning or extinction; day 2),
and Spontaneous recovery and Reinstatement (day 3). As expected, threat expectancy ratings during the
Spontaneous recovery and Reinstatement tests were lower after counterconditioning than after extinction, but
counterconditioning did not reduce CS + negative valence more than extinction. Alternative mechanisms and
clinical implications are discussed.

1. Introduction

Anxiety disorders are common with a life-time prevalence of up to
24.9% of the population (Baxter, Scott, Vos, & Whiteford, 2013; Kessler,
McGonagle et al., 1994). An effective, evidence based treatment for
anxiety disorders is exposure-based therapy (Cuijpers, Cristea,
Karyotaki, Reijnders, & Huibers, 2016; Norton & Price, 2007), in which
individuals are exposed to fearful stimuli in order to diminish threat
expectancy and associated fear responses. However, despite being
highly successful in reducing fear, return of fear is a serious problem,
with estimates ranging from 19% to 62% (Boschen, Neuman & Waters,
2009; Craske, 1999; Vervliet, Craske, & Hermans, 2013; Yonkers, Bruce,
Dyck, & Keller, 2003).

Pavlovian fear conditioning is considered to be the basis for the
development of pathological anxiety and fear (Lommen, Engelhard,
Sijbrandij, van den Hout, & Hermans, 2013; VanElzakker, Dahlgren,
Davis, Dubois, & Shin, 2014; Vervliet, 2008). Pavlovian fear con-
ditioning constitutes associative learning: A neutral stimulus (condi-
tioned stimulus; CS) is associated with an aversive event (uncondi-
tioned stimulus; USneg). As a result, the neutral stimulus itself comes to
elicit conditioned fear reactions (conditioned responses; CR). Conse-
quently, exposure therapy is viewed as a form of extinction learning, in

which the CS is presented repeatedly in the absence of the USneg. Ar-
guably, during extinction a new inhibitory memory is formed (CS →
noUSneg), which competes with the original memory (CS → US; Craske,
Treanor, Conway, Zbozinek, & Vervliet, 2014; Jacoby & Abramowitz,
2016; Pavlov, 1927). The new memory becomes relatively stronger
after extinction, but the original memory can still be triggered rather
easily, for instance through unsignaled encounters with the USneg (re-
instatement), thereby allowing return of fear (Craske et al., 2014;
Jacoby & Abramowitz, 2016; Vervliet, 2008).

Extinction-based procedures indeed successfully diminish threat
expectancy, i.e., violating CS+/USneg contingency typically results in
reduced expectancy of the USneg after CS + presentation (Lovibond,
2004; Vansteenwegen, Francken, Vervliet, Clerq & Eelen, 2006).
However, by repeated association with the USneg, the negative USneg
valence can be transferred to the CS+ (evaluative learning). Despite
diminished threat expectancy, this conditioned negative CS + valence
is not necessarily reduced by extinction-based procedures (Baeyens,
Díaz & Ruis, 2005; Dirikx, Hermans, Vansteenwegen, Baeyens, & Eelen,
2004; Engelhard, Leer, Lange, & Olatuji, 2014; Luck & Lipp, 2015;
Olatunji, Forsyth, & Cherian, 2007; Vansteenwegen, Francken, Vervliet,
De Clercq, & Eelen, 2006). Importantly, negative CS + valence was
associated with higher spontaneous recovery and reinstatement in
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previous studies (e.g. Dirikx et al., 2004; Hermans, Dirikx,
Vansteenwegen, Baeyens, & Eelen, 2005; Vasey, Harbaugh, Buffington,
Jones, & Fazio, 2012; Zbozinek, Hermans, Pernoveau, Liao & Craske,
2015). Dirikx et al. (2004) explained the relationship between valence
and return of fear with Lang's emotion theory (1995), which proposes
that all emotions consist of a valence and an arousal component. Fear
includes high levels of arousal and negative valence. Although
CS + related arousal is reduced after extinction, its valence may still be
negative. When a negatively valenced CS+ is presented in an arousing
context (e.g., a reinstatement procedure), the combination of negative
CS + valence and arousal again elicits fear as well as the old CS-USneg
association (Dirikx et al., 2004; Hermans et al, 2005).

Counterconditioning has been proposed as a better alternative to
extinction, as it would at the same time decrease threat expectancy (due
to the absence of the previous USneg) and enhance evaluative learning
(due to the presence of a novel USpos; Baeyens, Eelen, Van den Bergh, &
Crombez, 1989; De Houwer, Thomas, & Baeyens, 2001). Counter-
conditioning constitutes pairing the CS+ with a US of a valence that is
opposite to the original US to form an alternative association. The
modality between the original USneg and the new USpos can be different
(De Houwer, 2011). For example, the original USneg may be a shock,
and the new USpos a positive image. Thus, the negative emotions eli-
cited by the original USneg are replaced with positive ones elicited by
the new USpos (Hofmann, De Houwer, Perugini, Baeyens, & Crombez,
2010; Paunovic, 2003). In addition to merely creating an inhibitory CS-
noUSneg memory, as in extinction, the new association with a pleasant
stimulus changes evaluative features, while at the same time reducing
USneg expectancy due to the absence of the USneg (animals: Brooks,
Hale, Nelson, & Bouton, 1995; Bouton & Peck, 1992; Peck & Bouton,
1990; humans: Engelhard, Leer, Lange, & Olatunji, 2014; Raes & De
Raedt, 2012; animals and humans: Kerkhof et al., 2009). Given that
counterconditioning changes both threat expectancy and negative
CS + valence, it may be more effective than standard extinction in
reducing return of fear.

Just three studies examined return of fear after counterconditioning
and extinction in rodents, finding that the effects were comparable for
spontaneous recovery (Bouton & Peck, 1992) and reinstatement
(Brooks et al., 1995), and inferior for counterconditioning regarding
renewal (Holmes, Leung, & Westbrook, 2016). The effects of counter-
conditioning on return of fear has not been studied in humans. The few
studies with humans that compared counterconditioning with extinc-
tion, found that counterconditioning was more effective in reducing
explicit and implicit CS + negative valence (Engelhard, Leer, Lange &
Olatuji, 2014; Kerkhof, Vansteenwegen, Baeyens, & Hermans, 2011;
Raes & De Raedt, 2012), and in reducing avoidance, heart rate re-
sponses and fear beliefs in children (Dunne & Askew, 2013; Reynolds,
Field, & Askew, 2016). However, some studies failed to find beneficial
effects of counterconditioning over extinction on USneg expectancy
(Meulders, Karsdorp, Claes, & Vlaeyen, 2015), fear or threat valence
(De Jong, Vorage, & Van den Hout, 2000). One study found that
counterconditioning had a superior effect than extinction on implicit
but not explicit valence (Raes & De Raedt, 2012). Yet, as mentioned,
none of these studies tested return of fear after counterconditioning.

The present study therefore aimed to investigate the effects of
counterconditioning on return of fear (spontaneous recovery and re-
instatement). We used a 3-day paradigm to optimize memory con-
solidation of each phase: acquisition on day 1, intervention (counter-
conditioning or extinction) on day 2, and spontaneous recovery and
reinstatement phases on day 3. We expected that counterconditioning
would result in less spontaneous recovery and less reinstatement than
extinction. We also expected that CS + valence would be more positive
after counterconditioning than after extinction.

2. Methods

2.1. Participants

Fourty participants (28 females, 12 males) were recruited at Leiden
University and randomly assigned to the extinction (EXT; n=20) or
counderconditioning (CC) group (n=20). Participants were all Dutch
speaking and caucasian. Mean age was 19.73 years (SD=1.74).
Exclusion criteria were: self-reported color blindness or uncorrected
vision, past or current psychiatric or neurological treatment, severe
medical diseases (e.g. heart conditions), and substance abuse.
Participants received course credits for participation.

2.2. Measures

State and trait anxiety. The Spielberger state-trait anxiety in-
ventory (STAI) was used to assess state (20 questions) and trait anxiety
(20 questions). The state anxiety scale (STAI-S) measures anxiety feel-
ings at the moment, and the trait anxiety scale (STAI-T) measures an-
xiety feelings in general on a scale from 1 (not at all/almost never) to 4
(very much so/almost always; Spielberger, Gorsuch, & Lushene, 1970).

Spider Phobia. The Spider Phobia Questionnaire (SPQ) was used to
assess spider phobia. The SPQ has 31 items with a true/false answering
scale, that involve interactions with spiders; for example, “I avoid going
to parks or camping trips because there may be spiders about”. Internal
consistency for the SPQ is high, ranging from .83 to .90 (Klorman,
Weerts, Hastings, Melamed, & Lang, 1974). Higher scores indicate
greater spider fear.

2.3. Stimuli

Conditioned stimulus (CSs): Two images of fear relevant stimuli
(i.e., spiders) selected from the international affective picture system
(Lang, Bradley, & Cuthbert, 1999; numbers 1200 and 1201) served as
CS+ and CS- (counterbalanced). These specific pictures have been used
frequently in order to facilitate threat learning in acquisition and pre-
vent fast fear extinction (e.g., Kindt & Soeter, 2013).

Negative unconditioned stimulus (USneg): The unconditioned
stimulus (USneg) was a 2ms electrocutaneous shock, delivered to the
wrist of the non-dominant hand using the Grass S48 stimulator (Volt
regulator: 150 V). The intensity of the shock was tailored to participants
individually using a shock workup procedure (see below).

Positive unconditioned stimuli (USpos). Four cartoon images1

were selected from the internet and used as USpos. These were rated as
the most pleasant and arousing in a pilot study with 12 pictures
(N=10).

2.4. Ratings

Valence. Pictures (CS and USpos) were rated on a scale from 0 (very
unpleasant) to 10 (very pleasant); intensity of the USneg (shock) was
rated on a scale ranging from 0 (not at all discomforting) to 10 (ex-
tremely discomforting). CS valence was measured at the start of the
experiment to rule out baseline group differences, and before and after
the Intervention phase to test valence changes from pre to post EXT or
CC. USneg intensity was rated before the start of the experiment when
the shock level was determined. USpos valence was rated at the end of
the experiment.

USneg expectancy. USneg expectancy was rated during each trial on
a scale from −100 (convinced no shock will follow) to 100 (convinced
a shock will follow), with 0 indicating “uncertain”.

1 Available via the corresponding author.

S. Kang et al. Behaviour Research and Therapy 108 (2018) 78–84

79



2.5. Procedure

Participants were informed about the study and signed the consent
form in the lab. They completed STAI-S, STAI-T and SPQ after which a
shock workup procedure was started. The intensity of shock was gra-
dually increased until the participant indicated the shock was “defi-
nitely uncomfortable but not painful”. On each day, electrodermal ac-
tivity and EMG devices were put in place, after which instructions were
presented on the computer screen.2 All phases took place on con-
secutive days to optimize consolidation of each phase. On day 1, par-
ticipants started with CS valence ratings and then underwent Acquisi-
tion to learn which CS would be followed by USneg. The Intervention
phase, with pre and post CS valence ratings, took place on day 2. On
day 3, participants engaged in Spontaneous recovery and Reinstate-
ment phases, and gave USpos ratings at the end. The spider pictures (CS
+ and CS-) were counterbalanced within each condition. On all days,
the computer background was grey.

Day 1: Acquisition. The Acquisition phase consisted of 12 trials (6
CS+ and 6 CS-) with a 100% reinforcement rate. Each CS was pre-
sented for 8 s; USneg expectancies were rated in the first 7 s. USneg was
delivered at CS off-set (startle probe at 7.5 s). Intertrial intervals (ITIs)
were a blank grey screen and lasted 15, 20 or 25 s (M=20 s). CSs were
pseudo-randomized with a maximum of two sequential trials containing
the same CS. All trials in all phases used this trial-format, except for the
Intervention phase in the CC condition, in which the USpos was pre-
sented. At the end of Acquisition, participants were instructed to
memorize what they had learned.

Day 2: Intervention. Participants were instructed to recall what
they had learned the first day. In the EXT condition both CSs were
presented without USneg (12 CS+ and 12 CS-). In the CC condition, the
CS+ was now followed by the USpos, with a 100% reinforcement rate.
The USpos was presented 500 ms after CS + off-set and remained on the
screen for 3 s.

Day 3: Spontaneous recovery and Reinstatement. Spontaneous
recovery was examined by presenting the CSs (1 CS+ and 1 CS-)
without USneg or USpos on day 3. It was part of a Re-extinction proce-
dure (i.e., another 11 CSs+ and 11 CSs-without reinforcement) in order
to meet optimal conditions for establishing reinstatement. Nineteen
seconds after this phase, three shocks were administered with a 18 s
interval (without CSs) during which a grey computer screen was shown.
Reinstatement trials started 18 s after the last shock. CSs were presented
without USneg or USpos (6 CS+ and 6 CS-).

2.6. Statistical analysis

A 6 (Trial: 1–6) x 2 (Stimulus type: CS+, CS-) repeated measures
(rm) ANOVA was used to test USneg expectancy learning across condi-
tions during Acquisition. A 12 (Trial: 1–12) x 2 (Stimulus type: CS+,
CS-) rmANOVAs was done to test whether USneg expectancy decreased
across conditions during the Intervention phase. Condition (EXT, CC)
was added to the model to test for potential pre-intervention group
differences (Acquisition) and for explorative reasons (Intervention).

To test differences in spontaneous recovery between conditions, a 2
(Trial: trial 12 Intervention, trial 1 Spontaneous recovery) x 2 (Stimulus
type: CS+, CS-) x 2 (Condition: EXT, CC) rmANOVA was done with
USneg expectancy as dependent variable. Similarly, Reinstatement was
tested by a 2 (Trial: trial 12 Spontaneous recovery, trial 1
Reinstatement) x 2 (Stimulus type: CS+, CS-) x 2 (Condition: EXT, CC)
rmANOVA.

Differential effects on CS Valence were tested by comparing con-
ditions on changes in CS + valence from pre to post Intervention using

a 2 (Time: pre and post Intervention) x 2 (Stimulus type: CS+, CS-) x 2
(Condition: EXT, CC) rmANOVA.

3. Results

3.1. Manipulation checks

Two participants dropped out after day 1 and were excluded from
the analyses, leaving 20 participants for EXT and 18 for CC.

EXT and CC participants did not differ regarding STAI-S, STAI-T and
SPQ (all ts < 1.19, all ps > .243). The USneg was rated as moderately
intense (M=6.17, SD=1.77), with no differences between EXT and
CC groups (t(36)= .651, p= .519). Both CSs were rated as slightly
unpleasant before Acquisition (M=4.80 and 4.83, SD=2.15 and
2.49), with no differences between EXT and CC groups (both ts <
|1.38|, both ps > .193). The four USpos were rated as pleasant (all
Ms > 7.33, SDs < 2.26), and did not differ in pleasantness (F(3,
111)= 9.12, p= .438).

3.2. Acquisition and intervention across groups

Acquisition. USneg expectancy ratings during all phases are de-
picted in Fig. 1. Across groups, expectancy learning was successful, as
indicated by a significant Trial x Stimulus type interaction (F(5,
185)= 23.63, p < .001). Post hoc analyses showed that USneg ex-
pectancy for CS+ and CS- did not differ on the first trial (t(37)= .26,
p= .800), but did differ on the last trial of Acquisition (t(37)= 8.79,
p < .001). From the first trial to the last trial of Acquisition USneg
expectancy increased for CS+ and decreased for CS- (both ts > |4.12|,
both ps < .001). There were no differences between EXT and CC
groups (main effect and all interactions with Condition: F<1.22,
p> .303).

Intervention. In the total sample, USneg expectancy successfully
declined in the Intervention phase, indicated by a significant Trial x
Stimulus type interaction (F(11, 407)= 19.28, p < .001). Post hoc
analyses showed that US expectancy for CS+ and CS- differed on the
first trial (t(37)= 6.12, p < .001), but not on the last trial of the
Intervention phase (t(37)= 1.25, p= .218). USneg expectancy de-
creased from trial 1 to trial 12 for CS+ and CS- (both Fs > 18.89, both
ps < .001). This decrease was larger for CS + than CS- (t(37)= 6.08,
p < .001).

Interestingly, learning in the Intervention phase was different for
EXT and CC groups, as shown by a significant Trial x Condition inter-
action (F(11, 396)= 3.49, p < .001, see Fig. 1), and a trend for the
Trial x Stimulus type x Condition interaction (F(11, 396)= 1.76,
p= .058). Post hoc analyses showed that decreases in USneg expectancy
from trial 1 to trial 12 were larger for CC relative to EXT for the CS+ (F
(11, 396)= 2.35, p= .008) and smaller for the CS- (F(11, 396)= 2.96,
p= .001). EXT and CC conditions did not differ on USneg expectancy on
trial 1 for CS+ (t(36)= .13, p= .900), so larger USneg expectancy
decreases for the CS + suggest faster expectancy learning for CC. Dif-
ferences in USneg expectancy for CS- may be explained by higher ex-
pectancy ratings on trial 1 in the EXT condition (t(36)= 1.95,
p= .059).

Re-extinction. In the total sample, USneg expectancy declined
during Re-extinction, indicated by a significant Trial x Stimulus type
interaction (F(11, 396)= 4.41, p < .001). Post hoc analyses showed
that US expectancy for CS+ and CS- differed on the first trial (t
(37)= 3.95, p < .001), but not on the last trial of Re-extinction (t
(37)= 1.33, p= .192).

The Trial x Condition interaction was also significant (F(11,
396)= 4.32, p < .001), indicating larger decreases in USneg ex-
pectancy in the EXT than in the CC condition (due to higher USneg
expectancy scores on the first trial; see Spontaneous recovery).

2 Electromyographic activity (EMG, evoked by a 120ms 100 dB tone through
headphones) and electrodermal activity were also measured but due to tech-
nical problems, we were not able to analyse physiological data.
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3.3. Return of fear

Spontaneous recovery. The rmANOVA yielded a significant Trial x
Stimulus type interaction. Post hoc analyses confirmed that USneg ex-
pectancy increased from the last Intervention trial to the first
Spontaneous recovery trial, with larger increases for CS + than CS- (t
(37)= 3.86, p < .001), indicating differential spontaneous recovery in
both conditions.

Crucially, the Trial x Condition interaction was also significant (F
(1,36)= 6.41, p= .016). Post hoc analyses (using difference scores
from the Intervention [last trial] to the Spontaneous recovery phase
[first trial]) revealed larger increases in USneg expectancy in the EXT
group than in the CC group, for both CS+ and CS- (both ts > 2.26,
both ps < .027; see Fig. 1). Stimulus type x Condition and Trial x
Stimulus type x Condition interactions were not significant (both
Fs < .21, both ps > .646). Thus, non-differential spontaneous re-
covery (for CS+ and CS-) was larger for EXT than CC participants.

Reinstatement. The rmANOVA yielded a significant Trial x
Stimulus type interaction. Post hoc analyses confirmed that USneg ex-
pectancy increased from the last Re-extinction trial to the first
Reinstatement trial, with larger increases for CS + than CS- (t
(37)= 2.96, p= .005), indicating differential reinstatement in both
conditions.

Trial x Stimulus type x Condition and Trial x Condition interactions
were significant (F(1, 36)= 5.22, p= .028 and F(1, 36)= 7.41,
p= .010, respectively), and the Stimulus type x Condition interaction
was marginally significant (F(1, 36)= 3.84, p = .058), suggesting that

reinstatement for CS+ and CS- differed for EXT and CC groups (see
Fig. 1). Post hoc analyses showed that both conditions showed re-
instatement for CS+ (|t|s > 2.36, ps < .04), but it was larger for EXT
than CC (t(36)= 3.28. p= .002). Reinstatement for CS- did not differ
between conditions (t(25.963)= 1.63. p= .114).

3.4. CS + valence

There were no significant main or interaction effects for Condition,
indicating that changes in subjective valence did not differ between
groups (all Fs < 2.43, all ps > .127; see Fig. 2). The Time x Stimulus
type interaction was significant (F(1,36)= 10.12, p = .003). Post hoc
analyses revealed a trend in CS + being rated as more pleasant from
pre to post Intervention (t(37)=−1.74, p= .089), but CS- valence did
not change (t(37)= 1.26, p= .217).

4. Discussion

The present study was set up to compare the effects of standard
extinction and counterconditioning on return of fear in humans. While
extinction involves the repeated exposure of a CS without the aversive
US it was previously paired with, counterconditioning additionally in-
volves pairing the CS with a novel, positively valenced US. The results
clearly showed that counterconditioning outperformed standard ex-
tinction by weakening the return of USneg expectancy as measured
during tests for spontaneous recovery and reinstatement. This suggests
that creating a positive alternative association to a feared stimulus may

Fig. 1. USneg expectancy during Acquisition, Intervention, Spontaneous recovery (and Re-extinction) and Reinstatement for Extinction (Panel A) and
Counterconditioning (Panel B) groups (error bars represent the standard error of the mean).
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strengthen the fear extinction process in exposure treatment and
thereby boost its long-term efficacy. Note that at the end of the
Intervention phase, USneg expectancy levels were similar for counter-
conditioning and extinction. Hence, benefits of counterconditioning-
based interventions may only be found in clinical studies that include
follow-up assessments, rather than mere post-treatment fear assess-
ments (see also Craske et al., 2008). Although the current findings are
based on self-reported expectancies of USneg in a healthy population,
they provide promising preliminary support for counterconditioning as
a candidate for boosting long-term effects of exposure treatments for
anxiety disorders. For example, Competitive Memory Training
(COMET) could be a means to effectively establish new associations
with positive representations in patients suffering from an anxiety
disorder (Staring et al., 2016) and might better prevent relapse relative
to mere exposure therapy.

We found that the counterconditioning procedure weakened return
of fear without changing the conditioned negative value of the CS+.
This was unexpected, because counterconditioning is proposed to affect
evaluative learning and thus specifically reduce CS + valence (De
Houwer, 2011; De Houwer et al., 2001). However, previous findings on
the relevance of valence are mixed: Several studies found a more po-
sitive CS + valence after counterconditioning relative to extinction
(e.g., Engelhard et al., 2014; Kerkhof et al., 2011), but other studies did
not (Meulders et al., 2015), or only on an indirect measure (Raes & De
Raedt, 2012). This may indicate that changes in CS + valence after
counterconditioning are small or specific, showing at some levels (im-
plicit or automatic behavior) but not at others (explicit or self-reports).

Alternatively, CS + valence may not be relevant for effects of
counterconditioning on return of fear. For example, Luck and Lipp
(2017) found reduced CS + negativity (after providing positive in-
formation) but not reduced reinstatement. Possibly, the added US
(whether positive or neutral) enhances extinction by augmenting the
prediction error (surprise), which is generally viewed as the motor for
inhibitory learning during extinction (see also Dunsmoor, Campese,
Ceceli, LeDoux, & Phelps, 2015). The use of positive stimuli may en-
hance this effect (Erez & Isen, 2002; Isen & Shalker, 1982; Kiefer,
Schuch, Schenck, & Fiedler, 2007; Ludvik, Boschen, & Neumann, 2015).
Coupling the CS + immediately to an novel outcome (USpos; versus no
outcome in the extinction group) may also have increased CS + sal-
ience, which may have enhanced learning. In sum, the exact mechanism
for the return-of-fear reducing effects of counterconditioning is not
known. Although a larger reduction of CS + negative valence is a

theoretically plausible mechanism for reduced return of fear, it is not
supported by our data and there are other candidate mechanisms. In
our case, the humorous pictures may have been very adequate in in-
troducing surprise as well as promoting a strong new association. Fu-
ture studies might include the assessment of CS arousal (next to CS
valence) to disentangle learning mechanisms during counter-
conditioning.

Interestingly, we found a faster reduction of USneg expectancy in the
intervention phase for participants in the counterconditioning group
compared to the extincion group. This is surprising because an extinc-
tion procedure directly targets USneg expectancy learning (Lovibond,
2004; Vansteenwegen et al., 2006). This faster reduction of USneg ex-
pectancy might be explained by factors that were mentioned previously
(prediction error and reduced uncertainty). This faster reduction is
quite unique: Most interventions that strengthen extinction in the long-
term, also make it slower in the short term (Craske et al., 2014).
Counterconditioning may thus be faster but at the same time reduce
return of fear. Nevertheless, US expectancy was similar in counter-
conditioning and extinction groups at the end of the intervention phase.

Our study has several limitations. First, self-report fear or physio-
logical indicators of fear and anxiety were not included, nor were in-
direct measures of CS+ and CS- valence (e.g., affective priming, see
Engelhard et al., 2014). Although our reinstatement and spontaneous
recovery effects were similar, reinstatement effects should be replicated
without a prior re-extinction procedure, because our counter-
conditioning group received counterconditioning and extinction and
the extinction group received extinction twice. Future research may
also include larger samples and long-term assessments (e.g., after 1
week). Our pictures may not have been the optimal stimuli to change
CS + valence. The application of other -perhaps idiosyncratic-positive
USs may also be useful in order to test the optimal conditions for
counterconditioning. For example, film clips elicit specific emotional
responses (Arnaudova & Hagenaars, 2017), but their use as counter-
stimuli is unknown. Relatedly, our findings may point towards the use
of humor during exposure therapy, as it strongly promotes surprise
(prediction error) as well as the formation of new associations. Note
that spontaneous recovery and reinstatement can be interpreted as
contextual learning (with the visit to the lab and the unsignaled USneg
as reminders of the acquisition memory, respectively), so the findings
are likely to expand to reacquisition and renewal. All in all, counter-
conditioning procedures seem to be a promising alternative approach,
but mediating and moderating factors largely merit further exploration.
Finally, counterconditioning reduced spontaneous recovery for both the
CS+ and the CS-. Future studies are needed to examine the specificity
of the effects of the positive US.

In conclusion, although there is a need for further testing, this is an
important first step in exploring counterconditioning as an approach to
reduce treatment relapse. We provide preliminary evidence that ex-
pectancy learning does not differ for counterconditioning and extinc-
tion, but return of fear is lower after counterconditioning. Given that
relapse rates are high after exposure therapy, this is a promising
finding. Moreover, our counterconditioning procedure resulted in faster
extinction rates. Interestingly, counterconditioning and extinction did
not differ in their effect on CS + valence, so changes in CS + valence
did not drive the weakened return of fear effects. Rather, novelty of the
USpos may have facilitated extinction learning. The findings are highly
relevant clinically and contribute to theories of expectancy and eva-
luative learning.
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