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a b s t r a c t

Background and objectives: Cognitive behavioral therapy (CBT) combines cognitive restructuring with
exposure to feared stimuli in the treatment of anxiety disorders. Due to the complexities of cognition
eemotion interactions during ongoing CBT, the underlying mechanisms remain unclear, which hinders
treatment optimization.
Methods: We created a laboratory analogue by combining reappraisal, a key ingredient of cognitive
restructuring, with Pavlovian conditioning, a key ingredient in behavioral treatments. The novel differ-
ential Pavlovian acquisition and extinction task featured social stimuli as conditioned and unconditioned
stimuli under unregulated and reappraisal instructions.
Results: Findings indicated that reappraising the conditioned stimuli attenuated acquisition (Study 1)
and facilitated extinction (Study 2) of conditioned negative valence. In Study 3, highly socially anxious
individuals showed deficient extinction learning relative to low socially anxious individuals but
compensated for this by using reappraisal.
Limitations: Diagnostic status of participants was not assessed in structured clinical interviews.
Conclusions: Reappraisal of feared stimuli could be useful in prevention and treatment of social anxiety.

© 2014 Elsevier Ltd. All rights reserved.

1. General introduction

Anxiety disorders are highly prevalent, severely debilitating,
and involve considerable societal costs (e.g., Konnopka,
Leichsenring, Leibing, & K€onig, 2009). Cognitive behavioral ther-
apy (CBT) has emerged as the treatment of choice for these disor-
ders (e.g., Butler, Chapman, Forman, & Beck, 2006). Core
components of CBT are cognitive techniques such as cognitive
restructuring and behavioral techniques such as repeated exposure
to feared stimuli. It is likely that cognitive and behavioral processes
interact in a bidirectional fashion during CBT. Thus, experiences
during successful exposures to feared stimuli may change phobic
cognitions, and cognitive restructuring of phobic cognitions, in
turn, may facilitate fear extinction during exposure.

A growing literature is trying to delineate the mechanisms
behind these cognitioneemotion interactions during ongoing CBT
(e.g., Craske et al., 2008; Hofmann et al., 2007; Kleim et al., 2013; de

Quervain et al., 2011; Salkovskis, Hackmann, Wells, Gelder, & Clark,
2007). However, the complexity of a dynamically unfolding thera-
peutic process makes the establishment of causality difficult. In this
regard laboratory research can usefully complement naturalistic
process research. Therefore, the present study series created a
laboratory analogue of CBT by applying a key feature of cognitive
restructuring, the cognitive emotion regulation strategy reap-
praisal, to the laboratory analogue of exposure therapy, Pavlovian
conditioning (Bouton, Mineka, & Barlow, 2001).

1.1. Pavlovian conditioning theories of anxiety and exposure
therapy

According to conditioning theories of anxiety disorders, etiology
and maintenance of pathological anxiety results from a Pavlovian
conditioning process, involving contingent pairing of aversive un-
conditioned stimuli (USs) such as initial panic attacks (as in panic
disorder), social stress (as in social anxiety disorder, SAD), or
traumatic events (as in posttraumatic stress disorder) with neutral
CSs (stimuli, situations, people, see De Houwer, Barnes-Holmes, &
Moors, 2013; for a revised definition of learning). After such

* Corresponding author. Tel.: þ43 (0)662 8044 5163; fax: þ43 (0)662 8044 5126.
E-mail address: jens.blechert@sbg.ac.at (J. Blechert).

Contents lists available at ScienceDirect

Journal of Behavior Therapy and
Experimental Psychiatry

journal homepage: www.elsevier .com/locate / jbtep

http://dx.doi.org/10.1016/j.jbtep.2014.10.001
0005-7916/© 2014 Elsevier Ltd. All rights reserved.

J. Behav. Ther. & Exp. Psychiat. 46 (2015) 141e150

Delta:1_surname
Delta:1_surname
Delta:1_surname
mailto:jens.blechert@sbg.ac.at
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbtep.2014.10.001&domain=pdf
www.sciencedirect.com/science/journal/00057916
http://www.elsevier.com/locate/jbtep
http://dx.doi.org/10.1016/j.jbtep.2014.10.001
http://dx.doi.org/10.1016/j.jbtep.2014.10.001
http://dx.doi.org/10.1016/j.jbtep.2014.10.001


acquisition of conditioned fear, CSs can later provoke aversive-
defensive responding even in the absence of the USs, as evi-
denced during later extinction training, when CSs are no longer
followed by USs. Failure to decrease such conditioned responding is
referred to as resistance to extinction. This extinction deficit has
been demonstrated in a range of anxiety disorders (Lissek et al.,
2005) making it a key maintenance factor in clinical anxiety.
Extinction is thought to underlie exposure therapy: patients are
encouraged to expose themselves to their feared stimuli (the CSs)
to realize that the feared consequences (the USs) do not occur, and
to decrease their disliking and avoidance of these stimuli. Although
exposure therapy is very successful overall, there is room for
improvement (Craske et al., 2008; Hofmann & Smits, 2008).
Therefore, much of the basic conditioning research has tried to
understand the mechanisms underlying extinction, with the ulti-
mate aim of developing novel strategies to improve it (e.g., Graham
& Milad, 2011).

1.2. Integrating cognitive emotion regulation with Pavlovian
conditioning

This search for ways to optimize exposure therapy has moti-
vated researchers to investigate the role of cognitive emotion
regulation in Pavlovian conditioning. In the first study on this topic,
participants were conditioned to yellow or blue square-CSs using
electric shocks as US under instructions of either attending to their
feelings or of cognitively regulating their emotions (i.e. by imag-
ining calming images from nature during CS presentation, Delgado,
Nearing, Ledoux, & Phelps, 2008). Results revealed decreased dif-
ferential skin conductance responding for reappraise vs. attend
trials. Neurally, the dorsolateral prefrontal cortex (dlPFC), engaged
by reappraisal, seemed to attenuate differential amygdala
responding via the ventromedial PFC, suggesting that regulation
takes a common final path as extinction learning (Delgado et al.,
2008; Hartley & Phelps, 2010). More recently, Shurick et al.
(2012) conditioned participants to images of snakes and spiders
using electric US. After conditioning, participants were helped in
cognitively restructuring negative thoughts and feelings experi-
enced during conditioning. This procedure reduced differential fear
and electrodermal responding during a second conditioning ses-
sion 24 h later. These two studies demonstrated the influence of
cognitive emotion regulation over differential fear conditioning.
However, three important aspects remain unexplored.

First, the tasks employed by Delgado et al. (2008) and Shurick
et al. (2012) did not distinguish an acquisition phase from an
extinction phase. However, it would be useful to know when
cognitive emotion regulation needs to be employed to be suc-
cessful: during the acquisition phase and thus early during condi-
tioning (analog to the original onset of fear in the course of clinical
anxiety), or later during the extinction phase when already estab-
lished associations need to be changed (analog to CBT treatment of
chronic clinical anxiety).

Second, previous research did not examine regulation effects on
valence ratings. Valence during Pavlovian conditioning is thought
to arise from an evaluative conditioning (EC) process that evolves in
parallel to the differential responses on autonomic electrodermal,
or US-expectancy/fear ratings, both representing expectancy
learning. EC has a number of characteristics that make it different
from expectancy learning. EC is more resistant to extinction than
expectancy learning (Blechert, Michael, Williams, Purkis, &
Wilhelm, 2008; Hermans, Vansteenwegen, Crombez, Baeyens, &
Eelen, 2002; Vansteenwegen, Crombez, Baeyens, & Eelen, 1998;
Vansteenwegen, Francken, Vervliet, De Clercq, & Eelen, 2006). EC
is also associated with reinstatement (Dirikx, Hermans,
Vansteenwegen, Baeyens, & Eelen, 2004; Hermans et al., 2005;

Zbozinek, Hermans, Prenoveau, Liao, & Craske, 2014), a laboratory
analogue of the return of fear after an initially successful treatment
(Rachman, 1989) which makes EC particularly relevant for the long
term outcome of exposure therapies. In fact, EC is enhanced in
clinical anxiety: patients with panic disorder and post-traumatic
stress disorder show a deficit in extinguishing EC responses
compared to healthy controls (Blechert, Michael, Vriends, Margraf,
& Wilhelm, 2007; Michael, Blechert, Vriends, Margraf, & Wilhelm,
2007). Thus, enhanced EC conditioningmight be whymany anxiety
patients are prone to experience a return of fear after successful
exposure therapy.

Third, if adding cognitive emotion regulation to Pavlovian con-
ditioning were clinically relevant, it should help to reduce the
extinction deficit seen in several anxiety disorders. Might cognitive
emotion regulation in fact reduce the extinction deficit in partici-
pants with elevated anxiety? The present study series aimed to
answer these three open questions.

1.3. The present research

The present research started off by creating a suitable condi-
tioning framework that would isolate acquisition from extinction,
and that would generate reliable and persistent EC effects. Due to
their high relevance to daily life social functioning, we chose social
stimuli as CSs and USs. Research in social cognitive neuroscience
moves away from using static emotional faces in isolation and starts
to embed them in written emotional sentences (Davis, Johnstone,
Mazzulla, Oler, & Whalen, 2010; Wieser et al., 2014), emotional
voice recordings (Iidaka et al., 2010), nonverbal affective gestures
(Wieser, Flaisch, & Pauli, 2014) or dynamic videos (Hermann, Keck,
& Stark, 2014; Pejic, Hermann, Vaitl, & Stark, 2013) to determine
how humans acquire and represent knowledge about unpleasant
social encounters and to elucidate associated individual differences
such as emotion regulation style (Hermann et al., 2014) or social
anxiety (Pejic et al., 2013). Here, we used still images of neutral faces
of actors as CSs which predicted aggressive/insulting exclamations
of the same actors as USs. In this social conditioning task we ex-
pected to condition strong negative valence to the still images
(assessed through subjective ratings), thereby modeling a prevalent
process in social interactions in daily life. Translation of Pavlovian
conditioning into the social domain would also allow us to study
putative extinction deficits in individuals with social anxiety, who
are particularly sensitive to negative social evaluation (Weeks et al.,
2005; Winton, Clark, & Edelmann, 1995) and to test whether
cognitive emotion regulation might ameliorate these deficits. We
chose to focus on reappraisal, defined as changing the way one
thinks about a situation to alter one's emotional response, as this is a
particularly well studied and clinically relevant cognitive emotion
regulation strategy (Gross, 2014). A series of three studies was car-
ried out to address these research aims. Study 1 applied reappraisal
during acquisition. Study 2 applied reappraisal during extinction.
Study 3 assessed individuals with high social anxiety in the social
conditioning task to test whether they would show an extinction
deficit and whether reappraisal would help in reducing it.

2.. Study 1: reappraisal during acquisition

Study 1 explored the suitability of the social conditioning task for
generating reliable and durable EC effects, and for examining
reappraisal. Three conditions were repeatedly presented within
participants (explained in more detail below). Two conditions,
termed CS_Neg and CS_Neu, simulated the CSþ (the CS that predicts
the US during acquisition) and the CS" (the CS that is never paired
with the US) of conventional conditioning designs. The difference in
negative valence between CS_Neg and CS_Neu after acquisitionwas
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taken to represent differential EC acquisition. A third condition e
the CS_Rea conditione represents a second CSþ (predicting the US)
presented under reappraisal conditions. The difference in valence
ratings between CS_Rea and CS_Neg was taken as an index of
reappraisal strength. Based on previous research, we hypothesized
that reliable EC effects would be observed (CS_Neg > CS_Neu, Lissek
et al., 2008; Pejic et al., 2013). We further expected reappraisal to
reduce or slow acquisition (CS_Neg > CS_Rea, Shurick et al., 2012).
These effects during acquisitionwere expected to carry over into the
extinction phase. Due to the known effects of gender during
emotion reactivity and regulation tasks (e.g., Domes et al., 2009;
Mcrae, Ochsner, Mauss, Gabrieli, & Gross, 2008), this factor was
considered in the analyses.

2.1. Method

2.1.1. Participants
Participants were n ¼ 33 (n ¼ 26 female, n ¼ 7 male) under-

graduate students from Northern California (66.7% Caucasian,
24.2% Asian, 9.1% other) aged 33.4 (SD ¼ 9.15) years. None reported
a history of psychiatric or neurological disorders.

2.1.2. Procedure
An LCD projector (1600 $ 1200 pixel resolution) was used to

display stimuli onto a white board 10 ft in front of participants

sitting in the front row of a college classroom. Participants were
tested in three approximately equally sized groups on the same day
and in the same classroom.

Pre-task instructions informed participants that they would be
presented with photos of three individuals and asked to imagine a
real world situation in which they interacted with each of them
(e.g., meeting a remote acquaintance in a classroom or on the
hallway in the dorm). No information about possible stimulus
contingencies (CS-US pairings) was given. As illustrated in Fig. 1A,
in each of the three conditions, still images of the faces of three
male actors displaying neutral expressions were used as CSs which
were immediately followed by videos of the same actors (same
field of view and camera settings) as USs during acquisition. Spe-
cifically, each acquisition trial of the CS_Neu condition (equivalent to
a CS-) presented a still image for 6 s, that was replaced by a one of
four different neutral videographic statements (2 s each, “Sorry I'm
late”, “What time is it?”, “I lost my key”, “Its 4 o'clock”). Each
acquisition trial of the CS_Neg condition (equivalent to a CSþ) pre-
sented the still image of another actor, replaced by one of four
videographic negative statements (“You're a complete failure”, “You
are ridiculous”, “You disgust me”, “I hate you”). The CS_Rea condi-
tion was equivalent to the CS_Neg condition (different actor, same
four statements) but instructions prompted participants to reap-
praise their emotional response to the still image of this actor to
‘decrease negative thoughts and feelings about that person’. The

Fig. 1. The social conditioning and reappraisal procedures: actors in blue frames are to be reappraised, actors in green frames are to be watched naturally. Study 1 introduced
reappraisal during acquisition (CS_Rea framed in blue from the start, A). Negative valence ratings (means, standard errors) as a function of condition and time in Study 1, B). Study 2
introduced reappraisal during extinction (CS_Rea framed in blue only during extinction, C). Negative valence ratings (means, standard errors) as a function of condition, time and
Gender in Study 2 (D). See text for details. Acq, Acquisition; Ext, Extinction; CS_Rea, negatively conditioned stimulus that is reappraised; CS_Neg, negatively conditioned stimulus
(not reappraised); CS_Neu, conditioned stimulus followed by neutral videos. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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experimenter explained reappraisal as “a way of changing how one
thinks about a situation in a different way to change ones emo-
tions” and provided two reappraisal examples (“this person is just
practicing for a play, so his anger is not directed at you”, “This
person is just having a bad day so it's understandable that he is
upset”) and left it to the participant to adopt a reappraisal strategy
that worked best for him/her. Training duration was around 5 min.
Colored frames reminded participants of when to reappraise
(CS_Rea) and when to watch without changing their natural
response (CS_Neg, CS_Neu, blue ¼ reappraise in Fig. 1A, color
counterbalanced across participants). Four trials per conditionwere
shown during acquisition. Actor-condition assignment was coun-
terbalanced across the three testing groups.

The extinction phase that directly followed acquisition
comprised another four presentations of the still images of CS_Neg,
CS_Rea and CS_Neu, without accompanying US videos. No addi-
tional instructions were given before or during this phase.

CS-valence ratings were completed on paper handouts, dis-
playing the neutral still images of each of the three actors along
with a visual analogue rating scale ranging from pleasant to un-
pleasant (converted to values 1e10). Ratings were given pre-, mid-
and post-acquisition and mid- and post-extinction (cf. Blechert
et al., 2008). To simplify the analyses, mid-acquisition and mid-
extinction ratings were omitted from statistical analyses.

2.1.3. Statistical analysis
To test for differential acquisition of negative valence, a CS-Type

(CS_Neg, CS_Neu) $ Time (pre, post-acquisition) $ Gender (male,
female) analysis of variance (ANOVA) with repeated measures on
CS-Type and Timewas run (SPSS, version 19). Successful differential
acquisition would give rise to CS-Type $ Time interactions due to
more negative ratings of the CS_Neg relative to the CS_Neu at post-
acquisition. Similarly, to test for effects of reappraisal, a CS-Type
(CS_Neg, CS_Rea) $ Time (pre, post-acquisition) $ Gender
ANOVA was computed. Again, successful reappraisal would result
in a CS-Type $ Time interaction with lower values for the CS_Rea
compared to the CS_Neg post-acquisition. Effects of extinctionwere
evaluated in relation to acquisition strength, that is, extinction
analysis included post-acquisition values in a CS-Type (CS_Neg,
CS_Neu) $ Time (post-acquisition, post-extinction) $ Gender
analysis.

Continued reappraisal effects were evaluated in a CS-Type
(CS_Neg, CS_Rea) $ Time (post-acquisition, post-
extinction) $ Gender ANOVA. Significant interactions involving CS-
Type were followed by T-tests between CS-Types (e.g. differential
acquisition/extinction: CS_Neg vs. CS_Neu, reappraisal: CS_Neg vs.
CS_Rea) or between time points (e.g. post-acquisition vs. post-
extinction), as appropriate. Due to our interest in the final
‘outcome’ of conditioning and reappraisal, T-tests were planned for
post-extinction ratings between the three CS-types.

Preliminary analyses showed that the Gender factor did not
reach significance in any of the analyses, all Fs < 3.23, ps > .082, and
Gender was therefore dropped from the analyses (and data com-
bined across male and female participants). Similarly, the factor
Testing Group (first, second, third group tested in classroom
setting) did not modulate CS-Type effects, all Fs < 1.00 and was
therefore dropped from all analyses. The alpha level was set to .05.
Partial eta-squared (hp2) and Cohen's d (with pooled SDs) are re-
ported as measures of effect size.

2.2. Results

2.2.1. Acquisition phase
The CS-Type $ Time (pre, post-acquisition) ANOVA testing for

differential acquisition of valence (CS_Neg vs. CS_Neu) yielded a

main effect of CS-Type, F(1, 32)¼ 29.0, p < .001, hp2 ¼ .476, as well as
a CS-Type $ Time interaction effect, F(1, 31) ¼ 16.2, p < .001,
hp
2¼ .337. T-tests revealed equivalent ratings pre-acquisition, t < 1.0,

but more negative valence for the CS_Neg relative to the CS_Neu
post-acquisition, t(32) ¼ 5.83, p < .001, d ¼ 1.01. The CS-
Type $ Time (pre, post-acquisition) ANOVA testing for effects of
reappraisal (CS_Rea vs. CS_Neg) yielded main effects of Time, F(1,
32)¼ 15.2, p < .001, hp2 ¼ .322, and CS-Type F(1, 32)¼ 5.76, p¼ .022,
hp
2 ¼ .152, as well as a CS-Type $ Time interaction, F(1, 31) ¼ 4.86,

p ¼ .035, hp
2 ¼ .132. T-tests revealed equivalent ratings pre-

acquisition, t < 1.0 whereas at the end of acquisition, CS_Rea was
less negative than CS_Neg, t(32) ¼ 3.27, p ¼ .003, d ¼ .57 (Fig. 1B).

2.2.2. Extinction phase
The CS-Type $ Time (post-acquisition, post-extinction) ANOVA

testing for extinction of conditioned negative valence yielded a
main effect of Time F(1, 31) ¼ 11.4, p¼ .002, hp2 ¼ .268, and CS-Type,
F(1, 31) ¼ 27.3, p < .001, hp2 ¼ .468, as well as a Time $ CS-Type
interaction, F(1, 31) ¼ 15.2, p < .001, hp2 ¼ .329. To follow up on this
interaction, T-tests compared post-acquisitionwith post-extinction
values of CS_Neg and CS_Neu. T-tests confirmed a loss of condi-
tioned negative valence across extinction for the CS_Neg,
t(31) ¼ 4.56, p < .001, d ¼ .81, but not for the CS_Neu, t < 1.00,
however, the CS_Neg remained more negative than the CS_Neu,
t(31) ¼ 3.54, p < .001,d ¼ .63, post-extinction.

The CS-Type $ Time (post-acquisition, post-extinction) ANOVA
testing for continuation of reappraisal effects on negative valence
yielded amain effect of Time, F(1, 31)¼ 27.3, p < .001, hp2¼ .468, and
CS-Type, F(1, 31)¼ 13.3, p < .001, hp2 ¼ .300. Reappraisal effects were
maintained; by the end of extinction the CS_Rea was still lower
than the CS_Neg, t(31) ¼ 3.08, p ¼ .004, d ¼ .56 and no longer
differed from CS_Neu, t(31) < 1.00.

2.3. Discussion

Study 1 demonstrated several key properties of the social con-
ditioning task. First, large differential acquisition (EC conditioning)
effects were found (CS_Neg > CS_Neu on negative valence): At the
end of acquisition a neutral image of an actor that was followed by
negative sentences of that actor (CS_Neg) was evaluated more
negatively than a neutral image of another actor that was followed
by neutral sentences (CS_Neu). Despite reductions in “absolute”
negative valence, this EC effect was largely retained throughout
extinction (i.e. CS_Neg > CS_Neu, “relative” resistance to extinc-
tion), suggesting that the social conditioning task is suitable for
inducing relatively durable EC effects at least with this short
extinction phase of 4 trials. Second, significant and substantial
reappraisal effects were evident at the end of acquisition and were
maintained throughout extinction. This indicates that engaging in
reappraisal early during first encounters with a feared situation in
combination with subsequent extinction episodes can reverse the
effect of conditioning.

However, Study 1 had several limitations. First, reappraisal ef-
fects during extinction could simply be carry-over effects of
changes that had taken place during acquisition. Likewise, during
acquisition there is some ambiguity whether reappraisal is applied
toward the CSs (still images, as instructed) or to the USs (video
clips). If primarily US films were reappraised (Goldin, McRae,
Ramel, & Gross, 2008), then the reduced negativity of the CSs
would be a ‘downstream’ consequence and acquisition of negative
valence to the CSwould be incomplete. Applying reappraisal during
extinction would provide more conceptual clarity here. Second,
Study 1 further featured only a short extinction phase (4 trials per
CS), thereby occluding the subsequent trajectory of conditioning
and reappraisal effects. Third, Study 1 was conducted in a mass
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testing setting and thus was under relatively low experimental
control. Fourth, the small number of men in the sample precluded a
solid test of gender differences. Last, being based on self-report, the
question of demand and social desirability bias arises with regard
to the observed effects.

3. Study 2: reappraisal during extinction

Despite the significance of the modulating role of reappraisal
during acquisition, as shown in Study 1, much higher practical
importance is attributed to the extinction phase, considered the
laboratory analogue of exposure therapy, which is typically un-
dertaken long after the original acquisition of fear. In addition, to
address limitations of Study 1, Study 2 used tighter control, with
individual sessions in the laboratory, doubled the number of
extinction trials, balanced participant gender, and included a
measure of social desirability.

We expected to replicate differential EC effects during acquisi-
tion and extinction in the controlled setting of Study 2. We further
hypothesized that reappraisal would speed extinction even when
applied after acquisition.

3.1. Method

3.1.1. Participants
Participants were n ¼ 31 (n ¼ 16 female, n ¼ 15 male) under-

graduate students from Northern California. Mean age was 19.6
(SD ¼ 4.82, no data on race obtained). None reported a history of
psychiatric or neurological disorders.

3.1.2. Procedure
Stimulus presentationwas the same as in Study 1 but in Study 2,

participants came to the psychophysiology laboratory for individ-
ual sessions, and stimuli were presented via monitor and calibrated
speakers (1).

Due to the focus on extinction, the following procedural changes
were made. First, extinction trial numbers per condition were
doubled to eight to follow the trajectory of conditioned responses
and reappraisal for an extended period. Importantly, although
reappraisal training was conducted prior to acquisition, the blue
color frame (as a marker of which actor to reappraise) only came on
starting with the first extinction trial, therefore precluding any
differences between CS_Rea and CS_Neg or any differential appli-
cation of reappraisal to the USs prior to extinction (see Fig. 1C).

Valence ratings were made on-screen with the mouse, using a
visual analogue scale ranging from 1 (pleasant) to 100 (unpleasant)
at pre-, mid, and post-acquisition time points as well as 4 times
during extinction (after every second presentation of each condi-
tion). Again, only the last extinction rating was included in the
analyses. A contingency awareness measure after extinction asked
for each of the three still images/conditions whether the displayed
person had expressed “negative or neutral sentences early in the

task” (yes/no) (2). Only participants correctly answering these three
items were considered contingency aware. However, due to the
unclear role of contingency awareness in EC (Baeyens, Eelen, & Van
den Bergh, 1990; Field, 2000; Hutter, Sweldens, Stahl, Unkelbach, &
Klauer, 2012), non-aware participants were not excluded.

Last, to assess the possibility that obtained results reflect social
desirability, the 13-item short form of the Marlowe-Crowne Scale,
which possesses good psychometric properties (Loo & Thorpe,
2000; Reynolds, 1982), was added.

3.1.3. Statistical analysis
Statistical analysis of the acquisition and extinction phases was

identical to Study 1, except that the MarloweeCrowne scores were
added as covariate in a separate set of analyses.

3.2. Results

3.2.1. Acquisition phase
The CS-Type $ Time (pre, post-acquisition) $ Gender ANOVA

testing for differential acquisition of valence (CS_Neg vs. CS_Neu)
yielded a main effect of CS-Type, F(1, 29) ¼ 62.6, p < .001, hp2 ¼ .684,
as well as a CS-Type $ Time interaction, F(1, 29) ¼ 53.4, p < .001,
hp
2¼ .648. Similar to Study 1, t-tests revealed equivalent ratings pre-

acquisition, t < 1.0, but more negative valence for the CS_Neg
relative to the CS_Neu post-acquisition, t(30) ¼ 10.7, p < .001,
d ¼ 2.14. The CS-Type $ Time (pre, post-acquisition) $ Gender
ANOVA testing for whether the CS which was to be reappraised
during extinction (CS_Rea) differed from the CS_Neg showed no
main effect or interactions involving CS-Type, all Fs < 1.13, ps > .296,
confirming equivalent acquisition of negative valence in both
conditions (Fig. 1D).

3.2.2. Extinction phase
The CS-Type $ Time (post-acquisition, post-

extinction) $ Gender ANOVA testing for extinction of conditioned
negative valence yielded a main effect of Time, F(1, 29) ¼ 23.6,
p< .001, hp2¼ .449, and CS-Type, F(1, 29)¼ 75.5, p< .001, hp2¼ .772, as
well as a CS-Type $ Time interaction, F(1, 29) ¼ 14.2, p < .001,
hp
2 ¼ .328. The CS-Type $ Time interaction was due to a decrease in

negative valence across extinction for the CS_Neg, t(30) ¼ 4.40,
p< .001, d¼ .78 (absolute extinction),which contrastedwith a slight
increase for the CS_Neu, t(30)¼ 2.18, p¼ .038, d¼ .39. However, the
CS_Neg remained more negative than the CS_Neu, t(30) ¼ 4.70,
p < .001, d ¼ 1.17 post-extinction (relative resistance to extinction).

The CS-Type $ Time (post-acquisition, post-
extinction) $ Gender ANOVA testing for reappraisal effects during
extinction yielded main effects of Time, F(1, 29) ¼ 54.3, p < .001,
hp
2¼ .652, and CS-Type, F(1, 29)¼ 7.83, p¼ .009, hp2¼ .213, as well as

a CS-Type $ Time, F(1, 29) ¼ 6.00, p ¼ .021, hp2 ¼ .172 and a CS-
Type $ Time $ Gender interaction, F(1,29) ¼ 7.66, p ¼ .010,
hp
2 ¼ .209. T-tests showed no gender differences post-acquisition,

ts < 1.26, ps > .228. However, post-extinction, women showed a
reappraisal effect and rated the CS_Rea lower than the CS_Neg,
t(15)¼ 3.89, p¼ .001, d¼ .98. Men did not show a reappraisal effect
post-extinction, t(14) < 1.00. As a result of successful reappraisal, at
post-extinction females rated the CS_Rea no different than the
CS_Neu, t(15) ¼ 1.26, p ¼ .228, whereas males rated the CS_Rea as
more negative than the CS_Neu, t(14) ¼ 2.46, p ¼ .027, d ¼ .88.

3.2.3. Contingency awareness & social desirability
Descriptively, 29 participants (93.5%) were classified as contin-

gency aware. In an additional set of analyses, the MarloweeCrowne
score was treated as covariate (centered) during acquisition and
extinction. No significant main effects or interaction effects
involving this covariate were observed, all Fs < 1.00.

1 We also measured skin conductance and heart rate throughout the task but no
significant differential conditioning was observed (see Pejic et al., 2013; for similar
results) and results are therefore not reported.

2 Participants also rated the likelihood of presentation of a video-clip subsequent
to the still image (US-expectancy; “How likely is it that a picture of this person will
be followed by a video on the next trial?”, rating given directly after the valence
rating) on a 1 (very unlikely) to 100 (very likely) scale. This wording was used to be
consistent across CS_Rea and CS_Neg (both followed by negative videos during
acquisition) and CS_Neu (being followed by neutral videos during acquisition) but it
deviates from typical US-expectancy ratings (e.g. likelihood of a shock or no shock,
corresponding to expectancy of a negative video here), which is why we omitted
these data from the present report.
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3.3. Discussion

In line with our expectations, Study 2 replicated Study 1 with
regard to differential EC in the social fear conditioning task,
however, it did so in individual testing sessions in a controlled
laboratory setting. Study 2 further showed that reappraisal
effectively reduced conditioned negative valence during the
extinction phase in females. In fact, as a result of reappraisal,
conditioning effects could be reversed (i.e. CS_Rea was no
different from the CS_Neu). This finding is clinically relevant since
it suggests that exposure therapy could be augmented with
reappraisal to reduce negative evaluations of stimuli associated
with aversive encounters, at least in women. This finding also
shows that reappraisal does not need to be engaged early during
conditioning, but can modulate CS-valence after acquisition has
occurred. At the same time, it became clear that reappraisal does
not operate primarily on the US (videos, shown during acquisi-
tion) but on the CSs (still images, shown during extinction). It
should be noted that US-revaluation can occur also after condi-
tioning, i.e. a reduction in US aversiveness after acquisition can
lead to reduced conditioned responding (Davey, 1989; Walther,
Gawronski, Blank, & Langer, 2009). Thus, both reappraisal of CS-
valence and US revaluation provide putative mechanisms here.
Interestingly, reappraisal during extinction was not effective in
men. The literature on gender differences has mostly focused on
emotion reactivity with only a few findings with regard to
emotion regulation. Emotional clarity, the ability to identify,
describe, and understand one's own emotional experiences
(Gohm & Clore, 2000), has been suggested to be higher in women
(Barrett, Lane, Sechrest, & Schwartz, 2000), which might aid them
in applying reappraisal. Also neural activations differ by gender
(Domes et al., 2009; Mcrae et al., 2008), however, so far without a
consistent functional interpretation. Last, social desirability did
not explain or modulate the obtained effects, which is an
important assurance for interpreting such self-report data during
conditioning straightforwardly.

4. Study 3: conditioning and reappraisal in social anxiety

Building on these findings, in Study 3 we asked whether
reappraisal would facilitate extinction learning in individuals with
social anxiety. In particular, we examined whether individuals
with elevated social anxiety would show an extinction deficit in
the present social conditioning task, and whether reappraisal
would help in compensating for this deficit. With regard to
extinction learning in social anxiety, we predicted elevated nega-
tive valence ratings in the CS_Neg condition relative to the CS_Neu
in individuals with high relative to low social anxiety based on
similar previous findings (Lissek et al., 2008; Pejic et al., 2013).
Previous research does not permit strong predictions with regard
to the effect of reappraisal in socially anxious individuals: Goldin,
Manber, Hakimi, Canli, and Gross (2009) found no difference be-
tween SAD patients and controls in their ability to reappraise
harsh looking faces but identified neural group differences
whereas another study found lower perceived self-efficacy in
reappraisal in this patient group (Werner, Goldin, Ball, Heimberg,
& Gross, 2011). However, a recent study showed that improve-
ments in reappraisal self-efficacy mediated CBT success in SAD
suggesting that training reappraisal might be beneficial in social
anxiety (Goldin et al., 2012). Either result would be interesting
with regard to therapeutic avenues for this prevalent condition.
Thus, we recruited participants with high and low levels of social
anxiety, exposed them to the social conditioning task used in
Study 2 and focused our comparisons on group differences in
reappraisal after extinction.

4.1. Method

A total of N ¼ 270 undergraduate students from Northern Cal-
ifornia were screened with the self-report version of the Liebowitz
Social Anxiety Scale, LSAS-SR and high (HSA) and low (LSA) scorers
(top and bottom 15%) were invited to the laboratory. The LSAS-SR is
a reliable and valid measure of social anxiety (Fresco et al., 2001).
The State-Trait-Anxiety Inventory (STAI, Spielberger, Gorsuch, &
Luchene, 1970), trait version, and the Beck Depression Inventory
(BDI, Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) were used to
characterize the sample. Again, the Marlowe-Crowne Scale was
administered to assess social desirability. As shown in Table 1, in-
dividuals classified into the LSA vs. HSA groups (ns ¼ 38/33 actually
showed up in the laboratory, respectively) differed significantly on
LSAS total score but not on age or sex ratio (no data on race ob-
tained). The HSA group also had higher scores on the STAI-T and the
BDI but lower scores on social desirability (Marlowe-Crowne scale).
Participants received $20 for their participation.

Participants underwent the identical procedure in the same
setting as used in Study 2. The between participants factor Group
was added to the statistical analyses (in addition to the Gender
factor).

4.2. Results

4.2.1. Acquisition phase
The Group $ Gender $ CS-Type $ Time repeated measures

ANOVA testing for differential acquisition yielded a CS-Type effect,
F(1, 68) ¼ 66.0, p < .001, hp2 ¼ .493, as well as a CS-Type $ Time
interaction, F(1, 68) ¼ 148, p < .001, hp2 ¼ .686. No significant effects
involving Group, Fs < 1.40, ps > .240 or Gender, Fs < 3.60, ps > .062,
were found. Collapsed across groups and Gender and similar to
Studies 1 and 2, t-tests revealed equivalent ratings pre-acquisition,
t < 1.0, but more negative valence for the CS_Neg relative to the
CS_Neu post-acquisition, t(70) ¼ 11.6, p < .001, d ¼ 2.50.

The Group $ Gender $ CS-Type $ Time (pre, post-acquisition)
ANOVA testing for whether the CS which was to be reappraised
during extinction (CS_Rea) differed from the CS_Neg showed no
main effect or interactions involving CS-Type, all Fs < 1.00, Group,
Fs < 1.11, ps > .296 or Gender, Fs < 2.30, ps > .134, confirming
equivalent acquisition of negative valence in both conditions,
groups and genders (Fig. 2).

4.2.2. Extinction phase
The Group $ Gender $ CS-Type $ Time ANOVA testing for

extinction of conditioned negative valence ratings yielded effects of
CS-Type, F(1, 68) ¼ 152, p < .001, hp2 ¼ 691, and Time, F(1, 68)¼ 19.7,
p < .001, hp

2 ¼ .225, as well the expected CS-Type $ Group

Table 1
Participant characteristics in study 3: means (SD) of low vs. high socially anxious
participants and group comparisons.

Low socially
anxious (LSA)
(n ¼ 38)

High socially
anxious (HSA)
(n ¼ 33)

Statistic

Age (years) 20.1 (3.10) 20.3 (4.35) t < 1.00
Male/female 18/20 10/23 c2(71) ¼ 2.15, p ¼ .110
LSAS 13.2 (5.04)

range ¼ 1e21
59.2 (14.4)
range ¼ 44e90

t(69) ¼ 18.4, p < .001, d ¼ 4.74

STAI-T 32.4 (8.93) 45.5 (10.2) t(67) ¼ 5.67, p < .001, d ¼ 1.37
BDI 3.71 (6.50) 11.6 (7.61) t(67) ¼ 4.44, p < .001, d ¼ 1.18
Marlowe-

Crowne scale
5.37 (2.49) 4.06 (2.07) t(67) ¼ 2.34, p ¼ .023, d ¼ .58

Note. LSAS, Liebowitz Social Anxiety Scale e self report; STAI-T, State Trait Anxiety
Inventory e Trait version; BDI, Beck Depression Inventory.
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interaction, F(1, 68) ¼ 4.72, p ¼ .033, hp2 ¼ .065, and no effects
involving Gender, Fs < 2.62, ps > .110. To follow up on the CS-
Type $ Group interaction, ratings were collapsed across Time
(post-acquisition and post-extinction values averaged) and
compared by between group t-tests. HSA participants gave more
negative valence ratings for the CS_Neg than LSA participants,
t(69) ¼ 2.43, p ¼ .018, d ¼ .59, whereas group differences for the
CS_Neu did not reach significance, t(69) ¼ 1.62, p ¼ .111. Thus, HSA
participants showed enhanced conditionability. To follow up on the
CS-Type $ Time interaction, within participant t-tests compared
post-acquisitionwith post-extinction values of CS_Neg and CS_Neu.
Values for the CS_Neg decreased, t(70) ¼ 4.53, p < .001, d ¼ .54, but
remained constant for the CS_Neu, t < 1.00, demonstrating a partial
loss of conditioned negative valence (absolute extinction). How-
ever, by the end of extinction, the CS_Neg was still more negative
than the CS_Neu, t(70) ¼ 9.93, p < .001, d ¼ 1.37 (relative resistance
to extinction).

The Group $ Gender $ CS-Type $ Time ANOVA testing for
reappraisal effects during extinction revealed main effects of Time,
F(1, 68) ¼ 54.3, p < .001, hp2 ¼ .444, and CS-Type, F(1, 68) ¼ 26.6,
p < .001, hp2 ¼ .282, as well as a CS-Type $ Time interaction, F(1,
68) ¼ 33.7, p < .001, hp2 ¼ .331. The interactions of Group $ CS-Type
and Group $ CS-Type $ Time only approached significance,
F(1,68) ¼ 3.72, p ¼ .058, hp2 ¼ .052 and F(1, 68) ¼ 3.71, p ¼ .058,
hp
2 ¼ .052, respectively. No effects involving Gender reached sig-

nificance, Fs < 3.17, ps > .079. The CS-type $ Time interaction was
due to lower ratings for the CS_Rea compared to the CS_Neg post-
extinction, t(70) ¼ 6.21, p < .001, d ¼ .74, despite equivalent values
post-acquisition, t < 1.00. However, CS_Rea ratings did not drop to
the levels of the CS_Neu, t(70)¼ 5.01, p < .001, d¼ .60. Due to our a-
priori interest in the question of reappraisal success in the two
groups, CS_Rea ratings were compared between LSA and HSA
groups post-extinction. Values were numerically almost identical
and the between group t-test was not significant, t < 1.00.

4.2.3. Contingency awareness & social desirability
Sixty-eight participants (95.8%) were classified as contingency

aware (no difference between groups, all participants included in
analyses). No effects involving the covariate MarloweeCrowne

(centered) scores reached significance during Acquisition, Fs < 2.86,
ps > .096, or Extinction analyses Fs < 1.86, ps > .177.

4.3. Discussion

In addition to replicating the conditioning and reappraisal ef-
fects of Studies 1 and 2, Study 3 demonstrated the clinical relevance
of the social conditioning task: enhanced resistance to extinction
was found in the high social anxiety group. HSA individuals expe-
rienced elevated negative valence for the actor that had been
conditioned negatively, and did so throughout extinction. The fact
that no CS-Type $ Time and no 3-way interaction was present
suggests that parts of these group differences were already partially
present post-acquisition (most clearly seen for the CS_Neu in
Fig. 2). Thus, this finding should be considered evidence for
enhanced conditionability, a concept entailing both acquisition and
extinction (Orr et al., 2000) rather than a selective deficit in
extinction. Importantly, despite starting from equivalent post-
acquisition levels, reappraisal worked to reduce this enhanced
conditionability, with the result that post-extinction values in the
LSA and HSA groups applying reappraisal during extinction were
indistinguishable between these groups. Thus, one could argue that
reappraisal compensated for the enhanced conditionability.

5. General discussion

The present research sought to examine the interaction of
reappraisal, representing a core process in cognitive therapy, with
Pavlovian conditioning, representing a core process in behavioral
exposure therapy. To integrate these different processes in a
meaningful, externally valid way, we created a specific experi-
mental context: a social conditioning task using social stimuli as
CSs and USs that we expected to generate strong and durable
evaluative conditioning (EC) effects.

Results revealed that despite reductions of the negative valence
conditioned to the CS_Neg across extinction (termed “absolute”
extinction), the difference relative to the non-conditioned CS_Neu
remained significant (termed “relative extinction”). In fact, in none
of the three studies did the CS_Neg (equivalent of CSþ in other
differential conditioning designs) reach levels of the CS_Neu (~CS-)
by the end of the extinction phase, even in the more extended
extinction procedures in Studies 2 and 3. This is consistent with
previous research on the persistence of EC (e.g., Vansteenwegen
et al., 1998; Vansteenwegen et al., 2006) and makes it an impor-
tant target for extinction research.

Using this task, we addressed several questions left open by
prior research. Study 1 tested whether reappraisal could modify
conditioned negative valence (EC) during the acquisition. Study 2
applied reappraisal during extinction and addressed several limi-
tations of Study 1. Study 3 examined individuals with high social
anxiety to test whether they would show an extinction deficit and,
if so, whether reappraisal would help in reducing it.

5.1. Reappraisal attenuates acquisition

Study 1 showed that the social conditioning task generated
robust differential EC effects during acquisition, which carried over
into extinction. Given this context, it is noteworthy that reappraisal
slowed the differential acquisition of negative valence, resulting in
about 40% lower negative valence ratings in the CS_Rea condition
(equivalent of the CSþ, plus reappraisal) by the end of acquisition.
This reappraisal effect carried over into the extinction phase and led
to a complete extinction of conditioned negative valence by the end
of extinction. This is generally in line with research showing the
power of reappraisal to decrease negative valence as it has been

Fig. 2. Means (standard errors) for negative valence as a function of conditioning
phase (Acquisition, Extinction) and social anxiety group (low social anxiety, LSA; high
social anxiety, HSA) in Study 3. See Fig. 1 legend for other abbreviations.
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shown in a range of paradigms, including social stimuli (Blechert,
Sheppes, Di Tella, Williams, & Gross, 2012; Goldin et al., 2009).
Recently, Hermann and coworkers found dispositional reappraisal
frequency negatively correlated with insula and hippocampus ac-
tivity during acquisition (Hermann et al., 2014), pointing to the
possibility that not only instructed reappraisal but also habitual
emotion regulation styles impact Pavlovian acquisition and to a
potential neural basis of the present effects.

On a practical level Study 1 findings imply that reappraisal could
be used as a preventive strategy: some anxiety disorders are
thought to develop partially through strong coupling of condi-
tioned responses to neutral stimuli which predict or accompany an
aversive or traumatic event (acquisition). Applying reappraisal
during such initial conditioning stages might slow or decrease the
development of strong negative evaluations of involved CSs.
Conditioning-inspired prevention approaches are being developed
for posttraumatic stress disorder (reviewed in Hourani, Council,
Hubal, & Strange, 2011) but are less studied in other anxiety dis-
orders. Study 1 results point to the utility of reappraisal training for
preventing buildup of social anxiety during aversive social
encounters.

5.2. Reappraisal facilitates extinction

Study 2, featuring reappraisal during an extended extinction
phase added several additional findings to this picture. First, and
most importantly, reappraisal, applied during extinction, substan-
tially reduced conditioned negative valence, making it an inter-
esting add-on tool for exposure therapy (see below)which typically
occurs long after fear acquisition. Reappraisal did not abolish con-
ditioning altogether, though (as in Study 1), as evident in the
remaining difference between CS_Rea and CS_Neu post-extinction.
Full extinction might have required more extinction trials under
concurrent reappraisal. Applying reappraisal during extinction in
Study 2 also showed that the presence of USs is not necessary for
obtaining CS reappraisal effects; reappraisal can thus operate on CS
valence directly, or possibly change CS valence indirectly through
US revaluation. Previous studies had used distraction-like reap-
praisal (imagining calming nature images, Delgado et al., 2008) and
multiple cognitive restructuring interventions focusing on emo-
tions during electric shock conditioning (Shurick et al., 2012). The
present research extends this research toward social contexts
which could arguably be considered as more representative of
everyday life stressors. Consistent with the present results, the
above mentioned study by Hermann et al. (2014) found disposi-
tional reappraisal frequency associated with stronger extinction of
fear ratings as well as with reduced insular and enhanced rostral
anterior cingulate cortex activity, suggesting higher top-down
control over emotion generative centers.

A second insight from Study 2 was that only women showed
significant reappraisal effects. This is in line with several studies
demonstrating gender differences during emotion reactivity and
regulation tasks and could be due to the reasons discussed in Study
2 above. However, in Studies 1 and 3, gender differences were not
found. Sample 1 did not reveal gender differences, however,
possible due to lack of power (few men in sample). Sample 3,
comprised of individuals with high and low scores on social anxiety
and reasonable sample sizes for each gender did not show them
either. Thus, in unselected samples as in Study 2 gender differences
are to be expected. It should be noted that our stimuli featuredmale
actors only and a full examination of gender differences would have
to fully cross participant and stimulus gender. Also, as indicated
above, additional questionnaire data (e.g. emotional awareness) are
needed to determine possible sources of gender differences during
reappraisal.

A third important insight came from the MarloweeCrowne so-
cial desirability scale, demonstrating that the obtained self-report
effects were likely not simple demand effects imposed by the
experimental setup or the experimenters. In fact, our previous
research has demonstrated that self-reported valence reductions
during reappraisal of social stimuli was accompanied by parallel
reductions of implicit, reaction time-based valence assessments
and reductions of emotion-sensitive event related potentials
(Blechert et al., 2012), suggesting involvement of several response
systems and robustness of valence ratings against social desirability
effects in well-designed reappraisal studies.

5.3. Reappraisal facilitates extinction in individuals with social
anxiety

Extinction deficits are documented in several anxiety disorders,
including social anxiety disorder and its subclinical forms, raising the
question whether these effects would be observed in the present
social conditioning task. If so, would socially anxious individuals be
able to engage in reappraisal during extinction to counter this effect,
or would they fail to do so? Results of Study 3 revealed an enhanced
conditionability of negative valence in socially anxious participants.
This is generally consistent with previous research, although the
precise ‘profile’ of group differences differed across studies:
Hermann, Ziegler, Birbaumer, and Flor (2002) demonstrated slowed
extinction of electrodermal responding and enhancedUS-expectancy
for the CS- in SAD patients compared to controls whereas Lissek et al.
(2008) found enhanced acquisition of differential eye-blink startle
responding. Pejic et al. (2013) found correlations of differential
amygdala responding with social anxiety measures during both
acquisition and extinction and a correlation of social anxietywith the
increase of unpleasantness across conditioning.

Clinically most interesting is the role of reappraisal in socially
anxious individuals. Previous research had either demonstrated
reduced habitual reappraisal efficacy in SAD (Werner et al., 2011) or
no differences between patients and controls in valence ratings in
experimental reappraisal tasks (Goldin et al., 2009). In the present
research, HSA individuals reached comparably low negative valence
levels as their LSA counterparts by the end of extinction. Thus, this
effect ‘countered’ their extinction deficit. This suggests that training
socially anxious individuals in reappraisal techniques would help
themtocompensate for theirdeficit in extinction learning inanxiety-
provoking social situations. Translated to social exposure treatment
in CBT, an explicit focus on CS valence reappraisal could mean
helping the patient to develop a deeper understanding of motives of
disliked interaction partners (“he/she is having a bad day, so it's not
about me”). Such reattribution-like reappraisal could reduce antici-
patory anxiety and lessen the impact of (perceived) signs of inter-
personal rejection that might occur during exposure exercises (e.g.
giving a speech, talking to strangers) andmight reduce avoidance of
social contacts. In fact recent evidence shows that improvements in
perceived reappraisal efficacymediated the success of CBT treatment
for SAD (Goldin et al., 2012), possibly due to enhanced recruitment of
dorsolateral anddorsomedial prefrontal cortices (Goldin et al., 2013),
justifying a more explicit focus on this skill during treatment. As
mentioned above, explicit efforts are being made recently to trans-
late findings of basic conditioning research into exposure therapies
(Craske, Treanor, Conway, Zbozinek,&Vervliet, 2014) but reappraisal
has not been given much consideration yet in this approach.

5.4. Limitations and future directions

Several limitations of the present studies bear noting. First,
although we have little reason to believe that social desirability is
responsible for the present results, some aspects of social
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conditioning and reappraisal might not be fully represented in the
experiential variables assessed. Although we did not observe reli-
able conditioning on autonomic measures, additional evidence
from other psychophysiological measures might be helpful in this
regard. Eye-blink startle, for example, might be more sensitive to
valence effects in addition to the social threat elicited in such tasks
(Lissek et al., 2008) and neurocognitive, or implicit measures might
be helpful in complementing the rating data reported here (e.g.,
affective priming, Blechert et al., 2012; Hermans et al., 2002). A
recent study showed that facial electromyographic responses and
long latency event related potentials are sensitive to negative
videos similar to the US videos used here (Wiggert, Wilhelm,
Reichenberger, & Blechert, submitted for publication). Further-
more, despite almost perfect contingency awareness in all samples,
evidence fromUS-expectancy ratings would be informative and tap
into the more cognitive aspects of Pavlovian conditioning (see 2 for
methodological problems of US-expectancy ratings in the present
task). A recent review attested high validity to US-expectancy rat-
ings in fear conditioning (Boddez et al., 2013). The type of reap-
praisal used here should mainly operate on valence and leave the
more cognitive aspects of conditioning intact. Fear ratings might be
useful, too, especially in clinical populations.

Second, in Study 3, we recruited individuals with high and low
scores on the LSAS without standardized diagnostic interviewing.
Thus, on the one hand we do not know whether some of our par-
ticipants were actually clinically socially anxious. On the other
hand, we cannot ascertain that our sample is merely at risk for SAD.
Given the recommended clinical cutoff scores for the LSAS-SR of 60
(Rytwinski et al., 2009) and the scores in the present sample, about
40% of our HSA sample may have fulfilled a diagnosis of SAD.
Consequently our results pertain to differences on a social anxiety
continuum rather than to a high-risk status or full-blown SAD.
Future research could explore the present task in patients diag-
nosed with SAD or other mental disorders with known interper-
sonal difficulties such as borderline personality disorder or major
depressive disorder.

Third, we focused on reappraisal, but the repertoire of cognitive
restructuring interventions available during extinction is large. For
example, other emotion regulation strategies such as distraction
and acceptance affect stimulus processing and shock anticipation
(e.g., Braams, Blechert, Boden, & Gross, 2012; Thiruchselvam,
Blechert, Sheppes, Rydstrom, & Gross, 2011) and might therefore
work well during extinction. Introducing a second, active condition
would also control for non-specific effects (such as effort or
cognitive load) possibly confounded with the reappraisal strategy
here. Furthermore, by characterizing these strategies or pitting
them against each other in healthy or clinically anxious groups,
basic research using face-valid, more naturalistic conditioning
procedures such as the one described here could help in clarifying
the exact cognitive mechanisms involved in CBT research on
exposure treatment and fear extinction.
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