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ABSTRACT

Social anxiety is characterised by fear of negative evaluation and negative perceptual
biases; however, the cognitive mechanisms underlying these negative biases are not
well understood. We investigated a possible mechanism which could maintain
negative biases: altered adaptation to emotional faces. Heightened sensitivity to
negative emotions could result from weakened adaptation to negative emotions,
strengthened adaptation to positive emotions, or both mechanisms. We measured
adaptation from repeated exposure to either positive or negative emotional faces,
in individuals high versus low in social anxiety. We quantified adaptation strength
by calculating the point of subjective equality (PSE) before and after adaptation for
each participant. We hypothesised: (1) weaker adaptation to angry vs happy faces
in individuals high in social anxiety, (2) no difference in adaptation to angry vs
happy faces in individuals low in social anxiety, and (3) no difference in adaptation
to sad vs happy faces in individuals high in social anxiety. Our results revealed a
weaker adaptation to angry compared to happy faces in individuals high in social
anxiety (Experiment 1), with no such difference in individuals low in social anxiety
(Experiment 1), and no difference in adaptation strength to sad vs happy faces in
individuals high in social anxiety (Experiment 2).
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health disorders, have been well studied and docu-
mented (Kessler et al., 2005), but the underlying cog-
nitive mechanisms contributing to the maintenance
of this condition are still unclear. Hirsch and Clark
(2004) suggest that the persistence of fear character-
ising social anxiety is unlikely to be maintained
solely by avoiding social situations (e.g. Wells et al.,

Introduction

Successful identification and interpretation of
emotional stimuli plays an important role in everyday
life (Itier et al., 2006; Luo et al.,, 2010; Ohman, 1986;
Ohman et al,, 2001; Ran et al., 2014). Inaccurately iden-
tifying and interpreting emotions can hinder social
interactions, which comes with its own social cost

(Leber et al, 2009). One clinical condition where
emotional processing has been shown to be dis-
rupted is social anxiety (Yoon & Zinbarg, 2007).
Social anxiety is one of the most common types of
anxiety (Kessler et al., 2005; Stein et al., 2017) and is
characterised by the continuous fear of being nega-
tively evaluated by others and avoidance of social
situations (American Psychiatric Association, 2013).
The personal, social, and economic costs of social
anxiety, and its comorbidity with other mental

1995) because socially anxious individuals often
have some form of regular social interaction. Rather,
it has been suggested that biases in information-pro-
cessing may play an important role in the mainten-
ance of social anxiety (for a review see Peschard &
Philippot, 2016). Cognitive models of social anxiety
suggest that individuals high in social anxiety
exhibit negative biases in perceiving and processing
social cues, including social cues from emotional
information, which may contribute to the
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maintenance of anxiety symptoms (e.g. Clark & Wells,
1995; Hirsch & Clark, 2004; Morrison & Heimberg,
2013; Rapee & Heimberg, 1997).

Biases in information processing investigated in
social anxiety include attentional biases (Amir et al.,
2003; Fox et al, 2002), memory biases (e.g. Hope
et al., 1990; LeMoult & Joormann, 2012; Mellings &
Alden, 2000), and perceptual biases in interpreting
social cues, especially cues related to threat (e.g.
Amin et al, 1998; Gutiérrez-Garcia & Calvo, 2017;
Huppert et al, 2007; Moser et al., 2012; Murphy
et al., 2007). For instance, social cues can include:
(1) Social Scenarios: Individuals with social phobia
demonstrate a negative bias, more often choosing
a negative interpretation for an ambiguous social
scenario despite a positive or neutral interpretation
being available (Amin et al., 1998). (2) Words and
Sentences: Individuals high in social anxiety demon-
strate a negative bias by resolving ambiguous sen-
tences regarding a social situation using negative
words, unlike individuals low in social anxiety
(Huppert et al., 2007). (3) Eye Gaze: Individuals high
versus low in social anxiety show greater avoidance
and higher physiological and neuronal responsive-
ness when using direct eye gaze compared to
averted eye gaze (e.g. Roelofs et al., 2010; Schneier
et al,, 2009; Wieser et al.,, 2010). (4) Faces: Over the
past two decades, more ecologically valid stimuli,
such as expressive faces, have been the focus of
research (for review see Staugaard, 2010). Interpret-
ation and representation of facial expressions are
particularly relevant in social anxiety because they
provide a medium through which positive and nega-
tive evaluations by others can be expressed, and fear
of negative evaluation contributes to the develop-
ment and maintenance of different psychopatholo-
gies, including social anxiety (American Psychiatric
Association, 2013; Miller, 1995; Reiss, 1991).

Cognitive models suggest that socially anxious
individuals perceive social cues, such as emotionally
charged faces, as threatening (Clark & Wells, 1995;
Rapee & Heimberg, 1997). Although most studies
find that socially anxious individuals do not differ
from non-socially anxious controls in their ability
to accurately decode emotional information in
faces or judge the emotion in faces, (Bell et al,
2011; Heuer et al, 2010; Philippot & Douilliez,
2005), it appears there might be differences in sen-
sitivity to threatening stimuli, which may lead to
misclassification and overestimation of threatening
emotions.

One well-studied bias in individuals with social
anxiety is a tendency to interpret ambiguous
expressions, including morphed and blended facial
expressions, as more negative compared to non-
anxious individuals (for review see Mobini et al.,
2013). A possible reason for such a bias is that ambi-
guity allows for more open interpretation, and socially
anxious individuals are prone to fear negative evalu-
ations and tend to interpret ambiguous social cues
in a negative light, for example as a sign of disap-
proval (Clark, 2001). Compared to non-socially
anxious controls, socially anxious individuals tend to
show a negative bias; they interpret and misclassify
neutral faces as expressing threatening emotions,
such as anger (e.g. Bell et al.,, 2011; Gutiérrez-Garcia
& Calvo, 2017; Heuer et al., 2010; Joormann & Gotlib,
2006; Peschard & Philippot, 2016; Yoon et al., 2014;
Yoon & Zinbarg, 2007, 2008), while interpreting
ambiguous smiles as less positive (Gutiérrez-Garcia &
Calvo, 2014, 2016). Generally, there seems to be an
attribution of threat and increased sensitivity for
anger but not other negative emotions, such as fear
or sadness (Bell et al., 2011; Gutiérrez-Garcia & Calvo,
2017; Joormann & Gotlib, 2006).

However, the tendency of socially anxious individuals
to interpret ambiguous emotional faces as more threa-
tening, a negative bias, is not found consistently
across the literature. Some studies of socially anxious
individuals find only partial evidence of a negative
bias for more ambiguous faces, including faces of
lower emotional intensity, (Frenkel & Bar-Haim, 2011;
Rossignol et al., 2007), or no negative bias for ambigu-
ous faces (Button et al., 2013). Such discrepancies
might arise from differences in experimental design,
such as the presence or absence of mood induction or
differences in state affect at the time of the experiment.

We sought to investigate one potential mechan-
isms which could maintain a negative bias, altered
adaptation to emotional information in socially
anxious individuals Adaptation allows for recalibra-
tion of perceptual systems based on the influence of
recent sensory exposure. Behaviourally, adaptation
refers to a process by which repeated exposure to a
stimulus feature results in a perceptual change, tem-
porarily altering the sensitivity of the system to gener-
ate a bias towards the opposite feature, an aftereffect
(Grill-Spector et al., 1999; Rhodes, 2017; Webster,
2015). For instance, when participants are repeatedly
exposed to a face feature such as face sex, specifically
stereotypically female faces, they demonstrate a bias
away from female faces, such that they perceive



androgenous faces as more stereotypically male
(Little et al., 2013). Originally, adaptation aftereffects
had been described for low-level visual features,
such as colour, form, and motion, but they are also
present for high-level visual stimuli, such as faces
(for a review see, Webster & Macleod, 2011).
Different aspects of a face can be adapted, including
age (e.g. Little et al., 2008; Schweinberger et al,
2010), ethnicity (e.g. Jaquet et al., 2008), attractiveness
(e.g. Anzures et al., 2009), and emotional content (e.g.
Hsu & Young, 2004; Rutherford et al., 2008), as well as
combinations of features, as evident in contingent
adaptation aftereffects (e.g. Harris & Ciaramitaro,
2016; Ng et al., 2006).

The strength of adaptation has been found to be
altered in several disorders where social information
processing is compromised. For example, compared
to typically developing children, children with
autism spectrum disorder (ASD) show reduced adap-
tation to face identity (Pellicano et al., 2007) for
upright, but not inverted, faces (Ewing et al., 2013),
and even show aftereffects in the wrong direction,
such as a bias to see a neutral face as angrier following
adaptation to negative emotions (Rutherford et al.,
2012), when one would expect a bias to see a
neutral face as happier following adaptation to nega-
tive emotions.

Given evidence for altered adaptation to emotional
faces in other mental health and neuropsychiatric
conditions, such as ASD, and the commonality of
negative biases in social anxiety, we investigated
whether mechanisms of adaptation to emotional
information were altered in socially anxious individ-
uals. Individuals high in social anxiety tend to perceive
social situations more negatively, showing a main-
tained sensitivity to negative information or a nega-
tive bias. A negative bias could be perpetuated by
weakened adaptation to negative emotional infor-
mation, by strengthened adaptation to positive
emotional information, or by a combination of both
mechanisms. The current experiments aim to extend
previous research by (1) quantifying the magnitude
of adaptation to faces displaying threatening negative
compared to positive emotional information in indi-
viduals high in social anxiety (Experiment 1), and by
considering two control conditions (2) quantifying
the magnitude of adaptation to faces displaying
threatening negative compared to positive emotional
information in individuals low in social anxiety (Exper-
iment 1) and (3) quantifying the magnitude of adap-
tation to faces displaying non-threatening negative
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compared to positive emotional information in indi-
viduals high in social anxiety (Experiment 2). We
predict that individuals high in social anxiety will
show weakened adaptation to angry emotions and/
or strengthened adaptation to happy emotions. We
predict our control conditions will show no overall
difference in the strength of adaptation to positive
versus negative emotional faces. More specifically,
we predict that individuals low in social anxiety will
not show weakened adaptation to angry compared
to happy emotional faces and that individuals high
in social anxiety will show no overall difference in
the strength of adaptation to sad versus happy
faces, given that sadness is not threatening. Overall,
we predict that mechanisms of adaptation to emotional
information will be selectively altered in social anxiety
based on emotional valence (positive vs negative) as
well as the threatening nature of the emotional
content (threatening vs non-threatening). Ultimately,
differences in adaptation to emotional stimuli can
clarify underlying mechanisms which might maintain
sensitivity to negative and threatening emotional
information and perpetuate information processing
biases in social anxiety.

Experiment 1
Methods

Participants

In Experiment 1, we collected data from 85 partici-
pants, 18-61 years of age, recruited from the Univer-
sity of Massachusetts Boston community by email or
announcements in psychology classes. Our final
sample included 76 participants, who were predomi-
nately female (64.47%) and white (57.89%) with a
mean age of 25.23. The final sample included 37 par-
ticipants classified as low in social anxiety (LSA: 20
females; mean age =26.03 years, SD=9.72, range =
18-54) and 39 participants classified as high in social
anxiety (HSA; 29 females; mean age =24.46 years,
SD=8.41, range=18-61). Of the 85 participants
who contributed data, 9 participants were excluded
due to: an insufficient number of valid trials (trials
with valid responses, made while the question mark
appeared on the screen), fewer than 30 out of 64
valid trials (2), biased behavioural responses, where
80% happy faces were judged happy less than 75%
of the time or 80% angry faces were judged happy
more than 25% of the time, during either baseline
or adapt (5), not following instructions (1),
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comorbidity with other disorders, such as ADHD or
learning disabilities, via personal report (1) (see
Table 1 for details on demographics and measures).
Participants reported normal or corrected-to-normal
vision, provided written informed consent, and were
compensated with $18 or course credit for eligible
undergraduate psychology classes. All experimental
procedures and protocols (protocol number:
2013148), were approved by the University of Massa-
chusetts Boston Institutional Review Board and com-
plied with the Declaration of Helsinki.

Measures

BFNE

The Brief Fear of Negative Evaluations (BFNE; Leary,
1983) was used to asses social anxiety. The BFNE is a
12-item self-report measure examining participants’
fears of being negatively evaluated using a 1 (not at
all characteristic) to 5 (extremely characteristic)
Likert scale. The BFNE has excellent internal consist-
ency (a=.96), excellent reliability and validity (Leary,
1983), good test retest reliability (r=.75), and good
convergent and divergent validity (Leary, 1983). We
used the 8 straightforward items of the BFNE (BFNE-
S; Rodebaugh et al., 2004) to classify individuals as
high in social anxiety (HSA group; scores >=25) or
low in social anxiety (LSA group; scores <=12;
based on criterion described in Carleton et al., 2011;
Weeks et al., 2012). Similar cut-offs from measures
from the BFNE-S have been used in undergraduate
populations (Rodebaugh et al., 2004) and clinical
samples (Weeks et al., 2012). Individuals who met qua-
lifying scores were contacted and followed up with a
phone interview to verify social anxiety status. The
phone interview consisted of two questions: (1) par-
ticipants had to reflect on their feeling in certain
social situations, such as speaking in a classroom or
attending a party, where they are unfamiliar with
most of the attendees and (2) participants had to
reflect on how they would react when they found
themselves at the centre of attention. Those whose
responses were aligned with their social anxiety
group classification from the online survey were sub-
sequently invited to partake in the laboratory portion
of the study.

DASS

The Depression Anxiety Stress Scale-21-item version
(DASS; Lovibond & Lovibond, 1995) was used to
assessed depression. The DASS is a self-report scale

with separate, reliable, and valid scales for
depression, anxiety, and stress (Antony et al., 1998;
Bottesi et al., 2015; Henry & Crawford, 2005; Sinclair
et al, 2012; Vasconcelos-Raposo et al., 2013). The
subscales have demonstrated good internal consist-
ency and construct validity (Antony et al., 1998).
We used the 7-item Depression subscale to deter-
mine depression status and excluded participants
scoring above 17 in depression. A score of 17 rep-
resents the middle of the moderate range (14-20)
on this measure of depression (Lovibond & Lovi-
bond, 1995).

PANAS

The Positive and Negative Affect Schedule — State
Version (PANAS: Watson et al, 1988) was used to
measure current state affect (i.e. whether participants
were feeling generally more positive or negative in
the present moment), and was completed immedi-
ately before data collection. PANAS is a 20-item
scale used to measure current affective state, separ-
ated into negative affect (PANAS-NA) and positive
affect (PANAS-PA), which are designed to be orthog-
onal (Watson et al., 1988). For each item, participants
indicate on a 5-point Likert scale how much they are
experiencing each emotion (e.g. distressed, excited,
etc.). We used the PANAS subscales to assess state-
level affect at the beginning of the experimental pro-
tocol. The psychometric properties of the PANAS have
been deemed acceptable in samples of anxiety and
depression (Watson et al., 1988).

The BFNE and DASS were completed via an online
survey, a few days to 1-4 weeks before the in-person
study, whereas PANAS was completed when the par-
ticipant arrived in the laboratory, before data collec-
tion (see Table 1).

PSE

The Point of Subjective Equality (PSE) was used to
quantify the strength of adaptation, i.e. the strength
of the perceptual aftereffect. The PSE was measured
uniquely for each participant before and after adap-
tation. The PSE is the unique neutral point, where a
face is judged emotionally neutral, equally likely to
be seen as happy or angry, or judged happy on 50%
of trials for a given facial expression. Participants
viewed neutral faces as well as faces of various inten-
sities of anger or happy emotions (see Stimuli section
below). Responses to these faces, judging the face as
happy or angry, were recorded and data fit with a
mathematical function to determine the face that
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Table 1. Characteristics of individuals high and low in social anxiety in Experiment 1, grouped by adapt condition: angry adapt and happy

adapt.
High Social Anxiety (HSA) Low Social Anxiety (LSA)
(n=39) (n=37)
Conditions Angry Adapt Happy Adapt Angry Adapt Happy Adapt
(n=19) (n=20) (n=17) (n=20)
Mean Mean Mean Mean
(SD; Range) (SD; Range) (SD; Range) (SD; Range)
Age 21.63 27.15 24.18 27.60
(3.55; 18-30) (10.67; 18-61) (7.85; 18-50) (11.01;19-54)
BFNE 31.89 3240 10.12 10.15
(4.55; 25-39) (3.82; 26-39) (1.69; 8-12) (1.46; 8-12)
DASS 9.05 8.60 5.06 5.70
(5.08; 0-17) (5.20; 0-17) (4.94; 0-13) (4.49; 0-14)
Positive Affect’ 29.35 30.17 31.59 33.70
(14; 18-45) (8.67; 13-46) (8.14; 19-46) (8.25; 21-50)
Negative Affect 14.00 1333 11.29 12.00
(2.92; 10-20) (3.05; 10-19) (1.53; 10-15) (2.34; 10-18)
n (% total N) n (% total N) n (% total N) n (% total N)
GENDER
Female 14 (73.68%) 15 (75.00%) 8 (47.06%) 12 (60.00%)
Male 5 (26.32%) 5 (25.00%) 9 (52.94%) 8 (40.00%)
ETHNICITY
White 13 (68.42%) 12 (60.00%) 9 (52.94%) 10 (50.00%)
Latino/Hispanic 0 (0.00%) 1 (5.00%) 0 (0.00%) 6 (30.00%)
Asian-American 3 (15.79%) 5 (25.00%) 1 (5.88%) 0 (0.00%)
Black/African-American 2 (10.53%) 1 (5.00%) 6 (35.29%) 2 (10.00%)
Multi-Racial 1 (5.26) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Unspecified 0 (0.00%) 1 (5.00%) 1 (5.88%) 2 (10.00%)

Notes: SD = standard deviation; BFNE = Brief Feat of Negative Evaluations; DASS = Depression Anxiety Stress Scale-21-item version.
"Four participants did not report Positive and Negative Affect, two from adapt happy and two from adapt angry in the HSA group.

would support 50% performance (see Data Analysis:
Quantifying Adaptation Strength). We controlled for
pre-existing biases by normalising the strength of
adaptation for each individual by their own percep-
tual bias at baseline, before adaptation (see Data
Analysis: Quantifying Adaptation Strength). This is
important because negative perceptual biases can
be found in individuals with social anxiety at baseline,
before adaptation. Finally, our use of psychophysical
methods allows us to compute not only PSE, but
also slope at the PSE. Slope estimates provide
additional insight into the nature of perceptual
biases, measuring the degree to which the represen-
tation of emotional information is more categorical
versus continuous. Steeper slopes indicate more cat-
egorical perception, with clearer demarcations
between emotional faces, while shallower slopes indi-
cate more continuous perception (Roesch et al., 2010).

We report on slope as an additional metric and
exploratory analysis.

Determining adaptation strength

Apparatus

Face stimuli were presented on a Nexus CRT
monitor. All participants were seated 45cm from
the monitor and used a chin and forehead rest to
maintain a fixed distance from the screen.
Responses were made via key press on a laptop key-
board or a Cedrus Response Box (RB-844) and
recorded using MATLAB and the psychophysics
toolbox (Brainard, 1997; Kleiner et al., 2007; Pelli,
1997). Participants wore noise-cancelling head-
phones (3M-Peltor headset), which presented audi-
tory stimuli while reducing distractions from
ambient sounds.
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Stimuli

Adaptation stimuli

We selected 30 unique face identities (15 female and
15 male; 21 White, 3 Asian and 6 Black) from the
NimStim face database, closed mouth version (Totten-
ham et al.,, 2009). Stimuli depicted a 100% emotional
face, had validity ratings for a given emotion of 75%
or higher, were grey-scaled to 50% and embedded
within a grey oval to eliminate distracting features,
such as hair. Stimuli were 595 x 595 pixels and sub-
tended 19.8 degrees of visual angle.

Test stimuli

A subset of the adaptation faces was used as test faces.
Test faces were generated by morphing different pro-
portions of a 100% angry face and the corresponding
neutral face or a 100% happy face and the correspond-
ing neutral face to create an emotional continuum for a
given identity (80, 40, 20 and 10% angry, neutral, and
the complementary 80, 40, 20 and 10% happy). Morph-
Man software (STOIK Imaging, Moscow, Russia) was
used to morph faces by selecting points on prominent
face features, such as the eyebrow, nose, eyes, and
mouth (for sample faces showing selection points
see Harris & Ciaramitaro, 2016).

We used 8 unique identities to quantify perceptual
biases (4 females & 4 males; 5 White, 2 Asian, & 1
Black) and created 9 test faces (4 angry morphs, 4
happy morphs, and 1 neutral) for each of the 8
unique identities, for a total of 72 possible faces (see
Figure 1 for the 9 morphs ranging from angry
through neutral to happy, for one sample test face).

Procedure

First, participants were familiarised with the task and
timing of responses, completing a minimum of 2

practice trials. Practice trials consisted of an auditory
alerting cue, followed by a blank oval (15s), then a
question mark (1.5 s), during which time participants
had to press a button to practice the timing of
when to indicate their judgment. The practice
session was followed by the experiment, which con-
sisted of a baseline condition (15 min) and an adapt
condition (15 min), separated by a 5 min break (see
Figure 2).

Baseline condition

At baseline, participants were instructed to fixate their
gaze on the centre of a blank grey screen for the dur-
ation of the experiment, but eye position was not
monitored. The experiment began with a fixation
cross at screen centre (180 s). After the 180 s fixation
period, a trial began as indicated by an auditory cue
(500 Hz), which alerted the participant that they
would need to start judging the emotion of faces pre-
sented on the screen. Specifically, a trial consisted of a
1sec fixation period, an alerting auditory cue, followed
by a test face, 1 of the 72 possible morphs, presented
at random (1 s), which was then followed by a ques-
tion mark (1.5s). While the question mark was
visible, the participant had to judge if the test face
they had seen was happy or angry. Judgments were
recorded via a button box; one button was pressed
for happy judgments and another button was
pressed for angry judgments. If the participant
responded outside the 1.5s when the question
mark was visible, too early or too late, their response
was excluded from analysis. In between each test face,
a grey screen with a fixation cross (8 s) was presented.

A total of 64 test trials were presented at baseline
(8 trials for happy and angry face morphs (40%, 20%,
10%), 8 trials for neutral faces, and 4 trials for happy
and angry face morph (80%)). Baseline data were

A R SR A AL Sk Sk Sk A6
[ (%) &8 | &3 cv‘) & & ) o
80% 40% 20% 10% Neutral 10% 20% 40% 80%
< >
Angry Happy

Figure 1. Sample Angry-Happy Face Morphs.

Note: An example of an angry-happy continuum of faces for a single identity. During baseline and post-adaptation participants judged a total of 64 faces morphed
along an angry-happy continuum, from 80, 40, 20 and 10% angry to neutral and from neutral to 10, 20, 40 and 80% happy.
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Adaptation to Happy or Angry Faces

1.5 s response

Is probe

1.5 s response

... For a total of 64 trials

... For a total of 64 trials

Note: Baseline started with fixation (3 min), during which participants were instructed to gaze at the cross. Then, an auditory beep and a test face were presented
(1s), followed by a question mark (1.5), during which participants had to judge the emotion of the face presented as happy or angry. Following baseline there was a
break (5 min) and then adaptation. Adaptation started with exposure to either 100% happy or angry faces (3 min). Participants then viewed the same test faces (1 s
each) as during baseline but after each test face was judged a series of 8 100% happy or angry faces, the same as during the initial 3 min adaptation was presented.
Each participant was assigned randomly to one of the two adapt conditions: (1) Happy Adapt, or (2) Angry Adapt.

used to determine each participant’s pre-existing bias
in judging faces and to normalise adaptation strength
for each participant.

Adapt conditions

Adaptation followed the same sequence of events in
time as baseline; however, instead of a fixation
cross, emotional faces were presented during the
initial 180 s period (initial adaptation) and during the
8s period between each test face after the face was
judged (top-up adaptation). During initial adaptation,
a total of 180 male and female faces at 100% of a
given emotion (1 s per face; either happy or angry)
were presented and then participants made judg-
ments for the test faces presented during baseline.
During top-up adaptation a total of 8 100% emotional
faces (1 s per face) were presented to maintain adap-
tation effects (as used in lzen et al., 2019; Izen & Ciar-
amitaro, 2020; Ng et al., 2006).

Two adaptation conditions were tested in a
between-subjects design (1) Happy Adapt: 100%
happy faces were presented during initial and top-
up adaptation or (2) Angry Adapt: 100% angry faces
were presented. After adaptation, a total of 64 test

faces were presented and judgement of these test
faces was used to determine adaptation strength
(see Figure 2).

Data analysis

Transparency and openness

Data and analysis code are available on Open Science
Framework via this link: https://osf.io/fmtah/. The
study design and analysis were not pre-registered.
G* power (version 3.1) was used to determine
sample size. We had explicit predictions in testing
for differences between two independent means,
our two adapt conditions, within each social anxiety
group and planned a one-tailed test, medium effect
size=0.7, alpha=0.05, and power=0.8. Required
sample size was 26 participants for each of the two
adapt conditions within each anxiety group. From
this estimate for 104 total participants, we collected
data from 85 participants with a final sample of 76.

Quantifying adaptation strength

All data were analysed using MATLAB (The Math-
Works, Inc., Natick, MA, USA) and psignifit (http://
bootstrap-software.org/psignifit/), which implements
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the maximum-likelihood method described by Wich-
mann and Hill (2001), to fit the data for each adapt
condition (angry and happy), for each participant, at
baseline and post-adapt. Responses were plotted
such that the emotional morph continuum was
plotted along the x-axis: happy emotions plotted as
positive and negative emotions as negative, and the
percentage of trials the participant responded that a
given face morph appeared happy was plotted
along the y-axis. Data were fit to a cumulative
normal function to determine PSE, the morph sup-
porting 50% performance, which defines the face per-
ceived as emotionally neutral. Given that we plotted
happy emotions to the right of 0 and angry to the
left of 0, a positive PSE indicates that more happiness
is required to see a face as neutral, a negative percep-
tual bias. Conversely, a negative PSE indicates that
more anger is required to see a face as neutral, a posi-
tive perceptual bias.

To quantify adaptation strength, we measured
how each participant’'s judgments of the face

considered emotionally neutral at baseline changed
post-adaptation. We subtracted the y-value, or
happy judgments, for the PSE at baseline (defined
as 0.5) from the y-value for the same face after adap-
tation (as used in Harris & Ciaramitaro, 2016; lzen &
Ciaramitaro, 2020; Ng et al., 2006). Importantly, such
a measure normalises for baseline biases and allows
quantification of perceptual biases using the linear
range of the y-axis, indicating how much happier a
face appears after adapting to happy versus angry
emotions. This is advantageous over using shifts
along the x-axis, which is in mathematical, not percep-
tual, units of % emotion in a face.

Figure 3 provides hypothetical predictions for the
strength of adaptation following adaptation to 100%
happy versus 100% angry face in individuals high
(HSA) vs low (LSA) in social anxiety. The direction
and the magnitude of changes in perception from
baseline to post-adapt (PSE shift) are depicted using
an arrow. The direction of the arrow demonstrates
the direction of adaptation and the length of the
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Figure 3. Theoretical Predictions in HSA and LSA for Adapting to Happy vs Angry.

Note: The x-axis represents faces morphed along a continuum from 80% angry (left of 0), through neutral (0% emotion) to 80% happy (right of 0), whereas the y-
axis represents the percent at which a certain face morph is judged happy. The grey shaded area highlights happy face morph data, with 0 indicating the standard
neutral face, as defined by the NimStim dataset. For each participant, we measured the Point of Subjective Equality (PSE) or the face equally likely to judged happy
or angry. The black curve represents a cumulative normal fit to judgements of face morphs at baseline, whereas the yellow and the orange line represent the fit to
judgements of the same face morphs after adaptation to angry or happy faces, respectively. The predicted direction and magnitude of perceptual changes from
baseline to post-adapt (PSE shift) are depicted in the direction and magnitude of the arrows. We quantified how judgments of the face considered emotionall
neutral at baseline changed after adaptation. (A) We predicted that HSA individuals would show a stronger magnitude of adaptation to happy relative to
angry faces (B) We predicted that LSA individuals would not show a significant difference in the magnitude of adaptation in the expected direction to happy

vs angry faces.



arrow indicates the magnitude of adaptation. As
depicted in Figure 3, adaptation should yield percep-
tual aftereffects, with happy adaptation yielding a
negative shift and angry adaptation yielding a posi-
tive shift. To consider adaptation strength in the
expected direction, we evaluated the difference of
shifts after angry adaptation and the additive
inverse of shifts after happy adaptation. We predicted
that (1) HSA individuals would show weaker adap-
tation in the expected direction to angry vs happy
faces while (2) LSA individuals would show no differ-
ence (see Figure 3).

Statistical analysis

Throughout the results section, data were normally
distributed, skew/kurtosis +/—2, and parametric stat-
istics were applied. Our main dependent variable
was adaptation strength, quantified as the PSE after
vs before adaptation. Our second dependent variable
was slope, after vs before adaptation. Our main inde-
pendent variable was social anxiety group.

We had an a priori expectation that the strength of
the perceptual shift in the expected direction would
be weaker in HSA individuals when adapting to
angry and/or stronger when adapting to happy
faces, with no such differences expected in LSA indi-
viduals, as explained in Figure 3. To compare the
overall strength of adapting to happy vs angry faces
in our between-subject design, we considered PSE
shifts in the expected direction for each adapt con-
dition for each individual, with variance computed
across individuals. More specifically, we compared
the strength of adaptation to happy versus angry
faces among HSA and among LSA individuals separ-
ately, using two-tailed independent samples t-tests.
This approach is preferable to first collapsing data
across individuals within a given adapt condition
and a given social anxiety group, and then fitting
group data to determine overall PSE, as such a
method does not take into account individual differ-
ences in perceptual biases at baseline. This issue has
been highlighted before, (e.g. Turi et al., 2015), and
is particularly relevant for socially anxious individuals
who have negative perceptual biases at baseline (e.g.
Gutiérrez-Garcia & Calvo, 2014; Yoon et al., 2014).

Although not our main dependent measure, we
also estimated changes in slope at the PSE, for each
participant, by calculating the difference between
post-adapt and baseline measures of slope. Slope is
informative in terms of perceptual bias since it
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indicates the rate of change in the categorisation of
emotional information (Roesch et al., 2010). Indepen-
dent samples t-tests were conducted using IBM SPSS
Statistics (Version 19) for both PSE and slope
measures.

Given our between subject design our data are
underpowered, but we considered an exploratory
analysis, using bootstrapping (10,000 iterations with
replacement) to compare differences in adapting to
angry vs happy faces between HSA and LSA
individuals.

Results

Our final sample of 76 participants completed a total
of 4357 baseline and 4583 adapt trials. Trials where
participants did not respond during the 1.5 s response
interval were excluded. Of the 64 test faces presented
to determine the PSE, HSA participants in the adapt
happy condition provided valid responses in an
average of 55.90 baseline trials (SD=9.75; range =
30-64), and 60.55 post-adaptation trials (SD =3.35;
range =52-64), and those in the adapt angry con-
dition provided valid response in an average of
58.00 baseline trials (SD =5.36; range =48-64), and
59.00 post-adaptation trials (SD=6.02; range =45-
64). LSA participants provided valid response in an
average of 58.65 baseline trials (SD =6.39; range =
39-64), and 61.55 post-adapt trials (SD = 2.78; range
=54-64) in adapt happy and an average of 56.71
baseline trials (SD =8.23; range =37-64), and 60.00
post-adapt trials (SD =5.39; range =45-64) in adapt
angry. There was no significant difference in the
overall number of valid baseline trials (independent
samples Mann-Whitney U Test, 2-sided; U=704, p
=.855, n?=.00045) or adapt trials (independent
samples Mann-Whitney U Test, 2-sided; U=616.5, p
=. 269, n?=.016) in HSA vs LSA individuals. Further-
more, we found no significant difference in age
between LSA (Mean=26.03; SD=9.72) and HSA
(Mean =24.46; SD=28.41) individuals (independent
samples t-test, 2-sided; t(74) =.752, p = .454, Hedge's
g=.173) nor in participant gender 02 (1)=3.42, p
=.093). Additionally, there was a significant difference
in age between adapting to angry versus happy in
HSA individuals (angry (Mean=21.63; SD =3.55) vs
happy (Mean=27.15; SD=10.67); independent
samples t-test, 2-sided; t(37)=-2.14, p=.039,
Hedge's g=.687), but no significant difference in
LSA individuals (angry (Mean=24.18; SD=7.85) vs
happy (Mean=27.60; SD=11.01); independent
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samples t-test, 2-sided; t(35) = —1.07, p =.292, Hedge's
g =.353). Finally, we found no significant differences
in participant gender when adapting to happy
versus angry faces for HSA (X3(1) =.009, p =.925) or
LSA (X*(1) = .62, p = .431) individuals.

We also found no significant differences in measures
foranxiety, depression, and state affect, when adapting
to angry versus happy faces in HSA individuals (BFNE:
angry (Mean=31.89; SD=4.55) vs happy (Mean=
32.40; SD = 8.82); independent samples t-test, 2-sided;
t(37)=-0.377, p=.709, Hedge's g=.122), DASS:
angry (Mean = 9.05; SD =5.08) vs happy (Mean = 8.60;
SD =5.20; independent samples t-test, 2-sided; t(37)
=0.275, p=.785, Hedge's g =.088), PA: angry (Mean
=29.35; SD=8.19) vs happy (Mean =30.17; SD = 8.67;
independent samples t-test, 2-sided; t(33) = —0.285, p
=.777, Hedge's g=.097), and NA: angry (Mean=
14.00; SD =2.92) vs happy (Mean=13.33; SD =3.05;
independent samples t-test, 2-sided; t(33) =.660, p
=.514, Hedge's g =.224). Correspondingly, no signifi-
cant differences were found in LSA individuals (BFNE:
angry (Mean=10.12; SD=1.69) vs happy (Mean=
10.15; SD = 1.46); independent samples t-test, 2-sided;
t(35)=-0.062, p=.951, Hedge's g=.019), DASS:
angry (Mean =5.06; SD = 4.94) vs happy (Mean =5.70;
SD =4.49; independent samples t-test, 2-sided; t(35)
=—.414, p=.682, Hedge's g =.136), PA: angry (Mean
=31.59; SD=8.14) vs happy (Mean =3.70; SD =8.25;
independent samples t-test, 2-sided; t(35) =—0.781, p
=.440, Hedge's g =.257), or NA: angry (Mean =11.29;

High Social Anxiety

SD = 1.53) vs happy (Mean = 12.00; SD = 2.34; indepen-
dent samples t-test, 2-sided; t(35)=—1.064, p =.440,
Hedge's g =.353).

Figure 4 shows the mean PSE shift across individ-
uals in each anxiety group. Each individual’s post-
adapt PSE was normalised by each individual’s pre-
adapt PSE, at baseline. We found no significant differ-
ence in baseline PSE between LSA (Mean =3.04; SD
= 11.88) and HSA (Mean = 5.82; SD = 12.67) individuals
(independent samples t-test, 2-sided; t(74) = —.986, p
=.327, Hedge'’s g =.023). Furthermore, within the HSA
group, there was no significant difference in baseline
PSE when adapting to angry (Mean = 3.83; SD = 13.99)
vs happy (Mean=7.71; SD=11.32) faces (indepen-
dent samples t-test, 2-sided; t(37) = —0.953, p=.347,
Hedge's g =.306). The LSA group also showed no sig-
nificant difference in baseline PSE when adapting to
angry (Mean=3.50; SD=12.47) vs happy (Mean=
2.65; SD=11.67) faces (independent samples t-test,
2-sided; t(35) =.216, p =.830, Hedge's g =.071).

We used a two-tailed independent sample t-test to
test if adaptation strength in the expected direction
differed between adapt happy and adapt angry. We
compared the strength of adaptation in the expected
direction by evaluating the difference between per-
ceptual shifts after adapting to angry and the additive
inverse of perceptual shifts after adapting to happy. It
was necessary to consider the magnitude of the shift
in the expected direction as adapting to emotions of
opposite valence (i.e. angry vs happy) yields shifts in
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Figure 4. Effects of Adaptation to Happy vs Angry Faces in HSA and LSA.

Note: Perceptual Shifts in the expected direction in HSA and LSA individuals, for the Happy Adapt and Angry Adapt conditions. Results showed stronger adaptation
to happy vs angry faces in HSA individuals (p =.038), and no significant difference in adaptation to happy vs angry faces in LSA individuals (p = .446).



opposite directions as seen in the sample individuals,
and would yield significant differences simply based
on shift direction when what is important is shift mag-
nitude. Overall, HSA individuals showed significantly
weaker adaptation in the expected direction after
adapting to angry (Mean=.16; SD=.23) vs happy
faces (Mean =.30; SD =.18; independent samples t-
test, 2-sided, t(37)=-2.149, p=.038; Hedge's g=
—.67). LSA individuals showed no significant differ-
ence in the expected direction after adapting to
angry (Mean=.23; SD=.20) vs happy (Mean=.24;
SD =.25) faces (independent samples t-test, 2-sided;
t(35)=-.016, p=.987, Hedge's g = —.043).

We found no significant difference in change in
slope after adapting to angry (Mean=-.024; SD
=.23) vs happy (M=.027; SD=.26) faces (t(37)=
—.636, p=.53; Hedges' g=—.20) in HSA individuals,
nor between adapting to angry (M =—.022; SD=.19)
vs happy (M=.12; SD=.26; t(35)=-1.85, p=.072;
Hedges' g = —.60) in LSA individuals (data not shown).

We also compared the difference in adapting to
happy vs angry faces, in the expected direction,
between HSA and LSA, using a bootstrap analysis,
10,000 iterations with replacement. The mean differ-
ence in adapting to happy vs angry between HSA
and LSA was 0.1382, which was not significant, since
the bootstrapped confidence interval included 0
[-0.0476-0.3247].

Discussion

In Experiment 1, we investigated if adaptation to
emotional information was altered in individuals
high in social anxiety, a mechanism that could serve
to maintain negative perceptual biases. We proposed
that altered adaptation could maintain enhanced sen-
sitivity to negative information such as angry faces by
reducing the strength of adaptation to this emotion,
or by enhancing the strength of adaptation to positive
emotions, as conveyed by happy faces. To test that
the difference between adapting to angry vs happy
faces would be evident only in individuals with high
social anxiety, we included a control group of low
social anxiety individuals. We then quantified the
strength of adaptation to angry versus happy
emotional faces by measuring the PSE (Point of Sub-
jective Equality) for a perceptual aftereffect in each
individual. We predicted a significant difference in
adaptation strength to angry vs happy faces in indi-
viduals high in social anxiety, while expecting no
difference in adaptation to angry vs happy faces in
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individuals low in social anxiety. our findings
suggest that (1) mechanisms of adaptation to
emotional information appear to be altered in social
anxiety such that individuals with social anxiety
show weaker adaptation to angry faces compared to
happy faces; a difference in adaptation that was not
observed in the control group of individuals low in
social anxiety, and (2) angry faces carry important
threating information for HSA individuals, observed
through a weakened strength of adaptation to
angry relative to happy faces.

As shown previously by Rhodes et al. (2011), atten-
tion enhances adaptation, however in the HSA group
we observed reduced adaptation for angry faces com-
pared to happy faces, potentially suggesting that
some avoidance attentional mechanisms might be
playing a role in weakening adaptation effects. This
avoidance attentional pattern has been observed in
previous studies. For instance, one study using eye-
tracking in a visual search task, found that compared
to controls, individuals with social anxiety disorder
showed reduced fixation duration to angry faces
(Wermes et al., 2018). However, in the context of our
study, it is still not clear how attentional biases play
a role in altered mechanisms of adaptation, specifi-
cally in weakened adaptation to angry faces. Thus,
future studies should explore this question using
eye-tracking data and measures such as reaction time.

Another important issue to consider is related to
the influence that anger, as a type of negative
emotion, has on social anxiety. Would we observe
altered adaptation for other negative emotions, such
as sadness, in individuals with high social anxiety, or
are the results particular to a threatening negative
emotion such as anger? We explore this question
further in Experiment 2, where we test adaptation to
sad and happy faces in an HSA group.

Experiment 2

In Experiment 2 we tested a new sample of HSA indi-
viduals considering adaptation to non-threatening
negative emotions, and quantified adaptation to
happy versus sad faces in a between-subjects
design. As mentioned in the introduction, and
further tested in our first experiment, research has
shown that HSA individuals show an increased sensi-
tivity and a general attribution of threat to anger, but
not to other negative emotions such as sadness (e.g.
Bell et al., 2011; Gutiérrez-Garcia & Calvo, 2017; Joor-
mann & Gotlib, 2006). In our first experiment, we
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observed altered adaptation, specifically weakened
adaptation to angry relative to happy faces,
however considering that sad faces might not be con-
veying rejection, threat or hostility, we predict that
there is going to be no difference in adaptation
strength when adapting to sad versus happy faces
in a high social anxiety group.

Methods
Participants

In Experiment 2 we collected data from 48 partici-
pants, 18-38 years of age, recruited from the Univer-
sity of Massachusetts Boston community by either
email notices or announcements in Psychology
classes. Our final sample consisted of 40 individuals
classified as high in social anxiety (HSA: 30 females;
2 transgender individuals: mean age=26.90 years,
SD=9.97, range=18-38). Of the 48 participants
who contributed data, 8 participants were excluded
due to: an insufficient number of valid trials (3),
biased behavioural responses (4), and participant
error, such as pressing the wrong button (1). As in
Experiment 1, the final sample included predomi-
nately female (75%) and white (57.5%) participants
with a mean age of 23.08 (see Table 2). Participants
were screened for social anxiety status, depression,
and for current state affect as described for Exper-
iment 1.

Measures

As described in Experiment 1.

Apparatus, procedures for stimulus presentation
including experimental design, data analysis, and stat-
istical analysis are as described in Experiment 1. The
one difference: instead of angry faces, we presented
sad faces in a sad to happy continuum (see Figure 5
for a sample test face).

Data analysis

Figure 6 provides hypothetical predictions for adap-
tation strength following repeated exposure to
100% happy vs 100% sad faces in HSA. The direction
of adaptation to happy versus sad faces, is, by
definition, in opposite directions, with happy adapt
yielding a negative shift and sad adapt yielding a posi-
tive shift. For statistical analysis, we evaluated the
difference between shifts after adapting to sad and

Table 2. Characteristics of individuals high and low in social anxiety
in Experiment 2, grouped by adapt condition: adapt sad and adapt
happy.

High Social Anxiety

(n=40)
Conditions Sad Adapt Happy Adapt
(N=21) (N=19)
Mean Mean
(SD; Range) (SD; Range)
Age' 23.10 23.06
(5.31; 18-38) (4.12; 18-33)
BFNE 30.38 33.00
(4.74; 25-40) (5.26; 25-40)
DASS 5.62 7.05
(4.57; 0-15) (4.35; 0-14)
Positive “Affect 26.21 26.56
(7.22; 14-44) (8.08; 16-41)
Negative Affect 14.84 13.28
(3.98; 10-26) (2.52; 10-18)
n (%N) n (%N)
GENDER
Female 14 (66.67%) 16 (84.21%)
Male 6 (28.57%) 2 (10.53%)
Transgender 1 (5.26%) 1 (5.26%)
ETHNICITY
White 11 (52.38%) 12 (63.16%)
Latino/Hispanic 1 (4.76%) 1 (5.26%)
Asian-American 4 (19.05%) 3 (15.79%)
Black/African-American 1 (4.76%) 1 (5.26%)
Pacific Islander 1 (4.76%) 0 (0.00%)
Multi-racial 0 (0.00%) 1 (5.26%)
Unspecified 3 (14.29%) 1 (5.26%)

Notes: SD = standard deviation; BFNE = Brief Feat of Negative Evalu-
ations; DASS = Depression Anxiety Stress Scale 21-item version.

'One participant in the HS condition did not report age.

2Three participants did not report Positive and Negative Affect, two in
the adapt sad condition and one in the adapt happy condition.

the additive inverse of shifts after adapting to
happy, which considers adaptation strength in the
expected direction as a function of emotional
valence (happy/sad). We predicted that HSA individ-
uals would show no difference in adaptation strength,
in the expected direction, to sad vs happy faces, since
sad faces are not threatening (see Figure 6).

Results

Our final sample of 40 participants completed a total
of 2433 baseline and 2497 adapt trials. Of the 64 poss-
ible trials presented during baseline and post-adap-
tation, HSA individuals adapted to happy provided
valid responses on an average of 61.00 baseline
trials (SD = 3.56; range = 49-64), and 62.42 post-adap-
tation trials (SD=1.71; range = 57-64). HSA individ-
uals adapted to sad provided valid responses on an
average of 60.67 baseline trials (SD=4.71; range =
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Figure 5. Sample Sad-Happy Face Morphs.

Note: An example of a sad-happy continuum of faces for a single identity. During baseline and post-adaptation participants judged a total of 64 faces morphed
along a sad-happy continuum, from 80, 40, 20 and 10% sad to neutral and from neutral to 10, 20, 40 and 80% happy.
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Figure 6. Theoretical Predictions in HSA for Adapting to Happy vs Sad.

Note: In this figure, the x-axis represents morphed faces in the continuum from 80% sad (left of 0), to 80% happy (right of 0), whereas the y-axis represents the
percent at which a certain face morph is judged as happy. For each participant, we measured the Point of Subjective Equality (PSE), the face equally likely judged
happy or sad. The black curve represents a cumulative normal fit to judgements of each face morph at baseline, whereas the blue and the orange curves represent
the cumulative normal fit to judgements of each face morph after adapting to sad and happy faces, respectively. The predicted direction and magnitude of per-
ceptual changes from baseline to post-adapt (PSE shift) are depicted in the direction and magnitude of the arrows extending from the baseline curve to the post-
adapt curve. We predicted no significant difference in the magnitude of adaptation, in the expected direction, to happy vs sad faces.

47-64), and 62.43 post-adaptation trials (SD=2.20; =.848, n°=.001) or adapt trials (independent
range =57-64). We found no significant difference  samples Mann-Whitney U Test, 2-sided; U=177, p
in the number of baseline trials (independent =.527, n®>=.009) between HSA individuals adapted
samples Mann-Whitney U Test, 2-sided; U=192.5, p  to sad vs happy faces. There were no differences in
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age between individuals adapting to sad faces (Mean
=23.10; SD =5.31) and individuals adapting to happy
faces (Mean = 23.06; SD = 4.12) (independent samples
t-test, 2-sided; t(37) =.026, p =.980, Hedge's g =.008),
and no differences in gender distribution (X*(2) = 2.04,
p=.361).

We also found no significant differences in
measures for anxiety, depression, and state affect,
when adapting to happy versus angry faces in HSA
individuals (BFNE: sad (Mean =30.38; SD=4.74) vs
happy (Mean=33.00; SD=5.26); independent
samples t-test, 2-sided; t(38)=-1.657, p=.106,
Hedge's g =.525), DASS: sad (Mean =5.62; SD =4.57)
vs happy (Mean=7.05; SD=4.35; independent
samples t-test, 2-sided; t(38)=-1.014, p=.317,
Hedge's g =.32). PA: sad (Mean =26.21; SD=7.22) vs
happy (Mean=26.56; SD=8.08; independent
samples t-test, 2-sided; t(35)=-.137, p=.892,
Hedge's g =.046), and NA: sad (Mean=14.84; SD =
3.98) vs happy (Mean = 13.28; SD = 2.52; independent
samples t-test, 2-sided; t(35) = 1.421, p =.164, Hedge's
g =.465).

Figure 7 shows mean PSE shift. Each individual's
post-adapt PSE has been normalised by their pre-
adapt PSE at baseline. Using a two-tailed independent
sample t-test, we tested for baseline differences in PSE
between adaptation conditions (adapt sad vs happy).
We found no significant difference in baseline PSE

between HSA individuals adapting to sad (Mean=
15.87; SD =5.59) vs happy (Mean =12.42; SD = 10.28)
faces (independent samples t-test, 2-sided; t(38) =
1.339, p=.189, Hedge's g=.423). HSA individuals
also showed no significant difference in the strength
of adaptation in the expected direction after adapting
to sad (Mean =.27; SD =.11) vs happy (Mean = .28; SD
=.24) faces (independent samples t-test, 2-sided, t
(38) = —.135, p=.894, Hedges' g = —.05).

We did find a significant difference in slope after
adapting to sad (Mean=-.12; SD=.19) vs to happy
(Mean =.16; SD = .24; independent samples t-test, 2-
sided, t(38)=-.135, p<.001, Hedges' g=-1.28),
such that adapting to happy yielded a steeper
change in slope after adaptation, compared to adapt-
ing to sad.

Discussion

In experiment 2 we further tested the idea that altered
adaptation might help maintain sensitivity to nega-
tive emotional faces but only to emotions conveying
threat such as anger and not to other negative
emotions such as sadness. Thus, using a between-
subject design, we collected data only on an HSA
group, and compared the adaptation to sad vs
happy faces, testing the hypothesis that the strength
of adaptation to sad faces would not differ from the
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Figure 7. Effects of Adaptation to Happy vs Sad in HSA.

Sad Adapt

Happy Bias
A

No Bias

Sad Bias

21

Note: Perceptual Shifts in the expected direction in HSA individuals in the Adapt Happy and Adapt Sad conditions. As expected, we found no significant difference

in adaptation to happy vs sad faces (p = .20).



strength of adaptation to happy faces in HSA individ-
uals. As in Experiment 1, we calculated the PSE before
and after adaptation in order to quantify the change
in perception post-adaptation, or the strength in
adaptation. As expected, we found no difference
between the adapt sad and adapt happy condition,
further supporting the view that HSA individuals are
particularly sensitive to anger but not to other nega-
tive emotions such as sadness. This is also in line
with other studies showing that socially anxious indi-
viduals tend to interpret and misclassify neutral faces
as being negative, and in addition they are more likely
to pick anger and not other negative emotions during
the process of classification (e.g. Bell et al, 2011;
Gutiérrez-Garcia & Calvo, 2017; Heuer et al., 2010;
Joormann & Gotlib, 2006; Peschard & Philippot,
2016; Yoon et al., 2014; Yoon & Zinbarg, 2007, 2008).

General discussion

In the current study, we investigated if adaptation to
emotional information was altered in individuals high
in social anxiety, a mechanism that could serve to
maintain negative perceptual biases. We proposed
that altered adaptation could maintain enhanced sen-
sitivity to negative information or enhance negative
perceptual biases by reducing the strength of adap-
tation to negative and threatening emotions, as con-
veyed by angry faces, or by enhancing the strength of
adaptation to positive emotions, as conveyed by
happy faces. We quantified the strength of adaptation
to negative versus positive emotional information by
measuring the PSE for a perceptual aftereffect. In
Experiment 1 we considered a negative threatening
emotion, angry faces, and in Experiment 2, a negative
non-threatening emotion, sad faces. We predicted a
significant difference in adaptation strength to
angry versus happy faces in individuals high in
social anxiety, but only for threatening negative
emotions, with no expected difference between
adapting to happy versus sad faces. Furthermore,
we predicted no significant difference in adaptation
strength to angry versus happy faces in individuals
low in social anxiety.

As expected, we found weaker adaptation to angry
faces relative to stronger adaptation to happy faces in
individuals high in social anxiety (Experiment 1), with
no significant difference in individuals low in social
anxiety, and no significant difference in adaptation
to happy versus sad faces in individuals high in
social anxiety (Experiment 2). These results are
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consistent with previous studies showing that socially
anxious individuals tend to attribute threat to anger
but not to other negative emotions, such as
sadness, and demonstrate increased sensitivity to
anger, detecting anger at lower intensities of
emotion and misclassifying neutral expressions as
angry (Bell et al, 2011; Gutiérrez-Garcia & Calvo,
2017; Joormann & Gotlib, 2006).

Although we find differences in adaptation to
happy versus angry faces in individuals high in
social anxiety, our results cannot differentiate
between (1) decreased adaptation to angry faces
[relative to a control condition], (2) increased adap-
tation to happy faces [relative to a control condition],
or (3) both mechanisms occurring within the same
individual. To address the underlying perceptual
mechanism, one would need to run a control con-
dition of adapting to neutral faces, ideally using a
within-subject design which might require short-
term adaptation, unlike the long-term adaptation
used here (3 min) in a between-subjects design.

Considering emotion along a continuum

Given that HSA individuals can correctly identify
emotions but are particularly biased in perceiving
ambiguous facial expressions (e.g. Bell et al., 2011;
Gutiérrez-Garcia & Calvo, 2017; Joormann & Gotlib,
2006) studying responses to fully affective facial
expressions could yield a ceiling effect and not
reflect the true sensitivity of emotional perception in
socially anxious individuals. This is one main benefit
of presenting faces along an emotional continuum,
such as the emotional morphs used in our study.
Another benefit is minimising the likelihood of a
motor response bias, such as participants only select-
ing the angry option for all ambiguous faces. Instead,
if 100%, fully affective, happy faces are also included,
it is easier to uncover a motor bias since the angry
option should not be selected for 100% happy faces.
Finally, our face morph scale was non-linear, a logar-
ithmic scale (80, 40, 20 and 10% of a given emotion)
to maximise sensitivity for detecting bias near the
ambiguous emotional range while not presenting
solely ambiguous faces.

Threatening emotions

Our results highlight the special status of threatening
negative emotions for individuals high in social
anxiety. We found maintained responsiveness,
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weakened adaptation, for angry relative to happy
faces in HSA individuals, with no such maintained
responsiveness for sad relative to happy faces. Thus,
not all negative emotions are processed, or adapted,
the same way. Previous studies have found perceptual
biases in processing negative emotions conveying
rejection and hostility, such as anger (e.g. Bell et al.,
2011; Yoon et al.,, 2014), and enhanced detection for
threatening negative expressions, anger and disgust.
Furthermore, when socially anxious individuals inter-
pret neutral faces as negative they more likely to
choose a threatening emotion such as anger,
whereas non-anxious individuals choose a non-threa-
tening emotion such as sadness (Gutiérrez-Garcia &
Calvo, 2017). Our results add to this literature,
suggesting that underlying mechanisms of adap-
tation, which could perpetuate perceptual biases,
are selectively altered for threatening, but not non-
threatening, negative emotions.

Mechanisms of adaptation

Our results contribute to a growing body of evidence
finding altered mechanisms of adaptation in various
clinical conditions, including social anxiety, autism
spectrum disorder, and schizophrenia (e.g. Andrade
et al, 2016). Attenuated adaptation can maintain
heightened responsiveness to sensory stimuli, failing
to adjust the gain or sensitivity to sensory inputs if
adaptation is too weak, a mechanism proposed for
sensory over responsivity (reviewed in Soto et al,
2018). A failure of adaptation can also maintain
decreased responsiveness to sensory stimuli, over
adjusting the gain or sensitivity to sensory inputs, if
adaptation is too strong. Overall, a suboptimal adap-
tation mechanism prevents the nervous system from
remaining most sensitive and responsive to novel,
non-redundant, information and prevents the re-allo-
cation of limited attentional capacity and processing
resources to the most behaviourally relevant
information.

Altered adaptation in processing social infor-
mation has been found in clinical conditions with
select impairments in social interactions, such as
autism. Adults on the spectrum show altered adap-
tation to emotional faces (Rutherford et al.,, 2012).
Children on the spectrum (8.5-13.5 year olds) show
reduced adaptation to face identity (Pellicano et al.,
2007) and toddlers at high risk for autism (18-30
months of age) show slower and reduced habituation
to faces but not houses, with slower habituation, or

slower learning rate, correlated with poorer social
skills and verbal ability (Webb et al., 2010).

In terms of the neural correlates of emotional pro-
cessing, research has focused on brain areas, such as
the amygdala, a model system for understanding
fear conditioning (e.g. LeDoux, 2003) and a brain
area known to be particularly responsive to valenced
emotional content and to habituate rapidly to
valenced emotions (e.g. Breiter et al, 1996). Neural
evidence reveals impaired adaptation, or habituation.
Habituation is slowed in response to neutral faces in
the amygdala, a mechanism linked to inhibited tem-
perament (e.g. Avery & Blackford, 2016; Blackford
et al, 2011; Blackford et al., 2013; Schwartz et al,,
2003; Schwartz et al., 2012), which is a risk factor for
social anxiety (Clauss et al., 2015; Clauss & Blackford,
2012). In 9-60 year olds, habituation is also decreased
in magnitude in the amygdala, maintaining heigh-
tened neural responsiveness, when reading text
depicting social situations that violated norms and
induced shame compared to reading neutral text
(Bas-Hoogendam et al., 2020). Highlighting the impor-
tance of such a mechanism, these authors propose
altered adaptation as a heritable endophenotype for
social anxiety.

Despite neural evidence for altered habituation to
the social information in neutral faces, there seems to
be a dearth of evidence in terms of the perceptual cor-
relates of such altered neural habituation. Our study is
the first, to our knowledge, to consider the perceptual
effects of adaptation to emotional faces, for which
adaptation to neutral faces would serve as an impor-
tant control condition. Future studies should consider
neural mechanisms of adaptation for other facial
expressions and adaptation to non-visual emotional
stimuli.

Limitations

As with any research, our study has several limitations.
One important limitation is that we did not quantify or
control how overt or covert attention was allocated to
different stimuli. Compared to controls, individuals
high in social anxiety attend less to emotional faces
over time, especially faces displaying positive
emotions, such as happiness (Schofield et al., 2013).
Given that attention is known to alter the strength
of adaptation to visual stimuli in general (e.g. Carrasco
et al.,, 2006; Rezec et al., 2004) and to faces in particu-
lar (Izen & Ciaramitaro, 2020; Rhodes et al., 2011), this
is an important consideration. Of note, however,



attending to a stimulus tends to enhance the strength
of adaptation. If HSA individuals attended less to
happy faces, this would be expected to weaken, not
enhance, adaptation, contrary to our results. Addition-
ally, it is intriguing to consider our findings in light of
the Approach-Avoidance Task (AAT), which is closely
related to attention in that it reflects how attention
influences automatic behavioural reactions to
emotional or socially relevant stimuli. For instance,
Heuer et al. (2007) investigated avoidance reactions
to stimuli of potential social threat among HSA indi-
viduals and non-anxious controls (NACs). HSA individ-
uals displayed stronger avoidance tendencies for both
smiling and angry faces in the AAT, despite positively
evaluating smiling faces (Heuer et al., 2007). However,
if in our study we were to consider these attentional
findings, then we wouldn't expect a difference in
adaptation between happy and angry faces, because
HSA individuals seem to demonstrate avoidance to
both happy and angry faces, which would have
impacted the process of adaptation. Thus, underlying
differences in attention to happy faces are unlikely to
explain the differences we observed.

Moreover, individuals high in social anxiety show
eye gaze patterns of hypervigilance-avoidance,
especially for negative emotions such as anger. They
show initial fixation of an angry stimulus followed
by avoidance of the stimuli (for a review see Claudino
et al., 2019). Such differences in eye gaze patterns
could contribute to differences in adaptation: if HSA
individuals avert their gaze from angry faces this
could weaken adaptation to angry faces.

Another important limitation is that we considered
a student sample along the continuum of social
anxiety. While BFNE cut-off scores are suggestive of
clinically significant social anxiety (e.g. Carleton
et al,, 2011), it is not clear how our results apply to
clinical cohorts. Future studies will need to replicate
our results in a clinical sample. However, given that
social anxiety exists along a continuum (Rapee &
Heimberg, 1997), our results provide valuable infor-
mation regarding underlying cognitive mechanisms
of the disorder even if not specifically targeted for
clinically diagnosed groups. Furthermore, we
excluded participants scoring high in depression.
This may give insight into only a small subset of indi-
viduals who are socially anxious since there is a high
degree of comorbidity between social anxiety dis-
orders and depression (e.g. Koyuncu et al., 2019).

A third consideration is that mood was not con-
trolled in our study. Previous studies have found
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that perceptual biases may be stronger or more
likely to be observed if socially anxious individuals
are stressed via mood induction prior to the exper-
iment (Leber et al, 2009; Mohlman et al., 2007;
Mullins & Duke, 2004; Richards et al., 2002). Thus, we
might have observed stronger adaptation effects if
we had used mood induction.

Conclusions

We observed significantly weaker adaptation to angry
vs happy faces in individuals high in social anxiety,
with no significant difference when adapting to
happy versus sad faces in individuals high in social
anxiety. This aligns with prior studies suggesting
that not all negative emotions are equal, and the
unique importance of threatening negative emotions
in social anxiety. More importantly, our findings reveal
a potential mechanism through which social anxiety
may be maintained - either attenuated adaptation
to angry faces and/or exaggerated adaptation to
happy faces would perpetuate increased sensitivity
to negative information. Importantly, no differences
in adaptation strength were observed in individuals
low in social anxiety. Future work should explore
how these mechanisms may be altered in clinical
populations and as a function of clinical severity.
There is also a need to understand pharmacological
and nonpharmacological therapies for social anxiety
disorder, such as cognitive behavioural therapy, that
may narrow the observed asymmetry in adaptation
aftereffects. Understanding the altered perceptual
biases present in social anxiety disorder may ulti-
mately help to improve the clinical assessment, treat-
ment, and quality of life of individuals living with the
disorder.

In summary, our results add to a growing body of
evidence suggesting that basic mechanisms of
emotional adaptation may be altered in conditions
affecting social interactions, where the processing
and interpretation of emotional information con-
veyed by faces may be particularly relevant. Future
studies should consider other ways in which emotions
may be conveyed, not simply by faces, but by tone of
voice, or body posture.
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