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Exposure-based therapy is an effective treatment for social

anxiety, but some patients relapse. We used a novel virtual

reality procedure to examine spontaneous recovery (i.e., a

return of fear over time) and fear renewal (i.e., the return

of fear after a context switch) in individuals with fear of

public speaking. On Day 1, 32 participants received expo-

sure training before a virtual audience. On Day 8, partici-

pants completed a spontaneous recovery phase, followed

by a fear renewal test, in which they gave a presentation

in front of a new (context switch) or the same audience

(no context switch). After exposure, participants exhibited

a lower heart rate, subjective distress, negative valence, and

arousal. One week later, participants showed spontaneous

recovery of heart rate, and the context switch group

showed renewal of subjective distress, negative valence,

and arousal. Future studies can use this procedure to test

interventions aimed at improving long-term exposure

effects in individuals with public speaking fear.
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ABOUT 1 IN 10 INDIVIDUALS will meet diagnostic crite-
ria for social anxiety disorder at some point in
their lives (Kessler et al., 2012). Social anxiety dis-
order is characterized by exaggerated fear of social
rejections and avoidance of social situations
(American Psychiatric Association, 2013).
Although many patients with social anxiety disor-
der benefit from exposure-based therapy (Loerinc
et al., 2015; Van Dis et al., 2020), about 13% of
recovered patients experience relapse (Fava et al.,
2001). One commonly accepted explanation for
relapse is that fear learning is context-dependent
(e.g., Vervliet, Craske, et al., 2013). Specifically,
research has shown that the original fear learning
(e.g., the belief that other people will judge oneself
negatively) is not erased during exposure therapy
and can easily resurface in new contexts (i.e., fear
renewal; Bouton, 2002). Therefore, research para-
digms on fear renewal may be useful for acquiring
knowledge to eventually increase long-term treat-
ment success for social anxiety disorder.

Fear renewal has been extensively studied in
fear conditioning paradigms (Vervliet, Baeyens,
et al., 2013). These usually start with a fear-
learning phase in which a danger cue is repeatedly
paired with an aversive outcome (e.g., a mild
electric shock). Then, in an extinction-training
phase, this cue is no longer paired with the
aversive outcome, which typically extinguishes
fear responses toward the cue. Finally, the danger
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cue is presented after a time lapse (i.e., sponta-
neous recovery test) or in a different context (i.e.,
fear-renewal test), generally resulting in a return
of fear. Even though fear conditioning studies have
substantially contributed to our understanding of
learned fear (Vervliet, Craske, et al., 2013), their
ecological validity has been criticized. First, most
fear conditioning paradigms use simple, generally
nonmeaningful stimuli (e.g., geometrical shapes)
rather than personally meaningful and complex
multimodal stimuli that are involved in clinical
disorders (Landkroon et al., 2019; Scheveneels
et al., 2018). Second, they often rely on passive
learning (Scheveneels et al., 2016), while in real-
life, individuals actively approach or avoid feared
stimuli or situations. Third, fear conditioning
paradigms typically instill new fear memories,
whereas existing old fear memories are harder to
modulate (Eisenberg et al., 2003). Thus, more eco-
logically valid fear renewal paradigms with com-
plex stimuli, active behavior, and preexisting fear
memories are needed.

To our knowledge, only one study has success-
fully demonstrated fear renewal in individuals
with social anxiety using a more ecologically valid
procedure (Culver et al., 2011; Study 1). In that
study, participants with a fear of public speaking
(a type of social anxiety; American Psychiatric
Association, 2013) first received exposure training
in front of a live audience in Context A. One week
later, they received brief exposure again in the
same room (Context A) or a new room (Context
B). Participants in Context B showed increased
subjective fear and heart rate (HR) during the
exposure task 1 week later compared to their ini-
tial exposure, while those in Context A did not
show an increase in fear or HR from the first expo-
sure to the second (Culver et al., 2011, Study 1).
Follow-up studies with this procedure have shown
that the use of retrieval cues during exposure
slightly reduces fear renewal (Culver et al., 2011,
Studies 2 and 3) if participants do not perceive
them as safety cues (Shin & Newman, 2018). This
illustrates the procedure’s potential to reveal
mechanisms that may reduce fear renewal. Yet,
there is room for improvement—that is, a fear-
renewal procedure conducted in virtual reality
(VR) would allow for more standardization of
the audience (Parsons, 2015) and allow more
researchers to use the procedure. In addition, the
procedure of Culver et al. did not control for spon-
taneous recovery, even though it may have over-
shadowed fear renewal in previous studies
(Craske et al., 2019; Shin & Newman, 2018).

We aimed to address these issues by developing
and validating a 2-day novel VR procedure (fol-
lowing Culver et al., 2011) and testing whether it
can be used to examine a return of public speaking
fear 1 week after exposure. In our study, partici-
pants with a fear of public speaking first received
exposure training in VR. After 1 week, they were
all tested for spontaneous recovery of fear and they
received additional exposure training in the same
virtual environment as the previous week. The
experimental manipulation was that at the end of
the additional exposure training, the virtual con-
text switched for one of the two groups. We
expected spontaneous recovery of fear for all par-
ticipants, but expected fear renewal only for the
group that received a context switch relative to
the group with no context switch. We also
explored the return of subjective negative valence
and arousal to delineate the specific emotional
responses of this setup.
Method

participants

Native Dutch-speaking students were recruited via
Utrecht University, Facebook, and Proefbunny.nl
to fill out two questions assessing how anxious
they thought they would feel when giving a formal
speech in front of a live audience and how likely
they would avoid taking a class that requires giv-
ing an oral presentation, each rated on an 9-
point scale (0 = none/never and 8 = extremely/al-
ways; see Culver et al., 2011). If they scored �6
on both questions, they were further screened
and excluded if they reported heart, respiratory,
or neurological problems or 3-D motion sickness.
Thirty-seven eligible participants were invited to
the first lab session and completed an informed
consent procedure. They then completed the Beck
Depression Inventory–II (BDI-II; Beck et al.,
1996). If they reported 1 or higher on the item
measuring suicidal ideation or had a total score
of 18 or higher, they were then excluded from
the study (n = 3) to prevent a potential worsening
of symptoms. This resulted in 34 participants.
Data from one participant were excluded from
the final analyses because of a technical issue with
the VR equipment, and data from one participant
were excluded because of noncompliance. The
final sample size comprised 32 participants (10
males, 22 females; mean age = 22.41 years,
SD = 3.29) who were allocated to Context AA
(n = 16) or AB (n = 16) groups (in random order;
stratified for gender). The ethics committee of the
Faculty of Social and Behavioral Sciences at
Utrecht University (FETC17-073) approved this
study. We pre-registered the study (including a



2 Measures of anxiety-relevant personality traits, such as neu-

roticism, anxiety sensitivity, emotional reasoning (Arntz et al.,
1995; Engelhard et al., 2001), and personalized implicit associa-

tions (Vasey et al., 2012) were included in this study to explore

whether these predicted return of fear. Yet, our power analysis and

stopping rule were aimed at obtaining sucient statistical power for
the renewal analyses. Because the renewal eects were already large

after testing 32 participants, we decided to stop testing, and we do

not report the return of fear predictors due to limited statistical
power.
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power analysis) on the Open Science Framework
(https://osf.io/udny4/).

power analysis

A power analysis (using G*Power 3.1.9.2) for a
mixed-factorial analysis of variance (ANOVA)
with two groups and two measures (f = 0.25, a =
.05, power = 0.80) yielded a total sample size of
34 participants (i.e., 17 per group). Although we
pre-registered a power analysis using a power level
of 0.95 (yielding a sample size of 54 participants),
a power of 0.80 is often considered preferable
(Cohen, 1992). We used an optimal stopping pro-
cedure, which allowed us to stop our data collec-
tion whenever we found strong evidence in favor
of the null or alternative hypothesis (i.e., Bayes
factor >10). After testing 32 eligible participants
(i.e., the sample size of Culver et al., 2011), we
obtained a strong effect on fear renewal for subjec-
tive units of distress (SUDS; BF10 > 10.0) and
therefore stopped our data collection. Although
stopping rules are considered problematic for fre-
quentist statistics, they are appropriate and com-
monly used in Bayesian statistics (e.g., Rouder,
2014).

measures

Questionnaires and Interview

Structured Clinical Interview for DSM-5 Disor-
ders (SCID-5-CV). Social anxiety disorder was
assessed using Questions F32–F41 of the SCID-5-
CV (First et al., 2016) by trained clinical psychol-
ogy students. The sections were translated from
English to Dutch and back-translated by indepen-
dent researchers. Independent raters (EvD and EL)
evaluated the presence of a diagnosis (interrater
reliability j = 0.79).

Personal Report of Public Speaking Anxiety
(PRPSA). Fear of public speaking was assessed
with the PRPSA (McCroskey, 1970), which also
has been validated in a Dutch sample (Cronbach’s
a = .83; van Veen et al., 2020). It has good conver-
gent validity (r = .41 with a communication appre-
hension scale) and high internal consistency (a =
.94; McCroskey, 1970). This 34-item scale con-
sists of negative and positive statements that are
rated on a 5-point Likert scale, ranging from 1
(strongly disagree) to 5 (strongly agree). Positive
items are reverse scored. Cronbach’s a was .90 in
this study.

Brief Fear of Negative Evaluation Scale–II (BFNE-
II). Fear of negative evaluations was measured
with a validated Dutch version of the BFNE-II
(Carleton et al., 2007; Cieraad & de Jong,
2007). Carleton et al. reported good construct
validity (convergent validity with social phobia
scales: rs = .60–.64; discriminant validity with ill-
ness and injury scales: rs = .29–.38) and excellent
internal consistency (a = .97). This scale consists
of 12 statements that are rated on a 5-point Likert
scale, ranging from 0 (not at all characteristic of
me) to 4 (extremely characteristic of me). Cron-
bach’s a was .95 in this study.
Behaviors Checklist (BCL). Perceived speech per-
formance of one’s speech was assessed with the 18-
item BCL (derived from Mansell & Clark, 1999;
Stopa & Clark, 1993; Vasey et al., 2012). The
items were translated from English to Dutch and
back-translated by independent researchers. This
18-item scale consists of negative and positive
speech characteristics that are rated on a 9-point
Likert scale, ranging from 0 (not at all) to 8 (ex-
tremely). Positive items are reverse scored. Cron-
bach’s a was .80–.85 in this study.
Neuroticism Scale of the Eysenck Personality
Questionnaire (EPQ-N)2.Neuroticism was assessed
with a validated Dutch version of the EPQ-N
(Eysenck & Eysenck, 1991; Sanderman et al.,
2012). Its convergent validity is demonstrated by
a strong correlation with another neuroticism scale
(r = .78), and discriminant validity is indicated by
a negative correlation with an emotional stability
subscale (r = –.70). It also has excellent internal
consistency (a = .87; Barelds & Luteijn, 2002).
This scale has 22 questions that are rated on a
dichotomous scale (0 = no, 1 = yes). Cronbach’s
a was .90 in this study.
Anxiety Sensitivity Index (ASI). Anxiety sensitiv-
ity was measured with a validated Dutch version
of the ASI (Reiss et al., 1986; Vujanovic et al.,
2007). The convergent and discriminant validity
is high: the ASI total score was positively associ-
ated with scales measuring anxious arousal (r =
.42) and negative affectivity (r = .35). It did not
show significant correlations with anhedonic
depression (r = .07) and positive affectivity (r =
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.02). In addition, the internal consistency is good
(a = .83; Vujanovic et al., 2007). The ASI consists
of 16 statements (e.g., “It scares me when my heart
beats rapidly”) that are rated on a 5-point Likert
scale, ranging from 0 (very little) to 4 (very much).
Cronbach’s a was .79 in this study.

VR Experiences Scale. A self-constructed seven-
item questionnaire assessed three physiological
complaints (nausea, headache, and dizziness), real-
ness, immersion, presence, and whether presenting
in VR was equally challenging as presenting in real
life. Items were rated on a 5-point Likert scale,
ranging from 1 (barely) to 5 (very much).

Subjective Ratings

Subjective Units of Distress Scale (SUDS). Subjec-
tive distress was assessed with the SUDS, a 100-
point scale with five anchors: 0 (no distress), 25
(mild distress), 50 (moderate distress), 75 (severe
distress), and 100 (very severe distress).

VR Valence and Arousal. VR valence and arousal
were assessed by the following two questions:
“How positive or negative do you find this audi-
ence?” and “How aroused do you feel when seeing
this audience?” on an 11-point scale ranging from
0 (negative/not arousing) to 10 (positive/arousing).
VR valence ratings were reverse scored for ease of
interpretation.

Speech Topic Difficulty. Speech topic difficulty
was measured with the following question:
“How difficult do you find it to give a speech on
this topic?” that was rated on a 10-point scale,
ranging from 1 (very easy) to 10 (very difficult).

Heart Rate

HR was measured with a Polar H10 chest strap
electrocardiogram (ECG) monitor that was con-
nected to the free iOS HRV+ app (ZUZ LLC) on
an iPad. Polar wearable HR monitors are reliable
(Georgiou et al., 2018) and have often been used
in similar research (e.g., Culver et al., 2011). For
each day, the average beats per minute (BPM) dur-
ing the baseline measurement was subtracted from
the average BPM during each speech (Culver et al.,
2011). We used the final minute of the 5-min base-
line period to ensure that participants’ HR returned
to their baseline level. Following Vasey et al.
(2012), we additionally analyzed the average
BPM during each speech, without correcting for
the baseline measurements (see Supplemental
Materials). Data were monitored at 130 Hz and
analyzed with Kubios HRV Standard (version 3.2).
procedure

On Day 1, participants provided informed consent
and completed the BDI-II, PRPSA, BFNE-II, EPQ-
N, and the ASI, followed by the SCID-5. Next,
they put on the Polar chest strap and were
instructed to “Please remain seated quietly, with-
out speaking to the experimenter” for a 5-min
HR baseline measurement. They then put on the
VR headset and practiced for 2 minutes with
SUDS, VR valence, and arousal ratings in a neutral
VR environment. Hereafter, participants faced the
virtual audience for 10 sec (Context A) and com-
pleted the baseline VR valence and arousal ratings.
This was followed by an exposure phase in which
they gave four 5-min speeches. Before each speech,
they received three unique topics that were some-
what controversial (e.g., euthanasia, death pen-
alty, and immigration; see Table S1 in Online
Supplemental Material). From these, they chose
one topic and rated its difficulty. They had 1 min-
ute of preparation time in which they were not
allowed to make notes. They then gave a speech
in Context A during which they indicated the
SUDS rating out loud at the start of the speech
and 1-min intervals. If they stopped the presenta-
tion within 5 minutes, the experimenter instructed
them to continue presenting even if that meant
they had to repeat themselves. After each speech,
participants took off the VR headset for a 1-min
rest. After finishing the last speech, they were
asked to complete VR valence and arousal ratings
again. Finally, they filled out the BCL regarding
the last speech. They also completed an emotional
reasoning task and personalized implicit associa-
tion test,1 and these data are not reported further.

On Day 8, participants put on the Polar chest
strap followed by another 5-min HR baseline mea-
surement. Hereafter, participants gave four 5-min
speeches, following the same procedure as Day 1.
All participants gave the first three speeches in
Context A (i.e., spontaneous recovery test). The
fourth speech was either in Context A or Context
B (i.e., fear renewal test). Afterward, they com-
pleted the VR valence and arousal ratings, the
BCL, and the VR questionnaire. When the experi-
ment was finished, participants were asked final
questions for exploratory research purposes and
were debriefed.

vr environments

The speech environments were two 360-degree
videos depicting an audience (freely derived from
https://virtualspeech.com; see Figure S1 in the
Online Supplemental Material). The virtual audi-
ence consisted of either 11 or about 75 individuals
with mixed gender and ethnic background. Their
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facial expressions were neutral to positive, and
they had different levels of attentiveness. The envi-
ronments were fully balanced across participants.
The neutral environment was a 360-degree picture
of a room with a couch, a desk, and a computer
(purchased from TurboSquid, see https://www.tur-
bosquid.com). The VR environments were pre-
sented with an Oculus Rift headset (version CV1;
Oculus, USA) and the Oculus Rift App (version
1.19.0.456194).
data analyses

First, to examine whether randomization was suc-
cessful, we performed one-way ANOVAs to assess
the effects of group (Context AA, AB) on age, pub-
lic speaking fear (PRPSA, BFNE-II), speech perfor-
mance (BCL Day 1), EPQ-N scores, ASI scores,
average speech topic difficulty, HR baseline on
Day 1, pre-exposure VR valence and arousal rat-
ings, and the VR questionnaire. A Bayesian
Contingency Tables Test assessed group differ-
ences in social anxiety disorder diagnosis. Second,
to assess whether exposure training was successful
(manipulation check), we performed two 4 (Time:
four speeches Day 1) � 2 (Group: AA, AB) mixed
ANOVAs with HR and SUDS ratings as dependent
variables. For each speech, the average HR and the
highest SUDS rating were selected for statistical
analyses (see Shin & Newman, 2018). We addi-
tionally performed two 2 (Time: pre-exposure,
post-exposure Day 1) � 2 (Group: AA, AB) mixed
ANOVAs with VR valence and arousal ratings as
dependent variables. To test whether HR baselines
differed across time, we used a repeated-measures
ANOVA with time (Day 1, Day 8) as an indepen-
dent variable. Finally, we tested whether sponta-
neous recovery occurred for both groups and
whether fear renewal occurred for the AB group,
with 2 (Time: final speech Day 1, first speech
Day 8 [spontaneous recovery]; and third speech
Day 8, final speech Day 8 [fear renewal]) � 2
(Group: AA, AB) mixed ANOVAs performed sep-
arately for HR and SUDS. We also tested these
hypotheses with VR valence and arousal ratings
as dependent variables: 2 (Time: post-exposure
Day 1, pre-exposure Day 8 [spontaneous recov-
ery]; and pre-exposure, post-exposure Day 8 [fear
renewal]) � 2 (Group: AA, AB).

All analyses were performed in JASP version
0.12.2.0 within the Bayesian hypothesis testing
framework using the default settings (JASP
Team, 2020). Bayes factors quantify the likelihood
of the data under one hypothesis relative to
another. For example, BF10 = 3.0 would mean that
the data are three times more likely under the
alternative than the null hypothesis (and vice versa
for BF10 < 0.33; Aczel et al., 2020). We interpreted
a BF10 between 1.0 and 3.0 as anecdotal evidence,
values between 3.0 and 10.0 as moderate evidence,
and values greater than 10.0 as strong evidence in
favor of the alternative hypothesis. A BF10 below
0.33 indicates evidence in favor of the null hypoth-
esis (Jeffreys, 1961; Wagenmakers et al., 2018).
These classifications should only be used as a gen-
eral rule of thumb and not as an absolute rule
(Wagenmakers et al., 2018).

HR data were missing at random for Day 1 (n =
5) and Day 8 (n = 4). Missing values were imputed
in R version 3.6.1. We generated five imputed data
sets with predictive mean matching (five iterations)
using the mice package version 3.0 (van Buuren &
Groothuis-Oudshoorn, 2011) in R. Analyses of
these data sets did not differ from complete case
analyses (see also Figure S2 in Online Supplemen-
tal Material).

Results

randomization and manipulation
checks

We found no evidence that groups differed in age
(BF10 = 0.38), public speaking fear (BFs10 =
0.34–0.37), speech performance on Day 1 (BF10
= 0.35), EPQ-N scores (BF10 = 0.34), ASI scores
(BF10 = 0.45), average speech topic difficulty
(BF10 = 0.62), HR baseline on Day 1 (BF10 =
0.45), pre-exposure VR valence (BF10 = 0.38)
and arousal (BF10 = 0.59), VR questionnaire items
(BFs10 = 0.34–1.11), and social anxiety disorder
diagnosis (BF10 = 0.40), suggesting successful ran-
domization (see Table 1). On Day 1, HR and sub-
jective distress decreased during the four speeches
(Time: BFs10 > 8.81); see Figure 1. There was no
evidence for main or interaction effects of group
(BFs10 < 1.30). From pre- to post-exposure, partic-
ipants rated the VR environment as less negative
(BF10 = 3.26) and less arousing (BF10 = 4.12), with
no evidence for group differences (BFs10 < 0.49);
see Figure 2. Thus, for both groups, HR, subjective
distress, negative valence, and arousal ratings
declined after exposure.
spontaneous recovery

HR increased from the final speech on Day 1 to the
first speech on Day 8 (BF10 = 30,061.15), with a
stronger increase for the AA group (Time �
Group: BF10 = 2.56), but no evidence for a main
effect of group (BF10 = 0.55); see Figure 1a. Base-
line HR did not differ between Day 1 and Day 8
(BF10 = 0.52), with no evidence for a main or inter-
action effect for group (BFs10 < 0.64). Subjective
distress did not change over time (Time: BF10 =



Table 1
Overview of Randomization Variables

Group

Questionnaire Mean (SD) Context AA Context AB

Diagnosis; no. (%) 12 (37.50) 6 (37.50) 6 (37.50)

PRPSA 131.63 (16.03) 133.00 (16.98) 130.25 (15.44)

BFNE-II 36.56 (12.76) 37.06 (13.04) 36.06 (12.88)

BCL (Day 1) 83.25 (16.82) 82.31 (17.07) 84.19 (17.07)

EPQ-N 10.75 (5.88) 10.69 (6.34) 10.81 (5.58)

ASI 32.72 (8.22) 31.44 (4.93) 34.00 (10.58)

HR baseline Day 1 84.03 (16.22) 81.73 (18.95) 86.69 (12.58)

Speech topic difficulty 6.44 (1.47) 6.11 (1.58) 6.77 (1.32)

VR negative valence 5.38 (2.21) 5.19 (2.48) 5.56 (1.97)

VR arousal 6.19 (2.04) 6.63 (1.89) 5.75 (2.15)

VR questionnaire

Physiological complaints 1.18 (0.29) 1.19 (0.32) 1.18 (0.26)

Realness 2.47 (0.86) 2.47 (0.74) 2.47 (0.99)

Immersion 2.80 (1.06) 2.47 (0.99) 3.13 (1.06)

Presence 2.80 (0.89) 2.67 (0.82) 2.93 (0.96)

VR equally challenging as in real-life 2.03 (0.89) 2.07 (0.80) 2.00 (1.00)

Note. SD = standard deviation; PRPSA = Personal Report of Public Speaking Anxiety; BFNE = Brief Fear of Negative Evaluation Scale–II;

BCL = Behaviors Checklist; EPQ-N = Neuroticism scale of the Eysenck Personality Questionnaire; ASI = Anxiety Sensitivity Index; HR =

heart rate; VR = virtual reality.

FIGURE 1 Average D HR (change scores from baseline) and maximum level of subjective distress (SUDS) during the speeches across
groups. Note. Error bars reflect standard errors of the mean. They gray shaded areas indicate the context switch; HR = heart rate.
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0.33) and there was no evidence for group differ-
ences (Time � Group: BF10 = 0.33; Group: BF10
= 0.57); see Figure 1b. In addition, VR negative
valence and arousal ratings did not differ from
post-exposure Day 1 to pre-exposure Day 8
(BFs10 < 0.26), with no evidence for main or inter-
action effects for group (BFs10 < 0.40); see Figure 2.
Thus, both groups demonstrated spontaneous



FIGURE 2 Virtual reality audience valence and arousal ratings across groups before and after exposure on Day 1 and Day 8. Note. Error
bars reflect standard errors of the mean; The context switch occurred before the post-measurement on Day 8.
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recovery of HR while giving a speech, but not of
subjective distress, negative valence, and arousal
ratings.
fear renewal

Regarding HR during presenting, there was no evi-
dence for a Time � Group effect (BF10 = 0.40); see
Figure 1a. Yet, for subjective distress, the expected
Time � Group effect indicated large differences in
renewal between groups (BF10 = 400.93); see Fig-
ure 1b. Post hoc analyses, using paired samples t-
tests, showed that the AB group reported an
increase in SUDS ratings from the third to final
speech on Day 8 (BF10 = 82.78), while the AA
group did not (BF10 = 1.22). We also observed
anecdotal evidence for a Time � Group effect for
VR valence (BF10 = 2.78) and strong evidence for
a Time� Group effect for VR arousal ratings
(BF10 = 14.49); see Figure 2. Post hoc analyses,
using paired samples t-tests, showed that the AB
group reported an increase in negative valence
and arousal ratings from pre- to post-exposure
on Day 8 (BFs10 > 3.68), while there was no evi-
dence for an increase in the AA group (BFs10 <
0.86). Robustness checks on these post hoc analy-
ses indicated that effects were robust for SUDS,
and to a lesser extent for VR valence and arousal
(see Figure S3 in Online Supplemental Material).
Thus, fear renewal was not observed for HR, but
it was observed for subjective distress, negative
valence, and arousal ratings.

Discussion
This study aimed to validate a newly developed
VR paradigm to examine spontaneous recovery
and fear renewal in individuals with fear of pub-
lic speaking. The main findings can be summa-
rized as follows. First, HR, subjective distress,
negative valence, and arousal decreased during
exposure. Second, 1 week after exposure train-
ing, spontaneous recovery occurred for HR dur-
ing a presentation, which is in line with previous
research (Vasey et al., 2012). Third, fear
renewal was observed on all subjective measures,
which is consistent with Culver et al. (2011,
Study 1), except that they also found fear
renewal on HR.

Our study expands previous research on the
renewal of public speaking fear (Culver et al.,
2011; Shin & Newman, 2018) by using VR to
enhance experimental control and to facilitate
applications in other research labs. One study also
tested the renewal of public speaking fear in VR
(Craske et al., 2019), but fear renewal did not
occur in their setup. One likely explanation for
this discrepancy in findings is that, in contrast to
our study, they did not control for spontaneous
recovery, which may have obscured their
fear renewal effect.
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Several findings of the current study should be
highlighted. First, we found emotional concor-
dance patterns during exposure (reduced HR, sub-
jective distress, negative valence, and arousal
ratings), but not during spontaneous recovery
and fear renewal tests. This may reflect random
variation across response indices and is consistent
with findings of similar studies (e.g., Craske et al.,
2019; Vasey et al., 2012) and with the general fear
conditioning literature (e.g., Mertens et al., 2018)
in which subjective and physiological responses
also substantially varied. One plausible explana-
tion for this variation is that lab studies may not
always evoke sufficient fear for full emotional con-
cordance to occur (Hollenstein & Lanteigne,
2014). Indeed, in our study, we observed high sub-
jective distress ratings and emotional concordance
patterns on the first day, whereas 1 week later,
lower subjective distress was associated with
weaker emotional concordance patterns. Another
explanation may be that autonomic fear respond-
ing is highly variable across individuals, with high
fear associated with HR increases as well as
decreases (Hagenaars et al., 2014). It should be
noted that spontaneous recovery was observed
only for HR (and not subjective distress), while
fear renewal occurred only on subjective distress
(and not HR). Potentially, a ceiling effect pre-
vented HR renewal effects because HR was
already significantly higher during the presenta-
tions on the second test day. Future studies that
use this procedure could examine whether sponta-
neous recovery of HR and renewal of subjective
distress is a robust pattern or random variation
across response indices.

The second finding that should be highlighted is
that in our study, participants indicated that they
found presenting in VR less challenging than in
real life (see Table 1). Nevertheless, our subjective
distress ratings were equal to (e.g., Tsao & Craske,
2000) or higher than (Culver et al., 2011; Shin &
Newman, 2018) studies with real-life exposure.
This is in line with findings among individuals
with spider phobia, who exhibited equal fear levels
in a VR and real-life setting (Shiban et al., 2015).
Taken together, these findings underscore the
potential clinical utility of VR in lowering the
threshold to start with exposure, albeit being as
fear-provoking as real-life exposure.

A third noteworthy finding was that the pat-
terns of subjective valence and arousal closely mir-
rored those of subjective distress, although effects
were stronger for subjective distress. Future
research could examine the unique explanatory
value of these measures—for example, by testing
strategies aimed at reducing negative valence or
arousal (e.g., van Dis et al., 2019).

Our VR procedure may pave the way for testing
a variety of important research questions. One
important question is whether treatment strategies
that modulate emotional memories associated
with performance anxiety (Kearns & Engelhard,
2015) could reduce fear renewal. In addition,
future research may test whether this procedure
could help to identify patients with social anxiety
who are at risk for clinical relapse after
exposure-based therapy (i.e., predictive validity).
Another relevant research avenue could be to
add a threat expectancy measure (see van Veen
et al., 2020) to examine whether within-session
fear reduction and renewal can be explained by
expectancy violation.

Several limitations of the current study need to
be addressed. First of all, statistical power was suf-
ficient for testing the return of fear but limited for
exploring individual differences. In addition, our
procedure did not measure avoidance responses
even though they may play a critical role in relapse
(Craske et al., 2018). Future studies may use mea-
sures for behavioral and attentional avoidance,
such as eye-tracking, to examine whether and
when participants avoid facing the audience.
Finally, we included only HR as a physiological
outcome measure. Skin conductance and fear-
potentiated startle measures can be informative
additional indices, which may be included in
future research (see Constantinou et al., 2021;
van Veen et al., 2020). This may also enlighten
concordance patterns across fear indices. Strengths
include the controlled experimental setup by using
VR and the addition of a spontaneous recovery
phase using a 2-day procedure.

To conclude, this VR procedure successfully
induced spontaneous recovery of HR and renewal
of subjective distress, negative valence, and arousal
ratings in individuals with a fear of public speak-
ing. Future studies may use this ecologically valid
and well-controlled procedure to test strategies
aimed at attenuating the return of fear after expo-
sure in individuals suffering from social anxiety.

Supplementary data to this article can be found
online at https://doi.org/10.1016/j.beth.2021.01.
005.
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