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ABSTRACT

Objective: The current study examined whether children with a social anxiety disorder (SAD)
demonstrate divergent facial emotion processing and a disorder-specific negative interpretation
bias in the processing of facial emotional expressions. This study aimed to overcome previous study
limitations by including both a nonsocially anxious control group and a healthy control group to
examine whether childhood SAD is characterized by a general emotion labeling deficit, and/or by
a negative interpretation bias, indicated by systematic misclassifications, or a lower threshold for
recognizing threatening emotions.

Method: Participants were 132 children aged 7-12 years (M,qe = 9.15; 45.5% female). Children with
SAD (n = 42) were compared to children with other, nonsocial, anxiety disorders (n = 40) and
healthy control children (n = 50) on a novel facial emotion recognition task. Children judged
ambiguous happy/neutral, angry/neutral and fear/neutral faces that were morphed at different
intensities (10%, 30%, 50%, 70%).

Results: Children with SAD did not differ from other groups in their accuracy of identifying
emotions. They did not show systematic misclassifications or a heightened sensitivity to negative,
threatening faces either. Rather, children with nonsocial anxiety disorders showed a generally
heightened sensitivity to emotional faces.

Conclusions: The current study does not provide evidence for a general deficit in labeling of
emotional faces in childhood SAD. Childhood SAD was not characterized by an interpretation bias
in processing emotional faces. Children with nonsocial anxiety disorders may benefit from assis-

tance in accurately interpreting the degree of emotionality in interpersonal situations.

The fear of being negatively evaluated by others in social
and/or performance situations is a central characteristic
of childhood Social Anxiety Disorder (SAD; American
Psychiatric Association, 2013). In social interactions,
facial emotional expressions allow the individual to
obtain a sense of what the other person is feeling or
thinking and to respond appropriately. Facial emotional
expressions convey crucial social cues to how the other
person perceives and evaluates the individual.
Therefore, negatively biased processing of facial emo-
tional expressions may impede social interactions and
give rise to or maintain social anxiety in childhood.

A negative interpretation bias is a central compo-
nent of cognitive models of adult SAD and childhood
anxiety (e.g., Kendall, 1985, D. M. Clark & Wells,
1995; Spence & Rapee, 2016). These models posit that
the biased tendency to interpret ambiguous social

cues as negative or threatening plays an important
role in the maintenance of social anxiety. Consistent
with these predictions, a large body of research has
shown that (sub)clinically anxious children display
a negative interpretation bias (e.g., Klein et al.,
2018; Rozenman et al.,, 2014; Waters et al., 2008).
A considerably smaller number of studies focused
specifically on childhood social anxiety. In support
of the theoretical models of social anxiety, a recent
review of the literature for youth below 22 years old,
demonstrates that higher levels of social anxiety are
related to more negative interpretations of ambiguous
social information (Stuijfzand et al., 2018). These
studies employed so-called ambiguous scenario
tasks. These are informative and have many advan-
tages, but their explicit and verbal nature may elicit
response biases or socially desirable answers (e.g.,
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Rozenman et al., 2014). Furthermore, ambiguous sce-
narios may not be representative of daily non-verbal
social cues, and thus have limited ecological validity.

Facial emotional expressions provide a valuable
alternative for the examination of social anxiety-
related interpretation bias because they are the primary
means of communicating social evaluations. Due to
social conventions, people often convey their social
evaluation of others indirectly and non-verbally
(Richards & Gross, 2000; Shields, 2005). Thus, facial
emotional expressions represent a particularly salient
and relevant social cue for individuals with SAD.
However, facial emotional displays are highly dynamic
and complex in nature, often resulting in ambiguous
emotional expressions. This creates ambiguous social
cues, requiring accurate and unbiased interpretation in
order to select effective behavioral and affective
responses. Misclassifying or misinterpreting facial
emotional expressions as negative, critical or disap-
proving can contribute to the maintenance of SAD
symptoms and could form a target for intervention
(Rapee & Heimberg, 1997; Schulz et al., 2013).

Only a handful of studies tested the assumption that
children with a broader range of anxiety disorders show
differential processing of facial emotional expressions
compared to children without anxiety disorders (Easter
et al., 2005; Guyer et al.,, 2007; Jarros et al., 2012; Lee
et al., 2013). Some of these studies found that children
with anxiety disorders have more difficulty classifying
emotional expressions than non-anxious children
(Easter et al., 2005; Jarros et al., 2012), while other
studies indicated no overall differences between these
groups (Guyer et al.,, 2007; Lee et al., 2013). Although
Lee et al. (2013) found no differences between anxious
and non-anxious children in emotion recognition, fol-
low-up analyses hinted at possible differences between
anxiety subtypes within the anxious group. Specifically,
the authors found that children with separation anxiety
disorder (SEP) and generalized anxiety disorder (GAD)
made significantly more errors than children with other
anxiety disorders. Unfortunately, the sample size was
small for most anxiety subtypes, and inclusion rates for
specific anxiety disorders varied, with only a small per-
centage of the anxiety group representing children with
SAD. Nonetheless, these findings stress the need to
examine individual anxiety disorders when using emo-
tion processing tasks.

Only a few studies focused on facial emotion proces-
sing specifically in children with SAD. One study that
addressed the relation between social anxiety and pro-
cessing biases for emotional faces in a community sam-
ple of 4-12-year-old children found no significant
relations between social anxiety and accuracy ratings

or reaction times on a dynamic morphed emotion
recognition task (Broeren et al., 2011). The relation
between information processing biases and social anxi-
ety in non-clinical samples may be weaker than in
a clinical sample, which may explain these null findings.
Furthermore, Broeren et al. (2011) assessed interpreta-
tion bias by investigating the number of errors in label-
ing ambiguous facial expressions and the speed of
recognizing emotional faces. Alternatively, a negative
interpretation bias may also include making systematic
misclassifications (e.g., consistently labeling ambiguous
happy faces as angry; Jenness et al., 2015). Also, the
reliability of reaction time tasks to establish information
processing biases in this age group is poor (Brown et al.,
2014), which calls for tasks that do not rely on reaction
times.

Studies using clinical samples in this area have mostly
compared children with SAD to children with other
disorders, such as autism spectrum disorder (e.g.,
Wong et al., 2012) or attention deficit/hyperactivity dis-
order (Walker et al., 2011), or to healthy controls
(Melfsen & Florin, 2002; Schwab & Schienle, 2018;
Simonian et al.,, 2001). Overall, (aside from Wong
et al., 2012), these studies found differences in facial
emotion processing between children with SAD and
other non-anxiety disorders or healthy controls. Two
studies found that children with SAD showed poorer
recognition of emotions than healthy controls, but only
in the classification of neutral faces (Melfsen & Florin,
2002; Simonian et al., 2001). Authors of these studies
consider these findings evidence for impaired emotion
recognition skills in children with social anxiety.
However, a recent review of the overall literature on
the relation between social anxiety and social cognition,
including the studies mentioned above, found no evi-
dence for an association between social anxiety and
impaired emotion recognition skills in youth (Pearcey
et al., 2021).

The results of the two studies that did find poorer
emotion recognition accuracy for certain emotional dis-
plays (Melfsen & Florin, 2002; Simonian et al., 2001)
could be explained by an interpretation bias when facing
ambiguity. In both studies, the results were driven by
a higher number of errors in categorizing neutral faces,
suggesting more difficulties or biased processing of
ambiguous faces. In sum, to date it is not clear whether
childhood SAD is associated with a bias in classifying
specific facial emotional expressions. Focusing on
potential systematic misclassifications of facial emo-
tional expressions or attribution of more negative or
threatening emotions to facial expressions may shed
more light on this. Additionally, it is important to take
the role of depressive symptoms and sex into account as



depressive symptoms are highly prevalent in clinically
anxious samples (Costello et al., 2004), and both vari-
ables have been related to biased information processing
(e.g., Broeren et al., 2011; Gluck et al., 2014; Guyer et al.,
2007; Joormann, Gilbert, & Gotlib, 2010).

Unfortunately, no studies to date have compared
facial emotion expression labeling in children with
SAD to that of children with other anxiety disorders
and healthy controls. In order to test the assumption
that children with SAD show negatively biased proces-
sing of ambiguous facial affect, and to determine
whether this is a characteristic of social anxiety in parti-
cular or anxiety disorders in general, a focused study
comparing these three groups is necessary. In addition,
this study aimed to overcome methodological shortcom-
ings of previous studies that may have added to the
inconsistent findings. First, the large majority of the
studies presented above included small, underpowered
samples (N’s ranging between 29-75), preventing the
use of analyses that could elucidate possible patterns in
the misclassification data. Second, the studies used fre-
quently used (i.e., prototypical high intensity) emotional
faces that do not adequately reflect the occurrence of less
intense, and likely more frequently encountered, emo-
tional expressions. Finally, stimuli that were used in
emotion processing paradigms usually consisted of
adult facial emotional expressions that have not been
validated in child samples. Since children with SAD are
afraid of negative evaluation by same-aged peers
(American Psychiatric Association, 2013), it is impor-
tant to use validated faces of their age group (Ale et al,,
2010). Thus, another goal of the present study was to use
a methodology with greater sensitivity, ecological valid-
ity and more appropriate stimuli than has typified pre-
vious studies.

The main goal of this study was to examine whether
children with SAD display a negative interpretation bias
in the processing of ambiguous emotional expressions.
To this end, children with SAD (SAD group) were
compared to healthy control children (NONANX
group) and to children with other, nonsocial anxiety
disorders (OTHANX group). For all children, the accu-
racy of identifying emotions and the responses to
ambiguous, validated (Bijsterbosch et al., 2021), emo-
tional child faces of varying intensities (10%, 30%, 50%,
70%) was studied for three relevant emotions (happy,
angry, fearful).

In general, it was hypothesized that children with
SAD would be no less accurate overall in their identifi-
cation of facial emotion expressions than the other two
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groups. Instead, we expected that children with SAD
would display a negative interpretation bias in the pro-
cessing of ambiguous emotional expressions. The inter-
pretation bias should be particularly strong for anger
because it is the emotion that conveys rejection and
social threat most strongly (Philippot & Douilliez,
2005),' and has therefore been the main focus of similar
research into social anxiety and emotional processing
(e.g., Broeren et al.,, 2011), in line with cognitive SAD
models (Rapee & Heimberg, 1997). However, cognitive
models of anxiety disorders in general suggest that anxi-
ety is characterized by sensitivity to general threat, e.g.,
physical attacks, which can also be conveyed by angry
faces (D. A. Clark & Beck, 2010). If underlying trait
anxiety leads to a general sensitivity to threat, angry
faces may lead to a negative interpretation bias in both
anxious groups, compared to controls. On the other
hand, if we assume that fear of negative evaluation drives
the heightened sensitivity to social threat conveyed by
angry faces, children with SAD would respond specifi-
cally to angry faces. It is therefore still unclear how
children with SAD and children with other anxiety dis-
orders will compare when responding to angry faces.

As fearful faces represent indirect responses to possi-
ble threat, and happy expressions were added to include
positive control stimuli, hence there were no specific
expectations for these faces. Thus, it is hypothesized
that a negative interpretation bias in children with
SAD becomes apparent in the following ways: The
SAD group will a) misclassify emotional faces as threa-
tening (angry) more often than the NONANX group, b)
identify angry faces at lower intensity levels (i.e., faces
containing more ambiguity) than the NONANX group,
and c) attribute more threat to threatening faces (angry)
by indicating higher emotion intensity ratings to these
emotional faces than the NONANX group. The same
expectations apply to the difference between the
OTHANX and NONANX group. The hypothesis con-
cerning possible differences in these aspects between the
SAD and OTHANX group is necessarily exploratory in
nature.

Methods
Participants

A total of 132 children between the ages of 7-13 (M =
9.39, SD = 1.73, 51.5% girls) participated in the current
study. Of the total group, 82 children (M = 9.23, SD =
1.65, 52.4% girls) with a primary anxiety disorder were

Contempt is also related to signs of rejection and social threat (Philippot & Douilliez, 2005), but children in this age group display low accuracy in recognizing

contempt. Therefore, contempt was not included in this study.
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recruited from the Center for Emotional Health,
a specialized clinic for treatment of internalizing disor-
ders in Sydney, Australia. Children were part of a larger
Randomized Controlled Trial (RCT; trial ID:
ACTRN12616001065482) in which a generic treatment
program for anxiety disorders was compared to a newly
developed disorder-specific treatment program for SAD.
Children were selected to participate in the study while
they were on the waiting list prior to active participation
in the RCT. Children with a SAD diagnosis in their
diagnostic profile were included in the SAD group (n =
42; Myge = 9.45; SDgge = 1.69; 42.9% girls) and children
meeting criteria for other nonsocial anxiety disorder(s)
were included in the OTHANX group (n = 40; Mg, =
9.00, SD4g, = 1.60;5 62.5% girls). Inclusion criteria for the
two clinical groups entailed that the child presented with
a primary anxiety disorder. Families were required to be
able to read and comprehend English. Exclusion criteria
for the two clinical groups included current active sui-
cidal risk, consistent school refusal, unmanaged psycho-
tic symptoms, abuse or neglect at home, a diagnosis of
autism spectrum disorder, being in non-mainstream
schooling, being in inpatient treatment, or concurrent
psychological or unstable pharmacological treatment.
For the OTHANX group, presence of SAD was an addi-
tional exclusion criterion.

A non-anxious control group (NONANX) of 50 chil-
dren (M = 9.64; SD = 1.84; 50.0% girls) was recruited
through an online platform affiliated to Macquarie
University where children can sign up to participate in
studies of interest. Inclusion criteria for the NONANX
group were being able to read and comprehend English.
The exclusion criteria for the non-anxious control group
were a diagnosis of any mental health disorder or seek-

ing treatment for issues related to the child’s mental
health.

Measures

Anxiety Disorders Interview Schedule for DSM-IV Child
and Parent version (ADIS-IV-C/P; Silverman & Albano,
1996). The ADIS-IV-C/P is a semi-structured clinical
diagnostic interview to assess and diagnose anxiety and
other related emotional, behavioral, and developmental
disorders. The ADIS-IV-C/P was used to assign diag-
noses and clinician severity ratings (CSRs; ranging from
0-8; = 4 = diagnosis met), amended for DSM-5 diag-
noses. The final diagnoses were therefore in accordance
with the DSM-5 criteria. The parent(s) and child were
interviewed separately by either trained, clinical psy-
chology graduate students or qualified clinical psychol-
ogists. All clinicians were trained before conducting the
first interview and remained under supervision of

a senior clinical psychologist. Previous research has
demonstrated moderate to good inter-rater agreement
(kappa = .68-.93) for the major anxiety disorders
(Lyneham et al,, 2004). Diagnoses and CSRs were allo-
cated based on the composite report of child and parent
interviews. Additionally, clinicians assigned an overall
functioning rating on the Children’s Global Assessment
Scale (CGAS; Shaffer et al., 1983; 0 = low daily function-
ing to 100 = high daily functioning). The CGAS has
acceptable psychometric properties (Green et al., 1994).

Spence Children’s Anxiety Scale Child and Parent ver-
sion (SCAS-C/P; Spence, 1998). The SCAS-C/P is a self-
report scale for the child and their parent(s) which mea-
sures anxiety symptoms across six anxiety domains:
separation anxiety, social anxiety, panic-agoraphobia,
generalized anxiety, obsessive-compulsive disorder, and
fears of physical injury. Both versions include 38 items.
Items are rated on frequency of occurrence on a 4-point
Likert scale (0 [never] to 3 [always]). Higher scores indi-
cate higher frequency of anxiety symptoms. The SCAS-C/
P has previously demonstrated acceptable psychometric
properties in clinical and non-clinical samples (Nauta
et al., 2004; Spence, 1998). Internal consistency (omega-
total is reported here; usf package v.0.5.2; Peters, 2014) in
the current study was excellent, w = .92, CI (.91, .94) for
the SCAS-C and w = .91, CI (.88, .93) for the SCAS-P.

Short Mood and Feelings Questionnaire (SMFQ;
Angold et al, 1995). The SMFQ is a brief self-report
measure that evaluates the presence of core affective and
cognitive depressive symptomatology. It consists of 13
items answered on a 3-point Likert scale (0 [never] to 2
[always]) for the last two weeks. Higher scores indicate
more depressive symptomatology. The SMFQ has good
psychometric properties in both community (Sharp et al.,
2006) and clinical samples (Angold et al., 1995). The
internal consistency in this study was excellent, w = .92,
CI (.91, .94).

State Anxiety. Children filled out a state anxiety ques-
tion twice (“How anxious/nervous are you now?”): once
right after the fortune wheel task and once before start-
ing the questionnaire part after the break. The question
could be answered on a 4-point Likert scale (0 [not at all
anxious/nervous] to 3 [very anxious/nervous]).

Fortune Wheel Task. A novel online facial emotion
processing task was created (based on Joormann &
Gotlib, 2006) to assess interpretation bias levels. The
task was programmed using JavaScript with package
JsPsych (version 5.0.3; De Leeuw, 2015). Stimuli were
derived from the validated Radboud Face Database-
Children (RAFD-C; Bijsterbosch et al., 2021; Langner
et al.,, 2010). In total, 8 (Caucasian) child models were
chosen based on highest agreement rates. Of those 8
child models, 2 (one boy) were used for the practice



trials and 6 models (3 boys), were used for the test trials.
To create ambiguous emotional faces, (prototypical)
happy, fearful and angry faces at 100% intensity were
morphed with the neutral face of the same child model
at different percentages (10-%-30%-50%-70%) in
Norrkross MorphX software version 2.14 (http://www.
norrkross.com; see, Figure 1). For the purpose of the
practice trials, the 2 child models were morphed at 10%-
50%-90%, so that children could practice with different
emotional intensities. In total, the task included nine
practice trials and a block of 72 experimental trials (3
emotions x 6 models x 4 intensities). Stimuli were pre-
sented in a counterbalanced order on a computer screen
at 500 x 750 pixels, centered on a white background.
After the fixation cross appeared and the stimulus was
presented for 2 seconds, the stimulus disappeared, and
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the participants answered two questions: 1) “What emo-
tion did you see?” (i.e., accuracy), and 2) “How [emotion
type] was that person?” (i.e., valence intensity). Children
were asked to indicate their choice by clicking on the
part of the wheel that indicated the emotion (by color
and label; see, Figure 2a). After the first question, the
wheel spun (including a sound imitating a fortune
wheel) for two seconds to create an engaging task.
Next, the participants were asked to indicate the inten-
sity of the emotion by dragging the slider (Figure 2b-c)
on a scale from 0-100%. Participants were asked to
respond as quickly and accurately as possible to each
trial, but after providing an answer, the task was self-
paced so participants could take breaks by pressing the
pause button between trials. Accuracy was operationa-
lized as the number of faces correctly identified as

)

=
- (]

-

-

-

Figure 1. Examples of happy, angry and fearful faces morphed at 10-30-50-70% emotion intensity.
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a. b.

Figure 2. Visualization of the Fortune Wheel Task. a. The participant has to choose the emotion that fits the emotional face best. b.
Visualization of the wheel after the wheel spinned and the participant has to indicate the intensity of the emotional face. c.
Visualization of the wheel after the participant has indicated the intensity of the emotional face.

containing any intensity of that emotion.
Misclassifications were further coded to indicate the
specific emotion that was chosen (e.g., incorrect options
for intended angry: fear, happy). Valence intensity was
operationalized as the percentage of emotion attributed

to the face on the trial level.

Procedure

With regards to the clinical groups, families attending the
clinic for an assessment of their child’s anxiety symptoms
completed a thorough assessment, including the ADIS-IV
-C/P (Silverman & Albano, 1996) to assess whether the
child met criteria for any anxiety disorder, and/or other
internalizing or externalizing disorders. Parents provided
written informed consent. Children were asked for assent
at the start of the assessment. Additionally, the child and
their family completed a range of experimental tasks and
self-report questionnaires about their anxiety and depres-
sive symptoms. After the assessment, children were allo-
cated to one of two RCT arms. Families were asked
whether they wanted to participate in an additional, volun-
tary research task that they could complete at home. If they
consented to participate, a research session was scheduled
at the family’s convenience, but always before treatment
started. During this session, the first author provided stan-
dardized instructions to the child and parent on how to
complete the tasks via online video conferencing. To
ensure children were familiar with the emotions, they
were asked to provide a description of each emotion.
Children were provided with the links to the tasks and
completed the tasks at a laptop/desktop. They were

instructed to maximize screen brightness. The children
first completed the Fortune Wheel Task. After
a 5-minute break, they completed the questionnaires. The
researcher remained available throughout the session and
monitored the trials via the online platform where the data
were collected (this was unknown to the child). Parents
received instructions on how to deal with any questions the
child had during the session and were explicitly instructed
not to help the child respond to the faces.

With regards to the control group, eligibility of the
child was assessed via a telephone interview during
which the ADIS-IV-P was conducted to exclude anxiety
or other psychological disorders. Informed consent was
collected prior to the phone-based clinical assessment in
which it was stated that the phone-based assessment
would determine eligibility. When eligible, the same
procedure as described above was followed. When chil-
dren were not eligible for the NONANX group, because
a child met criteria for a psychological disorder, appro-
priate referrals were provided, but they were not
included in the clinical groups as they were not actively
seeking treatment. Participants were given 35 Australian
Dollars for their participation. This study was approved
by the Macquarie University Human Research Ethics
Committee.

Data Analysis

Data Preparation and Preliminary Analyses

Practice trials were discarded, leaving the test trials for
analysis. One child did not fill out the questionnaire data
and accounted for most of the missed trials on the



Fortune Wheel Task variables, therefore this participant
was excluded prior to the analyses. For the remaining
131 children in the analytical sample, missing data per-
centages were low (1.21% on the Fortune Wheel Task,
1.52% for the questionnaire data). Preliminary analyses
were conducted to explore demographic and clinical
characteristics, using one-way Analysis of Variance
(ANOVAs) and XZ (Chi-square)-tests.

Main Analyses

To account for the repeated-measures and non-linear
nature of the data, Bayesian mixed effects models
were computed. Data were analyzed at the trial
level. To evaluate whether groups differed in terms
of accuracy (0/1; Bernoulli distribution) and valence
intensity ratings (0-100%; beta-binomial distribu-
tion), two Bayesian mixed models were computed.
The valence intensity model only included trials
where the participant identified the correct emotion.
Both models included group (SAD, OTHANX,
NONANX), emotion type (happy, angry, fear), emo-
tion intensity (10-30-50-70%) and the interaction
between these factors as fixed effects. Models
included a random intercept per participant to
account for non-independence of the data (for more
details on the models, see S1 in the supplementary
files). Estimates (indicated with B in the result sec-
tion) were deemed significant, if the 95% credible
interval (CI; Bayesian confidence interval) did not
include zero. Using Bayesian mixed models in the
above-described manner, the results of these models
resemble frequentist mixed effects models and can be
interpreted as such. Sum-to-zero (unordered catego-
rical predictors) and polynomial (ordered categorical
predictors) contrasts were used. All primary results
were derived from these main models. Since the
factor effects in the main models are represented
with contrasts (number of levels - 1), interpretation
of these effects and interactions with these effects
require follow-up testing. These follow-up tests used
pairwise comparisons of the percentage scores for the
accuracy model and of the estimated marginal means
for the valence intensity model (see S1 for details).
Follow-up analyses were corrected for multiple test-
ing with a modified Bonferroni approach (Holm,
1979). Control models including sex and depression
symptoms were computed to check whether they
were associated with accuracy and valence intensity
ratings, using four additional Bayesian mixed models.
They did not yield any evidence for added explana-
tory value, hence, only the results of the main models
will be reported below (see S2, S3, S5, S6 for all
results). All models were created in Stan (v.2.21.2;
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Carpenter et al., 2017), accessed via the brms package
(v.2.13.5; Biirkner, 2016) in RStudio (R Core Team,
2017).

Results
Demographic and Clinical Characteristics

There were no significant differences in sex distribution (x*
(2) = 3.17, p = .205) or age between the groups (F(2,128) =
1.58, p = .209). As expected, there were significant differ-
ences between the groups on the total score of the SCAS-C
(F(2,128) = 18.82, p < .001) and SMFQ (F(2,128) = 7.55, p =
.001). The SAD and OTHANX group had significantly
higher total anxiety (p < .001) and depression symptoms
(p < .001) scores than the NONANX group. In addition,
there were significant differences between the groups on
the SCAS-C social anxiety subscale scores (F(2,128) =
12.95, p < .001) and on the nonsocial anxiety subscale
scores (F(2,128) = 17.67, p < .001). The SAD and
OTHANX group scored significantly higher than the
NONANX group on the social anxiety subscale (p < .001
and p = .010, respectively), but there was no significant
difference between the SAD and the OTHANX group (p =
.198). The SAD group and the OTHANX group also
scored significantly higher on the nonsocial anxiety sub-
scales combined (p’s < .001), but there was no significant
difference between the SAD and the OTHANX group (p >
.999). There was a significant difference between the
groups on state anxiety scores after the Fortune Wheel
Task (F(2,128) = 4.54, p = .012); the SAD group scored
higher on state anxiety than the NONANX group (p =
.023). The majority of the families were Caucasian. See,
Table 1 for demographics.

Emotion Recognition Accuracy

Task Effects

Emotion type had a significant effect on accuracy (happy
contrast: B = 0.44, 95% CI [0.27, 0.62]; angry contrast: B =
-0.48, 95% CI [-0.63, —0.32]), indicating that happy faces
were related to higher accuracy rates, and angry faces
were related to lower accuracy rates, compared to the
mean accuracy across all emotions. Also, a significant
effect of emotion intensity on accuracy was found, linear:
B =3.30,95% CI [3.06, 3.57], quadratic: B =—-0.31, 95% CI
[~0.48, —0.14], cubic: B = —0.23, 95% CI [-0.38, —0.08],
respectively. Figure 3 shows that as expected, participants
became increasingly accurate in classifying emotions as
the emotion intensity went up and ambiguity decreased.
There were significant interactions between emotion
intensity and emotion type (linear-happy contrast: B =
0.50, 95% CI [0.14, 0.87]; quadratic-happy contrast: B =
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Table 1. Diagnoses occurring anywhere in the diagnostic profile

NONANX

-0.31, 95% CI [-0.55, —0.05]; linear-angry contrast, B =

-0.94, 95% CI [-1.24, —0.65]; quadratic-angry contrast:
B = 0.28, 95% CI [0.08, 0.49]; cubic-angry contrast: B =
0.20, 95% CI [0.02, 0.38]). Figure 3 shows that as emotion
intensity increased, accuracy rates were higher for happy

per group.
SAD OTHANX
(n=42) (n = 40) (n =50)
SAD' (%) 100 0 0
GAD? (%) 73.8 72.5 0
3
EEE (0%") gg? 32 g faces compared to mean accuracy rates across all emo-
0, . .
PD® w/o agoraphobia (%) 0 50 0 tions, but that the curve for happy faces flattened as
Other anxiety® (%) 143 200 0 emotion intensity increased. There were less steep
Mood disorder (%) 7.1 0 0 . . f £ d
Externalizing disorder (%) 71 5.0 0 increases in accuracy rates for angry faces compared to
Other disorders (%) 19 7.5 0 mean accuracy rates across all emotions.
No comorbidity (%) 0 0 100
Number of comorbid 1.76 (1.25) 88 (1.04) NA® . .
disorders, M (SD) Group Differences in Accuracy
SCAS-C’, M (D) 36.02 (1644)  36.28 (16.06)  19.60 (12.70) In line with expectations, the SAD group overall did not
SCAS-P, M (SD) 32.26 (13.57)  33.03 (12.90) NA differ fi the oth in the abili lassify th
SMFQ, M (SD) 721(542)  682(507)  3.70(3.90) iffer from the other groups in the ability to classify the
CGAS Overall severity® 53.07 (5.35)  58.54 (5.42) NA emotions (NONANX contrast: B = 0.02, 95% CI [-0.17,
Note. ' SAD = Social Anxiety Disorder 0.21]; SAD contrast: B = 0.12, 95% CI [-0.07, 0.33]). The
interactions between group and emotion type were not
significant, indicating that all groups were equally able to
classify all emotions (see Table S1 for all statistics). The

2GAD = Generalized Anxiety Disorder
3SEP = Separation Anxiety Disorder
SP = Specific Phobia

>PD = Panic Disorder

SOther anxiety includes: Otherwise Specified Anxiety Disorder, Obsessive

Compulsive Disorder, Acute Stress Disorder, or Posttraumatic Stress interaction between group and emotion intensity was sig-

nificant, however (SAD contrast-linear, B = 0.39, 95% CI

[0.04, 0.75]) (see, Figure 3). This two-way interaction was
qualified by a significant three-way interaction between
group, emotion type and emotion intensity (NONANX

Disorder

’SCAS-C/P = Spence Children’s Anxiety Scale-Children/Parent version
8 = CGAS severity score for the overall diagnostic profile (higher scores

indicating better daily functioning)
°NA = Not Applicable.
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contrast-cubic emotion intensity-happy contrast, B =
-0.35, 95% CI [-0.67, —0.04]), indicating that groups dif-
fered in accuracy, but that this was dependent on the
intensity of the emotion and on the emotion type itself.

To test whether the SAD group could identify angry
faces at lower intensity levels than the other groups,
the three-way interaction was followed-up with pair-
wise comparisons. See, Table 2 for all accuracy ratings.
The comparisons indicated that the SAD group was
not significantly more accurate than the OTHANX
group in identifying angry faces at any of the intensity
levels (10%-angry: #(79.44) = 0.80, p = .426, Cohen’s
d = 0.18, 30%-angry: £(79.63) = 0.58, p = .570, Cohen’s
d = 0.13, 50%-angry: #(75.49) = 0.65, p = .517, Cohen’s
d = 0.15). The comparison between the SAD and the
OTHANX group on 70% angry faces was significant (¢
(76.52) = 2.01, p = .048, Cohen’s d = 0.46), but not
after correction for multiple testing. Similarly, the
SAD group was not more accurate than the
NONANX group in identifying angry faces at any of
the intensity levels (all £'s < 1.13, p’s = .263, d’s < 0.25;
see, Figure 3). Finally, the OTHANX group was not
more accurate than the NONANX group in identify-
ing angry faces at any of the intensity levels (all #'s <
1.43, p’s = .155, d’s < 0.31). Thus, none of the groups
differed significantly on their accuracy ratings in iden-
tifying faces of varying intensities (see Table S10 for
HPD intervals).

Systematic Misclassifications

Chi-square tests showed that many emotion-intensity
pairs showed systematic misclassifications (see Table
S7), except for 10%-angry faces (all p’s > .099) and
happy at 30%, 50%, and 70% (all p’s > .090). As shown
in Table 2, whenever angry was misclassified at 10%,
there was no systematic bias toward another answer
option for any of the groups. For happy at 30-50-70%,
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not much room was left for systematic misclassifica-
tions, as it was recognized very well by all groups.
Most importantly, although there were more systema-
tic misclassifications than expected by chance across
the groups, after multiple testing corrections, there
were no significant differences in misclassifications
between any of the groups. Thus, neither the SAD
group nor the OTHANX group misclassified emo-
tional faces as threatening (angry) more often than
the other groups (see Table S8 for follow-up t-tests
results).

Valence Intensity Ratings

Task Effects

There was a significant effect of emotion type (happy
contrast, B = 0.08, 95% CI [0.03, 0.13]; angry contrast,
B = -0.15, 95% CI [-0.20, —0.10]). This indicates that
overall, happy faces were related to higher intensity
ratings and angry faces were related to lower valence
intensity ratings compared to the mean intensity ratings
across all emotions. Also, the expected significant effect
of emotion intensity was found, linear: B = 1.24, 95% CI
[1.10, 1.38], cubic: B = —0.07, 95% CI [-0.12, —0.02].
These main effects were qualified by a significant inter-
action between emotion type and emotion intensity
(happy contrast-linear: B = 0.34, 95% CI [0.26, 0.43];
happy contrast-quadratic: B = -0.09, 95% CI [-0.16,
—-0.02]; angry contrast-linear: B = -0.49, 95% CI
[-0.58, —0.40], angry-contrast-cubic: B = 0.10, 95% CI
[0.03, 0.17]). Figure 4 shows that as emotion intensity
increased, higher valence intensity ratings were attribu-
ted to happy faces. Also, there were less steep increases
in valence intensity ratings for angry faces, and they
were judged as less intense compared to the mean inten-
sity ratings across all emotions (see Table S4 for all
statistics).

Table 2. Raw accuracy percentages for each emotion-intensity pair per group, including chance levels.

Chosen Emotion

Emotion -

Intensity SAD group OTHANX group NONANX group

Pair Angry Happy Fear  Chance Level Angry Happy Fear Chance level Angry Happy Fear  Chance level
Angry10 49.3 24.8 259 25.35 414 255 331 293 45.3 26.6 28 27.35
Angry30 66.6 14.5 18.9 16.7 61.9 11.9 26.30%** 19.05 68.4 171 14.5 15.8
Angry50 81.9 8 10 9.05 834 4 12.60%** 8.3 82.6 8.8 8.5 8.7
Angry70 92.8 24 4.8 3.6 87.1 3.2 9.70%** 6.45 89.1 4 6.9 5.45
Happy10 41.90%** 36.1 22 31.95 30.2 39.6 30.2 30.2 32.90%** 424 24.7 28.8
Happy30 7.6 84.1 83 7.95 8.3 78.6 13 10.7 10.6 76.2 13.2 11.9
Happy50 2 96 2 2 1.8 93.8 44 31 1.1 96 2.8 2
Happy70 14 98 0.7 1 0.7 97.1 2.2 1.45 14 95.2 34 24
Fear10 41.50%** 26.2 323 33.85 33.80%** 235 42.7 28.65 38.90%** 25.2 35.9 32.05
Fear30 215 15.4 63.1 18.45 20.00%** 13.2 66.8 16.6 13.6 16.8 69.6 15.2
Fear50 4.5 1.7 93.7 3.15 8.50%** 3 88.5 5.75 25 3.7 93.8 31
Fear70 24 14 96.2 1.9 6.60%** 1.5 91.9 4.05 37 2.8 93.5 3.25

Note. The hits (accurately chosen emotions) are indicated by the bold/shaded cells. Chance levels are based on the distribution of the misclassifications only.
Percentages with asterisks contain misclassifications above the chance level (*** p < .001)
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Group Differences in Valence Intensity Ratings
Group had a significant effect on valence intensity ratings
(SAD contrast: B = —0.24, 95% CI [-0.43, —0.05]).
Follow-up contrasts indicated that the SAD group
(Median = 0.35, HPD [0.30, 0.41]) judged emotional
faces overall as less intense than the OTHANX group
(Median = 0.48, HPD [0.42, 0.54]), OR = 0.59, HPD
[0.41, 0.81]). Also, the NONANX group (Median =
0.40, HPD [0.35, 0.45]) judged emotional faces overall
as less intense than the OTHANX group (Median = 0.48,
HPD [0.42, 0.54], OR = 0.72, HPD [0.51, 0.97]). There
were no significant differences between the NONANX
and SAD groups (OR = 1.22, HPD [0.85, 1.63]). The
interactions between group and emotion type and
group and emotion intensity were not significant, indi-
cating that valence ratings within groups did not vary
across emotion subtype or intensity. Most importantly,
the group effect was qualified by a significant three-way
interaction with emotion type and intensity (NONANX
contrast-happy contrast-linear: B = —0.13, 95% CI [-0.24,

—0.01]). Follow-up comparisons showed that the SAD
group judged angry faces as significantly less intense
than the OTHANX group on all intensities (10%: OR =
0.47, HPD [0.29, 0.68]; 30%: OR = 0.60, HPD [0.38, 0.86];
50%: OR = 0.60, HPD [0.36, 0.88]; 70%: OR = 0.56, HPD
[0.32, 0.89]). Additionally, the NONANX group judged
10% angry faces as significantly less intense than the
OTHANX group (OR = 0.60, HPD [0.38, 0.85]; see,
Figure 4). See Table S9 for exploratory comparisons.

Discussion
The main goal of this study was to examine whether
children with SAD demonstrate a negative interpreta-
tion bias in the processing of facial emotion expres-
sions. To this end, children with SAD were compared
to healthy controls and to children with nonsocial
anxiety disorders. The children completed on a novel
emotion recognition task during which they responded
to morphed ambiguous happy-neutral, angry-neutral
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percentages.



and fearful-neutral faces of varying intensities. In line
with our first hypothesis, children with SAD were
overall similarly able to classify emotional faces as
children with other anxiety disorders and children
without anxiety disorders. This implies that children
with SAD do not show generally poorer emotion
recognition skills than other children, even when
expressions are ambiguous. These results are consis-
tent with previous studies that failed to find an emo-
tion recognition deficit in children with SAD (Pearcey
et al., 2021). Furthermore, the current study extends
these findings by showing that children with SAD do
not differ on emotion labeling skills from both chil-
dren with other anxiety disorders and non-anxious
children.

Although we predicted no group differences in clas-
sification of emotional faces, it was expected that chil-
dren with SAD would display a negative interpretation
bias in several ways on the emotion recognition task. We
found no evidence for these hypotheses: Children with
SAD did not misclassify emotional faces as threatening
(angry) more often than nonsocially anxious or non-
anxious children did, they did not identify angry faces
at lower intensity levels than the other groups did, and
finally, they did not attribute higher valence intensity
ratings to angry faces than the other groups did.
Together, the complete lack of evidence for these
hypotheses suggests that children with SAD are not
characterized by a negative interpretation bias in the
processing of other children’s angry faces during an
online computer task. Although cognitive models of
SAD specifically predict a negative bias in response to
stimuli that possibly convey negative evaluations
(D. M. Clark & Wells, 1995; Rapee & Heimberg, 1997),
cognitive models on general anxiety predict a negative
bias for all anxiety subtypes in response to (physical)
threat (Clark & Beck, 2010). The latter would have been
supported by differences between the anxious groups
and the non-anxious group. However, this was not
found either. These results are not in line with findings
based on explicit, verbal tasks (i.e., ambiguous scenario
task; Stuijfzand et al., 2018) and with findings in adult
samples (e.g., Leber et al., 2009).

A possible explanation for not finding a negative
interpretation bias in the SAD group may be that chil-
dren did not complete this task under sufficient social
threat. Previous studies indicate that differential proces-
sing of facial affect in socially anxious individuals was
only evident under high social threat conditions (e.g.,
Leber et al.,, 2009). In contrast, in our study children
completed the task at home with one of their parents
present (although not engaged) and may have felt safe in
their home environment. The morphed ambiguous
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emotional faces may not have been sufficiently threaten-
ing under these conditions. Children with SAD demon-
strated higher state anxiety scores than the non-anxious
(but not higher than the OTHANX) group after the task.
Unfortunately, as there was no state anxiety measure
during the task, this explanation cannot be validated at
present. Future studies may benefit from inducing social
threat, for example, by letting children believe that they
have to give a speech after an emotion recognition task,
in order to activate social threat schemas and to ade-
quately study interpretive bias (e.g., Mathews &
Mackintosh, 1998).

Alternatively, children with SAD may have cogni-
tively avoided the angry faces, which possibly obscured
between-group differences and resulted in larger differ-
ences between the OTHANX and the SAD group. Some
studies suggest that children with high social anxiety
levels avoid negative emotional faces (e.g., Stirling
et al., 2006) although this finding is inconsistent (e.g.,
Oar et al,, 2022). To clarify what happens during these
tasks, future studies would benefit from incorporating
eye-tracking methodology to gain more insight into
attentional patterns. In addition, frequent state anxiety
ratings would be helpful to assess possible differences
between evoked anxiety in response to emotional faces.
Furthermore, the Fortune Wheel Task has not been the
subject of psychometric studies. It is possible that the
task does not reliably or validly assess interpretation
bias. It will be important to subject the task to psycho-
metric evaluation (Brown et al., 2014), to allow for
stronger conclusions about the presence of interpreta-
tion biases in child anxiety.

Another possibility could be that a negative interpre-
tation bias would have been more strongly present for
adult emotional displays. This study made use of child
emotion displays, as fear of negative peer evaluation is
a primary characteristic of childhood SAD (American
Psychiatric Association, 2013). However, fear of nega-
tive evaluation by adults is also often part of the diag-
nostic presentation in childhood. Future studies that
incorporate both adult and child emotion displays
would be able to draw conclusions about differences
between these age groups.

Interestingly, the nonsocially anxious group judged
angry faces as significantly more intense than children
with SAD, and at lower displayed intensity levels also
significantly more intense than healthy control children.
Although this could indicate the presence of a negative
interpretation bias or a general sensitivity to threat
(D. A. Clark & Beck, 2010), individuals with generalized
anxiety disorder (GAD) tend to perceive emotional dis-
plays as generally more intense (Bui et al., 2017;
Newman et al., 2013). As the other-anxious group was
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characterized by a high percentage of children with
primary GAD, this might explain the current findings.
Although the SAD group had similar prevalence rates of
GAD in their diagnostic profile, children in the
OTHANX group had higher rates of GAD as their
primary diagnosis. Further exploration of between-
groups differences showed preliminary support for this
explanation: The nonsocially anxious group also judged
happy and fearful faces as significantly more intense at
several morphed intensity levels than the other two
groups (see Table S9). However, future research should
confirm these findings, as these results were based on
exploratory analyses.

Our results also showed that depressive symptoms
and sex did not explain additional variance in addition
to the diagnostic profiles of the children, suggesting
that in a sample of clinically anxious children, these
variables are not associated with facial emotion proces-
sing. The low percentage of comorbid mood disorders
in the current sample may have led to low variance and
may explain why depressive symptoms were not asso-
ciated with facial emotion processing. These results
should therefore be replicated in anxious samples with
mood comorbidity. Previous studies did find differ-
ences between boys and girls in interpretation bias
(e.g., Gluck et al., 2014). However, these studies were
conducted in adolescents. It is possible that sex differ-
ences in interpretation bias may become relevant in
adolescence or that there may be no sex differences in
interpretation bias in the processing of emotional faces.

A strength of this study was the inclusion of
a naturalistic, treatment-seeking clinical sample.
Second, this was the first study of its kind to include
a healthy control group and a nonsocially anxious con-
trol group, which enabled examination of facial emotion
processing differences between children with SAD and
nonsocially anxious children. In order to test for disor-
der specificity (Beck, 1976), such between-group designs
are crucial. Third, a novel facial emotion recognition
task was created that included an entertaining interface,
which was meant to keep children interested and to hold
their attention, unlike previous, less engaging emotion
recognition tasks. Fourth, this study employed validated
child facial stimuli.

Limitations include inclusion of predominantly
Caucasian families from a middle-to-high family
income, reducing generalizability of the results.
Second, only three emotions were investigated in this
study, as including more emotions would have sub-
stantially increased the number of trials. This was not
feasible in terms of both the attention span of the
children and time limits. Although the emotions
included in this study contained the most relevant

threatening emotional displays for SAD (Philippot &
Douilliez, 2005), future research would benefit from
examining other relevant emotions (i.e., disgust or
sadness) in the context of emotion processing.
Similarly, children were also presented with limited
labeling choice options. These options did not include
other emotions (e.g., sadness). Possibly, this made
choosing the right option easier and limited investiga-
tion of other relevant systematic misclassifications,
which may have biased the results. Future studies
should include more response options to reduce this
possibility. Third, children completed the task from
home in an uncontrolled environment which compli-
cated the monitoring of the exact behavior of the child
and the parent. However, the parents did receive
instructions not to influence the child’s answers, to
have the child sit in a quiet room, and to limit distrac-
tions. Additionally, as answers to each trial were con-
tinuously updated, the researcher could monitor the
trials online, so any deviations (e.g., very short reaction
times) were immediately noticed by the researcher.
Nevertheless, it could be the case that parents influ-
enced the child’s answers by merely being present or
that children did not pay attention to the faces. Fourth,
the Fortune Wheel Task included static emotional face
expressions presented for two seconds which may not
capture the dynamic nature of emotional expressions
in real social situations and may have led to higher
accuracy rates. Although the current study did employ
faces of different intensity levels, including videos that
morph from neutral to full blown emotional displays
and are presented for a shorter time may more ade-
quately capture real-life interpersonal situations.
Finally, as this study made use of a naturalistic clinical
sample, comorbidity rates were high, which may also
have led to the observed lack of differences on the
social anxiety subscale of the SCAS between the SAD
and the OTHANX group. The use of a naturalistic
clinical sample prevented examination of individual
disorders. This would be interesting in light of compet-
ing theoretical predictions such as the content-
specificity hypothesis (Beck, 1976) and cognitive mod-
els for SAD versus general anxiety. However, one may
question the feasibility and meaning of dissecting sam-
ples, as it reduces generalizability to real-life clinical
samples (Costello et al., 2004).

In sum, the current study investigated whether
a sample of treatment-seeking children with SAD show
poorer emotion recognition or whether they negatively
interpret ambiguous facial emotion expressions. This
was the first study to compare children with SAD to
children with nonsocial anxiety disorders and non-
anxious children. The current findings do not provide



evidence for a general deficit in the recognition of chil-
dren’s emotional faces, nor for an interpretation bias in
processing emotional faces in children with SAD.
Rather, our findings preliminarily suggest that while
children with nonsocial anxiety disorders may benefit
from assistance in accurately interpreting the degree of
emotionality in interpersonal situations, children with
SAD will most likely not need assistance in this area.
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