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‘’A belief is not merely an idea the mind possesses; 
it is an idea that possesses the mind’’
- Robert Oxton Bolton 
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Robin (9) has always been shy. In Kindergarten, Robin would take a long time to 
warm up to her peers. However, Robin had a few friends and after warming up, she 
enjoyed playing with them. Ever since Robin has started primary school, she refuses 
to interact with other kids. She does not want to go to birthday parties, avoids playing 
with her peers and she does not want to attend her gymnastics club anymore. The 
teacher has informed Robin’s parents that Robin is reluctant to answer questions 
in class. When asked why she does not want to play with her classmates, Robin 
says that she thinks she is boring and that other kids will not like her. When Robin 
received an invitation for a birthday party, her mother drove her to the party despite 
a morning of Robin’s protesting and crying. Entering the party, two of the girls 
from Robin’s year looked over at her and stopped talking. When her mother asked 
her why she didn’t join them, Robin answered that they would not want her to join.

Robin has a social anxiety disorder (SAD), characterized by extreme fear and 
avoidance of social situations as a result of being afraid of being negatively evaluated 
by others (American Psychiatric Association [APA], 2013a). Robin has negative 
beliefs about social situations and from the above description, it becomes evident 
that she interprets an ambiguous social situation as threatening. Cognitive models 
and adult SAD models posit that information processing biases and dysfunctional 
beliefs play a crucial role in the development and maintenance of SAD (Spence & 
Rapee, 2016). Although a large body of research has confirmed the importance of the 
role of information processing biases and dysfunctional beliefs in the development 
and maintenance of adult social anxiety, research on these factors in childhood SAD 
is scarce. A childhood SAD maintenance model is still lacking. As a result, adult 
SAD models are often directly applied to understand and treat children with SAD, 
without a sound evidence base. Unfortunately, children with SAD are less likely to 
respond favourably to treatment compared to children with other anxiety diagnoses 
(Crawley, Beidas, Benjamin, Martin, & Kendall, 2008; Ginsburg et al., 2011; Hudson 
et al., 2015). What distinguishes children with SAD from children with other anxiety 
disorders? The answer to this question is still unclear. A focus on disorder-specific 
cognitive maintenance mechanisms shows promise in shedding more light on this 
issue. Therefore, the overarching aim of this thesis is to gain more insight into the 
disorder-specific role of distorted cognition and its relation to the development, 
maintenance and treatment of childhood SAD.

In the first part of this general introduction, I will start with a description 
of childhood SAD and discuss prominent cognitive (maintenance) theories, and 
their current evidence base. Furthermore, I will discuss information-processing 
models as a framework for studying distorted cognition and zoom into the disorder-
specificity of distorted cognition. This dissertation will focus specifically on the 
role of interpretation bias and dysfunctional beliefs and their relation to childhood 
SAD. In the second part, I will consider the association between distorted cognition 
and treatment outcomes. The introduction ends with an overview of the aims of 
this dissertation, the research studies and the main predictions.
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16     |     Chapter 1

Part I

Childhood Social Anxiety Disorder

Almost all children display shy or inhibited behaviour every now and then and this 
is to be expected during normal development when children become increasingly 
familiar with new people and new social situations. It is often short-lived and 
transient over the course of childhood. However, some children display a pattern 
of behavioural inhibition that is characteristic of their everyday life. Behavioural 
inhibition is a temperamental, heritable trait that is characterized by restrained 
responses to unfamiliar people and novel stimuli and situations. It has been 
pinpointed as an antecedent to SAD specifically (Hirshfeld-Becker et al., 2007). 
Importantly, SAD in itself has been shown to be moderately heritable, with a 2-6 
recurrence risk ratio for first-degree relatives (Stein, Gelernter, & Smoller, 2004). 
However, not all children with an inhibited temperament go on to develop SAD.

In contrast to shyness or behavioural inhibition, SAD is a psychological 
disorder characterized by a marked and persistent fear of social situations which 
expose the individual to possible scrutiny of other people. Examples of such social 
situations are social interactions (e.g., meeting new people) and performing for 
other people (e.g., giving a speech). Individuals with SAD are fearful of being 
negatively evaluated by others (APA, 2013a). As a result, social situations are 
either avoided or endured with intense fear or anxiety. The social fear must cause 
clinically significant distress or impairment in one or more important areas of the 
child’s life to be diagnosed as SAD. In contrast to the presentation of SAD in adults, 
social anxiety in children may be expressed by crying episodes, freezing, clinging 
to a parent, temper tantrums or failing to speak. Additionally, the social fear has 
to be present in interactions with peers, not just with adults.

The modal age onset of SAD is often identified as mid-adolescence. However, 
age of onset data for anxiety disorders is largely based on data where adults report 
hindsight estimates of the start of their anxiety symptoms. If adults reported social 
anxiety symptoms before they became a teenager, the upper end of the bound (e.g., 
12 years of age) was often used (e.g., Kessler et al., 2005; Wittchen & Fehm, 2003). 
Unfortunately, prevalence rates for SAD are already quite high in children aged 
7-12 (middle childhood), especially in treatment-seeking samples (e.g., Chavira 
& Stein, 2005; Hudson et al., 2014; Rapee, Abbott, & Lyneham, 2006). Childhood 
SAD is associated with a range of consequences for daily life. Children with SAD 
often refuse (i.e., avoid) to go to school. Their refusal stemming from the fear to be 
confronted with the social aspects of the school environment. This often results 
in academic under-achievement and early school dropout rates (Kessler, 2003). 
Additionally, children with SAD experience somatic symptoms, they may have 
few friends, are less likely to be accepted by peers, experience bullying, and have 
limited involvement in activities (Greco & Morris, 2005).
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Importantly, when SAD is not treated adequately, the costs for these children 
are significant and long-term outcomes are grave. Studies show that childhood 
SAD is related to social impairment and difficulties to establish satisfactory 
educational and occupational careers (Beidel, Turner, & APA, 2007; Merikangas, 
Avenevoli, Acharyya, Zhang, & Angst, 2002; Lecrubier, 1998; Sareen & Stein, 2000). 
Furthermore, SAD is associated with high rates of both homo- (i.e., other non-
social anxiety disorders) and heterotypic (i.e., other [non-anxiety] psychological 
disorders) comorbidity. The onset of SAD before the age of 15 has been associated 
with a higher risk of developing comorbidity in childhood (Costello, Egger, & 
Angold, 2005) and substance abuse in adolescence and adulthood (Lecrubier, 1998). 
Childhood SAD does not just remit over time. Instead, it often follows a chronic 
course and if left untreated, will likely persist into adulthood and may continue to 
interfere with a person’s life even at very old age (Cairney et al., 2007). This stresses 
the importance of early diagnosis and timely, effective treatment of SAD.

Cognitive Theories of Anxiety Disorders

Despite the high prevalence of SAD and its negative consequences in childhood, 
research on maintenance mechanisms of social anxiety is lagging behind research 
in other age groups. As there is currently no maintenance model for childhood 
SAD, researchers and clinicians alike have adopted adult maintenance models 
for childhood SAD (Clark & Wells, 1995; Rapee & Heimberg, 1997; updated 
version: Heimberg, Brozovich, & Rapee, 2010) with little to no attention to 
cognitive development issues (Alfano, Beidel, & Turner, 2002; Field & Lester, 2010; 
Halldorsson & Creswell, 2017).

Adult SAD maintenance models have in common that they centralize the 
role of cognitive factors in the maintenance of social anxiety symptoms. Clark 
and Wells’ cognitive maintenance model (1995) is one of the most well-established 
adult SAD cognitive models. In specific, Clark and Wells (1995) posit that social 
situations activate existing social dysfunctional beliefs and assumptions about an 
individual’s ability to cope with a social encounter and how they come across in 
such an encounter (e.g., ‘I am weird’ or ‘If I look anxious, people will think I am 
stupid’). In turn, this will lead to a heightened sense of perceived social danger. 
This will trigger information processing biases, such as a negative interpretation 
biases, in the end leading to heightened social anxiety on the behavioural, affective 
and cognitive symptom level. The cognitive aspects of Clark and Wells’ model 
(1995), in specific dysfunctional beliefs and interpretation bias, remain largely 
untested in children aged 7-12 years with SAD (Halldorsson & Creswell, 2017; 
Hodson, McManus, Clark, & Doll, 2008; Leigh & Clark, 2018). The studies in this 
dissertation will therefore focus on testing the relation between dysfunctional 
beliefs and interpretation bias, and childhood SAD.
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18     |     Chapter 1

A focus on this age-group is important as the association between distorted 
cognition and anxiety may vary as children mature cognitively (Field & Lester, 2010; 
Supekar, Musen, & Menon, 2009). Furthermore, it is still unclear at what age certain 
maintenance processes may become relevant. Previous studies focused on distorted 
cognition in anxious youth, have typically included wide age ranges, including 
children in middle childhood as well as in adolescence. It is likely that certain 
aspects of adult cognitive models may be more applicable to older adolescents 
than children in middle childhood. From a cognitive developmental standpoint, 
adolescents are cognitively more similar to adults than pre-teenage children (Field 
& Lester, 2010). Furthermore, the presence of information-processing biases and 
dysfunctional beliefs in adolescence and adulthood could reflect consequences 
more so than risk factors for development of SAD (Lau & Waters, 2017). This stresses 
the importance of studying these factors in children in middle childhood.

Therefore, this dissertation will focus on dysfunctional beliefs and 
interpretation bias in children in middle childhood, aged approximately 7-12 years 
old. To inform the studies outlined in this dissertation, child and adult cognitive and 
information-processing models that a) build on the factors that adult SAD models 
point to, and b) provide a framework for studying cognitive factors, are discussed 
and elaborated upon below. The literature review that follows will focus on studies 
including children in the age group of interest, unless specified otherwise.

As mentioned above, cognitive distortions are a central part of SAD 
maintenance models. Cognitive theories further explain how the proposed cognitive 
maintenance mechanisms pointed to in adult SAD maintenance models (Clark & 
Wells, 1995; Rapee & Heimberg, 1997), lead to heightened anxiety. Cognitive theories 
posit that individuals with an anxiety disorder show preferential processing of 
negative and threatening information, less or slower processing of neutral or 
positive information and a decreased estimation of ability to cope with threat. Both 
adult (Beck, 1976; Beck, Emery & Greenberg, 2005) and childhood cognitive theories 
(Kendall, 1985) postulate that anxiety disorders result from chronic overactivation 
of ‘threat schemas’. These threat schemas focus information-processing resources 
on schema-consistent (i.e., threat-consistent) information, manifested by biased 
cognitive processing. Stimuli that are associated with threat selectively attract 
attention (i.e., attention bias), ambiguous situations are interpreted negatively 
or in a threatening way (i.e., interpretation bias), and this information is stored 
selectively in memory (i.e., memory bias). Finally, this process will yield long-
term dysfunctional beliefs, as well as dysfunctional behaviours (e.g., avoidance) 
which feed back into and confirm existing threat schemas, hereby preventing 
opportunities for disconfirmation of dysfunctional beliefs.

Zooming further into distorted cognition, information-processing models 
describe the stages of how affective information is processed and show 1) how 
distorted cognition may develop and 2) how distortions in these stages relate to 
heightened anxiety (Hirsch, Clark, & Mathews, 2006; Muris & Field, 2008; Prins, 
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Chapter 1     |     19

2001; Waters & Craske, 2016; Weems & Watts, 2005). Muris and Field (2008) captured 
information-processing perspectives (Crick & Dodge, 1994; Daleiden & Vasey, 1997) 
and child cognitive theory (Kendall, 1985) in one model. In their information-
processing model, they outline how information is selected for further processing 
(i.e., encoding stage), how information is interpreted (i.e., interpretation stage) and 
relate this to how several cognitive biases may emerge and lead to the development 
of anxiety (Figure 1). This model describes an interaction between overactivity of 
threat schemas and biased cognitive processes. These processes have an influence 
on the encoding and interpretation of that stimulus or situation and lead to more 
anxiety (Crick & Dodge, 1994; Muris & Field, 2008). The cognitive biases also lead 
to pervasive dysfunctional beliefs about the self and one’s functioning in daily life 
(i.e., cognitive products; Ingram & Kendall, 1987).

Overactivity of threat 
and danger schema’s

Anxiety

Encoding 

Interpretation

Stimulus or 
situation 

Attention 
bias

Interpretation 
bias

Memory 
bias

Figure 1. Information-processing model by Muris and Field (p. 398, 2008). This model 
illustrates the different stages of the information-processing chain which interact in a 
cyclical fashion with (biased) underlying threat schemas. This process in turn leads to 
heightened anxiety and contributes to the development of long-term dysfunctional beliefs 
and assumptions about the self and one’s functioning (not depicted in the model).
Note. Copyright © 2008 (Routledge Taylor & Francis group). www.tandfonline.com.

These thoughts, in turn, also lead to heightened anxiety (not depicted in 
the model; Ingram & Kendall, 1987). Subsequently, being anxious reinforces the 
already overactive threat schemas and biases such that an anxious individual has 
better access to anxiety-consistent information.
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20     |     Chapter 1

Cognitive information-processing models are still being refined today. 
Most importantly, Klein (2016) recently adapted Muris and Field’s model (2008) by 
specifying which properties of the stimulus or situation will trigger information-
processing biases. Klein (2016) posits that threat cues that are in line with the 
specific anxiety disorder have a greater likelihood of leading to biased attention, 
interpretation and memory processes, amongst others (indicated by the largest 
arrow), compared to situations that convey general, non-specific, threat or no threat 
to the individual. For example, social threat cues will trigger biased information 
processing and lead to greater anxiety in children with SAD than in children with 
other anxiety disorders. Furthermore, this model emphasizes the role of controlled 
and automatic aspects of information-processing biases. Showing for example that 
interpretation bias exists of both controlled (relatively explicit, conscious) aspects 
and of automatic, less controlled (relatively implicit, subconscious) aspects. These 
recent efforts show that the cognitive information-processing bias field is still very 
much an area in development. However, they are simultaneously illustrative of the 
field moving towards refinement of cognitive and information-processing models 
in childhood anxiety.

Distorted Cognition

Although research on distorted cognition has increased over the last decade, 
results on cognitive factors in childhood anxiety are still mixed (e.g., Muris & 
Field, 2008; Stuijfzand, Creswell, Field, Pearcey, & Dodd, 2018). An important 
question is where and when exactly distorted cognition starts and when – and if 
– it resolves. Cognitive theories and information-processing models suggest that 
distortions occur along all stages of the information-processing pathway. However, 
another possibility is that regulative mechanisms neutralize cognitive distortions 
in earlier stages of the information-processing pathway, resulting in normalized 
information-processing in later stages (Muris & Field, 2008). For example, early 
biases in attention to negative information may be neutralized by interpretation 
processes that are not biased. This is an important reason to research cognitive 
distortions in multiple stages of the information-processing chain. Interpretation 
bias is defined as the tendency to interpret ambiguous information as negative 
or threatening. Dysfunctional beliefs are defined as the negative assumptions 
and beliefs an individual has about themselves and their daily functioning (i.e., 
biased cognitive product; Clark & Wells, 1995; Ingram & Kendall, 1985). Another 
reason to research multiple parts of the information-processing pathway is that 
some cognitive distortions may better predict anxiety than others (9-17-year olds; 
Blöte, Miers, van den Bos, & Westenberg, 2019). Relatedly, cognitive distortions 
may be differentially impacted by current treatment efforts (e.g., 8-18-year olds; 
Hogendoorn et al., 2014). 
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22     |     Chapter 1

Also, distortions in multiple stages of the information-processing pathway may 
have a larger combined effect (i.e., combined cognitive biases hypothesis; Everaert, 
Koster, & Derakshan, 2012; Hirsch et al., 2006). Researching interpretation bias 
and dysfunctional beliefs and their relation to childhood SAD can provide a better 
understanding of the cognitive maintenance mechanisms of social anxiety and may 
inform how best to approach modification and treatment of distorted cognitions. I 
will review and summarize relevant literature on both types of distorted cognition 
below.

Interpretation Bias

Resolving ambiguity lies at the core of our everyday life and interactions with other 
people. A comment from someone can be taken at face value or can be interpreted 
as sarcastic. Peers stopping their conversation when you are walking their way 
could be interpreted as them waiting for you to join or as them not wanting you 
to join. How children interpret these situations is important for how they feel 
about the situation and how they behave in the situation (Beck et al., 2005). So far, 
most studies on the relation between interpretation bias and anxiety in childhood 
found that children with heightened general anxiety (i.e., mixed group of anxiety 
subtypes or trait anxiety) tend to negatively interpret ambiguous situations (e.g., 
Dodd, Stuijfzand, Morris, & Hudson, 2015; Waters, Craske, Bergman, & Treanor, 
2008; for reviews see, Blanchette & Richards, 2010; Muris, 2010). A recent meta-
analysis by Stuijfzand and colleagues (2018) confirmed that anxiety was consistently 
related to a negative interpretation bias in both children and adolescents (age range: 
0-22 years, maximum mean age ≤ 18 years) with a medium-sized effect (d = .62). 
Importantly, this effect size was robust across community samples and clinically 
anxious children, although the effect became stronger with increasing age. This 
indicates that children in middle childhood also display interpretation biases, but 
the relation with anxiety may be somewhat weaker compared to the relation in 
older children. With regards to childhood SAD specifically, similar findings have 
been noted: children with heightened social anxiety or diagnosed SAD interpret 
ambiguous (social) situations as more negative or threatening than children with 
lower social anxiety levels (e.g., Muris, Kindt, et al., 2000; Vassilopoulos, Banerjee, 
& Prantzalou, 2009) or control children (Muris, Merckelbach, & Damsma, 2000).

In sum, studies tend to find a positive relation between a negative 
interpretation bias and anxiety, which is in line with cognitive theories and 
information-processing perspectives (e.g., Muris & Field, 2008; Kendall, 1985). 
However, there is a lack of studies that focus on childhood SAD. This limits the 
conclusions that can be drawn for this group specifically.
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Dysfunctional Beliefs

Dysfunctional beliefs are the long-term outcomes – or cognitive products – of a 
distorted information-processing pathway. They reflect whether children with 
SAD believe, or how they expect, that (social) situations in their everyday life 
will play out and whether they will be able to cope with them (Kendall, 1985). 
Previous studies collectively show that children with heightened or clinical anxiety 
levels display a tendency to endorse higher levels of dysfunctional beliefs than 
non-anxious children (e.g., Marien & Bell, 2004; Schniering & Rapee, 2004; Sood 
& Kendall, 2007). Higher levels of dysfunctional beliefs predict higher anxiety 
symptom levels and impairment (Villabø et al., 2013). The same results seem 
to apply to children with heightened social anxiety, albeit in only a handful of 
studies (e.g., Halldorsson, Castelijn, & Creswell, 2019; 11-14 years: Hodson et al., 
2008; Van Niekerk et al., 2017). Studies of dysfunctional beliefs in childhood SAD 
samples are still lagging behind those that focus on information processing biases 
(Halldorsson & Creswell, 2017). Overall, the results suggest that children with 
heightened or clinical levels of social anxiety levels display a tendency towards 
endorsing generally negative dysfunctional beliefs. Clearly more research is needed 
that focuses specifically on children with SAD.

Assessment of Distorted Cognition

Researchers can assess interpretation bias and dysfunctional beliefs in different 
ways. This depends on whether the process under investigation is an early-stage 
(more automatic, implicit) or a late-stage (more controlled, explicit) process (Crick 
& Dodge, 1994; Daleiden & Vasey, 1997). For the former, indirect tasks are more 
appropriate, whereas for the latter, direct tasks are more appropriate. Both types of 
tasks have their advantages and disadvantages. Direct measures employ items that 
directly ask the child to express certain thoughts or beliefs. This has the advantage 
of easy and fast administration, as well as high reliability (De Houwer, 2006; Nisbett 
& Wilson, 1977). A disadvantage, which may be pronounced in children, is the level 
of introspection and self-reflection needed to answer these items (Rozenman, Amir, 
& Weersing, 2014). Furthermore, social desirability may play a role in answering 
the questions. On the other hand, indirect tasks ask the child to respond to stimuli 
that indirectly measure their thoughts and do not require the level of introspection 
that direct measures do require. However, a disadvantage, especially in children, is 
the low reliability that reaction-time measures have (Brown et al., 2014). Therefore, 
indirect measures that do not rely on reaction times are preferred (Huijding, Wiers, 
& Field, 2010).

Dysfunctional beliefs are often assessed with direct measures, such as self-
report questionnaires. Self-report questionnaires for children often consist of 
items by which they can indicate how often and to what extent they have certain 
beliefs about themselves and about their functioning (e.g., Children’s Automatic 
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Thoughts Scale; Schniering & Rapee, 2002, 2004; Cognition Checklist for Children; 
Jolly & Dykman, 1994; Social Interaction Self-Statement Test; Diaz, Glass, Arnkoff, 
& Tanofsky-Kraff, 2001). A limitation of most of these existing measures is that they 
are adaptations of adult measures, with the CATS being a noteworthy exception 
(Schniering & Rapee, 2002).

Interpretation processes consist of both automatic and controlled aspects 
(Daleiden & Vasey, 1997), which can be assessed by means of different tasks. Time-
unlimited, late-stage tasks such as the ambiguous scenario task provide insight into 
more controlled stages of interpretation bias. The ambiguous scenario task consists 
of ambiguous stories containing a hypothetical situation to which the children have 
to provide an ending, either in a multiple choice-format or by providing their own 
ending (e.g., Muris, Kindt, et al., 2000; van Niekerk et al., 2018). Although indirect 
tasks usually rely on reaction times, research has shown that reaction time indices 
in childhood are unreliable (Brown et al., 2014). Time-unlimited performance-
based tasks, such as a picture-based assessment (e.g., In-Albon, Klein, Rinck, 
Becker, & Schneider, 2008) give insight into more automatic stages of interpretation 
bias without relying on reaction times (Brown et al., 2014). As direct and indirect 
measures complement each other, it is important that both types of tasks are 
used to assess interpretation bias to gain a comprehensive understanding of both 
aspects. This converges with early suggestions by Kendall (1985) to not only focus 
on direct, controlled aspects, but also on automatic, indirect aspects of cognition 
in child anxiety.

Another important issue concerns the type of stimuli used in interpretation 
bias tasks. In an effort to heighten ecological validity, researchers have started 
to measure interpretation bias by employing (ambiguous) facial expressions in 
performance-based tasks (e.g., Schwab & Schienle, 2018). Including facial stimuli 
may prove to be valuable, especially with regards to (childhood) SAD (Muris & 
Field, 2008). As the primary means to communicate evaluations, facial expressions 
may be particularly salient to individuals with SAD. Also, as social evaluations are 
often expressed non-verbally, these tasks may provide a more ecologically valid 
way of presenting children with ambiguous social stimuli that does not rely on 
verbal reasoning (Foa, Gilboa-Schechtman, Amir, & Freshman, 2000). However, 
so far facial stimuli often represent adult facial expressions and are usually not 
validated in children. Consequently, results in child samples are often compared to 
adult facial emotion categorization and interpretation. This is problematic as facial 
emotion recognition is not fully developed in children (Batty & Taylor, 2006) and 
fear of negative evaluation is mostly focused on peers (APA, 2013a). Thus, further 
research using validated child emotional expressions is necessary to establish 
whether this is a useful way of evaluating interpretation biases in children with 
SAD.
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Disorder-Specific Cognitive Content

Given the amount of knowledge that has been gathered on the presence of distorted 
cognition in children with (social) anxiety disorder(s), the field has now shifted to 
refinement of cognitive theories. Specifically, researchers have started to focus 
on the disorder-specificity of cognitive distortions (e.g., Klein, 2016). This line of 
research was inspired by Beck’s cognitive content-specificity hypothesis (Beck, 
1976). Beck (1976) postulates that specific disorder groups are characterized by 
a ‘unique cognitive profile in which thoughts and images cluster according to 
ideational content’. In other words, distorted cognition is not activated by general 
threat cues, but only by stimuli or situations that trigger existing threat-schemas: 
cognitive schemas in anxiety disorders are related to threat, depressive disorders 
to personal failure and loss, and externalizing disorders to hostility.

There are two ways of measuring content-specificity: between disorder 
groups (e.g., anxiety versus depressive disorders) and within anxiety disorders 
(e.g., SAD versus generalized anxiety disorder). The majority of studies that have 
examined cognitive content-specificity, have focused on the former by comparing 
children with heightened anxiety or anxiety disorders to children with other 
symptoms or disorders, such as depression. Findings of these studies are generally 
mixed. On the one hand, some studies show that children with heightened or 
clinical levels of anxiety are more likely to interpret ambiguous scenarios as 
threatening or score higher on dysfunctional beliefs than children with other 
disorders or symptoms of those disorders (e.g., Creswell & O’Connor, 2011; Muris, 
Meesters, Smulders, & Mayer, 2005; Rozenman et al., 2014). On the other hand, some 
studies suggest no disorder-specificity for children with anxiety versus children 
with other types of disorders or symptoms of those disorders (Creswell, Murray, & 
Cooper, 2014; Reid, Salmon, & Lovibond, 2006; Waite, Codd, & Creswell, 2015). Due 
to studies mixing all anxiety disorders together, results are possibly obscured. Also, 
the tasks that are usually employed focus on generally negative cognitions, which 
may be better explained by a general negative affectivity trait than by specific 
anxiety symptoms. Investigating content-specificity on the disorder-level with 
measures that include items reflecting disorder-specific cognitive content, may 
provide a clearer test of the content-specificity hypothesis (Beck, 1976) and Klein’s 
disorder-specific threat information-processing model (2016).

The second way to assess cognitive disorder specificity, between different 
anxiety disorder subtypes, has been researched much less. The question therefore 
remains whether cognitive content-specificity is also present at the disorder 
level, between different anxiety disorder subtypes, as suggested by Klein (2016). 
For example, does Robin’s threat schema and resulting distorted cognition focus 
predominantly on social threat? One might deem this question outdated and the 
answer obvious. The DSM-5 (APA, 2013a) and derived clinical interviews (e.g., the 
Anxiety Disorders Interview Schedule; ADIS-IV; Silverman & Albano, 1996) after 
all include criteria based on the assumption that different anxiety disorders are 
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characterized by disorder-specific cognitive content. Is this not how diagnoses are 
assigned in the first place? Shortly, the answer is yes. However, scientific evidence 
for distinct cognitive profiles on the disorder-level in childhood is scarce and results 
of the available studies are mixed. Additionally, the treatment offered for childhood 
SAD is not disorder-specific, but rather generic in nature.

A review of the literature on maintenance factors in childhood SAD by 
Halldorsson and Creswell (2017) showed that studies on cognitive disorder-
specificity for SAD are lacking. Most strikingly, dysfunctional beliefs have not been 
the subject of disorder-specificity studies at all. Relatedly, Stuijfzand and colleagues 
(2018) demonstrated that the association between interpretation bias and anxiety 
in youth (≤ 22 years) significantly increased when the ambiguous scenario content 
was matched to the specific anxiety subtype. The content of the ambiguous 
scenarios moderated the link between interpretation bias and anxiety. However, 
there were little studies comparing children with social anxiety to children with 
other anxiety disorders and non-anxious children in one study. This limits the 
conclusions that can be drawn on cognitive content-specificity of specific anxiety 
disorders. However, a handful of studies investigated the difference between 
children with heightened social anxiety to children with other anxiety symptoms 
and non-anxious children. Some of these studies found that children with higher 
social anxiety levels score higher on SAD-specific distorted cognition (e.g., Bögels, 
Snieder, & Kindt, 2003; Hodson et al., 2008; Klein et al., 2019; 12-16 years old: Miers, 
Blöte, Bögels, & Westenberg, 2008; Vassilopoulos & Banerjee, 2012) than children 
with lower levels of social anxiety or children without SAD. Other studies did not 
find this level of specificity for SAD (e.g., Halldorsson et al., 2019; In-Albon, Dubi, 
Rapee, & Schneider, 2009; Reid et al., 2006).

Clearly, the content-specificity of distorted cognition in children with SAD 
is an area in need of follow-up. Investigating the boundary conditions of distorted 
cognition, will bring a better understanding of which cognitions should be targeted 
under what circumstances. Furthermore, investigating the disorder-specificity of 
multiple distorted cognitions types will allow for a more integrated approach to the 
understanding of biased cognition in the information-processing pathway (Hirsch 
et al., 2006; Everaert et al., 2012). Support for the content-specificity hypothesis at 
this level has to come from studies that include comparisons of cognitive profiles 
within disorder groups.

Comorbidity

Another important, but often neglected, factor to consider when studying distorted 
cognition is comorbidity. Comorbid disorders may influence the cognitive profile 
of children with SAD. As such, comorbidity is a factor that should be considered in 
the relation between disorder-specificity of cognitive content and social anxiety. 
Previous studies in this line of research have usually ignored the role of comorbidity. 
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Rather, studies often included samples with mixed anxiety disorders, focusing 
only on the primary (anxiety) disorder, without considering the commonly present 
secondary disorders. A handful of studies form an exception to this (e.g., Klein et 
al., 2019; Klein et al., 2018; Muris et al., 2005). For example, two studies showed 
that only anxiety-specific interpretation bias predicted the corresponding anxiety 
subtype (e.g., social anxiety-related negative interpretation bias predicted social 
anxiety symptoms only in a clinically anxious sample and in a community sample; 
Klein et al., 2019; Klein et al., 2018). However, these studies need to be replicated. 
Additionally, no study to date has focused on the specificity of social dysfunctional 
beliefs to SAD whilst taking comorbid disorders into account. This omission may 
have obscured previous study findings on cognitive disorder-specificity (Muris & 
Field, 2008). Clearly, a more thorough and focused investigation of the content-
specificity hypothesis is necessary to learn about cognitive disorder-specificity in 
childhood SAD, whilst considering comorbidity.

Part II

Change in Cognitions over Treatment

Presently, childhood anxiety disorders are often treated with a generic variant 
of cognitive behavioural therapy (CBT) – suggesting a one-size-fits-all format. 
Although CBT has proven to be efficacious in treating anxiety disorders, not 
all children benefit and as such, there is room for improvement (James, James, 
Cowdery, Solar, & Choke, 2015). Approximately 35-45% of children with an anxiety 
disorder receiving CBT do not show remittance of their anxiety symptoms after 
treatment (Ginsburg et al., 2011; In-Albon & Schneider, 2007). Importantly, research 
has found that children with SAD benefit the least of generic CBT (e.g., SAD: 40.6% 
vs. other anxiety: 72.0%; Ginsburg et al., 2011; Hudson et al., 2015). To date, the 
reasons for this are unclear (Halldorsson & Creswell, 2017). In contrast to child SAD 
treatment, highly effective disorder-specific treatments are available for adults 
with SAD (Clark et al., 2006; Hofmann & Otto, 2008; Stangier, Heidenreich, Peitz, 
Lauterbach, & Clark, 2003). Clearly defined and well-researched maintenance 
mechanisms are targeted in these treatment formats. Critically, when adults do 
not show the expected improvements, these models provide possible explanations 
(Clark & Wells, 1995; McManus et al., 2009; Rapee & Heimberg, 1997). To improve 
treatment efficacy and understand reasons for low remission rates better, an equal 
understanding of disorder-specific maintenance mechanisms in childhood SAD 
is crucial.

As noted above, according to cognitive (maintenance) models, distorted 
cognition has a central role in the development and maintenance of anxiety 
disorders (Beck, 1976; Clark & Wells, 1995; Heimberg et al., 2010; Kendall, 1985; 
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Muris, 2010). Consequently, for anxiety symptoms to change, some degree of 
change in distorted cognition should occur. The principal components of CBT 
propose to do just that: Exposure to feared stimuli or situations and cognitive 
techniques such as restructuring and learning coping skills should help anxious 
children to identify and correct cognitive distortions. This is assumed to produce 
a decrease in anxiety symptoms. Some efforts have been made to shed light on the 
proposed role of changes in cognition during treatment in relation to treatment 
outcome. A study by Normann, Lønfeldt, Reinholdt-Dunne and Esbjørn (2016) 
showed that dysfunctional beliefs decreased during CBT in a sample of children 
with heterogeneous anxiety disorders. This reduction predicted decreases in child-
reported anxiety at six-month follow-up. Pereira and colleagues (2017) showed a 
similar pattern of results for interpretation bias, which accounted for a significant 
proportion of the variability of anxiety symptoms over the course of treatment. 
However, there are also studies that either do not find that distorted cognition 
decreases or do not find that this decrease is related to a decrease in anxiety 
symptoms (Hogendoorn et al., 2014; Kendall et al., 2016).

Thus, studies have shown mixed results and have not focused on children 
with SAD and/or on SAD-specific distorted cognition. Clearly, further research is 
required to investigate whether distorted cognitions change during treatment and 
whether this is related to treatment outcome in this group. Additionally, it would 
be valuable to focus on possible differential reductions of interpretation bias and 
dysfunctional beliefs to evaluate which cognitive distortions should be the focus 
of treatment.

Research Aims and Outline of the Dissertation

The overarching aim of this dissertation is to gain more insight into the disorder-
specific role of distorted cognition along the information processing pathway 
and their relation to the development, maintenance and treatment of childhood 
SAD. This will further advance and refine cognitive (content-specificity) theory 
(Beck, 1976; Kendall, 1985; Klein, 2016) and will provide more insight into specific 
cognitive distortions in children with SAD. Consequently, this may inform 
continued development and refinement of cognitive interventions for childhood 
SAD. Specifically, the first goal is to assess the disorder-specificity of interpretation 
bias and dysfunctional beliefs in relation to SAD symptoms (Chapter 2, 3, 4, 5) 
by comparing children with SAD to children with other anxiety disorders and 
homotypic and heterotypic comorbidity (Chapter 2, 3). The second goal is to examine 
the role of change in distorted cognitive content over the course of treatment and 
the relation to (long-term) treatment outcome (Chapter 6).

These two research goals formed the basis for the research studies that 
make up the content of the Chapters. Chapter 2 describes a study in a treatment-
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seeking sample of children with various anxiety disorders. However, in this study, 
long-term dysfunctional beliefs were investigated with a self-report questionnaire. 
To overcome limitations of previous study designs, a large clinical sample was 
included and both homo- and heterotypic comorbidity was explicitly included in 
the design. To this end, we created diagnostic profile groups of children with SAD 
and other anxiety disorders, children with SAD and mood disorders, children with 
SAD and externalizing disorders, and children with non-social anxiety disorders 
to test differences in their cognitive content.

Chapter 3 further investigated whether disorder-specificity of distorted 
cognition can also be identified for interpretation bias in a large community 
sample of children with varying levels of anxiety. Chapter 3 includes a study that 
investigates the disorder-specificity of negative interpretation bias for children 
with higher levels of social anxiety by employing an ambiguous story paradigm. 
Although earlier attempts have been made to examine differences in cognitive 
profiles, previous studies have largely focused on comparing interpretation bias 
in broader disorder categories, such as anxiety and depression. Furthermore, 
they usually included disorder-specificity only as a side focus and comorbid 
anxiety symptoms were mostly ignored. To this end, I tested the hypothesis that 
higher levels of social anxiety were related to a negative interpretation bias for 
social ambiguous scenarios only, while controlling for two of the most common 
comorbid anxiety subtypes; separation anxiety and spider fear. Additionally, it 
was investigated whether separation anxiety and spider fear were only related to 
a negative interpretation bias for their related anxiety domain. Also, the possible 
moderating role of age and sex was taken into account.

Facial emotions are highly relevant social stimuli and as such, may provide 
an alternative, non-verbal way of studying information processing biases in 
children with SAD. As previous studies have mostly employed verbal stimuli in 
their endeavour to examine dysfunctional cognition, we examined whether a 
negative interpretation bias could be identified in facial stimuli as well in Chapter 
5. However, as there is a lack of validated emotional face stimuli for children in 
middle childhood, Chapter 4 first describes a validation of such stimuli in a large 
community sample of children in middle childhood. These validated stimuli were 
used in Chapter 5.

Subsequently, Chapter 5 included a study in which we examined whether a 
negative interpretation bias could be identified when children with SAD scrutinize 
emotional faces. To additionally test the potential specificity of these effects, I 
compared children with SAD in their diagnostic profile to children with non-
social anxiety disorders and non-anxious children. An engaging facial emotion 
recognition task (Fortune Wheel Task) was developed during which children 
were asked to classify ambiguous emotional faces. This task enabled us to test the 
hypothesis that children with SAD in their diagnostic profile would show lower 
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thresholds of detecting and attributing negative emotions to ambiguous faces than 
the other two groups.

In Chapter 6, we investigated how the amount of cognitive change in SAD-
specific interpretation bias and dysfunctional beliefs, one of the main hypothesized 
mechanisms of CBT, relates to long-term treatment outcome in children with SAD. 
This study employed a longitudinal single-condition design in which changes in 
disorder-specific cognitive content over the course of treatment were examined in 
relation to long-term treatment outcomes for children with SAD. We hypothesized 
that decreases in distorted cognition from pre- to post-treatment are related to 
better treatment outcome at six-month follow-up in children with SAD.

Finally, the results of all studies are summarized and discussed in the light 
of cognitive theoretical frameworks and previous research in Chapter 7. I will 
conclude with practical and clinical implications for the treatment of childhood 
SAD and suggestions for future research.
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Abstract

This study examined the disorder-specificity of dysfunctional social beliefs to Social 
Anxiety Disorder (SAD) in a large, clinically referred sample of children with a 
variety of anxiety, mood and externalizing disorders. The effects of comorbidity on 
the disorder-specificity of dysfunctional social beliefs were examined. Participants 
included 912 children aged 7-12 years (Mage = 9.15; 45.5% female) who presented at 
a specialised clinic for assessment and treatment of anxiety disorders. Children 
with SAD were compared to children with non-social anxiety disorders, children 
with SAD and mood disorders, and children with SAD and externalizing disorders, 
on self-reported dysfunctional social threat beliefs, physical threat, hostility, and 
personal failure beliefs. Children with SAD endorsed significantly higher levels 
of dysfunctional social threat beliefs when compared to children with non-social 
anxiety disorders. However, children with SAD and mood comorbidity scored 
significantly higher on dysfunctional social beliefs than all other groups. Results 
suggest that within childhood anxiety disorders, dysfunctional social beliefs are 
disorder-specific for SAD. Externalizing comorbidity does not seem to change the 
level of dysfunctional social beliefs in this group. However, mood comorbidity 
leads to endorsement of higher levels of dysfunctional social beliefs. These results 
provide support for, and refine, the content-specificity hypothesis and highlight 
the importance of taking comorbidity into account when examining and treating 
dysfunctional beliefs in youth.
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Introduction

Social anxiety disorder (SAD), characterised by a fear of negative evaluation by 
others in social and/or performance situations (American Psychiatric Association 
[APA], 2013a), is one of the most prevalent and debilitating anxiety disorders in 
youth (Costello, Egger, & Angold, 2004). Given that SAD is the most treatment-
resistant of all anxiety disorders in youth (Hudson et al., 2015), research into factors 
that maintain social anxiety is pivotal for improving treatment for children with 
SAD. Prominent models of adult SAD (e.g., Clark & Wells, 1995; Hofmann, 2007) 
and child anxiety (e.g., Spence & Rapee, 2016) have highlighted the importance 
of cognitive factors in maintaining and ameliorating social anxiety. Cognitive-
behavioural theories suggest that there are several cognitive elements throughout 
the information-processing pathway that can be distorted in childhood anxiety 
(Alfano, Beidel, & Turner, 2002), including cognitive processes and cognitive 
products (Muris & Field, 2008). Biased cognitive processes are triggered by an 
underlying schema that is organised around a threat theme, such as a negative 
interpretation bias (Beck, 1976). Biased cognitive products refer to actual reported 
thoughts or cognitive content, such as dysfunctional beliefs or assumptions about 
the self and one’s functioning. Biased cognitive products can be considered the 
long term, pervasive outcomes of distorted cognitive processes (Muris & Field, 
2008). Understanding whether biases exist in multiple elements of the information 
processing pathway is crucial, as they may have a larger negative combined effect 
(Hirsch, Clark, & Mathews, 2006) and some elements better predict anxiety 
symptoms than others (Blöte, Miers, van den Bos, & Westenberg, 2019).

It is believed that the distortions in cognition are content-specific to the 
disorder (Beck, 1976). This means that disorders can be distinguished based 
on a specific theme of dysfunctional thoughts/images which are related to how 
a disorder is expressed, i.e. threat for anxiety disorders, personal failure for 
depression and hostility for externalizing disorders. This has been supported by 
research comparing broader disorders groups (i.e., SAD versus controls or anxiety 
versus mood and/or externalizing disorders and/or healthy controls; Schniering & 
Lyneham, 2007; Schniering & Rapee, 2002; 2004). However, recent studies indicate 
that the content-specificity hypothesis might be present at a more refined, specific, 
anxiety disorder-level (e.g., Klein et al., 2019). A recent meta-analysis found support 
for disorder-specificity of biased cognitive processes for SAD compared to other 
anxiety disorders (Stuijfzand, Creswell, Field, Pearcey, & Dodd, 2018). However, 
studies on disorder-specificity for cognitive products (i.e., dysfunctional beliefs) in 
SAD are lacking (Halldorsson & Creswell, 2017).

Despite the importance of reducing dysfunctional beliefs for amelioration 
of SAD (Hofmann, 2007; Kendall, 2012), only one study to date has examined the 
specificity of dysfunctional social beliefs (Halldorsson, Castelijn, & Creswell, 2019). 
Halldorsson and colleagues (2019) compared children (7-12 years) with SAD to other-
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anxious children and non-anxious children before and after a social stressor task. 
They found that children with SAD did not show more negative performance beliefs 
before or after the task compared to the other groups. However, children with 
SAD had significantly higher rates of comorbid anxiety, mood and externalizing 
disorders. Sensitivity analyses excluding these children revealed that some of 
the effects were no longer significant. Hence, the authors suggested that the high 
comorbidity rate in the SAD group might have influenced their findings. To indicate 
cognitive content-specificity, this study will take the high overlap between anxiety 
disorders and comorbid mood and/or externalizing disorders into account.

The primary aim of the current study was to assess whether dysfunctional 
social beliefs are disorder-specific to SAD. To address disorder-specificity, we 
formulated three sub goals: We first compared children with SAD and children 
with non-social anxiety disorders on dysfunctional social beliefs. Second, we 
compared children with SAD and children with other anxiety disorders, mood or 
externalizing disorders on other dysfunctional beliefs (personal failure/hostility/
physical threat). Third, we examined the role of comorbid mood and externalizing 
disorders on the presence of dysfunctional social beliefs. As it would also be 
expected that children with comorbid mood and externalizing disorders would 
display higher scores on their theorized cognitive content, a secondary aim of this 
study was to examine this. To address these goals, children were divided into four 
groups according to their diagnostic profile: 1) children with SAD (SAD-group) were 
compared to 2) children with SAD and mood disorders (MOOD-group), 3) children 
with SAD and externalizing disorders (EXT-group) and to, 4) children with only 
non-social anxiety disorder/s (OAD-group). Importantly, in all groups, children 
also had comorbid non-social anxiety disorders1.

For the primary aim, we formulated three hypotheses: First, we expected 
that the SAD-group (group 1) would endorse a significantly higher level of social 
threat beliefs compared to the OAD-group (group 4). Second, it was expected that 
the SAD-group (group 1) would not score higher than other the groups (group 2/3/4) 
on non-social dysfunctional beliefs (i.e., personal failure, hostility, physical threat). 
Third, there were no specific expectations regarding the effect of comorbidity on 
the presence of social dysfunctional beliefs in children with SAD as there has 
not been any research so far in this area (Stuijfzand et al., 2018). For the second 
aim, based on theory, we predicted that children with SAD, comorbid mood and 
externalizing disorders, would score higher on the dysfunctional beliefs specific 
to the content of these comorbid disorders (i.e., personal failure and hostility, 

1 Originally, it was planned to divide the sample into four groups to be able to compare children with 
SAD in their profile (but without any comorbidity) to children with SAD in their profile, but with 
either 1) non-social anxiety comorbidity, 2) mood comorbidity, or 3) externalizing comorbidity. 
However, the number of children with no comorbidity or purely mood or externalizing comorbidity 
turned out to be too small for meaningful analysis. Instead, a hierarchical approach was used to 
create groups.
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respectively; Beck, 1976) when compared to the groups without these disorders. 
Fourth, we expected to replicate previous research in that the MOOD-group (group 
2) should score higher on personal failure beliefs than the groups without a mood 
disorder (groups 1/3/4), and that the EXT-group (group 3) should score higher on 
hostility thoughts than children without an externalizing disorder (groups 1/2/4).

This is the first study to assess the disorder-specificity of dysfunctional social 
beliefs to SAD across anxiety disorders and the effect comorbid disorders may 
have on the presence of specific cognitive content by including the largest clinical 
child sample to date. This study provides both important refined insights into the 
cognitive content-specificity hypothesis and suggestions for theoretically-derived 
improvements for SAD treatment in childhood.

Methods

Participants

Participants were selected from a sample of 1032 children between ages 7-12 
(M = 9.15, SD = 1.72; 45.5% girls)2 at an outpatient youth anxiety clinic in Sydney, 
Australia between 2000-2011. Children were eligible for the study if they met 
DSM-IV (APA, 2013a) criteria for any anxiety disorder. For the purpose of this 
study3, children with comorbid disorders other than anxiety, mood or externalizing 
disorders were not included (n = 120; enuresis/encopresis [32.8%], sleep disorders 
[25.4%], otherwise specified disorders [14.9%], selective mutism [11.9%], autism 
spectrum disorders [5.2%], other disorders [9.8%]. The final sample consisted of 
912 children (M = 9.18, SD = 1.71; 45.9% girls; Table 1).

A hierarchical approach was used to create groups: 1) SAD with/without 
non-social anxiety disorders (SAD; n = 370); 2) SAD, non-social anxiety disorders 
and mood disorders (MOOD; n = 56); 3) SAD, non-social anxiety disorders and 
externalizing disorders (EXT; n = 143), and 4) non-social anxiety disorder/s (OAD; 
n = 343). See Table 2 for group demographics.

2 Some of the children in the current sample have also participated in one of the following randomized 
controlled trials: 1) comparing the use of a bibliotherapy version of treatment to treatment as usual, 
2) CBT versus an active control, and 3) CBT versus CBT enhanced with parent anxiety management 
(Hudson et al., 2009; Hudson et al., 2014; Rapee, Abbott, & Lyneham, 2006), or were part of a non-
research group or RCT that has not been published yet.

3 As our main goal was to study the specificity of social threat thoughts within anxiety disorders and 
a secondary goal was to see how the presence of specific disorder groups (depressive disorders and 
externalizing disorders) would influence the presence of these social dysfunctional beliefs, children 
with disorders in their diagnostic profile belonging to different disorder groups, were excluded. 
This included selective mutism as it has a large overlap with SAD and is often considered to be a 
developmental variant or a symptom of SAD (e.g., Bögels et al., 2010).
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Procedure

Children and their parent(s) took part in an intake assessment of their child’s 
anxiety. Parents provided written informed consent and children provided verbal 
consent. Families completed the Anxiety Disorders Interview Schedule for DSM-IV-
Child/Parent (ADIS-IV-C/P; Silverman & Albano, 1996) and a range of experimental 
tasks and questionnaires, including the measures elaborated upon below.

Table 1. Diagnoses occurring anywhere in the diagnostic profile per group.

SAD
(n = 370)

MOOD
(n = 56)

EXT
(n = 143)

OAD
(n = 343)

SAD (%) 100 100 100 0
GAD (%) 87.1 87.3 87.1 73.4
SEP (%) 45.2 50.8 43.9 46.6
SP (%) 62.0 57.1 66.1 57.1
PD w/o agoraphobia (%) 1.7 3.2 1.8 3.4
Other anxiety (%)1 9.8 15.9 16.4 15.3
Mood disorder (%) 0 100 0 0
Externalizing disorder (%) 0 0 100 0
No comorbidity (%) 0 0 0 31.9
Number of comorbid disorders, M (SD) 2.60 (1.40) 3.52 (1.19) 3.78 (1.26) 1.36 (1.22)
SCAS-C, M (SD)
w = .94, CI [.94, .95]

.95 (.51) 1.23 (.45) .98 (.48) .87 (.43)

SCAS-P, M (SD)
w = .91, CI [.90, .92]

.97 (.39) 1.17 (.35) 1.02 (.41) .87 (.38)

CGAS Overall severity 58.69 (8.0) 53.56 (9.12) 57.08 (7.37) 62.06 (7.62)

Note. SAD = Social Anxiety Disorder; GAD = Generalised Anxiety Disorder; SEP = Separation 
Anxiety Disorder; SP = Specific Phobia; PD = Panic Disorder; M = Mean; SD = Standard 
Deviation; SCAS-C/P = Spence Children’s Anxiety Scale-Child/Parent version; CGAS severity 
score for the overall diagnostic profile.
1 Other anxiety includes: Otherwise Specified Anxiety Disorder, Obsessive Compulsive 
Disorder, Acute Stress Disorder, or Posttraumatic Stress Disorder.
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Table 2. Demographic information per group and statistics on the differences between 
groups.

SAD
(n = 370)

MOOD
(n = 56)

EXT
(n = 143)

OAD
(n = 343)

Statistics

Sex (% female) 47.8 52.7 34.5 47.3 χ2(3) = 15.11
p = .002

Age in years, M (SD) 9.23 (1.69) 10.4 (1.51) 8.80 (1.70) 9.14 (1.70) F(12,2413.22) = .77
p = .684

Born in Australia 
(%)

74.2 72.2 82.6 68.4 χ2(27) = 33.29
p = .188

Maternal/Paternal 
university 
education (%)

45.2 37.1 50.5 39.6 Maternal χ2(18) = .14.10
p = .723

Paternal χ2(21) = 25.09
p = .243

Note. SAD = children with SAD (SAD-group); MOOD = children with SAD and mood disorders 
(MOOD-group); EXT = children with SAD and externalizing disorders (EXT-group); 
OAD = children with only non-social anxiety disorder/s (OAD-group).

Measures

ADIS-IV-C/P (Silverman & Albano, 1996). 
The ADIS-IV-C/P is a semi-structured interview administered separately to parents 
and youth to assign diagnoses and clinician-severity ratings (CSRs; ranging from 
0-8). CSRs equal to a 4 or higher indicate that diagnostic criteria for an anxiety 
disorder were met. Diagnoses with the highest CSR were deemed the primary 
disorder. The ADIS-IV-C/P has previously demonstrated an inter-rater agreement 
ranging between kappa = .68-.93 in the clinic (Lyneham, Abbott, & Rapee, 2004). 
An overall severity rating (0-100) for symptom interference with daily functioning 
was given (Children’s Global Assessment Scale [CGAS]; Shaffer et al., 1983) with 
higher scores indicating better daily functioning and lower impact. The CGAS has 
acceptable psychometric properties (Green, Shirk, Hanze, & Wanstrath, 1994).

The Children’s Automatic Thoughts Scale (CATS; Schniering & Rapee, 2004). 
The CATS assesses automatic negative thoughts in four domains: social threat (e.g., 
’I look like an idiot’), physical threat (e.g., ‘I’m going to get hurt’), personal failure (e.g., 
‘I can’t do anything right’) and hostility (e.g., ‘I have the right to take revenge on people if 
they deserve it’). The 40 items are scored on a 5-point scale from 0 (not at all) to 4 (all 
the time), with higher scores indicating higher levels of automatic negative thoughts. 
The CATS has excellent psychometric properties in community and clinical samples 
(Schniering & Lyneham, 2007; Schniering & Rapee, 2002, 2004) and has moderate 
convergent (correlations between associated symptom measures, p’s < .05) and 
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discriminant validity across clinical groups (differences between clinically anxious, 
depressed, externalizing disorder and community samples, p’s < .05) in middle 
childhood (Schniering & Lyneham, 2007). See Table 3 for all internal consistencies.

Spence Children’s Anxiety Scale-Child/Parent versions (SCAS-C/P; Spence, 1998). 
The SCAS-C/P measures anxiety symptoms as self-reported by the child and 
as reported by the parent for the child by reporting on frequency of 38 anxiety 
symptoms on a 4-point Likert scale (0-3 [never to always]). A total score was 
computed from the 38 items, with higher scores indicating more anxiety symptoms. 
The SCAS has adequate psychometric properties for children in middle childhood 
(Spence, 1998).

Data Analysis

Due to differences in methodologies across studies, not all children filled in the 
CATS (10.5% missing) and the CGAS (52.4% missing). Only 7.2% did not have data on 
both the CATS and the CGAS. Multiple imputation was used to create 20 complete 
datasets (N = 912). Analyses with the original data and the imputed datasets showed 
no differences in effect size patterns4. Therefore, results for the original data are 
reported.

Four univariate analyses of variance (ANOVAs) were conducted in SPSS 
(Jaccard & Guilamo-Ramos, 2002). In each ANOVA, group was the between-subjects 
factor (SAD/MOOD/EXT/OAD) and each ANOVA included one of the four subscales of 
the CATS (social threat, physical threat, personal failure, hostility) as the dependent 
variable. The CGAS score was entered as a covariate in all analyses as a diagnostic 
profile severity measure. Preliminary analyses were conducted to identify potential 
confounding variables. The homogeneity assumption was violated. Therefore, a 
one-way ANOVA with Welch’s F-test (between-subject variable: group; dependent 
variables: subscales CATS; Field, 2013) was conducted. This provided a similar 
pattern of results as the regular ANOVAs, therefore, the results of the regular 
ANOVAs are reported. Games-Howell (Field, 2013) post-hoc tests were used to 
examine significant group differences (for unadjusted post-hoc test results, see 
supplemental materials S1). Unadjusted post-hoc tests were additionally evaluated 
against a modified Bonferroni-method. Both methods provided the same results.

4 Effect sizes were approximately the same size and in the same direction for all imputed datasets, 
but due to the small effect size, some were not significant. However, the majority was significant 
or marginally significant.
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Results

Preliminary Analyses

Groups only differed significantly on the number of female and male participants in 
each group, with more males in the SAD-group and the EXT-group than in the other 
groups (Table 2). Therefore, analyses controlled for the child’s sex. As sex was not 
significantly associated with group differences, unadjusted results are presented below.

Group Differences on Threat Thoughts

Social threat. A significant effect for group was revealed for social threat thoughts 
(see Table 3 for group comparison statistics). The interaction of group x CGAS was 
marginally significant, which indicates that some groups may have more severe 
diagnostic profiles. Post-hoc tests revealed that the SAD-group scored significantly 
higher on social threat thoughts than the OAD-group, indicating that children with 
SAD report a higher level of social threat thoughts than children without SAD, but 
with other anxiety disorders. Interestingly, the MOOD-group scored significantly 
higher on social threat thoughts than the SAD-group, the OAD-group, and higher than 
the EXT-group. This indicates that children with SAD and mood comorbidity have 
higher levels of social dysfunctional beliefs than children without mood disorders.

Physical threat. A non-significant effect of group, and a non-significant 
interaction effect of group x CGAS were revealed. This indicates that groups did 
not differ on the level of physical threat thoughts reported.

Personal failure. A marginally significant group effect was revealed for 
personal failure thoughts. The interaction of group x CGAS was not significant. 
Post-hoc tests showed that the MOOD-group scored significantly higher on personal 
failure thoughts than the SAD-group, the OAD-group, and the EXT-group (Table 4). 
This indicates that children with SAD and mood comorbidity have higher levels of 
personal failure thoughts than children without mood comorbidity.

Hostility. A non-significant effect of group, and a non-significant interaction 
effect of group x CGAS were revealed. This indicates that there are no differences 
between groups on level of reported hostility thoughts.

Exploratory Analysis

As we found that the MOOD-group reported higher levels of social dysfunctional 
beliefs, an exploratory one-way ANOVA (between-subjects factor: group; dependent 
variable: SAD CSR) analysis was conducted to test the possible explanation that 
the MOOD-group has more severe SAD presentations than the other groups. 
Although the overall model with Welch’s F-test indicated that there were significant 
differences between the groups, F(2, 141.082) = 3.21, p = .043, there were no 
significant differences between the groups on SAD severity in post-hoc analyses 
(all p’s > .05).
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Table 4. Mean between group differences post-hoc analyses on the social threat and personal 
failure scale.

Comparison group Mean difference CI SE p-value
Social threat thoughts
SAD MOOD -.63 [-1.06, -0.20] .16 .001

EXT -.13 [-0.36, 0.11] .09 .503
OAD .22 [0.04, 0.39] .07 .007

MOOD OAD .85 [0.42, 1.27] .16 < .001
EXT .50 [0.05, 0.95] .17 .022

Personal failure
MOOD SAD .66 [0.23, 1.09] .16 .001

EXT .59 [0.14, 1.05] .17 .005
OAD .80 [0.37, 1.23] .16 .001

Note. SAD = children with SAD (SAD-group); MOOD = children with SAD and mood disorders 
(MOOD-group); EXT = children with SAD and externalizing disorders (EXT-group); 
OAD = children with only non-social anxiety disorder/s (OAD-group); CI = confidence 
interval; SE = standard error.

Discussion

With respect to our primary aim, we found, as expected, that children with SAD 
endorsed a significantly higher level of dysfunctional social beliefs than (non-
socially) anxious children. Also, as expected, children with SAD did not show 
elevated scores on other dysfunctional thought domains compared to the other 
groups. Further, children with SAD and externalizing disorders did not endorse 
higher levels of dysfunctional social beliefs than children with SAD, without 
externalizing comorbidity. However, children with SAD and mood disorders 
endorsed a significantly higher level of social dysfunctional beliefs than children 
with SAD, but without mood disorders. This indicates that the presence of mood 
disorders, but not the presence of externalizing disorders, raises levels of social 
dysfunctional beliefs for children with SAD.

Overall, these results provide support for the hypothesis that dysfunctional 
social beliefs are content-specific for SAD compared to non-social anxiety disorders 
(Beck, 1976) as was found previously for cognitive processes in community and 
clinical youth samples (Stuijfzand et al., 2018). This is the first empirical study with 
a sufficiently large sample to demonstrate evidence and produce reliable effect 
sizes for disorder-specificity in a clinical sample of children in middle childhood 
with SAD while comparing them to children with non-social anxiety disorders. 
Moreover, we found that presence of externalizing disorders does not have an effect 
on the specificity of dysfunctional social beliefs to SAD, which suggests that in 
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the presence of externalizing disorders, predictions from Beck’s hypothesis (1976) 
hold. However, children with mood comorbidity showed more dysfunctional social 
beliefs than children without mood comorbidity.

Differences between the MOOD-group and the other groups are unlikely 
to be accounted for by SAD-severity. These findings are in line with research in 
both youth (Stefanovic et al., 2016) and adults (Voncken, Bögels, & Peeters, 2007), 
showing that mood comorbidity leads to higher broad-spectrum cognitive errors 
than when there is no mood comorbidity in (social) anxiety. One could argue that 
depressive cognitive content also includes self-deprecating and personal failure 
thoughts in social situations (Beck, 1976). This might explain the add-on effect of 
dysfunctional social beliefs in the MOOD-group.

The results for our second aim were less clear. As expected, the group of 
children with SAD and mood disorders endorsed a significantly higher level of 
personal failure beliefs than the other groups (Schniering & Rapee, 2004), although 
the overall effect of group on the personal failure scale was only marginally 
significant. Thus, results should be interpreted with care and replicated by future 
research before drawing strong conclusions. Unexpectedly, children with SAD 
and externalizing disorders did not score higher on hostility thoughts, which is 
inconsistent with the disorder-specificity hypothesis (Beck, 1976). An explanation 
could be that children with both SAD and externalizing disorders show a different 
pattern of dysfunctional beliefs than children with solely externalizing disorders; 
the presence of SAD may have an effect on the dysfunctional beliefs of children 
with an externalizing disorder. An alternative explanation could be that we 
excluded children with extreme behaviour disorders. It might be the case that it is 
this subsample that would have scored high on hostility thoughts.

Theoretically, cognitive disorder-specificity for SAD was found when 
dysfunctional beliefs of children with SAD are compared to non-social anxiety 
disorders. Interestingly, the current data indicates that disorder-specificity of 
broader disorder groups might be more refined and can be identified at a specific 
disorder-level, within disorder categories. This is in line with previous findings on 
disorder-specificity in children for different parts of the information processing-
pathway (i.e., interpretation biases for SAD; Stuijfzand et al., 2018). Importantly, 
these results are also in line with studies that have demonstrated disorder-
specificity in adult SAD (Mobini, Reynolds, & Mackintosh, 2013).

This was the first study to provide reliable insight into the disorder-specificity 
of dysfunctional social beliefs to childhood SAD and the role of comorbidity. The 
results provide support for current classification systems (e.g., DSM-5; APA, 2013a) 
that include criteria based on the assumption that different anxiety disorders are 
characterized by disorder-specific cognitions. Also, these results suggest that 
when determining the treatment course for children with SAD, clinicians should 
be especially mindful of focusing on broad spectrum dysfunctional beliefs when 
children present with mood comorbidity. Additionally, these results provide 
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directions for improvements to current treatment programs. Although one of the 
core elements of current generic CBT is to target biased cognitive processes, and 
currently CBT programs do show good effects, children with SAD have the poorest 
outcomes after CBT. This may indicate that, as biased cognition is considered 
such a crucial maintaining factor, dysfunctional social beliefs are not targeted 
well enough by traditional treatment. Changes to cognitive elements of treatment 
might increase effectiveness of interventions as importantly, biased cognition has 
also been found to be related to other maintenance mechanisms (e.g., behavioural 
avoidance; Miers, Blöte, Heyne, & Westenberg, 2014). Although studies found that 
current CBT programs do change biased cognition (Schniering & Lyneham, 2007), 
an important next step for future research is to examine whether changes in 
dysfunctional social beliefs during treatment may explain poorer outcomes.

A possibility is to modify existing, generic CBT to a targeted treatment for 
childhood SAD. Recent findings in adolescents and adults suggest that disorder-
specific SAD-treatment may be more effective than generic treatments in targeting 
SAD-maintenance mechanisms (Ingul, Aune, & Nordahl, 2014; Rapee, Gaston, & 
Abbott, 2009). RCTs are needed to test whether disorder-specific approaches in 
childhood SAD may be superior to generic approaches. Disorder-specific protocols 
include treatment elements to more effectively target social dysfunctional beliefs 
(e.g., video feedback, behavioural experiments).

Several limitations should be mentioned. First, the children included in 
this sample were recruited from one clinic, which may reduce the generalizability 
of the results. Additionally, to be able to have a sample with enough power to 
produce reliable effect size estimates, the data collection range entailed 11 years. 
Relatedly, we did not randomly select participants and did not match groups on 
demographic variables. However, including demographic variables in our analyses 
did not change our results. Second, only child self-report/questionnaire data was 
included. Although dysfunctional beliefs are an internal process, and thus parents 
are reliant on child-report, it would have been informative to have parent-report or 
experimental data on these beliefs as children may have underreported. Third, no 
groups of children with purely mood or externalizing disorders were included, as 
the main aim of this study was to examine the disorder-specificity of dysfunctional 
social beliefs across anxiety disorders, and relatedly, to elucidate the role of mood 
and externalizing comorbidity. Future research should consider including such 
groups to further investigate the content-specificity hypothesis. Fourth, we did 
not include a group with only non-social anxiety disorders and mood/externalizing 
disorders. Future research should consider including these groups to examine 
whether children with SAD, non-social anxiety disorders, and mood/externalizing 
comorbidity differ on the dysfunctional beliefs they endorse from children with 
only non-social anxiety disorders, mood/externalizing disorders. Fifth, CGAS 
data was unavailable for a part of the sample which warrants both caution with 
interpreting current results and replication in future studies.
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In conclusion, dysfunctional social beliefs are specific to SAD in a sample 
of clinically anxious children in middle childhood, in the context of non-social 
anxiety and externalizing disorders, but not in the context of mood disorders. 
The results highlight the importance of (especially mood) comorbidity, when 
studying and treating cognitive factors in childhood anxiety. The results are in 
line with demonstrations of cognitive-affective specificity in adolescents and 
adults, indicating continuity over affective states and the course of development. 
Changing how social dysfunctional beliefs are targeted in current treatment 
programs for children with SAD may provide a way to more effectively treat specific 
dysfunctional cognitions.
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Supplemental Materials

S1. Post-hoc results - Group differences on threat thoughts unadjusted for 
varying sample sizes

Social threat thoughts. Bonferroni-corrected post-hoc tests revealed that children 
with SAD and non-social anxiety disorders scored significantly higher on social 
threat thoughts than children in the non-social anxiety disorder only group, mean 
difference = .22, SE = .07, p = .010, 95% Confidence Interval (CI) [.04, .40], providing 
support for our main hypothesis that children with SAD in their diagnostic profile 
would report a higher level of social threat thoughts than children without SAD 
in their diagnostic profile. See Table 4 for means and standard deviations per 
group. Interestingly, children with SAD, non-social anxiety disorders and mood 
disorder/s scored significantly higher on social threat thoughts than children with 
SAD and non-social anxiety disorders, mean difference = .63, SE = .13, p < .001, 95% 
CI [.28, .98], higher than children with non-social anxiety disorders only, mean 
difference = .85, SE = .13, p < .001, 95% CI [.49, 1.20], and higher than children with 
SAD, non-social anxiety disorders and an externalizing disorder in their profile, 
mean difference = .50, SE = .15, p = .004, 95% CI [.12, .89].

Personal failure thoughts. Children with SAD, non-social anxiety disorders 
and a mood disorder scored significantly higher on personal failure thoughts 
than all other groups; children with SAD and non-social anxiety disorders, mean 
difference = .66, SE = .12, p < .001, 95% CI [.33, .99], children with non-social anxiety 
disorders only, mean difference = .80, SE = .13, p < .001, 95% CI [.47, 1.13], and 
children with SAD, non-social anxiety disorders and an externalizing disorder, 
mean difference = .59, SE = .14, p < .001, 95% CI [.23, .96].

Table S1. Subscale scores of the Children’s Automatic Thoughts Scale (CATS) across the 
diagnostic groups including unadjusted group differences.

1. SAD + non-
social anxiety
M (SD)

2. SAD + non-
social anxiety + 
mood
M (SD)

3. SAD + non-
social anxiety + 
externalizing
M (SD)

4. Non-social 
anxiety 
disorders
M (SD)

Social threat** 8.59 (9.35)2,4 15.95 (11.42)1,3,4 10.27 (8.51)2,4 6.52 (7.06)1,2,3

Physical threat 6.30 (7.17) 10.51 (7.73) 7.00 (6.31) 6.18 (6.40)
Personal failure* 7.56 (8.36)2 14.64 (10.63)1,3,4 8.79 (8.60)2 6.13 (6.87)2

Hostility 9.51 (7.71) 13.05 (7.79) 12.36 (7.57) 9.30 (7.69)
Total 32.96 (29.43) 55.69 (33.21) 39.57 (26.96) 29.19 (24.13)

Note: *marginally significant **p < .05; 1, 2, 3, 4 Means with these superscripts are significantly 
different from the group that is indicated by that specific superscript.
M = Mean; SD = standard deviation.
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Abstract

The current study examined whether children varying in their levels of social 
anxiety, separation anxiety and spider fear exhibit a negative interpretation bias 
specific for their fears. Furthermore, age and gender were assessed as moderators 
of this relation. Children (N = 603) of the age of 7-12 years were asked to solve 
ambiguous scenarios reflecting social threat, separation threat or spider threat. 
Children’s levels of anxiety were assessed with self-report questionnaires. Results 
indicated that children scoring higher on self-reported social anxiety, separation 
anxiety or spider fear, displayed a negative interpretation bias for the threat-
scenarios pertaining to their specific anxiety or fear, even after controlling for 
comorbidity with other anxiety subtypes. Contrary to our hypotheses, we did 
not find moderating effects of age or gender. These results indicate that even in a 
community sample, disorder-specificity of negative interpretation biases is present.
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Introduction

The role of biased cognitive processing in the onset and maintenance of anxiety 
has been emphasized in many cognitive models (Beck & Clark, 1997; Beck, Emery, 
& Greenberg, 2005; Kendall, 1985; Klein, 2016). These biased cognitive processes 
are theorized to be the result of overactive schemas that are organised around 
the theme of threat. These schemas make anxious children more sensitive to 
the perception of threat (Kendall, 1985). One of the biased cognitive processes 
that has a central role in cognitive behavioural models of anxiety is a negative 
interpretation bias (Beck & Clark, 1997; Klein, 2016). This bias is the tendency to 
interpret ambiguous situations as negative and/or threatening.

It is reasonably well-established that anxiety is related to interpretation bias 
in adults (Mathews & MacLeod, 2005; Blanchette & Richards, 2010), adolescents and 
school-aged children (Muris & Field, 2008; Stuijfzand, Creswell, Field, Pearcey, & 
Dodd, 2018; Waters, Zimmer-Gembeck, & Farrell, 2012). To illustrate, a recent meta-
analysis looked into the relation between anxiety and negative interpretation biases 
in children and adolescents until the age of 22 years (mean age ≤ 18; Stuijfzand et 
al., 2018). Stuijfzand and colleagues (2018) included a total of 77 studies of which 
18 studies included clinical samples and 57 studies included community samples. 
The authors found a medium-sized effect (d = .62) for the relation between anxiety 
and interpretation bias, robust for both clinical and community samples.

Interpretation bias is assumed to be explained by specific anxiety states (i.e., 
content-specificity hypothesis; Beck, 1976), rather than by a general vulnerability 
to threat. This hypothesis suggests that the relation between anxiety and 
interpretation bias is stronger for ambiguous situations that match specific anxiety 
types. For example, a child with a social anxiety disorder would display a stronger 
bias for ambiguous social situations than for ambiguous situations involving 
spiders. A general threat bias indicates that anxious children would display a 
threat bias for all ambiguous situations, not dependent on their specific anxiety 
state. Theoretically, content-specificity of a negative interpretation bias makes 
sense as this would indicate that threat schemas of a child with social anxiety 
disorder would surround the theme of social threat and would make this child more 
sensitive to perceive threat in ambiguous social situations (Beck, 1976; Kendall, 
1985). This hypothesis received support from the meta-analysis by Stuijfzand and 
colleagues (2018): The relation between anxiety and interpretation bias increased in 
strength when the specific anxiety subtype was matched with the scenario content 
(Blanchette & Richards, 2010; Stuijfzand et al., 2018).

However, the content-specificity hypothesis has been investigated only in 
very few studies with child samples. Where children have been the focus of studies 
assessing the relation between anxiety and content-specific interpretation bias, 
most research has looked into social anxiety or general anxiety (Stuijfzand et al., 
2018). Stuijfzand and colleagues (2018) noted that their findings were mostly driven 
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by the relation between social anxiety and social scenarios compared to non-social 
scenarios. There were not enough studies providing effect sizes on anxiety subtypes 
other than social anxiety or separation anxiety. The authors therefore concluded 
that it is too early to generalize these findings to all anxiety disorders in this age 
group.

Studying whether a negative interpretation bias is specific to the anxiety 
subtype in children is crucial in establishing whether treatment should target 
interpretations specific to the anxiety diagnosis of the child. Currently, children 
with anxiety disorders all receive the same generic cognitive behavioural treatment 
program (James, James, Cowdrey, Soler, & Choke, 2015), which means that generic 
treatment strategies are used that are not specifically focused on cognitive content 
specific to the anxiety disorder. Although cognitive behavioural therapy is relatively 
effective, there is still much room for improvement (James et al., 2015). Importantly, 
clinical trials for adult and adolescent populations have demonstrated that disorder 
specific programs resulted in significantly better treatment outcomes (Ingul, Aune, 
& Nordahl, 2014; Rapee, Gaston, & Abbott, 2009). In line with cognitive theories, 
these findings suggest that the specific cognitive content of the anxiety disorder 
affects the maintenance of anxiety symptoms and that targeting this content might 
stop the chronic overactivation of threat schemas (Beck & Clark, 1997; Beck et al., 
2005; Kendall, 1985; Klein, 2016). However, more research is needed on multiple 
anxiety subtypes in children (Stuijfzand et al., 2018) to generalize the findings for 
this age group and to be able to define the focus of treatment. Therefore, the goal 
of the current study was to test the content-specificity hypothesis in other fears 
and anxieties in a community sample of children.

Although research on other childhood anxiety subtypes is relatively scarce, 
there are a few studies that focused on the disorder-specificity of interpretation 
bias for other prevalent childhood anxiety subtypes. These included separation 
anxiety and spider fear, finding mixed results (Bögels, Snieder, & Kindt, 2003; 
Bögels & Zigterman, 2000; Klein, Bakens, et al., 2018; Klein, Flokstra, et al., 2018; 
Klein, Rapee, et al., 2018; Klein et al., 2014). For example, Bögels and colleagues 
(2003) found content-specific interpretation biases in children (aged 7-12) with 
subclinical levels of social anxiety and separation anxiety, but not for generalized 
anxiety disorder (GAD) using an ambiguous scenario test. An explanation for the 
latter finding could be that GAD is characterised by excessive worrying about a 
wide array of topics, such as the child’s health, homework, and a general sense of 
feeling safe. As these topics can vary extensively between individuals diagnosed 
with the same disorder, it might have been harder to create stories covering worry 
content that is specific for GAD (American Psychiatric Association [APA], 2013a). 
Muris and colleagues (2000) found that the general level of anxiety better accounted 
for the number of threat perceptions in children (aged 8-13), compared to specific 
anxiety symptoms, finding evidence for a general threat bias instead of for content-
specificity of a negative interpretation bias. Muris and colleagues (2000) also used 
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a story-based task, but one explanation for the lack of specificity that the authors 
discussed is that some of their stories might have triggered threat perception in 
children high on both social and separation anxiety symptoms.

Furthermore, because comorbidity between social, separation and 
generalized anxiety symptoms is generally high (Costello, Egger, & Angold, 2004), 
another explanation for the differences in findings could be that comorbidity might 
have played a role. For example, Klein, Rapee, and colleagues (2018) studied social 
anxiety, generalized anxiety and separation anxiety in clinically anxious children 
using a story-based task, finding that there was some overlap in the correlations 
between the different anxieties and the non-congruent subscales of the story 
task. However, when they conducted regression analyses where they controlled 
for comorbidity, only the anxiety matching the specific subscale of the stories task 
was a significant predictor. This indicates that different anxieties do show overlap, 
but also that interpretation biases are disorder-specific. Clearly more research 
is needed to test the content-specificity hypothesis in other childhood fears and 
anxieties other than social anxiety while also taking comorbidity into account. 
The current study therefore focused on children with varying levels of social 
anxiety, separation anxiety and spider fear, as these represent three of the most 
prevalent anxieties in childhood, while also controlling for comorbid symptoms in 
the analyses (Essau, Aihara, Petermann, & Al Wiswasi, 2001; Weiss & Last, 2001).

Besides the need to replicate results and elucidate whether content-
specificity is present for multiple, highly prevalent anxiety subtypes in 
childhood, an important extension is to identify variables that moderate whether 
content-specificity of interpretation bias is present. One potentially important 
developmental factor that might moderate the relation between anxiety subtypes 
and the content-specificity of interpretation biases, is age. Indeed, Stuijfzand and 
colleagues (2018) found in their meta-analysis that the relation between anxiety 
and interpretation bias increased in strength as children were older, indicating that 
taking a developmental approach in assessing this relation is needed to establish 
whether targeting negative interpretation biases for specific anxiety subtypes in 
treatment, might be more appropriate for a specific age group.

Unfortunately, most studies of content-specificity in different anxiety 
subtypes have not assessed age as a moderator (Klein et al., 2014; Klein, 
Flokstra, et al., 2018; Klein, Rapee, et al., 2018; Micco, Hirshfeld-Becker, Henin, 
& Ehrenreich-May, 2013). As normative changes in cognitions tend to take place 
in childhood and adolescence, this is surprising. The studies that did assess age 
as a moderator included a broad age range, but were underpowered to assess 
specific developmental patterns for each anxiety subtype (Stuijfzand et al., 2018; 
Waite, Codd, & Creswell, 2015). Waite and colleagues (2015) compared threat 
interpretations between children (aged 7-10) and adolescents (aged 13-16) with 
and without anxiety disorders. They found that anxious adolescents showed more 
threat interpretations than non-anxious adolescents, but that no such difference 
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existed between the non-anxious and anxious younger groups. Furthermore, there 
was no difference between the children and the anxious adolescents in the number 
of threat interpretations they made. This indicates that, even for anxious younger 
children, the number of threat interpretations may not be different from anxious 
adolescents or non-anxious children. Waite and colleagues (2015) speculated about 
a possible explanation: When reaching adolescence, non-anxious children may be 
better able to inhibit the negative interpretations as a result of stabilizing thinking 
styles and a larger body of experiences to derive interpretations from.

However, as also suggested by Stuijfzand and colleagues (2018), another 
possibility is that age interacts with specific anxiety symptom types over the course 
of development. Waite and colleagues (2015) did not assess this possibility because 
of a lack of power. So far, the studies discussed above that have looked at the role of 
age in relation to interpretation bias consist of a meta-analysis that has investigated 
the role of age across studies, but there has only been one empirical study so far 
investigating the role of age. This study, however, excluded ages 10-12 and has 
compared two distinct age groups (Waite et al., 2015). Up to now, there have not 
been any individual empirical studies looking at the possible moderating role of 
age in children aged 7-12. Importantly, research does indicate that children in the 
age of 7-12 years are in a critical developmental period when it comes to cognitive 
functions and as a result, this may influence the development of information 
processing biases (Field & Lester, 2010; Kindt & van den Hout, 2001; Kindt, van 
den Hout, de Jong, & Hoekzema, 2000).

A review into the role of development in relation to information processing 
biases to threat in children (Field & Lester, 2010) suggests that biases already 
occur in early childhood, but that these seem to change as a function of the 
child’s increasing age. Research on attention bias to threat indeed suggests that 
the critical developmental period arises in middle childhood (ages 7-12; Kindt 
& van den Hout, 2001). Kindt and van den Hout (2001) formulated the inhibition 
hypothesis, which suggests that middle childhood is crucial for children to learn 
to inhibit automatic threat processing. They postulate that children who do not 
learn to inhibit automatic threat processing, have a larger chance of developing 
more anxiety symptoms later on. This is in line with research suggesting that 
information processing capacity and executive functioning processes, such 
as inhibition and task switching is rather limited in younger children, but that 
these cognitive functions show rapid improvements from 7 to 11 years (Diamond, 
2002). As these cognitive functions are paramount to be able to regulate emotional 
responses and cognitions associated with emotional responses, it is very likely that 
this age group will already show differentiation of interpretation bias to threat 
from 7 to 12 years old (Flavell, 1985; MacLeod & Mathews, 1991). Unfortunately, the 
review also indicates that this conclusion is mostly based on research of attention 
bias, whereas research into interpretation bias, especially in the age group of 7-12, 
is still scarce (Field & Lester, 2010). Therefore, it is important to investigate the 
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possible moderating role of age for interpretation bias to threat in the ages of 7-12 
years as well. The current study assessed age as a moderator of the relation between 
specific anxiety symptom types (social anxiety, separation anxiety and spider fear) 
and content-specificity of interpretation bias in children in middle childhood.

Furthermore, it is well-known that across all ages, most anxiety subtypes 
are more frequent in girls (Campbell & Rapee, 1994; Rose & Rudolph, 2006). 
Previous research has found that girls chose more negative interpretations in 
social situations, but that there were no differences between boys and girls in 
non-social situations (Gluck, Lynn, Dritschel, & Brown, 2014; Miers, Blöte, Bögels, & 
Westenberg, 2008). Importantly, research has found that gender predicts outcome 
after cognitive behavioural therapy for children with anxiety disorders, such that 
girls tended to have poorer outcomes than boys (Hudson et al., 2013). However, 
another study was not able to replicate this finding (Hudson et al., 2015). Results 
seem to be mixed and it is not clear why gender might be a predictor of treatment 
outcome. Therefore, it is important to further examine whether gender is a 
moderator in important maintaining mechanisms of anxiety, such as a negative 
interpretation bias. Surprisingly, however, gender has not been assessed as a 
moderator of the relation between interpretation bias specificity and anxiety 
subtypes (Stuijfzand et al., 2018). Therefore, the current study also assessed 
gender as a moderator of this relation, to establish whether targeting negative 
interpretation biases related to specific anxiety subtypes in treatment may be more 
appropriate for girls or boys.

The present study had three principle aims. The first aim was to replicate 
the finding found in the meta-analysis by Stuijfzand and colleagues (2018) that 
interpretation bias is content-specific for social anxiety symptoms. Second, we 
tested whether interpretation bias is also content-specific for separation anxiety 
and spider fear (Klein, Flokstra, et al., 2018; Klein, Rapee et al., 2018; Klein et al., 
2014). The third aim was to assess age and gender as moderators of the relation 
between interpretation bias and anxiety. It was hypothesized that interpretation 
bias is content-specific for social anxiety (Stuijfzand et al., 2018), as well as for 
separation anxiety and spider fear (Klein, Flokstra, et al., 2018; Klein, Rapee et al., 
2018; Klein et al., 2014). Furthermore, it was hypothesized that both age and gender 
will moderate the relation between interpretation bias and anxiety. Specifically, 
with regards to age, we expected that the strength of the relation would increase 
with age (Blossom et al., 2013; Stuijfzand et al., 2018). With regard to gender, we 
expected that the relation would be stronger for girls than for boys (Gluck et al., 
2014; Miers et al., 2008).
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Methods

Participants

Children between the ages of 7 and 12 years were recruited from 15 regular 
elementary schools throughout the Netherlands. As the current study was part 
of a larger project focused on assessing emotion processing, social processes and 
childhood anxiety, the children also completed other measures (a full list of all the 
measures can be obtained from the authors). Two other published papers about 
different topics were based on the same participant group (Baartmans et al., 2020; 
Verpaalen et al., 2019). The current study was conducted in 11 of the 15 schools 
among 605 children. The Ethics Committee of the Faculty of Social Sciences of 
Radboud University Nijmegen, the Netherlands, approved this study (ECSW2016-
2811-447R3001).

After the school directors approved data collection at the schools, active 
consent was obtained from the parents. Before the start of the session, children 
could indicate if they wanted to participate, and children aged 12 or older were 
also asked to give active consent. As there were only two 7-year-old children, we 
excluded these children from the analyses in which we assessed age as a moderator. 
However, we included these children for the correlations. The final sample 
consisted of a total of 603 children (312 girls) aged 7-12 (M = 9.79, SD = 1.10). Of these, 
582 were born in the Netherlands and 20 were born outside of the Netherlands. One 
child did not provide an answer to this question.

Materials

Interpretation task
The interpretation task consisted of 15 multiple-choice scenarios, with 5 each 
related to social threat, separation threat, and spider threat (see Table 1 for sample 
scenarios of each category). Each scenario contained 4 short sentences and was 
ambiguous in nature. Children could choose from 4 possible interpretations: a 
positive, neutral, mildly negative or strongly negative interpretation (see Table 1 for 
sample interpretations). The 15 scenarios were selected and adapted from existing 
scenarios (Bögels et al., 2003; Hertel, Brozovich, Joormann, & Gotlib, 2008; Klein, 
Flokstra, et al., 2018; Klein, Rapee et al., 2018; Klein et al., 2014; Muris et al., 2000; 
Schneider, Unnewehr, Florin, & Margraf, 2002; van Niekerk et al., 2018). Children 
were instructed to imagine themselves as being the main character in the situation 
described in the scenario. Scenarios were presented in a fixed order such that the 
first story was a social threat scenario, the second was a separation threat scenario, 
the third was a spider threat scenario and the fourth was a social threat scenario 
again. The endings were randomized per category and per story to ensure that the 
positive, neutral, neutral/negative and negative endings were presented equally 
often as the first, second, third, and fourth option, respectively. Interpretation bias 
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was operationalized as the number of times the children chose the most negative 
interpretation within the category. This resulted in three interpretation bias scores: 
a social threat score (w = .69, CI [.65, .72]), a separation threat score (w = .67, CI [.63, 
.71]) and a spider threat score (w = .73, CI [.70, .77]) with values per threat score 
ranging between 0-3.

Social Anxiety Scale for Children-Revised (SASC-R; La Greca & Stone, 1993).
The SASC-R is a self-report questionnaire consisting of 18 items which measure 
social anxiety symptoms in children. The items are scored on a 5-point Likert 
scale ranging from 0 (not at all) to 4 (always). The SASC-R includes three domains 
pertaining to social anxiety: Fear of negative evaluation, social avoidance and 
distress in new situations, and general social avoidance and distress. Total scores 
were obtained by summing up the scores on the items. Higher scores indicate more 
social anxiety. Construct validity and internal consistency (ranging from α = .69 to 
.86) have been previously reported as acceptable (La Greca & Stone, 1993). Internal 
consistency for the entire scale in the current study was good (w = .91, CI [.90, .92]).

Spence Children’s Anxiety Scale, Child version, Separation Anxiety Subscale (SCAS-C; 
Spence, 1998).
The Dutch version of the separation anxiety subscale of the SCAS-C was used to 
assess separation anxiety in children. The separation anxiety subscale is a self-
report measure and consists of 6 items which are scored on a 4-point Likert scale 
ranging from 0 (never) to 3 (always). A total score was obtained by summing up the 
scores on all items. Higher scores indicate more separation anxiety symptoms. 
Construct validity, internal consistency (α = .70) and test-retest reliability (r = .57) 
have been previously reported as acceptable (Spence, 1998). Internal consistency 
in the current study was also acceptable (w = .72, CI [.68, .75]).

Spider Anxiety and Disgust Screening for Children (SADS-C; Klein, van Niekerk, 
Baartmans, Rinck, & Becker, 2017).
The SADS-C is a four-item self-report questionnaire which assesses the extent to 
which children experience fear, physical arousal, avoidance and disgust regarding 
spiders. Children report on a 5-point Likert scale ranging from 0 (not at all true 
for me) to 4 (very true for me). Scores on the items are summed up to create a total 
score. Higher scores indicate more fear for spiders. Construct validity, internal 
consistency (α = .88) and test-retest reliability (r = .91) have been previously reported 
as satisfactory (Klein et al., 2017). Internal consistency in the current study was 
good (w = .91, CI [.90, .92]).
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Procedure

Children participated in the tasks and questionnaires in their classroom 
environment. Children were seated in such a way that they could not see each 
other’s’ answers. The children first filled out the interpretation task followed by 
the questionnaires. Overall, tasks and questionnaires took approximately 50-60 
minutes to complete. Children received a participation certificate and a small gift 
(worth approx. 1 Euro). The school directors received a school-wide report and 
were additionally offered a workshop on childhood anxiety.

Table 1. Sample scenarios from the interpretation task: A social threat, separation threat, 
and spider threat scenario with the endings.

Scenario Endings
Social threat: ‘’Presentation’’
Today I have to give a presentation about 
my hobby at school. All the kids are sitting 
in their seats. When I am in front of the 
class, I think that …

Positive: I am excited to tell my classmates 
about my hobby.
Neutral: I will also show some pictures.
Moderately negative: I will forget what I wanted 
to say.
Strongly negative: everyone thinks I suck.

Separation threat: ‘’The movies’
Mom and dad will go to the movies 
tonight. They will be home very late. My 
grandmother will watch me. I think that …

Positive: it will be a fun night with grandma.
Neutral: it is an interesting movie.
Mildly negative: I cannot sleep without mom 
and dad.
Strongly negative: something bad will happen 
to mom and dad.

Spider threat: ‘’Cleaning my room’’
Mom wants me to clean my room. Whilst 
I am cleaning, I see something dusty 
beneath my desk. When I try to grab it, 
something tickles my hand. I think that …

Positive: it is the fur from my favourite stuffed 
animal and that I am happy I found it.
Neutral: it is dust.
Mildly negative: it is a spider web and the spider 
might be around somewhere.
Strongly negative: it is a big spider who bites me.

Data Analysis

First, descriptive statistics of the anxiety variables were explored separately for 
each age group and gender. Second, partial correlations between the anxiety 
variables and the threat scores were calculated to explore the relation between 
these variables. Correlations were controlled for age and were examined separately 
for boys and girls. Third, an assumption check was performed for the variables 
that were included in the regression analyses. Visual inspection indicated that 
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both separation anxiety and spider fear were skewed, and they were therefore 
transformed to approximate normality. Separation anxiety was log-transformed, 
skewness = 1.31 (SE = 0.10), kurtosis = 2.29 (SE = 0.20). Spider fear was square root 
transformed, skewness = -0.31 (SE = 0.10), kurtosis = -1.13 (SE = 0.20). Social anxiety 
was approximately normally distributed, skewness = 0.66 (SE = 0.10), kurtosis = 0.14 
(SE = 0.20). There was no evidence for multicollinearity between the predictors in 
any of the regression analyses (VIF < 2; r ’s < .60).

Next, to test the hypothesis that interpretation bias is content-specific, three 
hierarchical regression analyses were conducted. The first hierarchical regression 
included social anxiety level as the criterion. In the first step, gender, separation 
anxiety level, and spider anxiety level were added to control for these variables. 
In the second step, interpretation bias scores for social threat, separation threat, 
and spider threat scenarios were added as predictors, to test if these biases would 
predict variance in the social anxiety level over and above the variance predicted 
by the predictors in the first step. The second and third hierarchical regression 
analyses included separation anxiety level and spider fear level as the criteria, 
respectively. The predictors in the first steps were equal for both regression 
analyses, except for the addition of the anxiety levels: The regression analysis 
with separation anxiety as the criterion included spider fear and social anxiety 
as predictors in the first step, and the regression analysis with spider fear as the 
criterion included social anxiety and separation anxiety as predictors in the first 
step. However, in the first step of the regression analysis with separation anxiety 
as the criterion, age was added to control for this variable as a one-way ANOVA 
showed significant differences between children of different ages (8/9/10/11/12) 
for separation anxiety symptoms (see below for statistics). The second steps were 
identical to the first regression analysis.

Finally, to test the hypothesis that gender and age would moderate the 
relation between interpretation bias and anxiety, we performed three moderation 
analyses in PROCESS (Hayes, 2013). The first moderation analysis included social 
anxiety as the outcome variable, the threat score for social anxiety as the predictor 
and gender and age as moderators. We included age in months instead of years 
in all the moderation analyses in order to measure age more precisely. The 
second moderation analysis included separation anxiety as the outcome variable, 
the threat score for separation anxiety as the predictor and gender and age as 
moderators. The third moderation analysis included spider fear as the outcome 
variable, the threat score for spider fear as the predictor and gender and age as 
moderators. All moderation analyses used bias-corrected 95%-confidence intervals 
using bootstrapping with 5000 resamples (model 4) (Hayes, 2013).
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Results

Descriptives

Self-reported anxiety symptoms. Table 2 shows the means and standard deviations for 
self-reported social anxiety, separation anxiety and spider fear. To give an indication 
of the relevance of the reported anxiety symptoms, 15.5% of the children scored 
above the clinical cut-off for social anxiety symptoms (La Greca & Stone, 1993), 37.4% 
scored above the mean score of the separation anxiety subscale (Spence, 1998), and 
27.9% of the children scored above the mean score of the spider fear symptoms 
(Klein et al., 2017). A one-way analysis of variance (ANOVA) revealed a significant 
difference between boys and girls on self-reported social anxiety, F(1,599) = 34.76, p 
< .001, separation anxiety, F(1,599) = 36.29, p < .001, and spider fear, F(1,597) = 123.54, 
p < .001. As is often found in the literature (e.g., Bodden, Bögels, & Muris, 2009), 
girls scored higher than boys on all three anxiety variables: On social anxiety, girls 
(M = 2.21, SD = 0.65) scored higher than boys (M = 1.90, SD = 0.65), on separation 
anxiety5, girls (M = 0.64, SD = 0.49) scored higher than boys (M = 0.42, SD = 0.40), 
and girls (M = 2.06, SD = 1.28) scored higher than boys (M = 0.96, SD = 1.07) on spider 
fear as well. We therefore controlled for gender in all analyses. Another one-way 
ANOVA showed a significant difference between ages (8/9/10/11/12), but only for 
separation anxiety, F(4,599) = 7.84, p < .001. Holm-Bonferroni-corrected post-hoc 
tests indicated that younger children (aged 8-9) were significantly different from 
older children (10-12): Younger children scored higher on separation anxiety than 
older children (see Table 2 for the means). We therefore only controlled for age in 
analyses where separation anxiety was used as the dependent variable.

Table 2. Means and standard deviations for social anxiety, separation anxiety and spider 
fear, separately for age group and gender.

Social anxiety Separation anxiety Spider fear
Age Gender M (SD) M (SD) M (SD)
8 Boys 2.13 (0.77) 0.63 (0.66) 1.04 (1.00)

Girls 2.28 (0.69) 0.73 (0.49) 2.03 (1.29)
9 Boys 1.98 (0.66) 0.47 (0.37) 0.86 (0.97)

Girls 2.24 (0.63) 0.78 (0.60) 2.17 (1.19)
10 Boys 1.88 (0.65) 0.42 (0.38) 0.93 (1.20)

Girls 2.11 (0.62) 0.56 (0.40) 1.89 (1.28)
11 Boys 1.68 (0.49) 0.35 (0.33) 1.11 (1.10)

Girls 2.26 (0.72) 0.54 (0.37) 2.17 (1.36)
12 Boys 1.80 (0.67) 0.20 (0.21) 1.04 (0.99)

Girls 2.25 (0.57) 0.45 (0.25) 2.02 (1.42)

5 Non-transformed means and standard deviations for separation anxiety and spider fear are given 
here, for ease of interpretation.
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Threat interpretations. For the social threat scenarios, overall, most 
children chose the positive interpretations (M = 2.24, SD = 1.33), then the neutral 
interpretations (M = 1.29, SD = 0.97), then the mildly negative interpretations 
(M = 0.91, SD = 0.83), and finally the strongly negative interpretations (M = 0.54, 
SD = 0.93). For the separation threat scenarios, overall, most children again 
chose the positive interpretations (M = 2.95, SD = 1.00), then the mildly negative 
interpretations (M = 0.96, SD = 0.96), then the neutral interpretations (M = 0.84, 
SD = 0.77), and finally the strongly negative interpretations (M = 0.23, SD = 0.57). For 
the spider threat scenarios, overall, most children chose the neutral interpretations 
(M = 2.09, SD = 1.37), then, the mildly negative interpretations (M = 1.44, SD = 1.44), 
then the positive interpretations (M = 1.17, SD = 1.12), and finally the strongly 
negative interpretations (M = 0.27, SD = 0.71).

Partial correlations between the anxiety variables and the threat scores, 
separately for boys and girls and controlled for age, are displayed in Table 3. In 
general, all three biases scores were significantly and positively correlated with 
all corresponding and non-corresponding anxiety variables.

Table 3. Partial correlations for the anxiety scores and the threat scores separately for boys 
and girls, controlled for age.

1. 2. 3. 4. 5.
Boys
1. Social anxiety
2. Separation anxiety .56***

3. Spider fear .34*** .31***

4. SA-threat score1 .40*** .22*** .16**

5. SEP-threat score2 .30*** .43*** .21*** .42***

6. SPID-threat score3 .33*** .20** .46*** .37*** .37***

Girls
1. Social anxiety
2. Separation anxiety .47***

3. Spider fear .22*** .28***

4. SA-threat score .50*** .25*** .11*

5. SEP-threat score .31*** .45*** .16** .36***

6. SPID-threat score .21*** .18*** .53*** .34*** .16**

Note. 1 SA = Social Anxiety; 2 SEP = Separation anxiety; 3 SPID = Spider fear.
* p < .05; ** p < .01; *** p < .001.
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Regression Analyses

In order to test the content-specificity hypothesis for the three anxiety subtypes, 
three two-step hierarchical regression analyses were conducted. For social anxiety, 
the first model including gender, separation anxiety and spider fear, explained 31% 
of the total variance in social anxiety, F(3,594) = 88.75, p < .001. Introducing the 
threat scores into the second model explained an additional 8% (F(6,591) = 62.37, p < 
.001), and this change in R2 was significant (p < .001). However, only the social threat 
score made a significant contribution to the model, β = .30, p < .001 (see Table 4 for 
all coefficients). Thus, only the social threat interpretation bias, but not separation 
anxiety bias or spider fear bias, made a significant contribution to predicting social 
anxiety symptoms, over and above other anxiety symptoms and gender.

For separation anxiety, the first model including gender, age, social anxiety 
and spider fear, explained 35% of the total variance, F(4,586) = 80.59, p < .001. 
Introducing the threat scores into the second model explained an additional 2% 
(F(7,583) = 48.59, p < .001), and this change in R2 was significant, p = .006. However, 
only the separation threat score made a significant contribution (β = .09, p = .01) in 
predicting separation anxiety symptoms over and above the other anxiety symptoms, 
gender and age, whereas the threat scores for social anxiety and spider fear did not.

For spider fear, the first model including gender, social anxiety and separation 
anxiety, explained 24% of the variance, F(3,594) = 63.19, p < .001. Introducing the 
threat scores into the second model explained an additional 3% of the variance 
(F(6,591) = 37.10, p < .001), and this change in R2 was significant, p < .001. Again, only 
the spider threat score made a significant contribution to the model, β = .19, p < .001. 
It predicted spider fear over and above other anxiety symptoms and gender, whereas 
the threat scores for social anxiety and separation anxiety did not.

Moderation Analyses

As the specific threat scores were the only significant predictors in the final models 
of the regression analyses, the three moderation models were tested with only the 
specific threat scores as independent variables pertaining to the specific anxiety 
variables as the dependent variables. We conducted three separate moderation 
analyses with social anxiety, separation anxiety, and spider fear as the outcome 
variable, respectively. In each of the moderation analyses, the threat score pertaining 
to that specific anxiety subtype was included as the independent variable, and gender 
and age were added as moderators. For the social anxiety model, we did not find a 
significant moderating effect of either age (B = .00, p = .948) or gender (B = -.01, p = .862). 
Similarly, for the separation anxiety model, we did not find a significant moderating 
effect of age (B = -.00, p = .176) or gender (B = .00, p = .913). Finally, for the spider fear 
model, we did not find significant moderating effects of age (B = .00, p = .122) or gender 
(B = -.03, p = .630) either. Thus, for all anxiety subtypes, the predictive power of the 
corresponding content-specific anxiety threat score did not depend on gender or age.
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Discussion

The main aim of this study was to assess whether there are content-specific negative 
interpretation biases in children varying in social anxiety, separation anxiety and 
spider fear. Another aim was to assess whether gender and age are moderators 
of this relation. As expected, we found that children with higher scores on social 
anxiety, separation anxiety or spider fear displayed a negative interpretation bias 
only for the threat-scenarios pertaining to their specific anxiety or fear, even 
after controlling for comorbidity with other anxiety subtypes. Contrary to our 
hypotheses, neither age nor gender moderated the relation between the specific 
threat scores and the types of anxieties.

The results of the current study add to the growing body of evidence 
suggesting that anxious children have a negative interpretation bias specifically for 
threat-related scenarios that reflect the content of their anxiety or fear (Beck, 1976; 
Bögels et al., 2003; Schniering & Rapee, 2004; Stuijfzand et al., 2018). The results 
also confirm the same findings found in adults (Blanchette & Richards, 2010). The 
results replicate the consistent finding that children with higher scores on social 
anxiety display a negative interpretation bias specifically for social threat scenarios 
(Stuijfzand et al., 2018). Furthermore, these results confirm earlier studies that have 
indicated content-specificity of a negative interpretation bias for separation anxiety 
(Bögels et al., 2003; Klein, Rapee, et al., 2018) and spider fear (Klein, Flokstra, et al., 
2018; Klein et al., 2014). These results indicate that overactive cognitive schemas are 
not focused on threat in general, but that these schemas seem to surround specific 
threat information. This in turn may make children more sensitive to perceiving 
threat specific to their anxiety symptoms (Beck, 1976; Kendall, 1985).

However, contrary to our expectations, our results do not suggest that age 
would moderate the relations between social anxiety, separation anxiety, and 
spider fear with their specific interpretation biases. Instead, the results suggest 
that the associations between content-specific negative interpretation biases and 
their corresponding anxieties do not change over the course of development in 
this age group. At first, this result seems to contradict earlier findings that older 
children tend to endorse more threat-biased interpretations than younger children 
(Blossom et al., 2013; Stuijfzand et al., 2018; Waite et al., 2015). However, it is difficult 
to compare our results to previous ones because the present study is the first to 
specifically address the moderating role of age with regard to the content-specificity 
of interpretation biases, rather than threat biases in general. Future research 
should aim to replicate our results to be able to draw stronger conclusions.

A possible explanation for the absence of a moderation by age could be 
that the current study included a more restricted age range (8-12) than previous 
studies which did find a moderating effect of age on the relation between 
interpretation bias and anxiety. For example, Waite and colleagues (2015) included 
two age groups (7-10 and 13-16), and the meta-analysis by Stuijfzand and colleagues 
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(2018) encompassed an even broader age range (2-22 years). It could be that a 
developmental pattern would be revealed when adolescents above 12 years old or 
below 8 were included. It might even be the case that developmental patterns are 
only present for different developmental phases (early childhood versus middle 
childhood versus adolescence) and that within these developmental phases, there 
are no developmental patterns, as was previously suggested by Waite and colleagues 
(2015). We decided to choose children in middle childhood because most of the 
anxiety subtypes are surfacing in middle childhood, because this age group already 
shows a differential association between age and other information processing 
biases (Kindt et al., 2000; Weiss & Last, 2001) and because there are important 
cognitive developments in this age group (Diamond, 2002; Flavell, 1985; MacLeod 
& Mathews, 1991). However, the transition from middle childhood to adolescence 
marks an additional important change in developmental periods characterised 
by socio-emotional changes (Cicchetti & Rogosch, 2002). This change might be 
especially relevant for the lack of an age effect for social anxiety symptoms, as 
social anxiety symptoms usually tend to increase in adolescence rather than in 
the age group studied here (Albano & Detweiler, 2001; Beidel, 1998). As this was 
the first empirical study with the aim to assess specific developmental patterns of 
content-specific interpretation biases, due to practical reasons, including a large 
child community sample with varying levels of anxiety was the only way to assess 
these developmental patterns with sufficient statistical power. However, future 
research should include a sample with a broader age range to explore whether 
developmental patterns only become relevant when a shift between developmental 
phases occurs.

Contrary to our expectations, our study did not yield any evidence of a 
moderating effect of gender on the relations between social anxiety, separation 
anxiety, and spider fear with their specific interpretation biases. Moreover, 
in contrast to previous studies, we did not find girls to endorse more threat 
interpretations for social threat situations than boys (Gluck et al., 2014; Miers 
et al., 2008). A possible explanation for these findings is that the current study 
included a younger age group (8-12) compared to previous studies, which focused on 
adolescents (12-16) (Gluck et al., 2014; Miers et al., 2008). Furthermore, these studies 
only found a difference between boys and girls in social threat scenarios and not 
in non-social threat scenarios. It is possible that gender differences in these social 
threat scenarios only start to surface in adolescence, as adolescent girls have been 
found to report more feelings of concern with regards to social inadequacy, when 
compared to boys in that age group (Gluck et al., 2014; Miers et al., 2008).

This study has some important strengths worth mentioning. The inclusion 
of a large sample enabled us to examine specific developmental patterns for 
specific anxiety subtypes, and their relations with the corresponding negative 
interpretation biases. Furthermore, this study was the first to examine the role of 
gender in the relation between specific anxiety subtypes and their corresponding 
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negative interpretation biases. Importantly, this study included three of the most 
prevalent childhood anxiety subtypes and was the first to take comorbidity of other 
anxiety subtypes into account when examining the content-specificity of negative 
interpretation biases for specific anxieties and fears.

Some limitations of the current study should also be mentioned. First, as this 
was the first empirical study to assess specific developmental patterns of content-
specific interpretation biases, we needed a large sample to be able to address 
moderating effects. We therefore included a community sample of children with 
varying levels of anxiety symptoms. Future research should proceed to assess the 
developmental patterns of content-specificity in a clinically anxious sample to be 
able to assess whether the current results can be generalized to clinically anxious 
children. Although research has shown that the effect size for the relation between 
interpretation bias and anxiety is robust across clinical and non-clinical samples 
(Stuijfzand et al., 2018), this replication is necessary because there is also research 
that has indicated that there may be differences between anxious and non-anxious 
young people when it comes to perceptions and sensitivity to threat (Waite et al., 
2015). In addition, it might be particularly important to compare developmental 
patterns of content-specificity between children in different developmental phases 
(Waite et al., 2015).

Second, for child anxiety levels, we relied solely on self-report. Research has 
found that in this age group, there is more discrepancy between parent- and child-
report of anxiety symptoms (Achenbach, McConaughy, & Howell, 1987; De Los 
Reyes & Kazdin, 2004). Therefore, we might have missed some children with high 
anxiety levels who did not report these symptoms themselves. Additionally, other 
parental variables were not included in the current study. Importantly, research 
has indicated that parental mental health is an important predictor of child anxiety 
and the associated interpretation bias (Creswell, Shildrick, & Field, 2011). Future 
research should examine parental mental health as an additional variable in the 
relation between content-specific interpretation bias and anxiety. Third, although 
the current results indicate content-specificity of negative interpretation biases, 
the additional amount of explained variance in anxiety symptoms by means of 
the specific threat scores was small. It might be the case that the specific threat 
scores explain less variance in an unselected community sample with children 
varying in levels of anxiety and fear, compared to clinically anxious children. 
Indeed, Klein, Rapee and colleagues (2018) found a larger amount of explained 
variance by content-specific threat scores of separation anxiety and social anxiety 
in a group of clinically anxious children. Furthermore, the small amount of 
additionally explained variance for negative interpretation bias when predicting 
anxiety symptoms is in line with previous research in children varying in levels 
of anxiety (Klein, Flokstra, et al., 2018; Klein et al., 2014).

Fourth, although this study included three of the most prevalent childhood 
anxiety disorders, the content-specificity hypothesis and the possible moderating 
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role of age and gender should also be examined in other anxiety disorders. Due 
to constraints on time and resources, we were not able to assess whether other 
highly prevalent anxieties are related to content-specific interpretation biases. For 
example, GAD is prevalent in youth already (Costello et al., 2004), and it would be 
interesting to assess whether an anxiety disorder characterized by multiple worry 
topics and general worry (APA, 2013a) would show a content-specific interpretation 
bias as well. Previous studies found mixed results for GAD (Bögels et al., 2003; 
Klein, Bakens, et al., 2018), with some studies reporting a lack of content-specificity 
for threat-related bias in GAD (Bögels et al., 2003), and others finding some 
preliminary evidence for a content-specific interpretation bias in children varying 
in their levels of GAD (Klein, Bakens et al., 2018). Future research should therefore 
examine whether the evidence for content-specificity will hold for different anxiety 
disorders, including GAD.

Fifth, the stories in the interpretation bias task were not presented in a 
random order due to practical constraints on the data collection in the classroom: 
The stories were read aloud by a researcher, to ensure that all children finished all 
stories and that the slower-reading children could also finish in time. Presenting 
these stories in a non-randomized manner might have biased the results due 
to order effects (Siminski, 2008). However, because children could read the 
endings themselves, we were able to randomize the ending for the stories in the 
interpretation task per story and per category to minimize this potential bias.

Lastly, and related to the previous point, we were only able to control for 
the anxiety subtypes that were included in the current study, but not for other 
anxiety subtypes that might have played a role, such as GAD. Comorbidity of 
anxiety symptoms is high, even in sub-clinically anxious children (Costello et al., 
2004), and GAD specifically is highly comorbid with the anxiety subtypes we have 
examined in the current study. It is possible that comorbidity has obscured larger 
predictive effects of threat scores on anxiety subtypes. Therefore, future research 
should include other anxiety subtypes to be able to control for comorbidity between 
anxiety symptoms.

In conclusion, the results of this study provide support for the existence of 
content-specific interpretation biases in social anxiety, separation anxiety and 
spider fear, found in a community sample with varying levels of these anxieties 
and fears. Specific fear- and anxiety-related interpretations are already present 
in children aged 8 and do not seem to change substantially over the course of 
development into early adolescence. Moreover, they do not seem to differ 
significantly between boys and girls of a community sample either. Content-specific 
negative interpretation biases for specific anxiety symptoms have been implicated 
in the maintenance of anxiety disorders. Therefore, more research is needed. This 
research should include other anxieties and fears such as GAD, it should address a 
broader age range, and the results should be replicated in clinical samples. If the 
current results hold up under these circumstances, this indicates that targeting 
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negative interpretation bias is expected to be more efficacious when it is tailored 
to the specific anxiety disorder at hand. This in turn may lead to a reduction of 
anxiety symptoms, in line with cognitive models of anxiety disorders (Beck, 1976; 
Beck & Clark, 1997; Beck et al., 2005; Kendall, 1985; Klein, 2016), and in line with 
previous research on disorder-specific anxiety treatment in adolescents and adults 
(Bögels et al., 2003; Rapee et al., 2009). Importantly, if the current results hold, this 
would also indicate that targeting specific interpretation biases is expected to be 
efficacious for all age groups, and for boys and girls equally.

Summary

To sum up, the current study found that children between 7 and 12 years of age who 
report higher levels of social anxiety, separation anxiety or spider fear displayed 
a negative interpretation bias only for the threat-scenarios pertaining to their 
specific anxiety or fear, even after controlling for comorbidity with other anxiety 
subtypes. Neither age nor gender moderated the relation between the specific 
threat scores and the types of anxieties. These results might have important 
implications for the treatment of childhood anxiety disorders: They suggest that 
treatment strategies that more effectively target the specific cognitive content of the 
negative interpretation bias per specific anxiety disorder might be more effective. 
Further studies replicating the current results in a clinically anxious sample, in a 
broader age range (e.g., 7-18 years old) and in other anxiety subtypes, are highly 
recommended to generalize these findings.
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Abstract

To draw valid and reliable conclusions from child studies involving facial 
expressions, well-controlled and validated (child) facial stimuli are necessary. The 
current study is the first to validate facial emotional expressions of child models in 
school-aged children. In this study, we validated the Radboud Faces Database child 
models (RaFD-C) in a large sample of children (N = 547; 256 boys) aged between 8 
and 12. In addition, associated validation measures as valence, clarity, and model 
attractiveness were examined. Overall, the results indicated that children were able 
to accurately identify the emotional expressions on the child faces in approximately 
70% of the cases. The highest accuracy rates were found for ‘happiness’, whereas 
‘contempt’ received the lowest accuracy scores. Children confused the emotions 
‘fear’ and ‘surprise’, and the emotions ‘contempt’ and ‘neutral’ with one another. 
Ratings of all facial stimuli are available (https://osf.io/7srgw/) and can be used to 
select appropriate stimuli to investigate processing of children’s facial emotional 
expressions.
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Introduction

Facial Emotion Recognition (FER) plays an important role in day-to-day social 
interactions: Facial expressions convey crucial information on the thoughts 
and feelings of an individual, which is necessary for successful communication 
between humans (Leppänen & Hietanen, 2001). The ability to differentiate between 
facial expressions develops between infancy and early adulthood (Lawrence, 
Campbell, & Skuse, 2015). Child development researchers, therefore, highlight 
the importance of FER in the emotional development of children, and they often 
employ facial stimuli in their studies (e.g., Chronaki, Hadwin, Garner, Maurage, 
& Sonuga- Barke, 2014; Lawrence et al., 2015). However, almost all studies have 
included adult facial expressions when examining FER in children. This may make 
sense since children could be more competent in evaluating adult faces, based on 
their dependency on adults for their basics needs. However, solely including adult 
faces is problematic because of the repeated finding that children perceive and 
recognize emotional expressions from adults differently compared to emotional 
expressions from same-aged peers (e.g., Hills & Lewis, 2011; Rhodes & Anastasi, 
2012). Moreover, from the age of six, most children will spend more time with peers 
outside their family (Rubin, Bukowski, & Laursen, 2011). During early adolescence, 
the importance of the peer group increases even further (Lansford, Killeya-Jones, 
Miller, & Costanzo, 2009). Therefore, using adult stimuli in child studies might 
lead to inaccurate representations of FER in children. Fortunately, there are a 
few studies that included child facial stimuli to study emotional development 
in children, however, these stimuli were mostly only validated by adults (e.g., 
Dalrymple, Garrido, Duchaine, 2014; Marusak, Carré, & Thomason, 2013). To draw 
valid and reliable conclusions from studies involving facial expression paradigms 
in children, researchers need access to well-controlled and validated child facial 
stimuli that were validated by children. Therefore, the aim of the present study 
was to validate a child face database by children.

Currently, the authors are aware of the existence of five child face databases, 
including the NIMH Children Emotional Faces Picture Set (NIMH-ChEFS; Egger 
et al., 2011), the Dartmouth Database of Children’s faces (Dalrymple, Gomez, & 
Duchaine, 2013), the Child Affective Facial Expression set (CAFE; LoBue & Thrasher, 
2015), the Child Emotion Picture Set (CEPS; Romani-Sponchiado, Sanvicente-Vieira, 
Mottin, Hertzog-Fonini, & Arteche, 2015), and the Radboud Faces Database (RaFD; 
Langner et al., 2010). Of these databases, the only child face database that has 
been validated by both adults (e.g., LoBue & Trasher, 2015) and (pre-school aged) 
children is the CAFE set (LoBue, Baker, & Trasher, 2018). They found that adults 
differ in recognition accuracy from preschoolers, with preschoolers still being able 
to recognize facial expressions above chance level. Thereby, this study suggested 
that the faces of the CAFE set could be applied to child research. However, this 
database was only validated in children aged between 3 and 4 years old, covering 
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only a small target group in child research. This is problematic because child FER 
research is largely focused on school-aged children who are thought to have better 
FER abilities than pre-school children (e.g., Chronaki et al., 2014). Therefore, the 
current study focused on validating a child faces database, namely the RaFD, in 
8-to-12-year-old children.

The RaFD (Langner et al., 2010) is a freely available database in which specific 
image characteristics are systematically varied, including eight different facial 
expressions. It consists of an adult part, with Caucasian and Moroccan models, and 
a child part. The Radboud Faces Database child models (RaFD-C) consists of 1200 
pictures of four boys and six girls, all of them Caucasian (10 models x 8 emotions 
x 3 gaze directions x 5 camera angles). The models were trained to express the 
emotions ‘happiness’, ‘sadness’, ‘fear’, ‘surprise’, ‘disgust’, ‘anger’, ‘contempt’, and 
a ‘neutral’ facial expression, according to the Facial Action Coding System (FACS; 
Ekman, Frieser, & Hager, 2002, see Langner et al. (2010) for the procedure). The 
RaFD extends other databases, like FACES and KDEF, by including the emotion 
contempt. Although findings with regard to contempt are less clear and received 
less attention in research so far, this emotion continues to raise scientific interest 
in (child FER) research (e.g., Chaplin & Aldao, 2013; Fischer & Giner-Sorolla, 2016). 
Moreover, the pictures are highly standardized in that models do not wear glasses 
or make-up, or have facial hair. Langner and colleagues (2010) concluded that 
the RaFD can be considered an adequate tool for research using facial stimuli. 
Specifically, adult participants could accurately identify the expressed emotions 
in 82% of the cases, for both child and adult faces. For the child faces, the authors 
found that adult participants best recognized the emotion ‘happiness’, followed 
by ‘surprise’, whereas ‘contempt’ was recognized worst. Additionally, recent 
research showed that school-aged children could accurately recognize 72% of the 
adult expressions (Verpaalen et al., 2019), but the child expressions have not been 
evaluated by children yet. The highly standardized features and qualities of the 
RaFD, together with its popularity (more than 1100 citations since its availability; 
Rothermund & Koole, 2018) emphasize the value of choosing the RaFD-C as a 
nominee for validation by children as well.

The aim of the present study was to validate the RaFD-C in a large sample of 
school-aged children (aged 8-12). As the primary validation measure, we assessed 
the degree of agreement between the intended and chosen emotions. Overall, we 
expected the children to accurately recognize the expressed emotions, such that the 
agreement rate between the intended expressed emotion and the emotion chosen 
by the children would be above chance level. The chance level, for this specific 
choice task with nine (answer) options, is 11%. Hereafter, this agreement will be 
referred to as accuracy, to indicate how accurately children identified the displayed 
facial emotion expressions. Particularly, we expected that the emotion ‘happiness’ 
would be recognized best compared to all other emotions, and ‘contempt’ worst 
(Langner et al., 2010; Lawrence et al., 2015; LoBue et al., 2018). Finally, in order to 
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assess the quality of the database and to provide researchers with overall ratings 
of the models, associated validation measures (model attractiveness, clarity and 
valence of the expressed emotions) were examined (following Langner et al., 
2010). Since clarity reflects whether an emotion is expressed well, and valence best 
represents the emotional experience of the emotion (Shuman, Sander, & Scherer, 
2013), these stimulus features will support researchers in their stimulus selection.

Methods

Participants

A total of 547 children (256 boys) aged between 8 and 12 years (M = 9.9, SD = 1.2) 
participated in the study. Children were recruited via nine elementary schools, 
representing both urban and rural regions of The Netherlands.6 Schools were 
recruited via the personal networks of the involved authors, and were selected 
based on their availability to participate in the study. The schools received an 
information letter about the study and received a phone call afterwards to provide 
the principal and participating teachers the opportunity to ask questions about the 
study. If the school agreed to participate, an informed consent form was signed. The 
researchers supplied the schools with information letters and informed consent 
forms for parents and the children. Children were asked to indicate if they wanted 
to participate at the beginning of the session. Both parents and children of at least 
12 years old were asked to sign active informed consent. The study was approved 
by the Ethics Committee of the Faculty of Social Sciences of Radboud University, 
the Netherlands.

Materials

Radboud Faces Database Child validation task (RaFD-C; Langner et al., 2010). 
The RaFD-C includes pictures of 10 different Caucasian (i.e., ‘white coloured 
skin’) Dutch children (four male and six female models) who vary in hair and eye 
colour. Each child displays eight different emotions (anger, contempt, disgust, fear, 
happiness, neutrality, sadness, surprise; see also Langner et al., 2010). The included 
child models are aged between 7 and 12 years, with the age of one child model being 
unknown. For the current study, 80 straight-gaze, frontal (90°) camera, pictures of 

6 Student populations of Dutch non-private elementary schools have mixed socioeconomic 
characteristics and a Caucasian ethnic majority (CBS, 2019). Therefore, we can assume that the 
included schools in the current study represented varied socioeconomic characteristics similar to 
other Dutch elementary schools. However, not all children from a class participated in the study. 
Generally, the reason for refusal to participate was decided by the researcher on site as this was 
mostly due to parents forgetting to hand in the informed consent form within due time. Overall, 
approximately 121 (22.2%) of the children were in the third grade, 145 (26.7%) in the fourth grade, 
128 (23.5%) in the fifth grade, and 150 (27.6%) in the sixth grade.
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the children were used. To not burden the participants too much, each child rated 
only a subset of the pictures. In total, ten versions of a slideshow were created, 
containing a subset of the RAFD-C pictures with the constraint that each child 
model was included in four different slideshow versions. The first block of each 
slideshow started with 10 pictures of child models displaying a ‘neutral’ expression. 
In order to rate the attractiveness of the models and to familiarize the children 
with the procedure, they were asked to indicate for each of the 10 ‘neutral’ faces: 
‘How attractive do you find this child?’ (5-point Likert scale [1: not at all - 5: very 
attractive]).

During the second block, a subset of 32 pictures was presented, in which 
four different models expressed each of the eight emotions in a randomized order. 
The expression rating was forced-choice based. Children were instructed to 
answer three questions per picture: (1) ‘Which emotion does this person express?’ 
(happiness, anger, fear, sadness, surprise, disgust, neutral, contempt, other); (2) 
‘How clear do you find this emotion?’ (5-point Likert scale [1: not at all - 5: very 
clear]); (3) ‘How positive do you find this emotion?’ (5-point Likert scale [1: not at 
all - 5: very positive]).

Procedure

The study was conducted at the participating schools during school hours in 
the children’s regular classroom environment. The task and questionnaires 
were completed using pen and paper under close supervision. Before receiving 
instructions, the children were reminded about their right to stop at any time 
and/or to ask questions. Researchers provided the children with the definitions 
of the emotions, as well as the specific questions and answering scales that were 
used. If necessary, the explanations were repeated, also during the tasks. Children 
were randomly assigned to one of the ten slideshow versions, based on the date of 
testing. All children in one classroom received the same version. Children were 
seated so that they were able to clearly see the RaFD-C pictures, presented on a big 
screen in front of the class, and could not see each other’s answers. The pictures 
were presented one by one, with four blocks of eight pictures. Each picture was 
presented until the last child finished all three corresponding questions in the 
paper booklet. The order of the choice options for the expressed emotions was 
kept constant.

The current study was part of a larger project on childhood anxiety. As a 
result, children also completed other questionnaires and tasks (see Baartmans 
et al., 2018; Klein et al., 2018). The completion of the RaFD-C validation task took 
approximately 30-45 minutes and the total testing time was approximately 60 
minutes.
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Data Preparation and Analyses

Calculations of accuracy rates, unbiased hit rates, and arcsin-transformed scores. 
First, raw hit rates were calculated separately for each emotion category. Raw hit 
rates are mean percentages of correct responses, and indicate to which degree 
the chosen emotion is in agreement with the intended emotional expression. A 
formula developed by Wagner (1993) was used to create unbiased hit rates for 
tasks that use multiple choice answer formats in FER tasks (see also Elfenbein 
& Ambady, 2002). This formula corrects for possible answer habits, for example, 
if participants answer with one specific emotion category for all expressions. In 
line with Langner and colleagues (2010), the unbiased hit rates were calculated 
in two steps: First, a choice matrix was created with chosen emotion expressions 
as columns and intended emotional expressions as rows. Second, the number of 
ratings in each cell was squared and divided by the product of the corresponding 
row and column marginal values (Wagner, 1993). Finally, to correct for skewed 
variances of decimal fractions obtained from counts (Fernandez, 1992), unbiased 
hit rates were calculated and arcsin-transformed (recommended by Bromiley & 
Tacker, 2002; Bishara & Hittner, 2012; Winer, 1971). Arcsin-transformations are 
commonly used for proportional data (Bishara & Hittner, 2012), and they are a 
commonly applied ‘variance stabilizing transformers’ for binominal distributions, 
especially with a large sample size (Bromiley & Tacker, 2002, p.4).

Unusual response patterns. Next, the data were checked for unusual response 
patterns. Specifically, we checked if participants answered with a single emotion 
category, which cannot be corrected for by the used formula to correct for possible 
answer habits. None of the participants showed such an unusual response pattern.

Missing data. In total, 54 children did not report their age and/or gender. In 
the validation task, at item level, 148 data points were missing (0.8% of the data 
points), 127 (0.7%) clarity ratings were missing, as were 190 (1.1%) data points in 
the positivity ratings. Only one subject was missing entirely. The answers of the 
participants were scored as correct (1) or incorrect (0). In total, each participant 
rated 80 pictures; every emotion (expressed by a different model) was shown four 
times. If the participant rated all four expressions of a specific emotion correctly, 
the unbiased score was 1.00 (4/4; based on the formula developed described in the 
data preparation section and recommended by Bromiley & Tacker, 2002; Bishara 
& Hittner, 2012; Wagner, 1993; Winer, 1971). If there was a missing value, and the 
participant therefore rated a specific emotion only three times, this was taken 
into account while computing the unbiased score for that emotion. In this case, 
the maximum score for the participant was 0.75 (if all three were correct), i.e., 
the missing data point was treated as an incorrect response. The data used for the 
final analyses (i.e., arcsine transformed scores) did not have missing data points.

Analyses. To examine the overall accuracy across the different emotions, 
repeated-measures ANOVAs were computed in SPSS 21 (IBM Corp, 2012). Separate 
ANOVAs were computed for clarity and valence with emotion (happiness, surprise, 
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neutral, sadness, anger, disgust, fear and contempt) as within-subject factor. Intraclass 
Correlation Coefficients (ICCs) were calculated to determine the interrater reliability 
between the children’s accuracy rates on valence, clarity, and model attractiveness.

Results

Accuracy Rates of The Expressed Emotions

Table 1 presents an overview of the means and standard deviations of all accuracy 
measures (i.e., raw hit rates, unbiased hit rates, arcsin-transformed hit rates) 
separately for each expression.7 For an overview of all choice rates and significant 
differences from chance level, see Table 2. To assess accuracy, a repeated-measures 
ANOVA was computed on the arcsin-transformed unbiased hit rates with Emotion 
(happiness, surprise, neutral, sadness, anger, disgust, fear and contempt) as within-
subject factor. As the assumption of sphericity was violated, χ2(27, N = 547) = 186.62, 
p < .001, the Huynh-Feldt correction was applied.8 The repeated-measures ANOVA 
yielded a significant within-subject effect of emotion, F(6.40, 3496.23) = 234.10, 
p < .001, η²p = .30, suggesting that particular emotions were significantly better 
recognized than others.9 To test which specific emotions were better recognized 
than others, we calculated associated deviation contrasts from the grand mean 
accuracy rate (Mgrand = .75). Taking the high number of ratings per emotion into 
account, only contrasts with an effect size of η²p ≥ .10 are reported (in line with 
Langner et al., 2010). ‘Happiness’ was better recognized (M = 1.29) than the grand 
mean accuracy rate between all intended and chosen emotions, F(1,546) = 1258.73, 
p < .001, η²p = .70. On the contrary, ‘contempt’ was significantly worse recognized 
(M = .38) than the grand mean accuracy rate, F(1,546) = 73.24, p = .482, η²p = .48.

To compare the different emotions to each other, we computed Bonferroni-
corrected pairwise comparisons. These comparisons indicated that ‘happiness’ 
was significantly better recognized than all other emotions (p < .001). Next, the 
emotions ‘neutral’, ‘sadness’, and ‘anger’ received the second-highest overall 
accuracy rates and differed significantly from the emotions with lower accuracy 

7 Due to the importance of age for FER performance (Field & Lester, 2010; Martin & Ruble, 2013) 
and given that researchers may want to select the best fitting stimuli for different age groups, the 
current study also investigated age group differences in FER performance. For an overview of the 
means and standard deviations of the accuracy for each emotion, separately for age, see Table S1 
in the (online) supplementary materials (https://osf.io/7srgw/).

8 If the data violate the sphericity assumption, corrections should be made to produce a valid F-ratio. 
The used correction is based on the estimates of sphericity (ε). When ε > .75, it is advised to use the 
Huynh-Feldt correction (Field, 1998; Girden, 1992). In the current study, it was found that ε = .915, 
resulting in the valid usage of the Huynh-Feldt correction to correct for sphericity violations.

9 As an additional check to justify the use of arcsin-transformed scores in the current study, the 
exact same RM-ANOVA was conducted with the raw hit-rates as dependent variable. This analysis 
yielded similar results.
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rates (p < .001). Accuracy for ‘disgust’ and ‘surprise’ was significantly higher than 
for ‘fear’ and ‘contempt’ (p’s < .001). Finally, ‘fear’ was found to have a significantly 
higher accuracy rate than ‘contempt’ (p < .001).

Interestingly, the results indicated a pattern of ‘emotion confusions’ for 
specific emotions, which means that children often misidentified some of the 
intended emotions with a specific other emotion above the chance level of 11% (in 
this forced-choice task with 9 answer options). The rationale for these patterns was 
that it might be possible that participants may choose particular emotions more 
frequently than other emotions when they are not sure of their response. One-
sample t-tests showed three significant emotion confusions: children significantly 
misidentified the indented expression of ‘fear’ as ‘surprise’ (p = .023), and they 
significantly misidentified ‘contempt’ as ‘neutral’ (p = .008) or ‘other’ (p = .002).

Associated Validation Measures

Clarity and valence ratings of the pictures. Next, mean clarity and valence ratings 
were computed (see Table 3). The ANOVA for clarity revealed a significant main 
effect of emotion for clarity ratings, F(7,72) = 13.94, p < .001, η²p = .58. This indicates 
that some emotions were rated as significantly clearer than other emotions. 
Bonferroni-corrected pairwise comparisons revealed that ‘happiness’ was rated 
as significantly more clear than all other emotions (all p’s < .01) and ‘contempt’ 
was rated as less clear compared to all other emotions (all p’s < .001). Moreover, 
‘sadness’was rated as significantly less clear as ‘surprised’ (p = .046). All other 
emotions did not differ significantly from each other. The second ANOVA, with 
regard to the emotional valence of the pictures, revealed that some emotions were 
rated as significantly more positive than other emotions, F(7,72) = 177.17, p < .001, 
η²p = .95. Bonferroni-corrected pairwise comparisons showed that ‘happiness’ 
was rated as significantly more positive than all other emotions (all p’s < .001). 
Moreover, ‘neutral’ and ‘surprise’ were rated as significantly more postive than 
‘contempt’, ‘fear’, ‘disgust’, ‘sadness’, and ‘anger’ (for both ‘neutral’ and ‘surprise’, 
all p’s < .001). Next, the valence rates for ‘fear’ were significantly higher than for 
‘sadness’ (p = .001) and ‘anger’ (p < .001), but not for ‘disgust’. However, ‘disgust’ was 
found to have a significantly higher valence rate than ‘anger’ (p < .001).

Interrater reliability. To objectively select the appropriate ICCs, the model fit 
(deviance information criterion) was calculated for all possible ICC models. The 
model with the best fit to our data was the ICC 2, applying a 2-way cross-classified 
multilevel model.10 The corresponding ICCs (2,x) for valence, clarity and model 
attractiveness are reported in Table 4. Generally, the calculated ICCs confirm the 
expected high agreement of the raters for clarity, valence and model attractiveness.

10 Cross-classified multilevel Markov Chain Monte Carlo ICCs were calculated. This type of ICC is 
uncommon, however, it was decided to use this type in this study since this type fitted the data best.
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Table 3. Mean (standard deviation) clarity and valence ratings of the pictures.

Clarity Valence
Intended emotion M (SD) Min - Max M (SD) Min - Max
Happiness 4.14 (0.5) 3.25 – 4.50 4.05 (0.2) 3.61 – 4.27
Sadness 3.38 (0.3) 2.91 – 3.78 2.37 (0.1) 2.23 – 2.68
Surprise 3.69 (0.1) 3.57 – 3.85 2.94 (0.1) 2.77 – 3.11
Neutral 3.41 (0.3) 2.85 – 3.85 3.03 (0.1) 2.79 – 3.19
Anger 3.42 (0.5) 2.52 – 3.91 2.26 (0.2) 2.10 – 2.52
Disgust 3.39 (0.2) 3.08 – 3.81 2.47 (0.0) 2.36 – 2.52
Fear 3.54 (0.4) 2.75 – 3.89 2.57 (0.1) 2.45 – 2.65
Contempt 2.72 (0.2) 2.38 – 2.99 2.71 (0.1) 2.46 – 3.00

Note. Mean clarity and valence ratings are presented from all participants (N = 547) for the 
different pictures (N = 80). Each mean and standard deviation, for the separate emotions, is 
based on clarity and the valence ratings of 10 pictures (n = 10). The variables range between 
1 and 5.

Table 4. Intraclass Correlation Coefficients for clarity and valence of the emotions, and model 
attractiveness.

Dimension ICC (2,1) ICC (2,k = 547) ICC (2,k adjusted for missings)
Clarity 0.14 0.99 0.97
Valence 0.31 0.96 0.99
Attractiveness 0.01 0.85 0.85

Note. Intraclass correlation coefficients are presented for all participants (N = 547). ICC 
(2,1) = Intraclass Correlation Coefficient, each subject is measured by each rater with 
reliability estimated from a single measurement, ICC (2,k) = as before, but here reliability 
is calculated by imputing the average of the k raters’ measurements.
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Table 5. Raw hit rates for the RaFD-C child and adult validations, and the CAFE database 
validated by children.

RaFD CAFE set

Emotion category
Child validation
(current study)

M (SD)

Adult validation 
(Langner et al., 2010)

M (SD)

Child validation
(LoBue et al., 2018)

M (SD)
Happiness 92 (6) 97 (6) 78 (42)
Surprise 64 (23) 91 (25) 61 (49)
Anger 77 (6) 89 (8) 65 (48)
Neutral 81 (8) 84 (16) 44 (50)
Sadness 75 (20) 75 (14) 49 (50)
Disgust 68 (12) 83(18) 47 (50)
Fear 63 (15) 79 (13) 26 (44)
Contempt 40 (14) 59 (19) -

Note. Raw hit rates for the current validation study are presented for all participants 
(N = 547) in the column on the left. Raw hit rates for the adult validation study by Langner 
and colleagues (2010) in the middle (N = 276). Raw hit rates for the child validation study by 
LoBue and colleagues (2018) are presented in the column on the right (N = 58). The variable 
range for the raw hit rates for all three studies is between 0 and 100. The included agreement 
rates are the raw hit rates and standard deviations per emotion, the agreement rates from 
the child validation of the CAFE set are the scores from the full set at time 1.
RaFD = Radboud Faces Database, CAFE = the Child Affective Facial Expression Set.

Discussion

The goal of the present study was to validate the RaFD-C by children. As the 
primary validation measure, we investigated to which degree children aged 8 to 
12 years labelled the emotions in agreement with the intended emotions. Finally, 
clarity and valence of the emotions, and model attractiveness were investigated. 
This study establishes childhood norms for the recognition of seven emotions and 
a neutral expression using the RaFD-C.

In the current study, we observed that children were able to correctly 
identify, on average, 70% of the emotions. Overall, this means that the children 
were relatively accurate in recognizing the emotions from the child models. The 
agreement rate in adults rating the RaFD-C was approximately 82% (Langner et al., 
2010), and 72% in children who rated pictures of RaFD adult expressions (Verpaalen 
et al., 2019). In line with our hypotheses and consistent with other studies, we 
found that ‘happiness’ was recognized best, whereas ‘contempt’ was least accurately 
identified. Specific differences between emotions were found in the following rank 
order: ‘happiness’ accuracy rates were higher than all other emotions, followed by 

BNW_Lynn_na proef.indd   88BNW_Lynn_na proef.indd   88 18-10-2021   08:1318-10-2021   08:13



Chapter 4     |     89

‘neutral’, ‘sadness’, and ‘anger’, next by ‘disgust’ and ‘surprise’, then by ‘fear’, and 
finally ‘contempt’ accuracy rates were lower than all others.

These results roughly follow the pattern found in the RaFD validation study 
by adults (Langner et al., 2010), suggesting continuity in development of FER. 
They also concur with the results of Verpaalen and colleagues (2019) and the FER-
study in 6-to-15-year-olds by Lawrence and colleagues (2015), who investigated 
the development of emotion recognition in adult faces through childhood and 
adolescence. Also, the child faces validation study in preschool children by LoBue 
and colleagues (2018) approximately found the same emotion accuracy patterns as 
in the current study. For a comparison of the current results with the agreement 
rates of the validation study in adults (Langner et al., 2010) and the validation 
study in preschool children (LoBue et al., 2018), see Table 5. Moreover, our results 
replicate previous findings that ‘happiness’ is easiest to recognize for children 
(e.g., Lawrence et al., 2015). The finding that the emotions ‘surprise’, ‘disgust’, 
and ‘fear’ were found to be disproportionally difficult to recognize resonates 
with earlier studies as well (Gagnon, Gosselin, & Maassarani, 2014; Rozin, Taylor, 
Ross, Bennett, & Heimadi, 2005). It is likely that these complex emotions are 
generally more difficult to interpret, more easily confused with other emotions, 
and mature significantly through the course of late childhood into adolescence 
(Gagnon, Gosselin, Hudon-Ven der Buhs, Larocque, & Milliard, 2010; Lawrence et 
al., 2015). The similarity with other research using child participants suggests that 
the observed differences between the expressions are not likely to be a specific 
characteristic of the RaFD-C.

The current study had several strengths. First, this study is the first of its 
kind to have a child faces database validated by school-aged children (8 to 12 years), 
including an assessment of all six basic emotions, plus the emotion ‘contempt’ 
and a ‘neutral’ expression. This provides researchers with a validated child faces 
database, allowing them to draw valid and reliable conclusions from studies 
involving facial expression paradigms in children. The current findings can be 
generalised to other same-aged Caucasian child faces.

However, limitations of the current study need to be mentioned as well. 
First, conducting the current study in a class-wise manner implied some practical 
constraints. Fast-responding children had to wait before the next picture was 
presented. This might have led to disinterest and consequently, interrupted 
attention patterns in these children (Malkovsky, Merrifield, Goldberg, & Danckert, 
2012). Besides, children who needed more time to answer the questions might have 
felt pressured or hurried because other children had to wait for them to finish. 
Both situations might have negatively biased the FER accuracy rates of the current 
study; either lacking attention or time pressure may have led children to select 
other answers than they would have chosen if they had followed their own pace. 
Using a forced-choice task could possibly rely on the development of executive 
functioning, meaning that a process of elimination could have been used to deduce 
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which emotion was presented. A review on developmental studies regarding 
deductive reasoning stated that that deductive reasoning is a characteristic of the 
concrete operational period, between 7- and 11-years (Jansson, 1974). However, 
unbiased hit rates and the option other in the answering format were used to 
minimize this bias possibility. Adding other to the answering format counteracts 
the bias in forced-choice FER paradigms (Frank & Stennet, 2001). Next to this, it 
could be that the used method to handle the missing data inherently also has led 
to biased results. However, the number of missing data points is very small, so 
is unlikely to have led to biased estimates, and we were conservative using this 
method. Finally, it would have been valuable to collect more detailed information 
about the race/ethnicity and social-economic status of our participants to be able to 
explore possible differences in FER between sub-groups of our sample. Moreover, 
it was not registered why children did not participate in the current study. This 
would be valuable to determine the representativeness of the sample but also to 
control for possible confounds related to participation refusal. The generalisability 
of the results is an important point to be addressed in future research because we 
currently cannot generalise to emotion recognition in non-Caucasian models. It 
would be beneficial for future studies to validate a child faces database representing 
a variety of ethnicities, together with an ethnically diverse sample of participants.

The validation data per picture are provided freely online (see: https://
osf.io/7srgw/), enabling researchers to include specific pictures as stimuli and 
select the most appropriate items for their research. Based on this study, some 
recommendations about selecting stimuli can be made. Specifically, we recommend 
to be cautious in combining (pictures with) the emotions ‘fear’ and ‘surprise’, and 
the emotions ‘contempt’ and ‘neutral’ together in one study since these were found 
to be confused with each other. Finally, researchers who are interested in pictures 
that are easily recognizable and do not include ambiguity of the different emotional 
expressions, can use the available validation data to select those pictures that were 
identified with at least 60% accuracy by the children. Although this will lead to a 
more limited choice in terms of suitable pictures, this subset of 60 pictures will still 
enable researchers to select pictures based on criteria of their choice.

In conclusion, the current study indicated that 8-to-12-year-old children 
were able to accurately identify approximately 70% of the RaFD-C pictures. The 
differences in the child FER rates compared to the FER rates of adults emphasize the 
importance of a validation study of child faces stimuli from a child’s perspective. 
Additionally, the results from the current study indicate that subtle emotion 
differences should be considered when studying FER in children, as reflected in 
our recommendations above. As this is the first study that validated the RaFD-C in 
children, we expect that researchers focusing on FER in childhood will benefit from 
this study for further and better understanding of emotion recognition in children.
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Abstract

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 non-
socially anxious control group and a healthy control group to examine whether 
childhood SAD is characterized by a general emotion labelling deficit, and/or 
by a negative interpretation bias, indicated by systematic misclassifications, or 
a lower threshold for recognizing threatening emotions. Participants were 132 
children aged 7-12 years (Mage = 9.15; 45.5% female). Children with SAD (n = 42) 
were compared to children with other, non-social, 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%). 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 non-social anxiety disorders 
showed a generally heightened sensitivity to emotional faces. The current study 
does not provide evidence for a general deficit in labelling of emotional faces in 
childhood SAD. Childhood SAD was not characterized by an interpretation bias in 
processing emotional faces. Children with non-social anxiety disorders, however, 
may benefit from assistance in accurately interpreting the degree of emotionality 
in interpersonal situations.
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Introduction

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 [APA], 2013a). 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 
emotional expressions may impede social interactions, and give rise to or maintain 
social anxiety in childhood.

A negative interpretation bias is a central component of cognitive models of 
adult SAD and childhood anxiety (e.g., Clark & Wells, 1995; Kendall, 1985; 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, Amir, & Weersing, 2014; Waters, Wharton, 
Zimmer-Gembeck, & Craske, 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, Creswell, Field, 
Pearcey, & Dodd, 2018). These studies employed so-called ambiguous scenario tasks. 
These are informative and have many advantages, but their explicit and verbal 
nature may elicit response biases or socially desirable answers (e.g., Rozenman et 
al., 2014). Furthermore, ambiguous scenarios 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 
behavioural and affective responses. Misclassifying or misinterpreting facial 
emotional expressions as negative, critical or disapproving can contribute to the 
maintenance of SAD symptoms and could form a target for intervention (Rapee & 
Heimberg, 1997; Schulz, Mothes, Lasch, & Straube, 2013).
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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 and colleagues (2013) found no differences 
between anxious and non-anxious children in emotion recognition, follow-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 percentage of the anxiety group representing 
children with SAD. Nonetheless, these findings stress the need to examine 
individual anxiety disorders when using emotion processing tasks.

Only a few studies focused on facial emotion processing specifically in 
children with SAD. One study that addressed the relation between social anxiety 
and processing biases for emotional faces in a community sample 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, 
Muris, Bouwmeester, Field, & Voerman, 2011). The relation between information 
processing biases and social anxiety in non-clinical samples may be weaker than 
in a clinical sample, which may explain these null findings. Furthermore, Broeren 
and colleagues (2011) assessed interpretation bias by investigating the number 
of errors in labelling ambiguous facial expressions and the speed of recognizing 
emotional faces. Alternatively, a negative interpretation bias may also include 
making systematic misclassifications (e.g., consistently labelling ambiguous 
happy faces as angry; Jenness, Hankin, Young, & Gibb, 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, Beidel, Sarver, & Sims, 2012) or attention deficit/hyperactivity disorder 
(Walker, Nowicki, Jones, & Heimann, 2011), or to healthy controls (Melfsen & Florin, 
2002; Schwab & Schienle, 2018; Simonian, Beidel, Turner, Berkes, & Long, 2001). 
Overall, (aside from Wong and colleagues, 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 
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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 evidence 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 displays (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 emotional 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, Egger, & Angold, 2004), and both variables have been related to biased 
information processing (e.g., Broeren et al., 2011; Gluck, Lynn, Dritschel, & Brown, 
2014; Guyer et al., 2007; Joormann, Gilbert, & Gotlib, 2010).

Unfortunately, no studies to date have compared facial emotion expression 
labelling 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 processing of ambiguous facial affect, and to determine 
whether this is a characteristic of social anxiety in particular or anxiety disorders 
in general, a focused study comparing these three groups is necessary. In addition, 
this study aimed to overcome methodological shortcomings 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 prototypical (i.e., full intensity) 
emotional faces that do not adequately reflect the occurrence of less intense, 
and likely more frequently encountered, emotional 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 (APA, 2013a), it is 
important 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 validity and more appropriate stimuli than has typified previous 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, non-social anxiety 
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disorders (OTHANX group). For all children, the accuracy of identifying emotions 
and the responses to ambiguous, validated (Bijsterbosch et al., 2020), emotional 
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 identification of facial emotion expressions than the other 
two groups. Instead, we expected that children with SAD would display a negative 
interpretation bias in the processing of ambiguous emotional expressions. The 
interpretation bias should be particularly strong for anger because it is the emotion 
that conveys rejection and social threat most strongly (Philippot & Douillez, 2005)11, 
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 anxiety is characterized by sensitivity to general threat, 
e.g. physical attacks, which can also be conveyed by angry faces (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 specifically to angry faces. It is therefore still unclear how 
children with SAD and children with other anxiety disorders will compare when 
responding to angry faces.

As fearful faces represent indirect responses to possible 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 threatening (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 
concerning possible differences in these aspects between the SAD and OTHANX 
group is necessarily exploratory in nature.

11 Contempt is also related to signs of rejection and social threat (Philippot & Douillez, 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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Method

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 recruited from the Centre for 
Emotional Health, a specialized clinic for treatment of internalizing disorders 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; 
Mage = 9.45; SDage = 1.69; 42.9% girls) and children meeting criteria for other non-
social anxiety disorder(s) were included in the OTHANX group (n = 40; Mage = 9.00, 
SDage = 1.60; 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 suicidal risk, consistent school refusal, unmanaged 
psychotic 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 additional exclusion criterion.

A non-anxious control group (NONANX) of 50 children (M = 9.64, SD = 1.84, 
50.0% girls) was recruited through Neuronauts, 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 seeking 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, behavioural, and developmental 
disorders. The ADIS-IV-C/P was used to assign diagnoses and clinician severity 
ratings (CSRs; ranging from 0-8; ≥ 4 = diagnosis met), amended for DSM-5 
diagnoses. The final diagnoses were therefore in accordance with the DSM-5 
criteria (APA, 2013b). The parent(s) and child were interviewed separately by either 
trained, clinical psychology graduate students or qualified clinical psychologists. 
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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, Abbott, & Rapee, 2004). Diagnoses and CSRs 
were allocated 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 functioning to 
100 = high daily functioning). The CGAS has acceptable psychometric properties 
(Green, Shirk, Hanze, & Wanstrath, 1994).

Spence Children’s Anxiety Scale Child and Parent version (SCAS-C/P; Spence, 1998). 
The SCAS-C/P is a self-report scale for the child and their parent(s) which measures 
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 indicate 
higher frequency of anxiety symptoms. The SCAS-C/P has previously demonstrated 
acceptable psychometric properties in clinical and non-clinical samples (Nauta, 
Scholing, Rapee, Abott, & Spence, 2004; Spence, 1998). Internal consistency 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, Goodyer, & Croudace, 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 question twice (‘How anxious/nervous are you 
now? ’): once right after the fortune wheel task and once before starting 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 
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et al., 2020; Langner et al., 2010). In total, eight (Caucasian) child models were 
chosen based on highest agreement rates. Of those eight child models, two (one 
boy) were used for the practice trials and six models (three 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 Norkross MorphX 
software version 2.14 (http://www.norrkross.com; see Figure 1 for an example). 
For the purpose of the practice trials, the two 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 presented in a counterbalanced 
order on a computer screen at 5.53 x 7.20 cm centered on a white background. 
After the fixation cross appeared and the stimulus was presented for 2 seconds, 
the stimulus disappeared and the participants answered two questions: 1) ‘What 
emotion 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 colour and label; see Figure 2a for 
an example). After the first question, the wheel spun (including a sound imitating 
a fortune wheel) for two seconds. Next, the participants were asked to indicate the 
intensity 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 between trials. Accuracy was operationalized as the number of faces 
correctly identified as 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 
depressive symptoms. After the assessment, children were allocated to one of two 
RCT arms. Families were asked whether they wanted to participate in an additional, 
voluntary 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 
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standardized 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 children were not eligible for the NONANX 
group, because a child met criteria for a psychological disorder, appropriate 
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.
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Figure 1. Examples of happy, angry and fearful faces morphed at 10-30-50-70% emotion intensity.

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 percentages 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 ANOVAs and χ2-tests.
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                 a.                                 b.      c.

Figure 2. Visualization of the Fortune Wheel Task.
a. The participant has to choose the emotion they think fit the emotional face best.
b. Visualization of the wheel after the wheel spun 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.

Main analyses. To account for the repeated-measures and non-linear nature of 
the data, Bayesian mixed effects models were computed. Data were analysed 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 distribution; 
Bürkner, 2019), 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), emotion 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 section) were deemed significant, if 
the 95%-credible interval (CI; Bayesian confidence interval) did not include zero. 
Sum-to-zero (unordered categorical 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 testing with a modified Bonferroni approach (Holm, 1979). 
Control models including sex and depression symptoms were computed to check 
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whether they were associated with accuracy and valence intensity ratings, using 
four additional Bayesian mixed models. They did not yield any evidence for added 
explanatory value, therefore, only the results of the main models will be reported 
below (see S2, S3, S5, S6 for all results). All Bayesian models were created in Stan (a 
computational framework for Bayesian analyses; Carpenter et al., 2017), using the 
brms package (Bürkner, 2016) in Rstudio (v.1.2.1335; R Core Team, 2017).

Results

Demographic and Clinical Characteristics

There were no significant differences in sex distribution (χ2(2) = 3.17, p = .205) or age 
between the groups (F(2,128) = 1.58, p = .209). As expected, there were significant 
differences 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 non-social 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). 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 non-social 
anxiety subscales 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) with the SAD group scoring 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 other 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 
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contrast: B = -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 faces than the other emotions, but 
that the curve for happy faces flattened as emotion intensity increased. There were 
less steep increases in accuracy rates for angry faces compared to other emotions.

Table 1. Diagnoses occurring anywhere in the diagnostic profile per group.

SAD
(n = 42)

OTHANX
(n = 40)

NONANX
(n = 50)

SAD (%) 100 0 0
GAD (%) 73.8 72.5 0
SEP (%) 23.8 22.5 0
SP (%) 35.7 37.5 0
PD w/o agoraphobia (%) 0 5.0 0
Other anxiety (%) 14.3 20.0 0
Mood disorder (%) 7.1 0 0
Externalising disorder (%) 7.1 5.0 0
Other disorders (%) 11.9 7.5 0
No comorbidity (%) 0 0 100
Number of comorbid disorders, M (SD) 1.76 (1.25) .88 (1.04) -

SCAS-C, M (SD) 36.02 (16.44) 36.28 (16.06) 19.60 (12.70)
SCAS-P, M (SD) 32.26 (13.57) 33.03 (12.90) -
CATS, M (SD) 14.12 (15.28) 12.18 (13.45) 6.52 (10.44)
SMFQ, M (SD) 7.21 (5.42) 6.82 (5.07) 3.70 (3.90)
CGAS Overall severity1 53.07 (5.35) 58.54 (5.42) -

Note. SAD = children with SAD; OTHANX = children with non-social anxiety disorders; 
NONANX = children without anxiety disorders; SAD = Social Anxiety Disorder; GAD = Generalised 
Anxiety Disorder; SEP = Separation Anxiety Disorder; SP = Specific Phobia; PD = Panic Disorder; 
Other anxiety includes: Otherwise Specified Anxiety Disorder, Obsessive Compulsive Disorder, 
Acute Stress Disorder, or Posttraumatic Stress Disorder; SCAS-C/P = Spence Children’s Anxiety 
Scale-Child/Parent version; M = mean; SD = standard deviation.
1 CGAS severity score for the overall diagnostic profile (higher scores indicating better daily 
functioning).

Group differences in accuracy. In line with expectations, the SAD group overall 
did not differ from the other groups in the ability to classify the emotions (NONANX 
contrast: B = 0.02, 95% CI [-0.17, 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 
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all groups were equally able to classify all emotions (see Table S1 for all statistics). 
The interaction between group and emotion intensity was significant, 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 contrast-cubic emotion intensity-happy contrast, 
B = -0.35, 95% CI [-0.67, -0.04]), indicating that groups differed in accuracy, but that 
this was dependent on the intensity of the emotion and on the emotion type itself.

NONANX SOAD OTHANX

10% 30% 50% 70% 10% 30% 50% 70% 10% 30% 50% 70%
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Figure 3. Accuracy in percentages per group as a function of the displayed emotion and the 
intensity of the emotion in percentages.

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 
pairwise 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: 
t(79.44) = 0.80, p = .426, Cohen’s d = 0.18, 30%-angry: t(79.63) = 0.58, p = .570, Cohen’s 
d = 0.13, 50%-angry: t(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 
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(t(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 t ’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 identifying angry faces at any of the intensity levels (all t ’s ≤ 
1.43, p’s ≥ .155, d’s ≤ 0.31). Thus, none of the groups differed significantly on their 
accuracy ratings in identifying faces of varying intensities.

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 
towards another answer option for any of the groups. For happy at 30-50-70%, 
not much room was left for systematic misclassifications, as it was recognized 
very well by all groups. Most importantly, although there were more systematic 
misclassifications than expected by chance across the groups, after corrections for 
multiple testing, there were no significant differences in these misclassifications 
between any of the groups. Thus, neither the SAD group nor the OTHANX group 
misclassified emotional 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. 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 
interaction 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 attributed to happy faces. Also, there were less steep 
increases in valence intensity ratings for angry faces and they were judged as less 
intense than the other emotions (see Table S4 for all statistics).

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]). 
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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, indicating 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.

NONANX SOAD OTHANX

10% 30% 50% 70% 10% 30% 50% 70% 10% 30% 50% 70%

0.2

0.4

0.6

0.8

Emotion intensity

Va
le

nc
e 

in
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ity
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)

Emotion type
Happy

Angry

Fear

Figure 4. Chosen valence intensity in percentages per group as a function of the displayed 
emotion and the intensity of the emotion in percentages
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Discussion

The main goal of this study was to examine whether children with SAD demonstrate 
a negative interpretation bias in the processing of facial emotion expressions. To 
this end, children with SAD were compared to healthy controls and to children 
with non-social anxiety disorders. The children completed a novel emotion 
recognition task during which they responded to morphed ambiguous happy-
neutral, angry-neutral 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 consistent with previous studies that failed to 
find an emotion 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 labelling skills from both children with other 
anxiety disorders and non-anxious children.

Although we predicted no group differences in classification of emotional 
faces, it was expected that children 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 non-socially 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 
(Clark & Wells, 1995; Rapee & Heimberg, 1997), cognitive models on general anxiety 
predict a negative bias for all anxiety subtypes in response to (physical) threat 
(Beck & Clark, 2010). The latter would have been supported by differences between 
both anxious groups on the one hand and the non-anxious group on the other hand. 
However, this was not found either. These results are not in line with findings 
based on more explicit, verbal tasks (i.e., ambiguous scenario task; Stuijfzand et 
al., 2018) and with findings in adult samples (e.g., Leber, Heidenreich, Stangier, & 
Hofmann, 2009).

A possible explanation for not finding a negative interpretation bias in the 
SAD group may be that children did not complete this task under sufficient social 
threat. Previous studies indicate that differential processing 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 
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home with one of their parents present (although not engaged) and may have felt 
safe in their home environment. The morphed ambiguous emotional faces may 
not have been sufficiently threatening under these conditions. Children with SAD 
demonstrated 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 adequately study interpretive bias (e.g., 
Mathews & Mackintosh, 1998).

Alternatively, children with SAD may have cognitively avoided the angry 
faces, which possibly obscured between-group differences and resulted in larger 
differences between the OTHANX and the SAD group. Some studies suggest that 
children with high social anxiety levels avoid negative emotional faces (e.g., 
Stirling, Eley, & Clark, 2006) although this finding is inconsistent (e.g., Oar et 
al., in press). 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 psychometric evaluation (Brown et 
al., 2014), to allow for stronger conclusions about the presence of interpretation 
biases in child anxiety.

Another possibility could be that a negative interpretation 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 (APA, 2013a). However, fear of negative evaluation 
by adults is also often part of the diagnostic 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 non-socially 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 (Clark & Beck, 2010), individuals with generalized anxiety disorder (GAD) 
tend to perceive emotional displays as generally more intense (Bui et al., 2017; 
Newman, llera, Erickson, Przeworski, & Castonguay, 2013). As the other-anxious 
group was 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 
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differences showed preliminary support for this explanation: The non-socially 
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 processing. 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 associated with facial emotion processing. These results should 
therefore be replicated in anxious samples with mood comorbidity. Previous studies 
did find differences 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 
differences 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 non-socially anxious control group, which enabled 
examination of facial emotion processing differences between children with SAD 
and non-socially anxious children. In order to test for disorder 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 the generalizability of the results. 
Second, only three emotions (happy, angry, fear) were investigated in this study, 
as including more emotions would have substantially 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 possibly relevant emotions 
(i.e., disgust or sadness) in the context of emotion processing. Similarly, children 
were also presented with limited labelling choice options. These options did not 
include other emotions (e.g., sadness). Possibly, this made choosing the right option 
easier and limited investigation of other relevant systematic misclassifications, 
which may have biased the results. Future studies should include more response 
options to reduce this possibility.
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Third, children completed the task from home in an uncontrolled 
environment which complicated the monitoring of the exact behaviour of the child 
and the parent. However, the parents did receive strict instructions not to influence 
the child’s answers, to have the child sit in a quiet room, and to limit distractions. 
Additionally, as answers to each trial were continuously 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 influenced 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 which may not capture the dynamic nature of 
emotional expressions in real social situations. Although the current study did 
employ faces of different intensity levels, including videos that slowly morph from 
neutral to full blown emotional displays may more adequately 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 competing predictions 
of theoretical accounts such as the content-specificity hypothesis (Beck, 1976) and 
cognitive models for SAD versus general anxiety. However, one may question the 
feasibility and meaning of dissecting samples, as it reduces the 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 generally poorer emotion recognition skills or 
whether they negatively interpret ambiguous facial emotion expressions. This was 
the first study to compare children with SAD to children with non-social anxiety 
disorders and healthy control children. The current findings do not provide 
evidence for a general deficit in the recognition of children’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 non-social 
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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Supplemental Materials

S1: Additional Details Bayesian Mixed Models

Models were checked for convergence by examining Rhat values (<= 1.01) and 
caterpillar plots. Weakly informative (neutral), default priors of the brms package 
(Bürkner, 2016; Kerman, 2011) were set for all coefficients in both models because 
they do not substantially influence the results and because there was no prior 
information available from which more informative priors could have been 
derived. Due to convergence issues, not all initially planned random slopes for 
each fixed effect could be added to the models. Barr’s (2013) best practice guidelines 
were followed to ensure a maximal random effects structure where possible. 
The accuracy model included all random effects slopes for the fixed effects per 
participant. The valence intensity model included the random slope for emotion 
type and emotion intensity per participant. All possible random covariance terms 
between random effects were added.

Significant effects were followed up in the following manner: for the accuracy 
model this consisted of pairwise comparisons on the average percentage scores, to 
be able to correct for chance levels. To evaluate whether incorrect responses were 
distributed equally across the remaining answer options (=2), Chi-square tests 
were performed. When one alternative was chosen significantly more often than 
expected by chance in any of the groups, indicative of a systematic bias, pairwise 
comparisons were conducted, corrected for chance levels. The chance level for a 
bias in misclassifications was set at (100% - % correct for the intended emotion) 
divided by 2 (the number of remaining answer options). Follow-up analyses for 
the valence intensity model consisted of obtaining estimated marginal means 
and pairwise comparisons to examine significant (interaction) effects (emmeans 
package; v.1.5.0; Lenth, 2019). Emmeans uses the original distribution of the model 
and provides medians and their 95%-higher posterior density (HPD) intervals with 
the estimates. Odds ratio’s (OR) were considered significant if the 95% HPD interval 
(Bayesian CI) did not overlap with one.
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S2: Section Control Models

Data Analysis

Control models including sex and depression symptoms were conducted to check 
whether they were associated with accuracy and valence intensity ratings using 
four additional Bayesian mixed models were conducted, including a main effect for 
sex and depression (mean-centered and standardized) and their interaction with 
the other variables. The main models were compared to the control models using 
the Leave-One-Out cross-validation Information Criterion (LOOIC) to evaluate the 
best fitting model. The LOOIC can be used as a measure of overall fit with lower 
values indicating better fit, and model comparisons with differences larger than 
5 times the standard error can be interpreted as having reliably higher predictive 
value (Vehtari, Gelman, & Gabry, 2017).

Emotion Recognition Accuracy

Model comparisons. The LOOIC comparison indicated no reliable difference 
between the main model and the control model including depression, LOOIC 
difference = -1.4, SE = 6.2. Due to convergence issues in the comparison of the 
main model to the control model including sex, even after running the model 
separately for boys and girls, a control model including only the main effect of sex 
was compared to the main model. This comparison yielded no reliable difference 
(LOOIC difference = -0.5, SE = 0.7) and the effect of sex was not significant (B = -0.06, 
95% CI [-.016, 0.05]). Neither depressive symptoms nor sex added predictive value to 
the model, indicating that they were unlikely to explain more variance than when 
solely diagnostic status was included. Therefore, in the interest of parsimony, the 
main model was considered the preferred accuracy model (see Table S1-S3 for all 
estimates for the main and control models).

Valence Intensity Ratings

Model comparisons. First, the model comparisons indicated that both control 
models did not fit the data reliably better than the main model: depression model 
versus main model: LOOIC difference = -14.1, SE = 5.9; sex model versus main 
model: LOOIC difference = -11.2, SE = 5.4 model (see Table S4-S6 for all estimates). 
Depressive symptoms and sex both did not add significant predictive value to 
the model, indicating that they do not explain more variance than when solely 
diagnostic status is included. It was therefore decided to interpret the main model.

BNW_Lynn_na proef.indd   118BNW_Lynn_na proef.indd   118 18-10-2021   08:1318-10-2021   08:13



Chapter 5     |     119

Table S1. Estimates, estimated error and credible intervals for the accuracy model.

Effect Estimate Est. Error 95% CI
Group NONANX contrast 0.02 0.10 -0.17, 0.21
Group SAD contrast 0.12 0.10 -0.07, 0.33
Emotion happy contrast 0.44 0.09 0.27, 0.62
Emotion angry contrast -0.48 0.08 -0.63, -0.32
Emotion intensity linear 3.30 0.13 3.06, 3.57
Emotion intensity quadratic -0.31 0.09 -0.48, -0.14
Emotion intensity cubic -0.23 0.07 -0.38, -0.08
NONANX contrast x happy contrast -0.10 0.12 -0.33, 0.13
SAD contrast x happy contrast 0.03 0.13 -0.22, 0.29
NONANX contrast x angry contrast 0.07 0.10 -0.12, 0.27
SAD contrast x angry contrast 0.02 0.11 -0.20, 0.25
NONANX contrast x intensity linear -0.14 0.16 -0.45, 0.17
SAD contrast x intensity linear 0.39 0.18 0.04, 0.75
NONANX contrast x intensity quadratic -0.20 0.11 -0.42, 0.01
SAD contrast x intensity quadratic 0.14 0.12 -0.10, 0.39
NONANX contrast x intensity cubic -0.18 0.10 -0.39, 0.02
SAD contrast x intensity cubic 0.11 0.11 -0.11, 0.32
Happy contrast x intensity linear 0.50 0.19 0.14, 0.87
Angry contrast x intensity linear -0.94 0.15 -1.24, -0.65
Happy contrast x intensity quadratic -0.31 0.13 -0.55, -0.05
Angry contrast x intensity quadratic 0.28 0.10 0.08, 0.49
Happy contrast x intensity cubic 0.02 0.12 -0.21, 0.25
Angry contrast x intensity cubic 0.20 0.09 0.02, 0.38
SAD contrast x Happy contrast x intensity linear -0.19 0.23 -0.65, 0.27
NONANX contrast x Happy contrast x intensity linear -0.11 0.27 -0.63, 0.44
SAD contrast x Angry contrast x intensity linear 0.12 0.19 -0.25, 0.50
NONANX contrast x Angry contrast x intensity linear -0.24 0.22 -0.67, 0.19
SAD contrast x Happy contrast x intensity quadratic 0.03 0.17 -0.30, 0.35
NONANX contrast x Happy contrast x intensity quadratic -0.21 0.19 -0.58, 0.17
SAD contrast x Angry contrast x intensity quadratic 0.09 0.14 -0.18, 0.36
NONANX contrast x Angry contrast x intensity quadratic 0.23 0.15 -0.07, 0.52
SAD contrast x Happy contrast x intensity cubic -0.35 0.16 -0.67, -0.04
NONANX contrast x Happy contrast x intensity cubic 0.30 0.17 -0.04, 0.63
SAD contrast x Angry contrast x intensity cubic 0.25 0.13 0.00, 0.49
NONANX contrast x Angry contrast x intensity cubic -0.00 0.13 -0.27, 0.26

Note. Est. Error = Estimated error; 95% CI = 95% credible interval; SAD contrast = SAD vs grand 
mean contrast; NONANX contrast = non-anxious control group vs grand mean contrast; happy 
contrast = happy vs grand mean contrast; angry contrast = angry vs grand mean contrast.
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Table S2. Estimates, estimated error and credible intervals for the accuracy model – sex.

Effect Estimate Est. Error 95% CI
Group NONANX contrast 0.02 0.10 -0.17, 0.21
Group SAD contrast 0.14 0.10 -0.06, 0.34
Emotion happy contrast 0.44 0.09 0.27, 0.62
Emotion angry contrast -0.48 0.08 -0.63, -0.32
Emotion intensity linear 3.30 0.13 3.06, 3.57
Emotion intensity quadratic -0.31 0.09 -0.47, -0.14
Emotion intensity cubic -0.23 0.07 -0.38, -0.09
Sex -0.06 0.05 -0.16, 0.05
NONANX contrast x happy contrast -0.10 0.11 -0.33, 0.12
SAD contrast x happy contrast 0.03 0.13 -0.22, 0.29
NONANX contrast x angry contrast 0.07 0.10 -0.13, 0.27
SAD contrast x angry contrast 0.02 0.12 -0.20, 0.25
NONANX contrast x intensity linear -0.14 0.16 -0.46, 0.18
SAD contrast x intensity linear 0.39 0.18 0.04, 0.75
NONANX contrast x intensity quadratic -0.20 0.11 -0.42, 0.01
SAD contrast x intensity quadratic 0.14 0.12 -0.10, 0.39
NONANX contrast x intensity cubic -0.19 0.10 -0.39, 0.01
SAD contrast x intensity cubic 0.11 0.11 -0.10, 0.32
Happy contrast x intensity linear 0.50 0.19 0.14, 0.87
Angry contrast x intensity linear -0.95 0.15 -1.25, -0.65
Happy contrast x intensity quadratic -0.30 0.13 -0.55, -0.05
Angry contrast x intensity quadratic 0.28 0.10 0.07, 0.48
Happy contrast x intensity cubic 0.02 0.12 -0.21, 0.25
Angry contrast x intensity cubic 0.20 0.09 0.02, 0.38
SAD contrast x Happy contrast x intensity linear -0.19 0.24 -0.66, 0.27
NONANX contrast x Happy contrast x intensity linear -0.10 0.27 -0.62, 0.44
SAD contrast x Angry contrast x intensity linear 0.12 0.19 -0.24, 0.49
NONANX contrast x Angry contrast x intensity linear -0.25 0.22 -0.67, 0.18
SAD contrast x Happy contrast x intensity quadratic 0.02 0.17 -0.31, 0.35
NONANX contrast x Happy contrast x intensity quadratic -0.20 0.19 -0.57, 0.18
SAD contrast x Angry contrast x intensity quadratic 0.09 0.14 -0.17, 0.36
NONANX contrast x Angry contrast x intensity quadratic 0.22 0.15 -0.08, 0.52
SAD contrast x Happy contrast x intensity cubic -0.36 0.16 -0.67, -0.05
NONANX contrast x Happy contrast x intensity cubic 0.30 0.17 -0.03, 0.63
SAD contrast x Angry contrast x intensity cubic 0.25 0.13 0.00, 0.50
NONANX contrast x Angry contrast x intensity cubic -0.01 0.13 -0.27, 0.26

Note. Est. Error = Estimated error; 95% CI = 95% credible interval; SAD contrast = SAD vs grand 
mean contrast; NONANX contrast = non-anxious control group vs grand mean contrast; happy 
contrast = happy vs grand mean contrast; angry contrast = angry vs grand mean contrast.
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Table S3. Estimates, estimated error and credible intervals for the accuracy model – depression.

Effect Estimate Est. Error 95% CI

Group NONANX contrast -0.06 0.11 -0.28, 0.15

Group SAD contrast 0.21 0.11 -0.01, 0.42

Emotion happy contrast 0.43 0.10 0.24, 0.63

Emotion angry contrast -0.46 0.08 -0.63, -0.29

Emotion intensity linear 3.35 0.15 3.07, 3.66

Emotion intensity quadratic -0.28 0.09 -0.45, -0.09

Emotion intensity cubic -0.25 0.08 -0.40, -0.10

Depression -0.04 0.02 -0.07, -0.01

NONANX contrast x happy contrast -0.16 0.12 -0.40, 0.08

SAD contrast x happy contrast 0.06 0.14 -0.20, 0.33

NONANX contrast x angry contrast 0.10 0.11 -0.12, 0.31

SAD contrast x angry contrast -0.02 0.11 -0.25, 0.20

NONANX contrast x intensity linear -0.21 0.18 -0.56, 0.14

SAD contrast x intensity linear 0.49 0.20 0.11, 0.88

NONANX contrast x intensity quadratic -0.20 0.11 -0.43, 0.02

SAD contrast x intensity quadratic 0.20 0.13 -0.06, 0.46

NONANX contrast x intensity cubic -0.16 0.10 -0.37, 0.04

SAD contrast x intensity cubic 0.14 0.11 -0.08, 0.35

Happy contrast x intensity linear 0.52 0.21 0.12, 0.94

Angry contrast x intensity linear -1.07 0.16 -1.39, -0.75

Happy contrast x intensity quadratic -0.33 0.14 -0.60, -0.05

Angry contrast x intensity quadratic 0.27 0.11 0.05, 0.49

Happy contrast x intensity cubic -0.00 0.12 -0.24, 0.24

Angry contrast x intensity cubic 0.21 0.10 0.02, 0.40

NONANX contrast x depression -0.04 0.02 -0.09, 0.00

SAD contrast x depression 0.01 0.02 -0.03, 0.05

Happy contrast x depression -0.02 0.02 -0.06, 0.01

Angry contrast x depression 0.01 0.02 -0.03, 0.04

Intensity linear x depression -0.06 0.03 -0.11, -0.01

Intensity quadratic x depression 0.00 0.02 -0.03, 0.03

Intensity cubic x depression 0.02 0.02 -0.01, 0.05

SAD contrast x Happy contrast x intensity linear -0.16 0.25 -0.65, 0.32

NONANX contrast x Happy contrast x intensity linear -0.13 0.28 -0.66, 0.44

SAD contrast x Angry contrast x intensity linear 0.10 0.20 -0.30, 0.49

NONANX contrast x Angry contrast x intensity linear -0.31 0.22 -0.75, 0.12

SAD contrast x Happy contrast x intensity quadratic -0.02 0.17 -0.36, 0.32

NONANX contrast x Happy contrast x intensity quadratic -0.21 0.21 -0.61, 0.20

SAD contrast x Angry contrast x intensity quadratic 0.13 0.14 -0.14, 0.41

NONANX contrast x Angry contrast x intensity quadratic 0.19 0.16 -0.13, 0.50

SAD contrast x Happy contrast x intensity cubic -0.31 0.16 -0.64, 0.00

NONANX contrast x Happy contrast x intensity cubic 0.25 0.18 -0.10, 0.59
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Table S3. Continued.

Effect Estimate Est. Error 95% CI

SAD contrast x Angry contrast x intensity cubic 0.24 0.13 -0.02, 0.50

NONANX contrast x Angry contrast x intensity cubic -0.00 0.14 -0.28, 0.27

NONANX contrast x Happy contrast x depression -0.02 0.03 -0.07, 0.03

SAD contrast x Happy contrast x depression 0.02 0.02 -0.02, 0.07

NONANX contrast x Angry contrast x depression 0.04 0.02 -0.01, 0.08

SAD contrast x Angry contrast x depression -0.01 0.02 -0.05, 0.03

NONANX contrast x Intensity linear x depression -0.01 0.04 -0.09, 0.06

SAD contrast x Intensity linear x depression 0.00 0.03 -0.06, 0.07

NONANX contrast x Intensity quadratic x depression -0.00 0.02 -0.05, 0.04

SAD contrast x Intensity quadratic x depression -0.02 0.02 -0.06, 0.03

NONANX contrast x Intensity cubic x depression -0.01 0.02 -0.06, 0.04

SAD contrast x Intensity cubic x depression -0.02 0.02 -0.06, 0.02

Happy contrast x Intensity linear x depression 0.00 0.04 -0.07, 0.07

Angry contrast x Intensity linear x depression 0.03 0.03 -0.03, 0.08

Happy contrast x Intensity quadratic x depression -0.01 0.03 -0.06, 0.05

Angry contrast x Intensity quadratic x depression 0.01 0.02 -0.03, 0.05

Happy contrast x Intensity cubic x depression 0.01 0.02 -0.03, 0.06

Angry contrast x Intensity cubic x depression -0.01 0.02 -0.04, 0.03

NONANX contrast x Happy contrast x Intensity linear x Depression 0.01 0.05 -0.09, 0.12

SAD contrast x Happy contrast x Intensity linear x Depression 0.01 0.05 -0.09, 0.10

NONANX contrast x Angry contrast x Intensity linear x Depression -0.05 0.04 -0.13, 0.04

SAD contrast x Angry contrast x Intensity linear x Depression 0.04 0.04 -0.04, 0.12

NONANX contrast x Happy contrast x Intensity quadratic x Depression -0.03 0.04 -0.10, 0.05

SAD contrast x Happy contrast x Intensity quadratic x Depression 0.03 0.03 -0.04, 0.10

NONANX contrast x Angry contrast x Intensity linear x Depression 0.04 0.03 -0.02, 0.10

SAD contrast x Angry contrast x Intensity linear x Depression -0.03 0.03 -0.08, 0.03

NONANX contrast x Happy contrast x Intensity cubic x Depression 0.00 0.04 -0.07, 0.07

SAD contrast x Happy contrast x Intensity cubic x Depression 0.02 0.03 -0.04, 0.08

NONANX contrast x Angry contrast x Intensity cubic x Depression 0.01 0.03 -0.05, 0.06

SAD contrast x Angry contrast x Intensity cubic x Depression -0.00 0.03 -0.05, 0.05

Note. Est. Error = Estimated error; 95% CI = 95% credible interval; SAD contrast = SAD vs grand 
mean contrast; NONANX contrast = non-anxious control group vs grand mean contrast; happy 
contrast = happy vs grand mean contrast; angry contrast = angry vs grand mean contrast.
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Table S4. Estimates, estimated error and credible intervals for the valence intensity model.

Effect Estimate Est. Error 95% CI
Group NONANX contrast -0.05 0.09 -0.23, 0.14
Group SAD contrast -0.24 0.10 -0.43, -0.05
Emotion happy contrast 0.08 0.03 0.03, 0.13
Emotion angry contrast -0.15 0.03 -0.20, -0.10
Emotion intensity linear 1.24 0.07 1.10, 1.38
Emotion intensity quadratic 0.02 0.03 -0.04, 0.07
Emotion intensity cubic -0.07 0.03 -0.12, -0.02
NONANX contrast x happy contrast -0.00 0.04 -0.08, 0.07
SAD contrast x happy contrast -0.03 0.04 -0.10, 0.05
NONANX contrast x angry contrast 0.01 0.03 -0.06, 0.08
SAD contrast x angry contrast -0.03 0.04 -0.10, 0.04
NONANX contrast x intensity linear -0.09 0.10 -0.28, 0.10
SAD contrast x intensity linear 0.01 0.10 -0.19, 0.21
NONANX contrast x intensity quadratic -0.03 0.04 -0.10, 0.05
SAD contrast x intensity quadratic -0.02 0.04 -0.10, 0.05
NONANX contrast x intensity cubic 0.03 0.04 -0.04, 0.11
SAD contrast x intensity cubic -0.05 0.04 -0.12, 0.03
Happy contrast x intensity linear 0.34 0.04 0.26, 0.43
Angry contrast x intensity linear -0.49 0.05 -0.58, -0.40
Happy contrast x intensity quadratic -0.09 0.04 -0.16, -0.02
Angry contrast x intensity quadratic 0.02 0.04 -0.05, 0.09
Happy contrast x intensity cubic -0.01 0.03 -0.07, 0.05
Angry contrast x intensity cubic 0.10 0.03 0.03, 0.17
SAD contrast x Happy contrast x intensity linear -0.13 0.06 -0.24, -0.01
NONANX contrast x Happy contrast x intensity linear -0.07 0.06 -0.19, 0.06
SAD contrast x Angry contrast x intensity linear 0.10 0.06 -0.02, 0.23
NONANX contrast x Angry contrast x intensity linear 0.04 0.07 -0.09, 0.17
SAD contrast x Happy contrast x intensity quadratic 0.03 0.05 -0.07, 0.13
NONANX contrast x Happy contrast x intensity quadratic 0.05 0.05 -0.05, 0.16
SAD contrast x Angry contrast x intensity quadratic -0.06 0.05 -0.15, 0.03
NONANX contrast x Angry contrast x intensity quadratic -0.01 0.05 -0.11, 0.09
SAD contrast x Happy contrast x intensity cubic 0.07 0.04 -0.02, 0.15
NONANX contrast x Happy contrast x intensity cubic -0.03 0.04 -0.12, 0.05
SAD contrast x Angry contrast x intensity cubic -0.04 0.05 -0.13, 0.05
NONANX contrast x Angry contrast x intensity cubic 0.07 0.05 -0.02, 0.16

Note. Est. Error = Estimated error; 95% CI = 95% credible interval; SAD contrast = SAD vs grand 
mean contrast; NONANX contrast = non-anxious control group vs grand mean contrast; happy 
contrast = happy vs grand mean contrast; angry contrast = angry vs grand mean contrast.

BNW_Lynn_na proef.indd   123BNW_Lynn_na proef.indd   123 18-10-2021   08:1318-10-2021   08:13



124     |     Chapter 5

Table S5. Estimates, estimated error and credible intervals for the valence intensity model 
– sex.

Effect Estimate Est. Error 95% CI

Group NONANX contrast -0.02 0.09 -0.20, 0.16

Group SAD contrast -0.20 0.10 -0.39, -0.01

Emotion happy contrast 0.08 0.03 0.03, 0.14

Emotion angry contrast -0.16 0.03 -0.21, -0.11

Emotion intensity linear 1.25 0.07 1.10, 1.39

Emotion intensity quadratic 0.01 0.03 -0.04, 0.07

Emotion intensity cubic -0.07 0.03 -0.12, -0.01

Sex -0.16 0.07 -0.29, -0.03

NONANX contrast x happy contrast -0.01 0.04 -0.08, 0.07

SAD contrast x happy contrast -0.03 0.04 -0.10, 0.05

NONANX contrast x angry contrast 0.01 0.03 -0.06, 0.08

SAD contrast x angry contrast -0.02 0.04 -0.09, 0.05

NONANX contrast x intensity linear -0.10 0.10 -0.29, 0.09

SAD contrast x intensity linear 0.02 0.10 -0.18, 0.22

NONANX contrast x intensity quadratic -0.02 0.04 -0.10, 0.05

SAD contrast x intensity quadratic -0.02 0.04 -0.10, 0.06

NONANX contrast x intensity cubic 0.03 0.04 -0.04, 0.11

SAD contrast x intensity cubic -0.06 0.04 -0.13, 0.02

Happy contrast x intensity linear 0.34 0.04 0.25, 0.43

Angry contrast x intensity linear -0.50 0.05 -0.59, -0.41

Happy contrast x intensity quadratic -0.08 0.04 -0.16, -0.01

Angry contrast x intensity quadratic 0.02 0.04 -0.05, 0.09

Happy contrast x intensity cubic -0.02 0.03 -0.08, 0.04

Angry contrast x intensity cubic 0.10 0.03 0.04, 0.17

NONANX contrast x Sex 0.26 0.09 0.09, 0.44

SAD contrast x Sex -0.05 0.09 -0.23, 0.14

Happy contrast x Sex 0.00 0.03 -0.05, 0.06

Angry contrast x Sex -0.04 0.03 -0.09, 0.02

Intensity linear x Sex -0.10 0.07 -0.24, 0.04

Intensity quadratic x Sex 0.01 0.03 -0.05, 0.06

Intensity cubic x Sex 0.02 0.03 -0.03, 0.08

SAD contrast x Happy contrast x intensity linear -0.12 0.06 -0.23, -0.00

NONANX contrast x Happy contrast x intensity linear -0.06 0.06 -0.18, 0.07

SAD contrast x Angry contrast x intensity linear 0.11 0.06 -0.01, 0.23

NONANX contrast x Angry contrast x intensity linear 0.06 0.07 -0.08, 0.19

SAD contrast x Happy contrast x intensity quadratic 0.02 0.05 -0.07, 0.12

NONANX contrast x Happy contrast x intensity quadratic 0.07 0.05 -0.03, 0.17

SAD contrast x Angry contrast x intensity quadratic -0.06 0.05 -0.15, 0.04

NONANX contrast x Angry contrast x intensity quadratic -0.01 0.05 -0.11, 0.09

SAD contrast x Happy contrast x intensity cubic 0.07 0.04 -0.01, 0.16
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Table S5. Continued.

Effect Estimate Est. Error 95% CI

NONANX contrast x Happy contrast x intensity cubic -0.02 0.05 -0.11, 0.06

SAD contrast x Angry contrast x intensity cubic -0.04 0.05 -0.13, 0.05

NONANX contrast x Angry contrast x intensity cubic 0.07 0.05 -0.03, 0.16

NONANX contrast x Happy contrast x Sex 0.00 0.04 -0.07, 0.07

SAD contrast x Happy contrast x Sex -0.01 0.04 -0.09, 0.07

NONANX contrast x Angry contrast x Sex 0.03 0.03 -0.03, 0.10

SAD contrast x Angry contrast x Sex -0.02 0.04 -0.09, 0.06

NONANX contrast x Intensity linear x Sex -0.03 0.10 -0.22, 0.16

SAD contrast x Intensity linear x Sex -0.06 0.10 -0.27, 0.14

NONANX contrast x Intensity quadratic x Sex 0.03 0.04 -0.04, 0.10

SAD contrast x Intensity quadratic x Sex -0.03 0.04 -0.10, 0.05

NONANX contrast x Intensity cubic x Sex -0.01 0.04 -0.08, 0.07

SAD contrast x Intensity cubic x Sex 0.00 0.04 -0.08, 0.08

Happy contrast x Intensity linear x Sex -0.04 0.04 -0.13, 0.05

Angry contrast x Intensity linear x Sex -0.05 0.05 -0.15, 0.04

Happy contrast x Intensity quadratic x Sex -0.04 0.04 -0.11, 0.03

Angry contrast x Intensity quadratic x Sex -0.02 0.03 -0.08, 0.05

Happy contrast x Intensity cubic x Sex -0.05 0.03 -0.11, 0.01

Angry contrast x Intensity cubic x Sex 0.01 0.03 -0.05, 0.08

NONANX contrast x Happy contrast x Intensity linear x Sex 0.06 0.06 -0.06, 0.17

SAD contrast x Happy contrast x Intensity linear x Sex -0.00 0.06 -0.13, 0.12

NONANX contrast x Angry contrast x Intensity linear x Sex 0.02 0.06 -0.11, 0.14

SAD contrast x Angry contrast x Intensity linear x Sex 0.02 0.07 -0.11, 0.14

NONANX contrast x Happy contrast x Intensity quadratic x Sex 0.06 0.05 -0.03, 0.16

SAD contrast x Happy contrast x Intensity quadratic x Sex -0.11 0.05 -0.21, -0.01

NONANX contrast x Angry contrast x Intensity quadratic x Sex 0.04 0.05 -0.06, 0.13

SAD contrast x Angry contrast x Intensity quadratic x Sex -0.01 0.05 -0.11, 0.08

NONANX contrast x Happy contrast x Intensity cubic x Sex 0.02 0.04 -0.06, 0.11

SAD contrast x Happy contrast x Intensity cubic x Sex 0.05 0.05 -0.04, 0.14

NONANX contrast x Angry contrast x Intensity cubic x Sex -0.03 0.05 -0.12, 0.06

SAD contrast x Angry contrast x Intensity cubic x Sex -0.02 0.05 -0.11, 0.08

Note. Est. Error = Estimated error; 95% CI = 95% credible interval; SAD contrast = SAD 
vs grand mean contrast; NONANX contrast = non-anxious control group vs grand mean 
contrast; happy contrast = happy vs grand mean contrast; angry contrast = angry vs grand 
mean contrast.

BNW_Lynn_na proef.indd   125BNW_Lynn_na proef.indd   125 18-10-2021   08:1318-10-2021   08:13



126     |     Chapter 5

Table S6. Estimates, estimated error and credible intervals for the valence intensity model – 
depression.

Effect Estimate Est. Error 95% CI

Group NONANX contrast 0.04 0.10 -0.47, -0.19

Group SAD contrast -0.31 0.10 -0.16, 0.24

Emotion happy contrast 0.08 0.03 -0.51, -0.11

Emotion angry contrast -0.14 0.03 0.02, 0.13

Emotion intensity linear 1.27 0.08 -0.20, -0.09

Emotion intensity quadratic -0.00 0.03 1.12, 1.42

Emotion intensity cubic -0.09 0.03 -0.06, 0.06

Depression 0.02 0.01 -0.15, -0.04

NONANX contrast x happy contrast -0.03 0.04 -0.01, 0.05

SAD contrast x happy contrast -0.02 0.04 -0.12, 0.05

NONANX contrast x angry contrast 0.04 0.04 -0.10, 0.07

SAD contrast x angry contrast -0.05 0.04 -0.04, 0.11

NONANX contrast x intensity linear -0.06 0.11 -0.13, 0.02

SAD contrast x intensity linear -0.00 0.11 -0.27, 0.15

NONANX contrast x intensity quadratic -0.05 0.04 -0.21, 0.21

SAD contrast x intensity quadratic -0.02 0.04 -0.13, 0.02

NONANX contrast x intensity cubic 0.03 0.04 -0.09, 0.06

SAD contrast x intensity cubic -0.03 0.04 -0.05, 0.11

Happy contrast x intensity linear 0.34 0.05 -0.11, 0.04

Angry contrast x intensity linear -0.51 0.05 0.25, 0.44

Happy contrast x intensity quadratic -0.08 0.04 -0.61, -0.42

Angry contrast x intensity quadratic 0.01 0.04 -0.16, -0.00

Happy contrast x intensity cubic -0.00 0.03 -0.06, 0.08

Angry contrast x intensity cubic 0.10 0.03 -0.07, 0.06

NONANX contrast x Depression 0.04 0.02 0.03, 0.17

SAD contrast x Depression -0.00 0.02 -0.01, 0.08

Happy contrast x Depression -0.01 0.01 -0.04, 0.04

Angry contrast x Depression 0.01 0.01 -0.02, 0.00

Intensity linear x Depression 0.00 0.02 -0.00, 0.02

Intensity quadratic x Depression -0.01 0.01 -0.03, 0.03

Intensity cubic x Depression 0.01 0.01 -0.02, 0.01

SAD contrast x Happy contrast x intensity linear -0.13 0.07 -0.01, 0.02

NONANX contrast x Happy contrast x intensity linear -0.07 0.07 -0.26, 0.00

SAD contrast x Angry contrast x intensity linear 0.10 0.07 -0.20, 0.06

NONANX contrast x Angry contrast x intensity linear 0.04 0.07 -0.04, 0.23

SAD contrast x Happy contrast x intensity quadratic 0.04 0.05 -0.10, 0.17

NONANX contrast x Happy contrast x intensity quadratic 0.02 0.05 -0.06, 0.15

SAD contrast x Angry contrast x intensity quadratic -0.07 0.05 -0.08, 0.13

NONANX contrast x Angry contrast x intensity quadratic -0.01 0.05 -0.11, 0.09

SAD contrast x Happy contrast x intensity cubic 0.07 0.05 -0.02, 0.17
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Table S6. Continued.

Effect Estimate Est. Error 95% CI

NONANX contrast x Happy contrast x intensity cubic -0.04 0.05 -0.13, 0.06

SAD contrast x Angry contrast x intensity cubic -0.05 0.05 -0.15, 0.05

NONANX contrast x Angry contrast x intensity cubic 0.06 0.05 -0.03, 0.16

NONANX contrast x Happy contrast x Depression -0.01 0.01 -0.03, 0.01

SAD contrast x Happy contrast x Depression 0.01 0.01 -0.01, 0.02

NONANX contrast x Angry contrast x Depression 0.01 0.01 -0.01, 0.03

SAD contrast x Angry contrast x Depression 0.00 0.01 -0.01, 0.02

NONANX contrast x Intensity linear x Depression 0.03 0.02 -0.02, 0.07

SAD contrast x Intensity linear x Depression -0.02 0.02 -0.06, 0.02

NONANX contrast x Intensity quadratic x Depression -0.02 0.01 -0.03, 0.00

SAD contrast x Intensity quadratic x Depression 0.01 0.01 -0.01, 0.03

NONANX contrast x Intensity cubic x Depression -0.02 0.01 -0.04, 0.00

SAD contrast x Intensity cubic x Depression -0.00 0.01 -0.02, 0.01

Happy contrast x Intensity linear x Depression -0.00 0.01 -0.02, 0.02

Angry contrast x Intensity linear x Depression 0.00 0.01 -0.02, 0.02

Happy contrast x Intensity quadratic x Depression 0.00 0.01 -0.01, 0.02

Angry contrast x Intensity quadratic x Depression -0.00 0.01 -0.02, 0.01

Happy contrast x Intensity cubic x Depression 0.00 0.01 -0.01, 0.01

Angry contrast x Intensity cubic x Depression -0.01 0.01 -0.02, 0.01

NONANX contrast x Happy contrast x Intensity linear x Depression -0.00 0.01 -0.03, 0.03

SAD contrast x Happy contrast x Intensity linear x Depression 0.00 0.01 -0.02, 0.03

NONANX contrast x Angry contrast x Intensity linear x Depression -0.02 0.02 -0.05, 0.01

SAD contrast x Angry contrast x Intensity linear x Depression 0.01 0.01 -0.01, 0.04

NONANX contrast x Happy contrast x Intensity quadratic x Depression 0.01 0.01 -0.01, 0.03

SAD contrast x Happy contrast x Intensity quadratic x Depression 0.01 0.01 -0.01, 0.03

NONANX contrast x Angry contrast x Intensity quadratic x Depression -0.01 0.01 -0.03, 0.01

SAD contrast x Angry contrast x Intensity quadratic x Depression 0.01 0.01 -0.01, 0.03

NONANX contrast x Happy contrast x Intensity cubic x Depression 0.01 0.01 -0.02, 0.03

SAD contrast x Happy contrast x Intensity cubic x Depression -0.00 0.01 -0.02, 0.01

NONANX contrast x Angry contrast x Intensity cubic x Depression -0.00 0.01 -0.02, 0.02

SAD contrast x Angry contrast x Intensity cubic x Depression 0.01 0.01 -0.01, 0.03

Note. Est. Error = Estimated error; 95% CI = 95% credible interval; SAD contrast = SAD vs grand 
mean contrast; NONANX contrast = non-anxious control group vs grand mean contrast; happy 
contrast = happy vs grand mean contrast; angry contrast = angry vs grand mean contrast.
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Table S7. Chi-square test results on the emotion-valence pairs per group.

Group
Emotion-Valence pair SAD OTHANX NONANX
Angry10 χ2(1) = 0.06, p = .806 χ2(1) = 2.71, p = .100 χ2(1) = 0.13, p = .719
Angry30 χ2(1) = 1.70, p = .191 χ2(1) = 15.09, p < .001 χ2(1) = 0.73, p = .393
Angry50 χ2(1) = 0.67, p = .414 χ2(1) = 12.52, p < .001 χ2(1) = 0.02, p = .898
Angry70 χ2(1) = 2.33, p = .127 χ2(1) = 9.00, p = .003 χ2(1) = 2.63, p = .105
Happy10 χ2(1) = 18.42, p < .001 χ2(1) = 0.00, p = 1.00 χ2(1) = 4.10, p = .043
Happy30 χ2(1) = 0.09, p = .768 χ2(1) = 2.86, p = .091 χ2(1) = 0.95, p = .329
Happy50 χ2(1) = 0.00, p = 1.00 χ2(1) = 2.88, p = .090 χ2(1) = 2.57, p = .109
Happy70 χ2(1) = 0.67, p = .414 χ2(1) = 2.00, p = .157 χ2(1) = 2.88, p = .090
Fear10 χ2(1) = 10.18, p = .001 χ2(1) = 5.22, p = .022 χ2(1) = 10.49, p = .001
Fear30 χ2(1) = 3.00, p = .083 χ2(1) = 3.88, p = .049 χ2(1) = 1.13, p = .288
Fear50 χ2(1) = 3.56, p = .059 χ2(1) = 7.26, p = .007 χ2(1) = 0.73, p = .394
Fear70 χ2(1) = 0.82, p = .366 χ2(1) = 8.91, p = .003 χ2(1) = 0.39, p = .532

Note. SAD = Social Anxiety Disorder group; OTHANX = Other anxiety disorder group; 
NONANX = Non-anxious group.

Table S8. Paired t-tests on misclassifications for all emotions with a count higher than expected.

Comparison Statistics
OTHANX vs SAD angry30% confusion with fear t(68.60) = 2.13, p = .036
OTHANX vs NONANX angry30% confusion with fear t(79.47) = 3.15, p = .002
SAD vs NONANX angry30% confusion with fear t(74.89) = 0.74, p = .459
OTHANX vs SAD angry50% confusion with fear t(53.21) = 2.86, p = .006
OTHANX vs NONANX angry50% confusion with fear t(53.81) = 3.01, p = .004
SAD vs NONANX angry50% confusion with fear t(57.76) = 0.04, p = .970
OTHANX vs SAD happy10% confusion with angry t(76.64) = 1.48, p = .143
OTHANX vs NONANX happy10% confusion with angry t(83.94) = 1.36, p = .178
SAD vs NONANX happy10% confusion with angry t(80.58) = 0.22, p = .827
OTHANX vs SAD fear10% confusion with angry t(73.21) = 0.94, p = .353
OTHANX vs NONANX fear10% confusion with angry t(74.60) = 0.43, p = .665
SAD vs NONANX fear10% confusion with angry t(84.02) = 0.58, p = .564
OTHANX vs SAD fear30% confusion with angry t(66.78) = 0.77, p = .445
OTHANX vs NONANX fear30% confusion with angry t(67.92) = 0.85, p = .401
SAD vs NONANX fear30% confusion with angry t(78.17) = 0.07, p = .943
OTHANX vs SAD fear50% confusion with angry t(22.40) = 0.07, p = .941
OTHANX vs NONANX fear50% confusion with angry t(29.22) = 2.02, p = .052
SAD vs NONANX fear50% confusion with angry t(23.96) = 1.68, p = .105
OTHANX vs SAD fear70% confusion with angry t(8.35) = 0.50, p = .630
OTHANX vs NONANX fear70% confusion with angry t(22.80) = 0.33, p = .741
SAD vs NONANX fear70% confusion with angry t(7.32) = 0.74, p = .480

Note. p-values were corrected with a modified Bonferroni approach (see main text). None of 
the p-values were significant after corrections. NONANX = Non-anxious group; SAD = Social 
Anxiety Disorder group; OTHANX = Other anxiety disorder group.
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Table S9. Follow-up contrasts for the systematic misclassifications per emotions.

Contrast OR 95%-HPD interval
NONANX vs SAD happy10% 1.32 0.86, 1.87
NONANX vs OTHANX happy10% 0.96 0.61, 1.35
SAD vs OTHANX happy10% 0.73 0.45, 1.06
NONANX vs SAD happy30% 1.48 1.02, 2.03
NONANX vs OTHANX happy30% 0.82 0.56, 1.13
SAD vs OTHANX happy30% 0.55 0.37, 0.77
NONANX vs SAD happy50% 1.08 0.67, 1.57
NONANX vs OTHANX happy50% 0.56 0.35, 0.83
SAD vs OTHANX happy50% 0.52 0.31, 0.78
NONANX vs SAD happy70% 1.16 0.62, 1.84
NONANX vs OTHANX happy70% 0.52 0.27, 0.84
SAD vs OTHANX happy70% 0.45 0.23, 0.74
NONANX vs SAD angry10% 1.27 0.83, 1.79
NONANX vs OTHANX angry10% 0.60 0.38, 0.85
SAD vs OTHANX angry10% 0.47 0.29, 0.68
NONANX vs SAD angry30% 1.28 0.86, 1.80
NONANX vs OTHANX angry30% 0.77 0.51, 1.09
SAD vs OTHANX angry30% 0.60 0.38, 0.86
NONANX vs SAD angry50% 1.31 0.82, 1.87
NONANX vs OTHANX angry50% 0.78 0.49, 1.13
SAD vs OTHANX angry50% 0.60 0.36, 0.88
NONANX vs SAD angry70% 1.20 0.69, 1.82
NONANX vs OTHANX angry70% 0.67 0.38, 1.04
SAD vs OTHANX angry70% 0.56 0.32, 0.89
NONANX vs SAD fear10% 1.25 0.78, 1.82
NONANX vs OTHANX fear10% 0.79 0.51, 1.16
SAD vs OTHANX fear10% 0.63 0.38, 0.94
NONANX vs SAD fear30% 1.20 0.81, 1.67
NONANX vs OTHANX fear30% 0.75 0.50, 1.05
SAD vs OTHANX fear30% 0.63 0.40, 0.89
NONANX vs SAD fear50% 1.02 0.64, 1.51
NONANX vs OTHANX fear50% 0.78 0.47, 1.19
SAD vs OTHANX fear50% 0.79 0.47, 1.17
NONANX vs SAD fear70% 1.13 0.61, 1.81
NONANX vs OTHANX fear70% 0.66 0.34, 1.06
SAD vs OTHANX fear70% 0.59 0.31, 0.98

Note. 95% HPD interval non-overlapping with 1 are considered significant.
OR = Odds Ratio; 95%-HPD interval = 95%-High Posterior Density interval; NONANX = Non-
anxious group; SAD = Social Anxiety Disorder group; OTHANX = Other anxiety disorder group.
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Supplemental Results

Additional systematic misclassifications. Exploratory between-group comparisons 
(see for all statistics, Table S8) indicated that the OTHANX misclassified angry 
faces at 30% significantly more often with fear than the NONANX group, but there 
were no differences on angry faces at other intensity levels. Furthermore, there 
were no between-group differences in the chance that angry faces at any of the 
intensities were misclassified as fear, after corrections for multiple testing. Lastly, 
there were no between-group differences in the chance that fearful or happy faces 
were misclassified as angry at any of the intensities. Combining these results with 
the results discussed in the main text, this indicates that except for the tendency 
to misclassify angry faces of a certain ambiguity as fear in the OTHANX group 
(when compared to the NONANX group), no overall systematic misclassifications 
could be identified.

Additional follow-up comparisons valence intensity ratings. Exploratory follow-
up comparisons (see for all statistics, Table S9) indicated that the OTHANX group 
judged emotions overall as significantly more intense than the other groups. The 
OTHANX group judged happy faces as significantly more intense than the SAD 
group at 30%, OR = 0.55, HPD [0.37, 0.77], at 50%, OR = 0.52, HPD [0.31, 0.78], and 
at 70%, OR = 0.45, HPD [0.23, 0.74]. The OTHANX group judged happy faces as 
significantly more intense than the NONANX group at 50%, OR = 0.56, HPD [0.35, 
0.83] and at 70%, OR = 0.52, HPD [0.27, 0.84]. The NONANX group judged 30% happy 
faces as significantly more intense than the SAD group (OR = 1.48, HPD [1.02, 2.03]). 
The OTHANX group also judged 10%, 30%, 70% fearful faces as significantly more 
intense than the SOAD group, OR = 0.63, HPD [0.38, 0.94], OR = 0.63, HPD [0.40, 
0.89], OR = 0.59, HPD [0.31, 0.98], respectively. There were no other significant 
between-group differences on valence intensity ratings. Combining these results 
with the results discussed in the main text, it shows that the OTHANX group judged 
emotions overall as significantly more intense than the SOAD group and to a lesser 
extent also than the NONANX group.
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Abstract

This study examined whether distorted cognition changes during Cognitive 
Behavioural Therapy (CBT) in children (N = 61; aged 7-12) with Social Anxiety 
Disorder (SAD) and whether changes in distorted cognition from pre- to post-
treatment predict SAD at six-month follow-up. Baseline distorted cognition was 
also examined as a predictor of post-treatment outcome. Multiple informant SAD-
measures were obtained pre-treatment, post-treatment and at six-month follow-up. 
Children reported on interpretation bias and dysfunctional beliefs. A decrease in 
interpretation bias and dysfunctional beliefs was prospectively related to greater 
SAD change between post-treatment and six-month follow-up. Child-reported SAD 
change at post-treatment predicted greater change in dysfunctional beliefs at six-
month follow-up. Higher baseline interpretation bias predicted greater change 
in SAD-severity at post-treatment. Children with greater distorted cognition 
reductions during treatment, showed greater treatment gains at six-month follow-
up. Children who do not show this reduction may require additional efforts focused 
on distorted cognition to maximally benefit from treatment.
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Introduction

About 60% of children with an anxiety disorder remit after receiving Cognitive 
Behavioural Therapy (CBT; James, James, Cowdrey, Soler, & Choke, 2015). Children 
with Social Anxiety Disorder (SAD) anywhere in their diagnostic profile are more 
likely to continue to meet diagnostic criteria and to show residual anxiety symptoms 
following treatment compared to children without SAD (Arendt, Thastum, & 
Hougaard, 2016; Ginsburg et al., 2011; Hudson et al., 2015). Childhood SAD is 
associated with severe disruptions in social, family and academic functioning 
and a higher risk for development of other disorders (Costello, Egger, & Angold, 
2005; Kessler, 2003). Understanding treatment mediators and baseline predictors 
of change for childhood SAD can help to determine how treatment works and 
for whom treatment works. This can indicate specificity of treatment effects and 
subsequently aid in refining treatment for children who do not benefit from current 
approaches.

Theoretical underpinnings of anxiety disorders suggest that cognitive 
distortions are central to the development and maintenance of SAD (Beck, Emery, & 
Greenberg, 2005; Clark & Wells, 1995; Spence & Rapee, 2016). Indeed, a considerable 
number of studies indicate that children with SAD negatively interpret ambiguous 
situations (i.e., interpretation bias) and that they hold negative assumptions and 
beliefs about their functioning and their ability to cope with perceived threats 
(Klein et al., 2019; Mobach, Klein, Schniering, & Hudson, 2020; Muris & Field, 
2008; see for a meta-analysis, Stuijfzand, Creswell, Field, Pearcey, & Dodd, 2018). 
In line with theory, for anxiety symptoms to change, changes in distorted cognition 
should occur. The principal components of CBT propose to do just that: Exposure to 
feared stimuli or situations and cognitive techniques should help anxious children 
to identify and correct cognitive distortions. This process is assumed to produce 
positive changes in anxiety symptoms.

CBT is indeed effective in producing positive changes in child anxiety (see 
for an overview, James et al., 2015). However, the exact mechanism through which 
CBT exerts its effect, is still largely unclear (Prins, Ollendick, Maric, & MacKinnon, 
2015). Researchers have started to investigate mediators of CBT for childhood 
anxiety disorders (e.g., Chu & Harrison, 2007; Kendall et al., 2016; Normann, 
Lønfeldt, Reinholdt-Dunne, & Esbjørn, 2016; Pereira et al., 2018; Peris et al., 2015). 
Surprisingly, despite the theoretical assumptions of CBT (Beck et al., 2005; Kendall, 
2012), only a handful of studies has investigated cognitive variables as potential 
mediators. Furthermore, although consistent baseline predictors of treatment 
outcome are scarce (Knight, McLellan, Jones, & Hudson, 2014), few studies have 
looked into baseline levels of distorted cognition as potential treatment outcome 
predictors (e.g., Waters, Mogg, & Bradley, 2012). The current study will therefore 
focus on cognitive change throughout treatment as a potential mediator to examine 
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how treatment works and on baseline levels of cognitive distortions as treatment 
outcome predictors to understand for whom treatment works.

Studies that have examined cognitive change during child anxiety treatment, 
showed mixed results. Consistent with theory, some studies have shown that a 
change in distorted cognition is associated with symptom change (Muris, Mayer, 
Den Adel, Roos, & van Wamelen, 2009; Normann et al., 2016; Pereira et al., 2018; 
Waters, Wharton, Zimmer-Gembeck, & Craske, 2008). However, some studies 
did not, or only partially, demonstrate this association (Hogendoorn et al., 2014; 
Kendall et al., 2016; Peris et al., 2015). To our best knowledge, there are no studies 
that have specifically focused on cognitive change during treatment for childhood 
SAD. This limits the conclusions that can be drawn for this group. Given that 
children with SAD have poorer treatment outcomes than other anxious children, 
it is crucial that studies focus on childhood SAD to investigate factors that may 
underlie this poorer treatment response.

With regards to how treatment works, in one study, Waters and colleagues 
(2008) found that in a sample of children with mixed anxiety disorders (aged 8-12), 
interpretation bias significantly decreased from pre- to post-CBT. Residual threat 
interpretations were associated with higher anxiety symptoms in anxious versus 
non-anxious children. Also, in a sample of children (aged 8-13) with elevated anxiety 
levels, gains after CBT on child self-reported anxiety symptoms were significantly 
associated with a decrease in dysfunctional beliefs (Muris et al., 2009). In contrast, 
another study found that although youth (aged 7-17) benefitted from treatment 
and the introduction of cognitive restructuring accelerated progress, this could 
not be attributed to changes in dysfunctional beliefs (Peris et al., 2015). These 
studies provide important initial information on potential cognitive mediators 
of change during CBT for child anxiety in general. Primarily, the results seem to 
indicate that different forms of cognition may respond differently to treatment. 
However, conclusions are inherently limited due to their correlational nature and 
focus on post-treatment outcome which introduces the possibility that shared 
method variance may have (partially) explained the associations between outcome 
measures (Muris et al,. 2009; Waters et al., 2008).

Somewhat stronger evidence for mediation comes from two studies 
incorporating a treatment control group. Treadwell and Kendall (1996) showed 
that children’s change in dysfunctional beliefs predicted change in child-reported 
(but not parent- or teacher-reported) anxiety throughout treatment. In a similar 
vein, Kendall and Treadwell (2007) concluded that changes in dysfunctional beliefs 
mediated treatment gains. These studies only included pre- and post-treatment 
assessments, prohibiting examination of mediation of post-treatment or six-month 
follow-up treatment outcomes or conclusions on temporal precedence, as there 
were less then three timepoints. However, these studies indicate an association 
between changes in distorted cognition and changes in anxiety.
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Studies that include more than two assessments provide stronger evidence 
for cognitive change as a mediator of treatment outcome. A recent study included 
pre-, in-, and post-treatment, and four-month follow-up assessments (Pereira et al., 
2018). The authors found support for the role of an interpretation bias-reduction 
in explaining a significant proportion of the variance in anxiety symptoms at 
post-treatment and four-months follow-up in a non-treatment seeking sample of 
children with anxiety disorders (aged 8-12). Similarly, another study found evidence 
for cognitive change as a mediator of six-month follow-up treatment outcomes 
in a treatment-seeking sample of children with anxiety disorders (aged 7-12; 
Normann et al., 2016). The results indicated that changes in dysfunctional beliefs 
and maladaptive metacognitions predicted post-treatment anxiety. However, 
only changes in dysfunctional beliefs were related to child-self reported anxiety 
symptoms at six-month follow-up. In a similar study, treatment-seeking youth (8-18 
years) with an anxiety disorder were assessed at pre-, in-, and post-treatment and at 
three-month follow-up (Hogendoorn et al., 2014). The authors examined a range of 
possible mediators and found amongst others that an increase in positive thoughts 
preceded changes in child-reported anxiety symptoms. However, there was no 
evidence that a decrease in dysfunctional beliefs mediated treatment outcome. In 
line with this study, Kendall and colleagues (2016) also failed to find evidence for 
the role of decreased dysfunctional beliefs as a mediator of anxiety reduction at 
3-month follow-up in a treatment-seeking sample with mixed anxiety disorders 
(aged 7-17).

In sum, the majority of the studies on mediators of child anxiety treatment 
have shown that CBT impacts several distorted cognition indices and that there is 
an association between change in distorted cognition and treatment outcome. This 
seems promising in light of the underlying CBT-framework. However, there are 
also several studies that do not find this relation. Previous studies included widely 
varying designs and combined different distorted cognition indices with different 
informants to report on outcome variables. Currently, these studies do not allow for 
clear conclusions on which forms of cognition are effectively targeted by CBT, and 
which cognition types need to change for a decrease in anxiety symptoms to occur. 
Furthermore, the previous focus on mixed anxiety does not provide any indication 
of possible reasons for the poor treatment response among children with SAD. 
Therefore, it is pivotal to investigate changes in different distorted cognition types 
and their relation to social anxiety symptoms measured by multiple-informant 
reports (Muris & Field, 2008).

In this study, the focus lies on interpretation bias and dysfunctional beliefs 
among socially anxious youth: Interpretation bias has been pinpointed as a 
potential treatment mediator across anxiety disorders (Pereira et al., 2018), but 
has been understudied and results need to be replicated. Also, previous studies 
found mixed results with regard to the role of changes in dysfunctional beliefs 
(e.g., Treadwell & Kendall, 2007; Hogendoorn et al., 2014). Importantly, both of 
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these cognitive constructs have been linked to the maintenance of childhood 
social anxiety (Klein et al., 2019; Mobach et al., 2020; Stuijfzand et al., 2018). 
Furthermore, given the differential effectiveness of CBT for children with SAD 
versus children with non-social anxiety disorders, investigating heterogeneous 
anxiety disorder groups may lead to obscured results. The high comorbidity 
between anxiety disorders is often given as the reason to study this group together. 
However, despite these high comorbidity rates, unique impairments exist (e.g., 
Alfano et al., 2009; Ferdinand et al., 2006). Therefore, it is necessary to investigate 
disorder-specific treatment mediators to gain more insight into the mediating role 
of cognitive change in obtaining beneficial treatment outcome in children with 
SAD. Additionally, the identification of baseline treatment-outcome predictors 
can provide important insights into for whom treatment works. Surprisingly, not 
many studies have examined cognitive treatment-outcome predictors in children 
with SAD. An exception is a study that indicates that anxious children with higher 
negative attention bias levels (vs. those with low levels) at pre-treatment showed 
significantly more improvement on anxiety symptoms at post-treatment (Waters et 
al., 2012). Clearly, identification of pre-treatment predictors for children with SAD 
and exploration of cognitive variables as pre-treatment predictors needs further 
attention.

The present study examines how and for whom treatment works best in 
a clinical treatment-seeking sample of children with SAD. The first aim was to 
examine how treatment works, by assessing (1a) whether children with SAD 
show pre- to post-treatment changes on two indexes of distorted cognition 
(interpretation bias and dysfunctional beliefs) and subsequently, whether (1b) 
pre- to post-treatment changes in cognition were related to social anxiety levels at 
six-month follow-up. The second aim was to examine for whom treatment works 
best by assessing whether baseline levels of the cognitive variables predicted 
post-treatment outcome (aim 2). We included child-, parent- and clinician-report 
of social anxiety to gain a comprehensive understanding of social anxiety severity. 
It was hypothesized that children would show decreases in interpretation bias and 
dysfunctional beliefs from pre- to post-treatment (Clark & Wells, 1995; Spence & 
Rapee, 2016). Also, with regards to directionality of change, it was hypothesized 
that pre- to post-treatment cognitive changes would be prospectively related to 
SAD diagnostic severity and social anxiety symptoms at six-month follow-up. More 
specifically, it was expected that children who showed greater decreases on the 
distorted cognition indices, would show greater decreases in SAD severity. The 
hypothesis regarding pre-treatment outcome predictors was exploratory in nature 
in light of the lack of studies in this area. This is the first study to explore potential 
treatment mechanisms and cognitive baseline predictors that may explain the lack 
of treatment response for children with SAD. This study therefore represents an 
important first step into unravelling possible reasons that childhood SAD predicts 
less favourable treatment outcomes.
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Methods

Participants

Sixty-one children with SAD anywhere in their diagnostic profile participated in 
this study. Of these children, 26.2% had a primary (most interfering) SAD diagnosis 
and 73.8% had a secondary SAD diagnosis. Children were selected from a larger 
sample of children with primary anxiety disorders on the waiting list for generic 
anxiety treatment (see Table 1 for diagnostic profile characteristics). Children 
were aged 7-12 (M = 9.23, SD = 1.56; 41.0% girls). Children were recruited through 
the Centre for Emotional Health at Macquarie University in Australia. Exclusion 
criteria were high-risk suicidal ideation, concurrent psychological treatment, 
intellectual impairment, psychotic symptoms, and physical or sexual abuse in 
their home environment. Appropriate referrals were given to children and their 
families if any of these exclusion criteria were present. The current dataset 
partially overlapped with participant data that was used in two other studies on 
interpretation bias and the effect of Cognitive Bias Modification for interpretation 
bias (CBM-I)12 (Klein et al., 2019; Klein et al., 2015). The Human Research Ethics 
Review Committee of Macquarie University approved the current study.

Table 1. Prevalence (%) of diagnoses for primary and all secondary diagnoses.

Primary disorder % Secondary disordera %
SAD 26.2 73.8
GAD 60.7 44.3
SEP 3.3 41.0
SP 4.9 95.1
OCD 4.9 9.8
Mood disorder 0 14.8
Externalising disorder 0 23.0

Note. SAD = Social Anxiety Disorder; GAD = Generalised Anxiety Disorder; SEP = Separation 
Anxiety Disorder; SP = Specific Phobia; OCD = Obsessive Compulsive Disorder.
a Prevalence of all secondary diagnoses together.

12 To examine possible carry-over effects of the CBM-I on treatment outcome, a one-way Analysis of 
Variance (training group: neutral, positive) was conducted. There were no carry-over effects of 
the CBM-I, as evidenced by non-significant effects of the training on SCAS-C/P-scores (total and 
social anxiety subscale), primary and secondary disorder severity and CGAS for child-report and 
parent-report (post- and six-month follow-up assessment; all p’s > .05). Age and sex were unrelated 
to child-reported social anxiety (r = .22, p = .087; r = .22, p = .086), CSR SAD (r = -.25, p = .070; r = .15, 
p = .275), interpretation bias (r = .22, p = .099; r = .03, p = .824), and dysfunctional beliefs (r = .15, 
p = .246; r = .01, p = .913). Therefore, training group, age and sex were not included in the main 
analyses.
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Materials

Anxiety Disorders Interview Schedule for DSM-IV-Child/Parent (ADIS-IV-C/P; Silverman 
& Albano, 1996). 
The ADIS-IV-C/P is a semi-structured clinical interview to diagnose anxiety 
disorders and other common disorders in youth according to Diagnostic and 
Statistical Manual-fourth edition (DSM-IV; American Psychiatric Association [APA], 
2000) criteria. Interviews were held separately with the parent(s) and the child and 
all disorders were rated with a clinician severity rating (CSR; 0 [no interference] to 
8 [extreme interference]). CSRs ≥ 4 indicate a clinically interfering disorder. In the 
current study, the composite diagnosis was used to determine diagnoses and CSRs 
for treatment evaluation. An overall interference rating (0 [low daily functioning] 
to 100 [high daily functioning]) was administered using the Children’s Global 
Assessment Scale (CGAS; Shaffer et al., 1983). The CGAS has shown acceptable 
psychometric properties (Green, Shirk, Hanze, & Wanstrath, 1994).

Spence Children’s Anxiety Scale-Child/Parent (SCAS-C/P; Nauta, Scholing, Rapee, 
Abbott, & Spence, 2004; Spence, 1998). 
The SCAS-C/P assesses anxiety symptoms by child self-report and parent-report 
for the child across multiple anxiety domains. For this study, only the 6-item social 
scale of the SCAS was used. Items were answered on a 4-point Likert-scale (0 [never] 
to 3 [always]). Higher scores indicate higher social anxiety levels. The SCAS-social 
scale has previously demonstrated acceptable psychometric properties (Nauta et 
al., 2004; Spence, 1998). Internal consistency in this study was acceptable (SCAS-C: 
pre-treatment α = .82, post-treatment α = .69, six-month follow-up α = .66; SCAS-P: 
pre-treatment α = .79, post-treatment, α = .84, six-month follow-up α = .82.

Children’s Automatic Thoughts Scale (CATS; Schniering & Rapee 2004). 
The CATS assesses dysfunctional beliefs with 40 items with four scales, but in the 
current study only the social threat scale was used. Items are scored on a 5-point 
scale (0 [not at all] to 4 [all the time]). Higher scores indicate higher levels of social 
threat thoughts. The CATS has demonstrated good psychometric properties in 
community and clinical samples (Schniering & Lyneham 2007; Schniering & Rapee 
2004). Internal consistency in the current study was good (pre-treatment α = .95, 
post-treatment α = .93, six-month follow-up α = .91).

Interpretation Task (Klein et al., 2015). 
The interpretation task consisted of 45 (social, physical, neutral) ambiguous 
scenarios to assess interpretation bias. The social threat scenarios were used in 
the current study. The scenarios were a mix of existing materials (Bögels, Snieder, 
& Kindt, 2003; Creswell, Schniering, & Rapee, 2005; Klein et al., 2015; Klein et al., 
2014; Muris et al., 2000; Schneider, Unnewehr, Florin, & Margraf, 2002). Three 
random sets of 5 social scenarios were created to lessen the burden on the children. 
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Children could choose from a positive, neutral/positive, neutral/negative, and 
negative ending. Scenarios were presented in a pseudo-randomized order, such 
that no more than two scenarios of the same category would be shown sequentially. 
Children were instructed to read the story aloud, to imagine themselves being the 
central character in the story and to choose the ending that they thought would 
suit the story best. Internal consistency of the social scenarios was acceptable 
(pre-treatment α = .66, post-treatment α = .65) and comparable to previous studies 
(e.g., Klein et al., 2019; Schneider et al., 2002).

Procedure

Families seeking treatment of their child’s anxiety symptoms, were invited to the 
clinic and went through a diagnostic assessment (ADIS-IV-C/P; APA, 2000; Silverman 
& Albano, 1996). If children were diagnosed with a primary anxiety disorder, they 
were automatically allocated to generic CBT. While children were on the waiting list, 
they completed the CBM-I13. Before CBT (and before CBM-I) started (T1), children 
filled out the interpretation task, the CATS, and SCAS-C. Parents filled out the 
SCAS-P. All tasks and questionnaires were presented electronically on a computer 
screen. Within two weeks after the last CBT session (T2) and at six-month follow-
up (T3), the same procedure was repeated (except for the interpretation bias task 
at T3). Interviews were held by qualified clinical psychologists or trained clinical 
psychology graduate students under the supervision of a senior clinical psychologist.

Treatment

The Cool Kids program is a manualized, structured, ten-session, CBT-program 
(Rapee et al., 2006). For the current study, sessions were two hours in length 
and conducted in groups of around 6-8 families. This program focuses on 
recognizing emotions, restructuring distorted cognitions, and gradual exposure 
to feared situations. Children and their parents are taught strategies and skills to 
manage the child’s anxiety. Active components of the Cool Kids program include 
psychoeducation, cognitive restructuring, child management skills/parent 
training and (in-vivo) gradual exposure, and assertiveness training. This is in 
line with other CBT programs for child anxiety (e.g., Coping Cat; Kendall, 1994). 
Children completed homework assignments consisting of gradual exposure under 
supervision of their parent(s). Multiple RCTs have confirmed efficacy of the Cool 
Kids Program (Arendt et al., 2016; Hudson et al., 2009). The treatment sessions 
were led by a paid clinical psychologist or a postgraduate psychologist in training 
under supervision of a clinical psychologist. All clinicians were trained in the use 
of the Cool Kids program.

13 For the full procedure, see Klein et al. (2015).
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Analytic Strategy

Missing data. Analyses were conducted on an intent-to-treat basis. Missingness 
patterns were as follows: SCAS-C (T1: 0%; T2: 16.4%; T3: 24.6%), CATS (T1: 0%; T2: 
16.4%; T3: 24.6%), interpretation bias (T1: 4.9%; T2: 34.4%), CSR SAD (T1: 11.5%; 
T2: 14.8%; T3: 31.1%). Little’s MCAR test revealed that the data were missing 
(completely) at random (χ2(1114) = 86.40, p > .999). Missing data were handled using 
full information maximum likelihood (FIML) within the analysis framework. FIML 
provides less biased estimates compared to listwise or pairwise deletion (Schafer 
& Graham, 2002).

Change in social anxiety from pre- to post-treatment. Three repeated measures 
(RM) Analysis of Variance (ANOVAs) with a within subjects-factor for time (T1/T2/
T3) were conducted to examine within-subjects change over the course of treatment 
on child- and parent-reported social anxiety symptoms and clinician-rated SAD 
severity. To correct for multiple testing, results were deemed significant at p < .0125.

Main analyses. To examine whether dysfunctional beliefs and interpretation 
bias show within-subjects change during treatment (aim 1a), two RM ANOVAs were 
conducted (deemed significant at p < .0125). Each RM ANOVA included a within 
subjects-factor for time (T1/T2/[T3]) with interpretation bias or dysfunctional 
beliefs as the dependent variable. To examine aim 1b and 2, two autoregressive 
cross-lagged panel models (CLPMs) were conducted. The first CLPM included 
interpretation bias, dysfunctional beliefs, child-reported social anxiety symptoms 
(SCAS-C), and clinician-reported SAD severity (SAD CSR) at all timepoints. The 
second CLPM included the same constructs, but instead of child-reported social 
anxiety, the parent-reported social anxiety scale (SCAS-P) was included. CLPMs 
examine direction of effects while taking extraneous variance into account. 
Both CLPMs examine whether a change in dysfunctional beliefs and negative 
interpretation bias over the course of treatment predicted social anxiety symptoms 
and diagnostic severity at six-month follow-up (aim 1b), as well as baseline 
predictors of post-treatment outcome (aim 2). Each model included stability/
autoregressive paths (s-paths in Figure 1) to control for the temporal stability within 
each variable across time (except for the autoregressive correlation between T2 
and T3 interpretation bias), synchronous correlations between variables at each 
timepoint (c-paths in Figure 1), and cross-lagged paths between different variables 
across time (p-paths in Figure 1).

A robust estimator (MLR) was used to guard against non-normality of the data. 
Following reporting guidelines, the fit of each model was judged by examining Chi-
Square (p > 0.05), RMSEA (≤ 0.05) and its associated confidence interval (CI), SRMR 
(≤ 0.05), CFI (≥ 0.95) (Hooper, Coughlan, & Mullen, 2008). Additionally, a parsimony 
fit index (PNFI; higher values equal higher parsimony) was reported14. Evidence for 

14 As there are no recommended cut-off guidelines for parsimony, this index was included for 
informative reasons only (Hooper et al., 2008).

BNW_Lynn_na proef.indd   144BNW_Lynn_na proef.indd   144 18-10-2021   08:1318-10-2021   08:13



Chapter 6     |     145

temporal precedence was examined by comparing the statistical significance of the 
cross-lagged paths. By regressing each variable at post-treatment and six-month 
follow-up on the score of that variable at the timepoint before (pre- and post-treatment, 
respectively), the outcome variable in the model was interpreted as the residualized 
change of that variable. For example, by regressing post-treatment interpretation bias 
on pre-treatment interpretation bias, post-treatment interpretation bias scores can be 
interpreted as the residualized change in interpretation bias between these two points 
(Settipani, O’Neil, Podell, Beidas, & Kendall, 2013). Descriptive analyses and ANOVAs 
were conducted in SPSS (v.24; IBM Corp, 2016). CLPMs were conducted in Rstudio 
v1.2.1335 (R 3.6.0; R Core Team, 2017) with the lavaan package (0.6.5; Rosseel, 2012).

Figure 1. Cross-Lagged Panel Model displaying within-treatment cognitive change from 
T1 to T2 predicting child-reported and clinician-rated social anxiety severity at T3. Long-
term stability coefficients not included for clarity reasons. T1 = pre-treatment assessment; 
T2 = post-treatment assessment; T3 = six-month follow-up assessment; T1 Social anxiety 
symptoms = child-reported social anxiety; CSR SAD = clinician-severity rating social anxiety 
disorder; c = covariance; s = stability coefficient; p = crosspaths.

Results

Change in social anxiety. The RM ANOVAs for child-, parent- and clinician-reported 
social anxiety severity all showed a significant main effect of time. All within-
subjects contrasts showed a significant decrease in social anxiety from pre- to 
post-treatment, and from post-treatment to six-month follow-up (see Table 2 for 
statistics and descriptives).
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Change in distorted cognition. The RM ANOVAs indicated a significant effect of 
time for both dysfunctional beliefs and interpretation bias (Table 2). Within-subjects 
contrasts indicated a significant decrease in dysfunctional beliefs and interpretation 
bias from pre- to post-treatment and in dysfunctional beliefs from post-treatment to 
six-month follow-up. Overall, these results show that over the course of treatment, 
both dysfunctional beliefs and interpretation bias significantly decreased. Thus, 
residualized change scores (see below) represented significant variation from pre- 
to post-treatment and from post-treatment to six-month follow-up.

Cross-lagged panel model outcomes. The CLPM with child-reported social 
anxiety symptoms (i.e., child model) showed good fit, χ2(9) = 9.261, p = .414, CFI = .999, 
TLI = .993, RMSEA = .022, CI [.000, .149], SRMR = .037, PNFI = .158. Table 3 displays all 
estimates and covariances in the child CLPM and Figure 2 visualizes these estimates. 
The second CLPM with parent-reported social anxiety symptoms (i.e., the parent 
model) did not show a good fit. Two of the indices were unsatisfactory, χ2(10) = 12.254, 
p = .199, CFI = .982, TLI = .890, RMSEA = .074, CI [.000, .153], SRMR = .037, PNFI = .155. 
Estimates are not reliable when the fit of the model is not adequate, therefore, they 
were not interpreted (see Table S1 in the supplementary materials; Kenny, 2020). 
The following sections only refer to the child model.

Table 2. Mean scores on social anxiety symptoms and cognitive variables on the assessment points.

T1
M (SD)

T2
M (SD)

T3
M (SD)

Statistics

Child-report

Social anxiety 5.59 (4.14)a 3.94 (2.87)b 3.54 (2.66)c
F(1.734,78.051) = 13.24

p < .001, η2 = .23
Dysfunctional 
beliefs

9.26 (10.42)a 3.84 (5.33)b 3.52 (4.94)c
F(1.277,57.470) = 15.96

p < .001, η2 = .26

Interpretation bias1 .36 (.27)a .24 (.24)b
F(1,37) = 7.66

p = .009, η2 = .17
Parent-report

Social anxiety 8.84 (3.84)a 5.49 (3.02)b 4.16 (2.82)c
F(2,92) = 38.55

p < .001, η2 = .46
Clinician-report

CSR SAD 5.69 (0.99)a 3.71 (1.32)b 3.00 (1.96)c
F(1.442,54.787) = 48.96

p < .001, η2 = .56
CGAS 57.42 (6.65) 70.76 (11.15) 72.40 (16.79) -

Note. CSR SAD = Clinician-severity rating social anxiety disorder; CGAS = Children’s Global 
Assessment Scale. Means with different superscripts within rows are significantly different 
with all p’s < .0125.
1 The mean of person-mean interpretation bias scores are displayed.
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Table 3. Covariances and (un)standardized estimates for all stability- and crosspaths with 
specifiers in brackets for the CLPM with child-reported social anxiety.

Estimate SE
Standardized 

estimate
p

Stability paths
IB T1 → T2 (s1) .198 .106 .217 .060
DB T1 → T2 (s3) .167 .118 .329 .159
DB T2 → T3 (s6) .827 .133 .876 .000
DB T1 → T3 .117 .070 .245 .094
Soc anx T1 → T2 (s2) .340 .101 .489 .001
Soc anx T2 → T3 (s5) -.043 .177 -.046 .810
Soc anx T1 → T3 .073 .073 .115 .317
CSR SAD T1 → T2 (s4) .468 .162 .348 .004
CSR SAD T2 → T3 (s7) .442 .216 .259 .041
CSR SAD T1 → T3 -.194 .352 -.096 .582
Cross-Lagged Paths
IB T1 → Soc anx T2 (p1) .584 .200 .326 .004
IB T1 → DB T2 (p2) .246 .254 .125 .333
IB T1 → CSR SAD T2 (p3) .329 .639 .067 .606
DB T1 → IB T2 (p7) .043 .047 .181 .364
DB T1 → Soc anx T2 (p8) .034 .089 .073 .705
DB T1 → CSR SAD T2 (p9) .087 .256 .069 .734
Soc anx T1 → IB T2 (p4) -.011 .065 -.030 .872
Soc anx T1 → DB T2 (p5) .158 .152 .206 .299
Soc anx T1 → CSR SAD T2 (p6) .155 .347 .081 .655
CSR SAD T1 → IB T2 (p10) .022 .035 .086 .535
CSR SAD T1 → DB T2 (p12) .020 .060 .038 .737
CSR SAD T1 → Soc anx T2 (p11) -.105 .048 -.214 .027
IB T2 → Soc anx T3 (p13) .684 .252 .378 .007
IB T2 → DB T3 (p14) .654 .279 .320 .019
IB T2 → CSR SAD T3 (p15) 1.546 1.434 .192 .281
DB T2 → Soc anx T3 (p18) .434 .108 .519 .000
DB T2 → CSR SAD T3 (p19) 1.513 .739 .406 .041
CSR SAD T2 → DB T3 (p21) -.010 .030 -.026 .742
CSR SAD T2 → Soc anx T3 (p20) .050 .037 .147 .179
Soc anx T2 → DB T3 (p16) -.381 .167 -.366 .022
Soc anx T2 → CSR SAD T3 (p17) -.597 1.033 -.145 .563
Covariances
IB T1 ~~ DB T1 (c2) .072 .033 .264 .028
IB T1 ~~ Soc anx T1 (c4) .072 .023 .395 .002
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Table 3. Continued.

Estimate SE
Standardized 

estimate
p

IB T1 ~~ CSR SAD T1 (c1) .003 .037 .010 .945
DB T1 ~~ CSR SAD T1 (c6) .191 .111 .190 .085
Soc anx T1 ~~ DB T1 (c5) .520 .095 .736 .000
Soc anx T1 ~~ CSR SAD T1 (c3) .135 .082 .204 .100
Soc anx T2 ~~ DB T2 (c8) .094 .026 .667 .000
Soc anx T2 ~~ CSR SAD T2 (c11) .117 .070 .306 .093
Soc anx T2 ~~ IB T2 (c7) .002 .012 .023 .888
IB T2 ~~ DB T2 (c10) -.019 .015 -.190 .195
IB T2 ~~ CSR SAD T2 (c12) -.001 .050 -.004 .984
DB T2 ~~ CSR SAD T2 (c9) .057 .112 .111 .610
Soc anx T3 ~~ DB T3 (c13) .008 .013 .097 .549
Soc anx T3 ~~ CSR SAD T3 (c15) .105 .083 .203 .205
DB T3 ~~ CSR SAD T3 (c14) .145 .075 .323 .053

Note. IB = Interpretation bias; DB = Dysfunctional beliefs; Soc anx = Social anxiety; CSR 
SAD = Clinician-severity rating social anxiety disorder.

Predicting six-month follow-up outcome with pre- to post-treatment cognitive 
change. The cross-path coefficients indicated that greater pre- to post-treatment 
changes in interpretation bias significantly predicted greater change in child-
reported social anxiety symptoms, but not clinician-rated SAD severity, in the period 
from post-treatment to six-month follow-up (see Table 3 for all estimates). Greater 
pre- to post-treatment changes in dysfunctional beliefs predicted significantly 
greater change in both child-reported social anxiety and clinician-rated SAD 
severity at six-month follow-up. Hence, children who showed greater change in 
interpretation bias and dysfunctional beliefs from pre- to post treatment, also 
self-reported greater change in social anxiety symptoms at six-month follow-up. 
In addition, children who self-reported greater decreases in dysfunctional beliefs 
at post-treatment, also exhibited greater change in social anxiety severity at six-
month follow-up as reported by the clinician. Interestingly, greater pre- to post-
treatment change in child-reported social anxiety symptoms predicted less change 
in dysfunctional beliefs in the period between post-treatment and six months follow-
up. Indicating that children who reported more change in social anxiety symptoms 
during treatment, reported less change in dysfunctional beliefs from post- to six-
month follow-up. There was no significant effect of pre- to post-treatment changes in 
clinician-rated SAD severity on dysfunctional beliefs at six-month follow-up. Thus, 
these results indicate that there was a bidirectional effect of child self-reported 
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social anxiety symptoms on dysfunctional beliefs, whereas no bidirectional effect 
of clinician-rated SAD severity on dysfunctional beliefs was found.

Pre-treatment predictors of post-treatment outcome. Cross-paths from pre- 
to post-treatment showed that interpretation bias at pre-treatment significantly 
predicted child-reported social anxiety at post-treatment. This indicates that 
children who had higher interpretation bias levels before treatment, reported 
greater changes in child-reported social anxiety levels at post-treatment (see Table 
3 for all estimates). Pre-treatment dysfunctional belief levels did not significantly 
predict changes at post-treatment in child- or clinician-reported social anxiety.

Figure 2. Cross-Lagged Panel Model for child-reported social anxiety including stability and 
cross-path coefficients. Significant coefficients are indicated by lines in bold.
T1 = pre-treatment assessment; T2 = post-treatment assessment; T3 = six-month follow-up; 
CSR SAD = clinician-severity rating social anxiety disorder.

Discussion

In the current study a clinical sample of children with SAD received CBT in a 
longitudinal, single condition treatment-design. The first goal was to examine 
how treatment works by examining a) whether children with SAD showed pre- to 
post-treatment changes in distorted cognition (i.e., interpretation bias for social 
scenarios and dysfunctional social beliefs), and b) whether changes in distorted 
cognition during treatment predicted social anxiety outcomes at six-month follow-
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up. The second goal was to examine for whom treatment works, by examining 
whether baseline levels of cognitive distortions predicted changes in social anxiety 
symptoms at post-treatment. This preliminary study is the first to focus on potential 
cognitive mediatiors and predictors of CBT outcome in childhood SAD, a population 
that would greatly benefit from treatment improvements.

In line with our first hypothesis that distorted cognition should change 
during treatment, results showed pre- to post-treatment decreases in both 
interpretation bias and dysfunctional beliefs. It is important to point out that, in the 
absence of a control condition not receiving treatment, it is not possible to attribute 
these changes to treatment effects. Nonetheless, these results are consistent with 
the underlying assumption of CBT-models that distorted cognition is an important 
target of treatment and should decrease over its course (Beck et al., 2005; Clark 
& Wells, 1995; Kendall, 2012; Spence & Rapee, 2016). This study shows that SAD-
specific cognitions changed during treatment and hereby extends previous studies 
showing that distorted cognition changes during CBT in mixed anxiety disorder 
groups (e.g., Kendall et al., 2016; Normann et al., 2016; Waters et al., 2008).

The findings showed partial support for the second hypothesis that decreases 
in distorted cognition would predict social anxiety at six-month follow-up. Pre- 
to post-treatment changes in interpretation bias and dysfunctional beliefs were 
significantly and prospectively related to changes in child-reported social anxiety 
at six-month follow-up. Thus, children who showed more change (i.e., decreases) 
in distorted cognition, showed a greater decrease in social anxiety six months after 
treatment. This is in line with previous studies in children with a mix of anxiety 
disorders, finding an association between changes in general negative cognition 
during CBT and anxiety symptom change (e.g., Muris et al., 2009). The results are 
also in line with studies pointing to a mediating role for distorted cognition in 
anxiety symptom change in children with heterogenous anxiety disorders (Chu 
& Harrison, 2007; Lau, Chan, Li, & Au, 2010). The current study extends these 
findings to children with SAD and SAD-specific distorted cognition. The results 
are, however, not in line with previous studies that failed to find that changes in 
dysfunctional beliefs predicted anxiety reduction (e.g., Hogendoorn et al., 2014; 
Kendall et al., 2016). A change in dysfunctional beliefs may be particularly related 
to social anxiety symptom change rather than general anxiety symptoms (e.g., 
total scale sum scores).

Importantly, greater changes in social anxiety symptoms from pre-to post-
treatmnt predicted less changes in dysfunctional beliefs at six-month follow-up. 
Thus, although changes in social anxiety symptoms from pre- to post-treatment 
also have an effect on changes in dysfunctional beliefs, this effect is negative. This 
may indicate that those children showing greater changes in social anxiety at post-
treatment may have already had larger changes in their dysfunctional beliefs at 
post-treatment as well. Hence, there may have been less room left for change from 
post-treatment to six-month follow-up in dysfunctional beliefs. These results may 
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indirectly and carefully suggest a directional effect of changes in dysfunctional 
beliefs preceding anxiety changes such that reductions in dysfunctional beliefs 
precede reductions in social anxiety symptoms, but not the other way around. This 
would be in line with assumptions from cognitive models that higher dysfunctional 
beliefs contribute to anxiety (Beck et al., 2005). However, future studies with more 
assessment points during both the treatment and follow-up period are necessary to 
show that within-treatment changes in dysfunctional beliefs occur before changes 
in social anxiety changes occur to make this claim.

Interestingly, changes in distorted cognition during treatment were 
differentially related to six-month follow-up on child- and clinician-reported 
outcomes. Changes in dysfunctional beliefs from pre- to post treatment predicted 
social anxiety severity per child- and clinician-report at six-month follow-up. 
However, changes in interpretation bias from pre- to post-treatment predicted only 
child-reported social anxiety levels at six-month follow-up. A possible explanation 
may be that the ADIS-IV SAD section explicitly addresses a list of dysfunctional 
beliefs during the assessment which may directly reflect in clinician-rated SAD 
severity (CSR). In contrast, interpretation bias for ambiguous situations may 
not be as explicitly addressed. This stresses the merit of examining distorted 
cognition with different measures tapping into different stages of the information-
processing pathway for adequate treatment evaluation. Furthermore, this shows 
the complexity of differential associations between informant reports on anxiety 
and cognitive measures throughout different treatment-stages.

These findings of this study may provide an explanation for the mixed 
findings in previous studies where a large variety of informant reports and cognitive 
measures was employed (Muris et al., 2009; Pereira et al., 2018; Waters et al., 2008). 
For example, the parent-model did not fit the data. This is in line with previous 
studies showing that the association between cognitive change and treatment 
outcomes was only found for child-report and not for parent-report (Kendall & 
Treadwell, 2007; Treadwell & Kendall, 1996). Taken together, these findings suggest 
that changes in child-reported distorted cognition do not explain much variance 
in parent-reported social anxiety symptoms. Given that distorted cognition is an 
internal process, parents may not be aware of children’s distorted cognition but 
rather report on more visible behavioural and affective symptoms, decreasing the 
shared variance on reports of cognitive aspects on both measures. In general, this 
study supports previous findings showing an association between decreases in 
distorted cognition during CBT and treatment gains and extends these results to a 
treatment-seeking SAD sample. Furthermore, this study adds to these studies by 
showing long-term durability of the prospective relation between cognitive change 
and treatment gains (Kendall & Treadwell, 2007; Muris et al., 2009; Normann et 
al., 2016; Pereira et al., 2018; Peris et al., 2015; Treadwell & Kendall, 1996). Clearly, 
however, more studies are needed to replicate the current results and to address 
other potential (cognitive) mediators of treatment for childhood SAD.
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With regards to our third exploratory hypothesis, results showed that 
children with higher interpretation bias-levels at baseline showed greater changes 
in self-reported social anxiety symptoms at post-treatment. This result indicates 
that children who started treatment with a stronger tendency to interpret social 
events as negative, benefitted more from treatment than those who had lower 
interpretation bias levels. This is in line with a previous study by Waters and 
colleagues (2012) that found that anxious children with higher negative attention 
bias levels at pre-treatment showed significantly more improvement in their 
anxiety symptoms after treatment. Children in general showed a decrease in 
their interpretation bias from pre- to post-treatment, which may reflect regression 
towards the mean. Alternatively, it may imply treatment-associated changes in 
interpretation style when encountering ambiguous social situations. Dysfunctional 
beliefs levels at baseline did not predict post-treatment social anxiety. This shows 
that it is important to account for baseline differences in interpretation bias in 
predicting which children with SAD will respond to treatment. These results 
again also underline the importance of including multiple distorted cognition 
indices, such as attention bias, interpretation bias and memory bias, as they may 
differentially predict changes over time. As this is the first examination of cognitive 
treatment predictors in children with SAD, further studies with appropriate control 
conditions are necessary to elucidate which cognitive factors relate to treatment 
outcome.

The current study had both strengths and limitations. A strength of this 
study was the inclusion of multiple informant reports allowing us to compare 
different perspectives on the status of the child’s anxiety symptoms throughout 
treatment. Second, two distorted cognition indices were included to examine 
possible differences in changes during CBT and in predictive value for six-month 
follow-up treatment outcomes. Results showed that this approach has merit, as 
both baseline prediction and changes over the course of treatment were found 
and temporal precedence of theorized cognitive mechanisms may not be similarly 
present for all cognitive variables. A third strength was the inclusion of a six-month 
follow-up assessment, which allowed examination of durability of changes over 
time.

A first limitation of this study is that, in the absence of a control condition, 
observed changes could be the result merely of the passing of time or other 
variables. However, research suggests that anxiety symptoms rarely remit without 
intervention and SAD in particular, is one of the most chronic of the anxiety 
disorders (Muris, Meesters, & van Melick, 2002; Massion et al., 2002). Second, 
mediation test conditions were not fully present. An in-treatment assessment would 
have enabled us to establish whether temporal precedence was present pre- to 
post-treatment, allowing for more stringent conclusions on treatment mechanisms. 
Future research should include longitudinal designs with one or more within-
treatment assessments to elucidate the temporal precedence of changes in distorted 

BNW_Lynn_na proef.indd   152BNW_Lynn_na proef.indd   152 18-10-2021   08:1318-10-2021   08:13



Chapter 6     |     153

cognition and social anxiety. Third, this study included children with SAD in their 
diagnostic profile. This means that not all children had primary SAD. Although 
this could be considered a limitation, research has shown that the presence of SAD 
anywhere in the diagnostic profile are more likely than children without SAD in 
their profile to continue to meet diagnostic criteria and to show residual anxiety 
symptoms following treatment (Arendt et al., 2016; Ginsburg et al., 2011; Hudson 
et al., 2015). As these children have shown distorted cognition specific to SAD to be 
diagnosed as such, this sample composition gives insight to SAD-specific distorted 
cognition.

A fourth limitation was the lack of an interpretation bias-assessment at 
six-month follow-up. This did not allow examination of possibile bidirectional 
effects of social anxiety levels on interpretation bias, nor did it account for the 
multilevel nature of the data (Hamaker, Kuiper, & Grasman, 2015). Consequently, 
these results should be interpreted carefully and await future research efforts. 
Fourth, a relatively small sample was included which leads to increased standard 
errors. A larger sample size may have led to some of the stability paths reaching 
significance. This also prevented the inclusion of pre- to six-month follow-up 
predictors and of covariates that may have been of interest (e.g., depression, age). 
Depressive symptoms and possible associations with age, even in this younger age 
range, should be considered in the design of future studies.

Fifth, our sample did not allow for a comparison between children with 
and without SAD. A follow-up study comparing cognitive change and the link 
to treatment outcomes between children with and without SAD could elucidate 
whether cognitive change differs between these groups. Finally, although this study 
addressed two types of cognitions that are considered to be crucial for anxiety 
maintenance, they did not explain all the variance in treatment gains at six-month 
follow-up. To be able to provide these children with improved treatment outcome, 
incorporating other maintenance mechanisms into future research designs should 
facilitate a broader view on working mechanisms of CBT in childhood SAD.

Despite its limitations, the current study represents an important first 
attempt to investigate how and for whom treatment works in a sample of children 
with SAD. Results suggested that children who showed greater decreases in their 
distorted cognitions at post-treatment, show better maintenance of treatment 
gains at six-month follow-up. However, the other side of the coin is that children 
who show less improvement in their distorted cognitions, may benefit less from 
treatment.
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Summary

Children with SAD show the greatest risk of not benefiting from CBT, but it is 
unknown how to improve their outcomes (Hudson et al., 2015). The current study 
is an important initial step to investigate how and for whom treatment works in 
a sample of children with SAD. A clinical sample of children with SAD received 
CBT in a longitudinal, single condition treatment-design. Results from a cross-
lagged panel model suggested that children who showed greater decreases in their 
distorted cognitions at post-treatment, show better maintenance of treatment gains 
at six-month follow-up. However, children who show less improvement in their 
distorted cognitions, may benefit less from treatment. CBT for child anxiety is 
often provided in a generic, one-size-fits-all format. CBT in this format reduces 
distorted social cognitions, but for children who do not show cognitive change, 
treatment outcome is less favourable. These children may require additional efforts 
to reduce their distorted cognitions in order to benefit from treatment. Disorder-
specific SAD treatment programs that incorporate alternative ways of targeting 
disorder-specific cognitions (e.g., video-feedback) show promise (Ingul, Aune, & 
Nordahl, 2014; Rapee, Gaston, & Abbott, 2009). This study provides an important 
first step by providing preliminary evidence that an improved focus on disorder-
specific distorted cognition may facilitate treatment outcomes for childhood SAD.
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Children with SAD are less likely to respond favorably to treatment compared 
to children with other anxiety diagnoses (Crawley, Beidas, Benjamin, Martin, 
& Kendall, 2008; Ginsburg et al., 2011; Hudson et al., 2015). What distinguishes 
children with SAD from children with other anxiety disorders? The chapters 
in this dissertation aimed to gain more insight into the disorder-specific role of 
interpretation bias and dysfunctional beliefs and their relation to the development, 
maintenance and treatment of childhood SAD. To achieve this overarching aim, 
children with SAD were compared to children with other anxiety disorders on their 
interpretation bias and dysfunctional belief levels using different tasks to assess 
interpretation bias. Additionally, cognitive change during treatment was examined 
to determine whether it was linked to six-month follow-up treatment outcome. 
In this final chapter, I will summarize the findings of each chapter, followed by 
a discussion and integration of the main findings in light of current knowledge 
on biased processing in the maintenance and treatment of childhood SAD. Then, 
the findings will be linked to implications for clinical practice. The chapter will 
conclude with an agenda for future research in the context of the findings and 
limitations of the studies in this dissertation.

Summary

In Chapter 2, we focused on the disorder-specificity of dysfunctional beliefs 
in childhood SAD. To this end, a large naturalistic treatment-seeking sample 
of children with a wide range of anxiety disorders, depressive disorders and 
externalizing disorders was obtained. Next to the primary aim, a secondary aim 
of this study was to examine the role of comorbid disorders on dysfunctional beliefs 
by comparing children with different diagnostic profiles. Specifically, children with 
SAD were compared to children with non-social anxiety disorder(s), children with 
SAD and mood disorders, and to children with SAD and externalizing disorders on 
self-reported dysfunctional social threat beliefs, physical threat beliefs, hostility 
beliefs and beliefs of personal failure and loss. All groups also included non-social 
anxiety disorders. Critical to our main hypothesis, we found that children with 
SAD endorsed significantly higher levels of dysfunctional social beliefs compared 
to children with non-social anxiety disorders. Importantly, children with SAD and 
comorbid mood disorders scored higher on dysfunctional social beliefs than the 
children with SAD only. These findings could not be explained by a more severe SAD 
presentation in the comorbid mood group. Finally, the SAD group did not endorse 
higher levels of dysfunctional beliefs related to other disorders (i.e., physical threat, 
personal failure and loss, hostility). In general, severity of the diagnostic profile 
and sex were unrelated to the outcomes. Taken together, these findings suggest 
disorder-specificity of dysfunctional social beliefs to childhood SAD compared to 
other anxiety disorder groups. Although the presence of comorbid externalizing 
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disorders does not seem to have any relation to the dysfunctional beliefs endorsed, 
it is likely that mood comorbidity is a risk factor for higher levels of dysfunctional 
social beliefs in childhood SAD.

Following up on Chapter 2, in Chapter 3, it was investigated whether 
children with varying levels of social anxiety, separation anxiety and spider 
phobia exhibited a negative interpretation bias on an ambiguous scenario task 
specific for their anxiety symptoms, or whether they also tend to negatively 
interpret scenarios non-specific to their anxiety symptoms. Employing a large 
community sample, the study described in this chapter took an important first step 
by replicating previous studies in underpowered samples. The ambiguous scenario 
task contained hypothetical scenarios related to each anxiety subtype. The second 
goal of this study was to explore the moderating role of sex and age in the relation 
between interpretation bias and specific anxiety symptoms. I found for social 
anxiety, separation anxiety and spider fear, that the anxiety-specific threat score 
was the only significant predictor of that anxiety subtype, even after controlling 
for comorbid anxiety symptoms, sex and age. Focusing on social anxiety, social 
anxiety-related interpretation bias was the only significant predictor of social 
anxiety symptoms, over and above separation anxiety and spider fear symptoms. 
Furthermore, in separate moderation analyses, it was found that neither sex, nor 
age moderated the relation between the threat scores and the anxiety symptoms. 
These findings propose a unique role for symptom-specific interpretation biases 
even in a community sample with varying levels of anxiety symptoms.

Taking a step back, Chapter 4 described the validation of the emotional child 
faces of the Radboud Face Database (RaFD; Langner et al., 2010) in a community 
sample of children in middle childhood. This step was critical to achieve the 
goals of the study described in Chapter 5 as these stimuli formed the basis for the 
facial emotion processing task. We found that children on average were relatively 
accurate in recognizing and labeling emotional displays. The highest accuracy 
levels were found for happy displays and the lowest accuracy levels were found for 
facial displays of contempt. Results were largely in line with a previous validation 
study of children identifying emotional displays in adults (Verpaalen et al., 2019). 
These findings suggest that facial emotion displays of same-aged peers are adequate 
stimuli, and they aid in drawing reliable conclusions in studies utilizing facial 
emotion displays.

Building on the findings in Chapter 2 and 3, we investigated the disorder-
specificity of interpretation bias for emotional faces in Chapter 5. Complementing 
the ambiguous scenario task used in Chapter 3, which showed the presence of 
disorder-specific, relatively controlled interpretative bias in a community sample, 
in this study, we used an indirect approach aiming to capture interpretation bias in 
a clinical sample. To this end, a novel facial emotion processing task was developed 
using the emotional faces with the highest accuracy, valence and clarity ratings 
based on the validation data from Chapter 4. The goal of this study was to examine 
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whether children with SAD display a general deficit in labeling emotional faces, 
or alternatively, that they are characterized by a negative interpretation bias in 
processing ambiguous emotional faces. To meet this aim, children with SAD were 
compared to children with other anxiety disorders and non-anxious children. 
We found that children with SAD did not display a general deficit in classifying 
happy, angry or fearful faces, converging with results from a recent meta-analysis 
(Pearcey et al., 2021). In contrast to findings in Chapter 3, we did not find a negative 
interpretation bias in terms of systematic misclassifications, heightened sensitivity 
for detecting anger at lower intensity levels, and in terms of judging angry faces 
as angrier than other groups. Surprisingly, children with other anxiety disorders 
judged emotional faces as higher in intensity than children with SAD. Taken 
together, these results suggest that children with SAD do not display a disorder-
specific negative interpretation bias on a facial emotion processing task.

Finally, the study described in Chapter 6 built on the empirical findings 
from the previous chapters, linking changes in SAD-specific cognitive content 
to treatment (CBT) outcomes, as reported by parents, clinicians and children. 
Specifically, the first goal of this study was to examine whether baseline levels 
of distorted cognition, indexed by interpretation bias and dysfunctional beliefs, 
predict post-treatment outcome. The second goal was to a) examine whether 
children show pre- to post-treatment decreases in distorted cognition, and b) 
whether pre- to post-treatment changes in distorted cognition were related to 
six-month follow-up outcomes. Children with higher interpretation bias levels 
at pre-treatment had higher self-reported SAD symptoms at post-treatment. Pre-
treatment dysfunctional belief levels were not related to post-treatment outcome. 
Children with SAD showed the expected decrease (Beck, 1976; Clark & Wells, 
1995; Kendall, 1985; Muris & Field, 2008) in SAD-related interpretation bias and 
dysfunctional beliefs from pre- to post-treatment. We found that larger decreases 
in both distorted cognition types were related to better six-month follow-up 
results. Importantly, the results point to a differential relation between changes 
in interpretation bias and dysfunctional beliefs and social anxiety as reported 
by the child, parent and the clinician. Changes in dysfunctional beliefs during 
treatment predicted both child- and clinician-reported social anxiety severity at 
six-month follow-up. However, changes in interpretation bias only predicted child-
reported social anxiety. Collectively, these preliminary findings tentatively suggest 
that when SAD-specific distorted cognition changes throughout CBT as expected, 
children are more likely to maintain treatment effects at six-month follow-up. This 
relation can also be explained another way: Those children who do not show the 
desired decrease in distorted cognition, do not benefit from treatment as much.
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Integration of Findings

Disorder-Specific Cognition

Traditionally, studies on distorted cognition have examined central premises 
of cognitive theories in children with mixed anxiety disorders and non-clinical 
samples with varying levels of anxiety. The majority of these studies found support 
for a positive relation between a negative interpretation bias, dysfunctional beliefs 
and anxiety symptoms (for reviews see, Blanchette & Richards, 2008; Hadwin & 
Field, 2010; Muris & Field, 2008; Stuijfzand, Creswell, Field, Pearcey, & Dodd, 2018). 
The limited number of studies that focused on the disorder-specificity, or SAD-
specificity, of negative interpretation bias and dysfunctional beliefs, however, 
showed inconsistent findings (e.g., Bögels, Snieder, & Kindt, 2003; Creswell, 
Murray, & Cooper, 2014; Halldorsson, Castelijn, & Creswell, 2019; Muris et al., 2000; 
Schniering & Rapee, 2004; Vassilopoulos & Banerjee, 2012).

In this dissertation, principles of previous studies were extended and 
more rigorously tested by comparing different anxiety subtypes in community 
and clinical samples, and by taking comorbid anxiety and other psychological 
complaints into account (Chapter 2, 3, 5). The results of these studies provided 
further support for the existence of SAD-specific dysfunctional beliefs and partial 
support for the existence of SAD-specific interpretation bias. This is in line with 
previous findings in child (Stuijfzand et al., 2018) and adult samples (Mathews & 
MacLeod, 2005). Specifically, the results of Chapter 2 and 3 show that children 
with social anxiety, compared to children with other anxiety subtypes and to 
healthy control children, display social anxiety-specific distorted cognitions. An 
important addition to previous studies, is that disorder-specific distorted cognitions 
can be detected even in the context of other highly prevalent comorbid anxiety 
and externalizing symptoms. For comorbid depression however, the picture was 
different. Children with a comorbid presentation of SAD and depression showed 
higher dysfunctional social belief levels than children with SAD but without mood 
comorbidity (Chapter 2). This highlights the importance of considering comorbid 
mood symptoms when examining both disorder-specificity and distorted cognition 
in general (Voncken, Bögels, & Peeters, 2007).

A possible explanation for finding disorder-specificity in the studies in this 
dissertation compared to previous studies not finding disorder-specificity is the 
item-content. For example, Muris and colleagues (2000) used ambiguous social 
scenarios reflecting content that can elicit threat in socially anxious children 
(being dropped off at a sporting club), but may also trigger separation anxiety-
related threat in children with high levels of separation anxiety. In the study 
reported in Chapter 2, we separated disorder-specific threat triggers as much 
as possible which may have increased the probability of finding differences 
between anxiety subtypes. This indicates the importance of using stimuli that 
adequately reflect disorder-specific content to draw conclusions on content-
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specificity (Beck, 1976; Klein, 2016). Furthermore, previous studies that did not 
find disorder-specificity of cognitive content often offered the high comorbidity 
rates between (anxiety) disorders as a plausible explanation. However, they did not 
take other symptomology into account. It is likely that investigating children with 
mixed anxiety disorders together, might have obscured possible disorder-specific 
patterns. Zooming into specific anxiety subtypes while taking comorbidity into 
account in the studies in this dissertation, showed the theorized disorder-specific 
cognitive content (Chapter 2, 3; Beck, 1976; Klein, 2016).

The studies that assessed interpretation bias (Chapter 3, 5, 6) employed two 
different approaches to assess the presence of interpretation bias, only finding 
support for a relation between anxiety and interpretation bias when using a verbal, 
direct approach (ambiguous scenario task; Chapter 3, 6). Thus, we found evidence 
for relatively controlled interpretation bias, but not for more automatic aspects 
of interpretation bias (Daleiden & Vasey, 1997; Klein, 2016). These results are not 
in line with Klein’s cognitive information-processing model (2016) and Kendall’s 
cognitive theory (1985) positing that interpretation bias consists of both automatic 
and controlled aspects. Importantly, Klein’s hypotheses (2016) are based on studies 
that incorporated reaction-time based measures, which probably tap into relatively 
earlier stages of interpretation bias (Huijding, Wiers, & Field, 2010). Furthermore, 
the studies that formed the basis for developing this model were not specifically 
focused on social anxiety, but mostly on spider fear (Klein, Becker, & Rinck, 2011; 
Klein et al., 2017). However, explanations for not finding a relation between SAD 
and negative interpretative bias in Chapter 5 should be considered. First, children 
with SAD may not negatively interpret facial emotional displays. Given that the 
Fortune Wheel Task has not been subject to psychometric analyses the task may 
not have been optimal and may lack validity. Second, several other studies using 
different indirect measures did not find a relation between interpretation bias 
and social anxiety either (Broeren, Muris, Bouwmeester, Field, & Voerman, 2011; 
Lau et al., 2009). This may indicate that methodological differences, such as the 
task employed to assess interpretation bias, between studies possibly account for 
the inconsistent findings in the literature (Richards, French, Nash, Hadwin, & 
Donnelly, 2007).

In line with information-processing models (Daleiden & Vasey, 1997; Muris 
& Field, 2008), results tentatively suggest that relatively earlier (interpretation) 
and later (dysfunctional beliefs) stages in the information-processing chain are 
biased in socially anxious children. Integrating this with findings about other 
information processing biases not considered in the current dissertation, such 
as Abend and colleagues (2017) who found evidence for a relation between social 
anxiety symptoms and attention bias to threatening social stimuli, the findings 
indicate that children with heightened social anxiety show biases throughout 
the information-processing chain. Thus, already in childhood, and even in a 
community sample, children with higher levels of social anxiety are likely to show 
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early cognitive distortions, which are unlikely to be regulated or neutralized in 
later stages of the information-processing pathway.

Overall, the findings in this dissertation are mostly in line with cognitive 
theory, the content-specificity hypothesis and with adult SAD models, stating 
that childhood social anxiety is associated with a disorder-specific interpretation 
bias and dysfunctional social beliefs. This provides support for the cognitive 
content-specificity hypothesis (Beck, 1976), and for models that posit that disorder-
specific threat cues are especially relevant for children with corresponding 
anxiety disorders (Klein, 2016). However, we only found disorder-specificity for 
late-stage aspects of interpretation bias. This suggests that interpretation bias 
in childhood SAD is more likely to be characterized by late-stage interpretation 
bias for ambiguous social information, than by an early-stage interpretation bias. 
Integrating the findings in this dissertation with previous studies in different age 
groups (e.g., Blanchette & Richards, 2010; Mathews & MacLeod, 2005; Miers, Blöte, 
Bögels, & Westenberg, 2008), these results confirm the likely continuity of disorder-
specific cognitive content, in line with cognitive theory (Beck, 1976). Although 
many other (cognitive) mechanisms need to be tested in this age group, the current 
findings confirm that cognitive factors central to adult SAD models are likely to 
play a role in childhood SAD as well (Clark & Wells, 1995).

Cognitive Change During Treatment

Even though the role of distorted cognition has been emphasized in cognitive 
(maintenance) models, their role in obtaining beneficial treatment results in 
children with SAD is to date still largely unclear (Prins, Ollendick, Maric, & 
MacKinnon, 2015). In general, mechanisms underlying treatment success for 
anxiety disorders have been underexplored. Studies that examined general 
cognitive change during CBT have included children with a range of different 
anxiety disorders (e.g., Hogendoorn et al., 2014; Kendall et al., 2016; Muris, Mayer, 
Den Adel, Roos, & van Wamelen, 2009; Pereira et al., 2018; Waters, Wharton, 
Zimmer-Gembeck, & Craske, 2008). These studies do not allow for conclusions on 
what happens with SAD-specific cognitive content of children with SAD during 
treatment. This dissertation took a first step in extending this literature, by 
demonstrating that in a sample of children with SAD, SAD-specific interpretation 
bias and dysfunctional beliefs decrease during the course of generic CBT (Chapter 
6). Decreases in both constructs were related to maintenance of treatment effects 
at six-month follow-up.

The findings in Chapter 6 are in line with previous studies that have found 
a relation between decreases in distorted cognition and decreases in anxiety 
throughout treatment (e.g., Muris et al., 2009; Pereira et al., 2018), but are in 
contrast to studies not finding this relationship (e.g., Hogendoorn et al., 2014; 
Kendall et al., 2016). There could be three potential explanations for these mixed 
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findings. First, all studies included different combinations of informant reports 
on anxiety outcomes (i.e., parent, child, clinician) and assessed different cognitive 
constructs (e.g., interpretation bias, perceived control, dysfunctional beliefs). 
This may have led to different conclusions on general cognitive change during 
treatment. The findings reported in Chapter 6 support this explanation: decreases 
in dysfunctional beliefs were related to child- and clinician-reported social anxiety 
severity, but not to parent-reported outcomes. Also, decreases in interpretation bias 
were solely related to child-reported social anxiety. The high variety in designs 
makes it difficult to compare these results to previous studies. Follow-up research 
is necessary to replicate the current results across informants (De Los Reyes & 
Kazdin, 2005) and across cognitive constructs to draw stronger conclusions. 
Second, relations between cognitive constructs and treatment outcomes may be 
different in children with SAD compared to children with other anxiety disorders. 
As previous research has shown that the presence of SAD in the diagnostic profile 
lowers the likelihood of benefitting from treatment, one explanation could be that 
treatment strategies, such as cognitive restructuring and behavioural experiments, 
are less successful in reducing SAD-specific distorted cognition compared to non-
SAD specific cognitions. For example, it is difficult to objectively determine the true 
outcome of a behavioural experiment including social situations as other people 
are involved. The outcome of these experiments may rely on what others think 
which in turn relies on truthful reporting. Unfortunately, Chapter 6 cannot validate 
this explanation as changes in SAD-specific versus non-SAD specific cognitions 
throughout treatment were not compared.

Furthermore, converging with previous findings (e.g., Hogendoorn et 
al., 2014), the results in Chapter 6 also point to a bidirectional effect of distorted 
cognition on (social) anxiety. Although general assumptions are that the relation 
between distorted cognition and anxiety is a one-way street, reality may be more 
complex. Decreases in distorted cognition during treatment may precede as well as 
follow upon decreases in anxiety. In the absence of designs with multiple within-
treatment assessments, it remains unclear which mechanisms drive treatment 
effects. Studies that incorporate such a design in childhood SAD samples are 
necessary to replicate and further extend on these findings.

In general, the findings in Chapter 6 underline the central role of distorted 
cognition in the maintenance of anxiety disorders (Beck, Emery, & Greenberg, 
2005; Clark & Wells, 1995). The findings additionally show that targeting anxiety-
specific distorted cognition predicts treatment outcome six months after treatment 
ended, hereby providing support for theoretical accounts (Beck, 1976; Clark & 
Wells, 1995; Klein, 2016; Rapee & Heimberg, 1997). Critical to this finding is the 
inherent implication that less or no decreases in SAD-specific cognitive distortions 
predict a lower likelihood of benefitting from treatment. This shows the need to 
have a strong focus on targeting these cognitions in children with SAD (e.g., Leigh 
& Clark, 2018). Although much is still unknown, this preliminary study indicates 
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that it is likely that more effectively targeting SAD-specific distorted cognition is 
important for these children to benefit from treatment.

Considerations and Future Research

The findings as well as the limitations of the studies included in this dissertation 
provide important directions for future research. I will outline conceptual, 
theoretical and methodological considerations below. Moreover, based on these 
limitations and considerations, I will offer suggestions for future research.

First, it should be acknowledged that not all tasks and not all individual 
research questions were investigated in all samples. For example, the ambiguous 
scenario task was only used to assess interpretation bias in a community sample 
and not in a clinical sample. It is thus necessary for future research to address this 
issue to allow for stronger conclusions on the presence or absence of interpretation 
bias in childhood social anxiety. Relatedly, the cognitive constructs were for the 
most part not researched together (except for Chapter 6). This makes it difficult 
to assess their relative importance or their combined predictive value for social 
anxiety symptoms. Chapter 6 showed that decreases in interpretation bias and 
dysfunctional beliefs were differentially related to treatment outcomes. Generally, 
investigating multiple indices of distorted cognition (e.g., attention bias and 
memory bias) is important as they may differentially relate to the development 
and maintenance of social anxiety (Blöte et al., 2019; Hirsch, Clark, & Mathews, 
2006), and related forms of psychopathology (Everaert et al., 2012).

A limitation of the studies in this dissertation is that they only considered 
interpretation bias and dysfunctional beliefs. Additionally, we did not study 
these factors in the context of other distorted cognitions, such as attention bias, 
which has been linked to childhood social anxiety (e.g., Abend et al., 2018). It is 
plausible that biases in multiple information processing stages may have a larger 
combined effect on anxiety and incrementally relate to higher anxiety (Hirsch et 
al., 2006). For example, the interplay of attending to threatening social situations, 
interpreting them negatively and storing (and retrieving) them in (from) memory 
as negative, in turn strengthening long-term dysfunctional social beliefs, may have 
a larger combined effect on anxiety than a bias in only one of these stages. This 
has, however, not adequately been tested in childhood (SAD) samples (Wong & 
Rapee, 2016). Hence, future research would benefit from studies that investigate the 
combined cognitive bias hypothesis in childhood SAD. This would provide a better 
understanding of which cognitive factors should be targeted, either individually 
or combined, in treatment to obtain the best effects.

Except for Chapter 6, the majority of the studies in this dissertation included 
cross-sectional designs. Therefore, the findings in these chapters are correlational 
and no conclusions can be drawn with regards to the causal role of distorted 
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cognition in social anxiety development and maintenance. Although Chapter 
6 included a longitudinal design, no conclusions regarding the causal relation 
between distorted cognition and social anxiety can be drawn. The findings in this 
chapter, however, do suggest a bidirectional relation between change in distorted 
cognition and social anxiety. To draw stronger conclusions on causality and thus, 
which distorted cognition types should be targeted in order to reduce social anxiety, 
future studies should include experimental designs.

To have a comprehensive understanding of maintenance mechanisms in 
childhood SAD, a broader view on disorder-specific maintenance mechanisms is 
necessary. The current dissertation focused on only two possible mechanisms 
(interpretation bias and dysfunctional beliefs) within the information-processing 
and cognition domain. Both within and outside this domain, many mechanisms 
that are theorized to have an important maintaining role in SAD have received 
little research attention in children (Clark & Wells, 1995; Halldorsson & Creswell, 
2017; Wong & Rapee, 2016). Leigh and Clark (2018) recently suggested to test Clark 
and Wells’ model components (1995) in youth with SAD. For example, self-focused 
attention, the tendency to shift attention inwards in social situations, may stand in 
the way of processing positive information in the external environment. Rather, 
individuals rely on existing negative evaluations of themselves and their social 
performance, leaving little space for disconfirmation of existing dysfunctional 
beliefs (Clark & Wells, 1995; Hodson, McManus, Clark, & Doll, 2008). Studies so 
far provide evidence that self-focused attention may have a causal role in raising 
social anxiety levels in a performance situation with an adult audience (e.g., Kley, 
Tuschen-Caffier, & Heinrichs, 2011, 2012). These results imply that learning to 
redirect attention externally may be a potential treatment target. However, in the 
light of small sample sizes and the lack of a peer audience, these results require 
replication and extension. Testing these potential maintaining factors in children 
would ideally lead to the development of a maintenance model for childhood SAD. 
Such a model would greatly improve the understanding of factors that maintain 
childhood SAD and could inform adequate adaptations of existing treatment 
options to increase their effectiveness.

Next to this, the study reported in Chapter 6 provides only a preliminary step 
into understanding whether a focus on disorder-specific cognition may be valuable 
in targeting social anxiety. An obvious limitation of this study is the lack of a non-
socially anxious and healthy control group (not receiving treatment). Also, the lack 
of non-SAD-specific interpretation bias and dysfunctional beliefs measures forms 
a limitation. A comparison of children with SAD and children with other anxiety 
disorders on their changes in general versus SAD-specific cognitions throughout 
treatment, would clarify the contribution of focusing on disorder-specific distorted 
cognition versus general distorted cognition in children with SAD (Klein, 2016). A 
related point is the lack of a within-treatment assessment, limiting conclusions 
on the mediation of treatment effects and on the temporal direction of changes 
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in anxiety and distorted cognition. Future studies that aim to assess treatment 
mediators should include one or more in-treatment assessment points. This would 
allow for identification of active treatment ingredients that are possibly linked to 
cognitive- and social anxiety-related outcomes.

Another shortcoming was the modest sample size in Chapter 6, which 
limited power and may have led to increased standard errors. This is a common 
issue, as access to treatment-seeking samples is limited. This forces researchers to 
resort to non-clinical samples or non-treatment-seeking samples to test treatment 
mechanisms (e.g., Muris et al., 2009; Pereira et al., 2018). Using these samples limits 
generalizability to clinical, treatment-seeking populations. A possible solution 
would be to join forces and combine data of treatment samples across clinics, 
nationally and internationally, creating a larger database. This would allow for 
more rigorous tests of treatment mediators and moderators in childhood SAD.

Another important issue concerns the high heterotypic and homotypic 
comorbidity rates of the child samples included in this dissertation (Costello, 
Egger, & Angold, 2005). Given this high comorbidity, rather than studying specific 
disorders, future studies should focus on differences in cognitive profiles in 
children with combinations of different disorders. The results of Chapter 2, for 
example, showed that children with SAD and a comorbid mood disorder had 
significantly higher dysfunctional social belief levels than children without a 
comorbid mood disorder. As children with SAD have such high comorbidity with 
anxiety and other disorders, research that focuses on the differences in cognitive 
processes according to their respective cognitive profiles could give important 
insights into how treatment should be personalized and which distorted cognitions 
should be targeted during treatment for specific children.

The children that were studied in this dissertation were all in middle 
childhood (7-12 years). Although the age range in this dissertation is quite narrow, 
younger children may still differ from older children in terms of their cognitive 
developmental stage. Where possible, studies controlled for age. Nevertheless, 
as children were divided in groups in most of the studies, there was not sufficient 
power to consistently control for age. Yet, Chapter 3 did not find a moderating effect 
of age on the relation between interpretation bias and anxiety, which suggests that 
age in middle childhood does not influence this relation. Future studies should 
replicate these results and investigate the role of age in the relation between 
distorted cognition and social anxiety.

Drawing conclusions on the relation between interpretation bias and 
childhood SAD from previous studies as well as studies in this dissertation, is 
complicated by the high variety of definitions of interpretation bias and the tasks 
to assess this across studies. A negative interpretation bias is commonly defined 
as the tendency to interpret ambiguous information as threatening or negative 
(Beck et al., 2005). However, in the literature, terms such as perceived social danger 
and catastrophizing in the face of unambiguous, mildly negative events (Clark 
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& Wells, 1995), reduced evidence for danger (RED) bias (Muris, Merkelbach, & 
Damsma, 2000) and covariation bias (Muris & Field, 2008) are used. Yet, conclusions 
are drawn on the general construct of interpretation bias. This contributes to the 
inconsistent findings in the literature and in this dissertation; I used different 
tasks to study interpretation bias which led to different conclusions. That is, in 
Chapter 3, an ambiguous story task was used where children chose an ending to 
ambiguous stories in a multiple-choice format. With this direct self-report task, a 
relation between interpretation bias and social anxiety was found. In Chapter 5, 
we used the Fortune Wheel task, during which children responded to ambiguous 
facial expressions. Using this relatively indirect task, no relation between social 
anxiety and interpretation bias was found. I concluded that there is evidence 
for late-stage (controlled) interpretation bias, but not for early-stage, automatic 
aspects of interpretation bias (Daleiden & Vasey, 1997; Kendall, 1985). However, 
another plausible, methodological explanation is that a self-report questionnaire 
such as the SCAS (to assess social anxiety symptoms), shares more variance with 
the ambiguous scenario task, which also consists of self-report items. Naturally, 
there are higher correlations between these types of tasks than between group 
membership based on a diagnostic interview (ADIS-C/P) and the indirect Fortune 
Wheel task (Chapter 5).

A related issue is that the tasks to assess interpretation bias often have 
unknown psychometric properties. Many of the existing interpretation bias 
tasks are derived from adult tasks (Huijding et al., 2010). Efforts have been made 
to adjust these tasks for childhood samples (Field & Lester, 2010), however, the 
psychometric properties of these tasks are often not reported or known. This is also 
an important limitation of the tasks included in this dissertation. Although internal 
consistency and reliability of the self-report questionnaire for dysfunctional beliefs 
by Schniering and Rapee is excellent (2002; Chapter 2, 6), psychometric properties 
of the ambiguous scenario task (Chapter 3, 6) and the Fortune Wheel Task (Chapter 
5) were not investigated. It is therefore unknown whether these tasks validly assess 
interpretation bias. Hence, researchers should be cautious when interpreting 
results from these studies and other studies that use these tasks. These limitations 
are also applicable to other types of interpretation bias tasks not used in this 
dissertation, such as performance-based tasks. Similar to the adult literature, the 
bias indices derived from these tasks largely rely on reaction times (e.g., Broeren 
et al., 2011; Rozenman, Amir, & Weersing, 2014), which were found to be unreliable 
in child anxiety samples (Brown et al., 2014). Thus, in general, interpretation bias 
tasks need to be improved. A challenge for future research is to improve currently 
available tasks in such a way that they reliably and validly measure interpretation 
bias. It is necessary for future studies to validate these measures and report on the 
psychometric properties of existing tasks in child anxiety samples.
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Clinical Implications

The results in this dissertation provide support for classification systems such 
as the DSM-5 (APA, 2013a) which contain, amongst others, criteria based on 
disorder-specific cognitions. Distorted cognition is considered an important 
vulnerability and maintaining factor for social anxiety. The results in this 
dissertation underscore the value of targeting distorted cognition in prevention 
and intervention programs for childhood social anxiety. Chapter 3 indicated that 
children with higher levels of anxiety-specific interpretation bias, also experience 
higher levels of that anxiety-subtype. Although this is not a causal relation and 
should be studied further, these disorder-specific factors show the potential to 
be incorporated in screening programs to identify children at risk for SAD. In 
addition, results in this dissertation underline the importance of strategies that 
better target disorder-specific cognitions in interventions for childhood SAD. 
Children with less decreases in SAD-specific distorted cognition during treatment 
benefitted less from generic CBT. Although the study described in Chapter 6 has 
to be replicated and expanded upon, it tentatively suggests that a stronger focus 
on disorder-specific cognitions could be promising. Integrating this with studies 
in adolescents and adults with SAD (Ingul, Aune, & Nordahl, 2014; Leigh & Clark, 
2018) where disorder-specific treatment obtained good results, the development 
of a disorder-specific treatment protocol may have potential for childhood SAD as 
well. Indeed, a disorder-specific protocol is currently being tested and compared 
to a generic CBT protocol in a childhood SAD sample (McLellan, Rapee, Hudson, 
& Wuthrich, 2020). Additional treatment elements included in these SAD-specific 
programs may potentially better target disorder-specific cognitions. An important 
consideration is that many of the treatment elements for adults that directly or 
indirectly target social dysfunctional beliefs (e.g., video feedback and training 
in shifting self-focused attention to externally-focused attention) still need to be 
evaluated in, and adapted to, child samples.

Concluding Remarks

The aim of this dissertation was to gain more insight into the role of disorder-
specific distorted cognition in the development, maintenance and treatment of 
childhood SAD. Three main conclusions can be drawn from the empirical findings 
in this dissertation. First, childhood SAD is characterized by disorder-specific 
dysfunctional beliefs and interpretation bias. The latter only when assessed by a 
direct task. This provides support for the cognitive content-specificity hypothesis. 
Second, results of the studies in this dissertation also highlight the importance of 
studying cognitive factors in SAD in the context of the entire diagnostic profile, 
finding that mood comorbidity worsens social dysfunctional belief levels. Third, 
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reductions in disorder-specific cognitive content during treatment seem to be 
important in obtaining and maintaining treatment results for children with SAD. 
Taken together, the disorder-specificity of cognitive content in childhood SAD plays 
an important role in the maintenance and treatment of social anxiety symptoms. 
These results confirm and extend existing cognitive and information-processing 
models to childhood SAD. Importantly, these results need to be extended to 
other cognitive distortions hypothesized to play a role in the maintenance of 
SAD. Ultimately, formulating a childhood SAD maintenance model would greatly 
advance both research efforts as well as treatment adaptation. Understanding how 
SAD-specific distorted cognitions maintain social anxiety in childhood provide 
the basis for selecting appropriate treatment strategies for children like Robin.
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All children feel shy or anxious from time to time when they have to engage with 
a group of children or when the teacher asks them to say something out loud in 
class. Usually after the child has warmed up to the situation, they will eventually 
engage naturally with the other children or say what they want to say in class. 
However, when the child does not seem to warm up, the anxiety does not pass or 
the child does not want to play with other children at all, the anxiety interferes 
too much with the child’s daily life. Social anxiety disorder (SAD) is characterized 
by an extreme fear and avoidance of social situations that may possibly result in 
being negatively evaluated by others (American Psychiatric Association, 2013). 
In childhood, this type of anxiety is already highly prevalent. Luckily, effective 
treatments are available for children with anxiety disorders. Cognitive Behavioral 
Therapy (CBT; Hudson et al., 2015) is the gold standard for treating both adults 
and children with SAD. Regardless of the type of anxiety disorder for which the 
child seeks help, the same CBT treatment program is offered. Unfortunately, 
children with SAD appear to recover less well during and after this treatment 
than children with other types of anxiety disorders. When SAD is not adequately 
treated, the costs for these children are significant and long-term outcomes are 
grave. However, it is still unclear exactly why children with SAD respond less well 
to CBT. An important starting point is offered by theories that provide insight into 
how social anxiety is maintained. Cognitive theories argue that negative thoughts 
and biased information processing have an important role in the development 
and maintenance of social anxiety (Clark & Wells, 1995; Rapee & Heimberg, 1997). 
Children with SAD have negative thoughts and assumptions about themselves and 
their functioning in social situations and often seem to interpret ambiguous social 
situations more negatively. CBT is based on these cognitive theories and includes 
techniques that intervene on such cognitive factors that are considered important 
in the maintenance of social anxiety. However, many of these factors have been 
understudied in 7-12-year-old children with social anxiety and it remains unclear 
to what extent CBT already adequately intervenes on these factors in its current 
form. The goal of this dissertation was therefore to gain more insight into the 
disorder-specific role of distorted cognition in children with SAD and the role of 
these distorted cognitions in the development, maintenance, and treatment of 
social anxiety. This dissertation specifically zooms in on dysfunctional beliefs 
and assumptions and a bias in the interpretation of ambiguous situations (i.e., 
interpretation bias). Dysfunctional beliefs and assumptions are defined as negative 
assumptions and beliefs that an individual may have about him/herself and his/
her daily functioning. Interpretation bias is defined as the tendency to interpret 
ambiguous situations as negative or threatening.

In Chapter 2, we focused on the disorder-specificity of dysfunctional beliefs 
in childhood SAD. To this end, a large naturalistic treatment-seeking sample 
of children with a wide range of anxiety disorders, depressive disorders and 
externalizing disorders was obtained. Next to the primary aim, a secondary aim 
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of this study was to examine the role of comorbid disorders on dysfunctional beliefs 
by comparing children with different diagnostic profiles. Specifically, children with 
SAD were compared to children with non-social anxiety disorder(s), children with 
SAD and mood disorders, and to children with SAD and externalizing disorders on 
self-reported dysfunctional social threat beliefs, physical threat beliefs, hostility 
beliefs and beliefs of personal failure and loss. All groups also included non-social 
anxiety disorders. Critical to our main hypothesis, we found that children with 
SAD endorsed significantly higher levels of dysfunctional social beliefs compared 
to children with non-social anxiety disorders. Importantly, children with SAD and 
comorbid mood disorders scored higher on dysfunctional social beliefs than the 
children with SAD only. These findings could not be explained by a more severe SAD 
presentation in the comorbid mood group. Finally, the SAD group did not endorse 
higher levels of dysfunctional beliefs related to other disorders (i.e., physical threat, 
personal failure and loss, hostility). In general, severity of the diagnostic profile 
and sex were unrelated to the outcomes. Taken together, these findings suggest 
disorder-specificity of dysfunctional social beliefs to childhood SAD compared to 
other anxiety disorder groups. Although the presence of comorbid externalizing 
disorders does not seem to have any relation to the dysfunctional beliefs endorsed, 
it is likely that mood comorbidity is a risk factor for higher levels of dysfunctional 
social beliefs in childhood SAD.

Following up on Chapter 2, in Chapter 3, it was investigated whether 
children with varying levels of social anxiety, separation anxiety and spider 
phobia exhibited a negative interpretation bias on an ambiguous scenario task 
specific for their anxiety symptoms, or whether they also tend to negatively 
interpret scenarios non-specific to their anxiety symptoms. Employing a large 
community sample, the study described in this chapter took an important first step 
by replicating previous studies in underpowered samples. The ambiguous scenario 
task contained hypothetical scenarios related to each anxiety subtype. The second 
goal of this study was to explore the moderating role of sex and age in the relation 
between interpretation bias and specific anxiety symptoms. I found for social 
anxiety, separation anxiety and spider fear, that the anxiety-specific threat score 
was the only significant predictor of that anxiety subtype, even after controlling 
for comorbid anxiety symptoms, sex and age. Focusing on social anxiety, social 
anxiety-related interpretation bias was the only significant predictor of social 
anxiety symptoms, over and above separation anxiety and spider fear symptoms. 
Furthermore, in separate moderation analyses, it was found that neither sex, nor 
age moderated the relation between the threat scores and the anxiety symptoms. 
These findings propose a unique role for symptom-specific interpretation biases 
even in a community sample with varying levels of anxiety symptoms.  

Taking a step back, Chapter 4 described the validation of the emotional child 
faces of the Radboud Face Database (RaFD; Langner et al., 2010) in a community 
sample of children in middle childhood. This step was critical to achieve the 
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goals of the study described in Chapter 5 as these stimuli formed the basis for the 
facial emotion processing task. We found that children on average were relatively 
accurate in recognizing and labeling emotional displays. The highest accuracy 
levels were found for happy displays and the lowest accuracy levels were found for 
facial displays of contempt. Results were largely in line with a previous validation 
study of children identifying emotional displays in adults (Verpaalen et al., 2019). 
These findings suggest that facial emotion displays of same-aged peers are adequate 
stimuli, and they aid in drawing reliable conclusions in studies utilizing facial 
emotion displays. 

Building on the findings in Chapter 2 and 3, we investigated the disorder-
specificity of interpretation bias for emotional faces in Chapter 5. Complementing 
the ambiguous scenario task used in Chapter 3, which showed the presence of 
disorder-specific, relatively controlled interpretative bias in a community sample, 
in this study, we used an indirect approach aiming to capture interpretation bias in 
a clinical sample. To this end, a novel facial emotion processing task was developed 
using the emotional faces with the highest accuracy, valence and clarity ratings 
based on the validation data from Chapter 4. The goal of this study was to examine 
whether children with SAD display a general deficit in labeling emotional faces, 
or alternatively, that they are characterized by a negative interpretation bias in 
processing ambiguous emotional faces. To meet this aim, children with SAD were 
compared to children with other anxiety disorders and non-anxious children. 
We found that children with SAD did not display a general deficit in classifying 
happy, angry or fearful faces, converging with results from a recent meta-analysis 
(Pearcey et al., 2021). In contrast to findings in Chapter 3, we did not find a negative 
interpretation bias in terms of systematic misclassifications, heightened sensitivity 
for detecting anger at lower intensity levels, and in terms of judging angry faces 
as angrier than other groups. Surprisingly, children with other anxiety disorders 
judged emotional faces as higher in intensity than children with SAD. Taken 
together, these results suggest that children with SAD do not display a disorder-
specific negative interpretation bias on a facial emotion processing task.

Finally, the study described in Chapter 6 built on the empirical findings 
from the previous chapters, linking changes in SAD-specific cognitive content 
to treatment (CBT) outcomes, as reported by parents, clinicians and children. 
Specifically, the first goal of this study was to examine whether baseline levels 
of distorted cognition, indexed by interpretation bias and dysfunctional beliefs, 
predict post-treatment outcome. The second goal was to a) examine whether 
children show pre- to post-treatment decreases in distorted cognition, and b) 
whether pre- to post-treatment changes in distorted cognition were related to 
six-month follow-up outcomes. Children with higher interpretation bias levels 
at pre-treatment had higher self-reported SAD symptoms at post-treatment. Pre-
treatment dysfunctional belief levels were not related to post-treatment outcome. 
Children with SAD showed the expected decrease (Beck, 1976; Clark & Wells, 
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1995; Kendall, 1985; Muris & Field, 2008) in SAD-related interpretation bias and 
dysfunctional beliefs from pre- to post-treatment. We found that larger decreases 
in both distorted cognition types were related to better six-month follow-up 
results. Importantly, the results point to a differential relation between changes 
in interpretation bias and dysfunctional beliefs and social anxiety as reported 
by the child, parent and the clinician. Changes in dysfunctional beliefs during 
treatment predicted both child- and clinician-reported social anxiety severity at 
six-month follow-up. However, changes in interpretation bias only predicted child-
reported social anxiety. Collectively, these preliminary findings tentatively suggest 
that when SAD-specific distorted cognition changes throughout CBT as expected, 
children are more likely to maintain treatment effects at six-month follow-up. This 
relation can also be explained another way: Those children who do not show the 
desired decrease in distorted cognition, do not benefit from treatment as much. 

Three main conclusions can be drawn from the empirical findings in 
this dissertation. First, childhood SAD is characterized by disorder-specific 
dysfunctional beliefs and interpretation bias. The latter only when assessed by a 
direct task. This provides support for the cognitive content-specificity hypothesis. 
Second, results of the studies in this dissertation also highlight the importance of 
studying cognitive factors in SAD in the context of the entire diagnostic profile, 
finding that mood comorbidity worsens social dysfunctional belief levels. Third, 
reductions in disorder-specific cognitive content during treatment seem to be 
important in obtaining and maintaining treatment results for children with SAD. 
Taken together, the disorder-specificity of cognitive content in childhood social 
anxiety disorder plays an important role in the maintenance and treatment of 
social anxiety symptoms. These results confirm and extend existing cognitive 
and information-processing models to childhood SAD. Importantly, these results 
need to be extended to other cognitive distortions hypothesized to play a role in 
the maintenance of SAD. Ultimately, formulating a childhood SAD maintenance 
model would greatly advance both research efforts as well as treatment adaptation. 
Understanding how social anxiety disorder-specific distorted cognitions maintain 
social anxiety in childhood provide the basis for selecting appropriate treatment 
strategies for children with SAD. 
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Alle kinderen voelen zich weleens verlegen of angstig wanneer zij zich moeten 
mengen in een groep kinderen of wanneer de leerkracht hen aanwijst om wat te 
zeggen in de klas. Vaak is dit een kwestie van even wennen, de ouder of leerkracht 
moet even op de uitkijk staan en het kind zal zich uiteindelijk vanzelf aansluiten 
bij de andere kinderen of zeggen wat hij of zij wil zeggen in de klas. Wanneer het 
kind niet vanzelf went, deze angst niet vanzelf overgaat of het kind zelfs helemaal 
niet meer met andere kinderen wil spelen, interfereert de angst echter te veel 
met het dagelijks leven van het kind. Een sociale angststoornis wordt gekenmerkt 
door extreme angst en vermijding van sociale situaties die mogelijk negatieve 
evaluaties van anderen met zich meebrengen (American Psychiatric Association, 
2013). In de kindertijd komt dit type angst al veel voor. Er zijn gelukkig effectieve 
behandelingen beschikbaar voor kinderen met angststoornissen. Cognitieve 
Gedragstherapie (CGT; Hudson et al., 2015) is de gouden standaard voor de 
behandeling van zowel volwassen als kinderen met een sociale angststoornis. 
Ongeacht het type angststoornis waar het kind hulp voor zoekt, wordt hetzelfde 
CGT-behandelprogramma aangeboden. Kinderen met een sociale angststoornis 
blijken helaas minder goed te herstellen tijdens en na de deze behandeling dan 
kinderen met andere typen angststoornissen. Sociale angst die op deze leeftijd 
onvoldoende behandeld wordt, blijft in de regel bestaan, geeft een hoge lijdenslast 
en kan tevens verscheidene negatieve gevolgen hebben voor de lange termijn. Het is 
echter nog onduidelijk waarom kinderen met een sociale angststoornis minder goed 
reageren op CGT. Een belangrijk aanknopingspunt wordt geboden door theorieën 
die inzicht geven in hoe sociale angst in stand wordt gehouden. Cognitieve theorieën 
stellen dat negatieve gedachten en vertekeningen in de informatieverwerking een 
belangrijke rol hebben in de ontwikkeling en instandhouding van sociale angst 
(Clark & Wells, 1995; Rapee & Heimberg, 1997).  Kinderen met een dergelijke sociale 
angststoornis hebben negatieve gedachten en aannames over zichzelf en hun 
functioneren in sociale situaties en lijken situaties waar meerdere interpretaties 
mogelijk zijn vaak negatiever te interpreteren. CGT is grotendeels gestoeld op deze 
cognitieve theorieën en bevat technieken die ingrijpen op dergelijke cognitieve 
factoren die belangrijk worden geacht in de instandhouding van sociale angst. Veel 
van deze factoren zijn echter nog weinig onderzocht in kinderen van 7-12 jaar oud 
met sociale angst en het blijft onduidelijk in hoeverre CGT al voldoende ingrijpt op 
deze factoren in zijn huidige vorm. Het doel van dit proefschrift was daarom om 
meer inzicht te verkrijgen in de stoornis-specifieke rol van vertekeningen in de 
informatieverwerking in kinderen met een sociale angststoornis en de rol van deze 
cognitieve vertekeningen in de ontwikkeling, instandhouding en behandeling van 
sociale angst. In dit proefschrift wordt er specifiek ingezoomd op disfunctionele 
gedachten en aannames en een vertekening in de interpretatie van ambigue 
situaties (ook wel: interpretatiebias). Disfunctionele gedachten en aannames 
worden gedefinieerd als negatieve aannames en overtuigingen die een individu 
kan hebben over zichzelf en zijn/haar dagelijks functioneren. Een interpretatiebias 
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wordt gedefinieerd als de neiging om ambigue situaties als negatief of bedreigend 
te interpreteren. 

In Hoofdstuk 2 heb ik onderzocht of kinderen met een sociale angststoornis 
specifieke disfunctionele gedachten en aannames hebben vergeleken met kinderen 
met andere angststoornissen. Dit is onderzocht in een grote groep van kinderen met 
een breed scala aan angststoornissen, stemmingsstoornissen en externaliserende 
stoornissen bij de start van een CGT-behandeling voor hun angststoornis. Een 
tweede doel van deze studie was om de rol van comorbide stoornissen op de 
aanwezigheid van disfunctionele gedachten te onderzoeken door kinderen met 
verschillende diagnostische profielen te vergelijken. Specifiek werden kinderen 
met een sociale angststoornis vergeleken 1) met kinderen met (een) andere 
angststoornis(sen), 2) kinderen met sociale angst en stemmingsstoornissen, en 3) 
met kinderen met sociale angst en externaliserende stoornissen op de mate van 
zelf gerapporteerde disfunctionele gedachten op het gebied van sociale dreiging, 
fysieke dreiging, vijandigheid en disfunctionele gedachten over persoonlijk 
falen en verlies. We hebben ontdekt dat kinderen met een sociale angststoornis 
significant hogere niveaus van disfunctionele gedachten over sociale dreiging 
hadden in vergelijking met kinderen met (een) andere angststoornis(sen). Tevens 
vonden we dat kinderen met sociale angst en een comorbide stemmingsstoornis, 
hoger scoorden op disfunctionele gedachten rondom sociale dreiging dan de 
kinderen met alleen een sociale angststoornis. Deze bevindingen konden niet 
worden verklaard door de mate van ernst van de sociale angststoornis in de groep 
kinderen met een comorbide stemmingsstoornis. Tenslotte rapporteerde de groep 
kinderen met sociale angst geen hogere niveaus van disfunctionele overtuigingen 
gerelateerd aan andere stoornissen (fysieke dreiging, persoonlijk falen en 
verlies, vijandigheid). In het algemeen waren de ernst van het diagnostische 
profiel en het geslacht van kinderen niet gerelateerd aan de uitkomsten. Alles bij 
elkaar suggereren deze bevindingen dat disfunctionele gedachten over sociale 
dreiging stoornis-specifiek is voor kinderen met sociale angst in vergelijking met 
kinderen met andere angststoornissen. Hoewel de aanwezigheid van comorbide 
externaliserende stoornissen geen relatie lijkt te hebben met de gerapporteerde 
disfunctionele gedachten, is het waarschijnlijk dat de aanwezigheid van een 
comorbide stemmingsstoornis een risicofactor is voor hogere niveaus van 
disfunctionele gedachten rondom sociale dreiging bij kinderen met sociale angst.

In vervolg op Hoofdstuk 2, werd in Hoofdstuk 3 onderzocht of kinderen 
met verschillende niveaus van sociale angst, separatieangst en spinnenfobie een 
negatieve interpretatiebias vertoonden specifiek voor hun eigen angstsymptomen 
op een ambigue scenariotaak, of dat ze ook de neiging hadden om situaties die niet 
specifiek waren voor hun angstsymptomen negatief te interpreteren. Om eerdere 
studies met relatief kleine steekproeven te kunnen repliceren, includeerde deze 
studie een grote steekproef bestaande uit gezonde kinderen uit het basisonderwijs. 
De ambigue scenariotaak bevatte hypothetische situaties die gerelateerd waren 
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aan elk angstsubtype. Een ander doel van deze studie was om de modererende 
rol van sekse en leeftijd te onderzoeken in de relatie tussen interpretatiebias 
en specifieke angstsymptomen. Ik vond voor sociale angst, separatieangst en 
spinnenangst dat de interpretatiebiasscore gerelateerd aan de scenario’s voor 
ieder specifieke angst, de enige significante voorspeller was van dat angstsubtype, 
zelfs nadat er gecontroleerd werd voor comorbide angstsymptomen, geslacht en 
leeftijd. Wat betreft sociale angst, wezen de resultaten dus uit dat een hogere 
score op interpretatiebias voor ambigue sociale situaties de enige significante 
voorspeller was van sociale angstsymptomen, zelfs wanneer er gecontroleerd 
werd voor symptomen van separatieangst en spinnenfobie. Bovendien bleek in 
afzonderlijke moderatieanalyses dat noch geslacht, noch leeftijd de relatie tussen 
de interpretatiebiasscores en de angstsymptomen modereerden. Deze bevindingen 
suggereren een unieke rol voor een stoornis-specifieke interpretatiebias voor 
sociale angst, separatieangst en spinnenfobie, zelfs in een gezonde steekproef van 
kinderen met verschillende niveaus van angstsymptomen.  

Hoofdstuk 4 beschrijft de validatie van de emotionele kindergezichten van de 
Radboud Face Database (RaFD; Langner et al., 2010) in een gelegenheidssteekproef 
van kinderen tussen 7 en 12 jaar oud. Deze stap was cruciaal voor het bereiken 
van de doelen van de studie beschreven in Hoofdstuk 5, omdat deze stimuli de 
basis vormden voor de emotieherkenningstaak. We vonden dat kinderen over het 
algemeen accuraat waren in het herkennen en labelen van emotionele gezichten. 
De hoogste scores werden gevonden voor blije gezichten en de laagste scores 
werden gevonden voor gezichten die minachting uitdrukten. De resultaten waren 
grotendeels in lijn met een eerdere validatiestudie onder kinderen die emotionele 
gezichten bij volwassenen identificeerden (Verpaalen et al., 2019). Deze bevindingen 
suggereren dat emotionele gezichten van leeftijdsgenoten adequate stimuli zijn, 
en ze de betrouwbaarheid van conclusies kunnen vergroten wanneer ze gebruikt 
worden in studies waarin emotieherkenning wordt onderzocht.

Voortbouwend op de bevindingen in Hoofdstuk 2 en 3, hebben we in 
Hoofdstuk 5 de stoornis-specificiteit van interpretatiebias voor emotionele 
gezichten onderzocht. In aanvulling op de ambigue scenariotaak uit Hoofdstuk 
3, die de aanwezigheid van een stoornis-specifieke, relatief gecontroleerde, 
interpretatiebias in een groep gezonde kinderen aantoonde, gebruikten we in 
deze studie een indirecte benadering met als doel de interpretatiebias in een 
klinische groep van kinderen met een angststoornis te onderzoeken. Daartoe 
werd een nieuwe taak ontwikkeld om de verwerking van emotionele gezichten te 
kunnen meten. Hierbij werd gebruik gemaakt van de emotionele gezichten met 
een hoge accuraatheid, valentie en helderheid, gebaseerd op de validatiegegevens 
uit Hoofdstuk 4. Het doel van deze studie was om te onderzoeken of kinderen met 
een sociale angststoornis een algemene tekortkoming hebben in het herkennen en 
classificeren van emotionele gezichten, of dat zij worden gekarakteriseerd door een 
negatieve interpretatiebias in het verwerken van ambigue emotionele gezichten. Om 
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dit doel te bereiken, werden kinderen met een sociale angststoornis vergeleken met 
kinderen met andere angststoornissen en niet-angstige kinderen. Wij vonden dat 
kinderen met een sociale angststoornis geen algemene tekortkoming vertoonden 
in het classificeren van blije, boze of angstige gezichten, wat overeenkomt met 
de resultaten uit een recente meta-analyse (Pearcey et al., 2021). In tegenstelling 
tot de bevindingen in Hoofdstuk 3, vonden we geen negatieve interpretatiebias 
gemeten aan de hand van systematische misclassificaties, een verhoogde 
gevoeligheid voor het detecteren van boosheid op lagere intensiteitsniveaus van het 
emotionele gezicht, en in termen van het beoordelen van boze gezichten als bozer 
dan de andere groepen. Verrassend genoeg beoordeelden kinderen met andere 
angststoornissen emotionele gezichten als hoger in intensiteit dan kinderen met 
een sociale angststoornis. Al met al suggereren deze resultaten dat kinderen met 
een sociale angststoornis geen stoornis-specifieke negatieve interpretatiebias 
vertonen op een emotieherkenningstaak.

Tenslotte bouwde de studie beschreven in Hoofdstuk 6 voort op de 
empirische bevindingen uit de voorgaande hoofdstukken, door het verband te 
onderzoeken tussen veranderingen in disfunctionele gedachten over sociale 
dreiging en interpretatiebias specifiek voor ambigue sociale situaties, en de 
resultaten van behandeling (CGT), zoals gerapporteerd door ouders, clinici en 
kinderen. Het eerste doel van deze studie was te onderzoeken of baseline niveaus 
van cognitieve vertekeningen, gemeten aan de hand van interpretatiebias en 
disfunctionele gedachten, het resultaat van de behandeling voorspellen. Het tweede 
doel was om te onderzoeken of a) kinderen na, vergeleken met voorafgaand aan, de 
behandeling reducties in cognitieve vertekeningen lieten zien, en b) veranderingen 
in de cognitieve vertekeningen gedurende de behandeling gerelateerd zijn aan 
sociale angstniveaus zes maanden na de behandeling. Kinderen met hogere 
interpretatiebias niveaus bij de start van de behandeling rapporteerden meer 
sociale angstsymptomen direct na de behandeling. Het niveau van disfunctionele 
gedachten vóór de behandeling was niet gerelateerd aan de resultaten direct na 
de behandeling. Kinderen met een sociale angststoornis vertoonden de verwachte 
afname (Beck, 1976; Clark & Wells, 1995; Kendall, 1985; Muris & Field, 2008) in hun 
negatieve interpretatiebias voor ambigue sociale situaties en in hun disfunctionele 
gedachten over sociale dreiging na de behandeling wanneer vergeleken met 
de start van de behandeling. Wij vonden dat grotere dalingen in beide vormen 
van cognitieve vertekeningen samenhingen met betere behandelresultaten zes 
maanden na de behandeling. Belangrijk om te benoemen hier is dat de relatie tussen 
veranderingen in interpretatiebias, disfunctionele gedachten en sociale angst 
afhangt van de individu die de sociale angstklachten rapporteert. Veranderingen 
in disfunctionele gedachten tijdens de behandeling voorspelden zowel de door 
het kind als de clinicus gerapporteerde ernst van de sociale angst zes maanden 
na de behandeling. Veranderingen in interpretatiebias voorspelden echter alleen 
de door het kind gerapporteerde sociale angst. Al met al kan voorzichtig gesteld 
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worden dat deze voorlopige bevindingen suggereren dat wanneer aan sociale angst-
gerelateerde disfunctionele gedachten en interpretatiebias verminderd wordt 
gedurende CGT, kinderen meer kans hebben om behandeleffecten te behouden 
tot zes maanden na de behandeling. Deze relatie kan ook op een andere manier 
verklaard worden: De kinderen die de gewenste afname in disfunctionele gedachten 
en interpretatiebias niet laten zien, hebben ook niet zoveel baat bij de behandeling. 

Er kunnen drie belangrijke conclusies worden getrokken uit de empirische 
bevindingen in dit proefschrift. Ten eerste, wordt sociale angst bij kinderen 
gekenmerkt door stoornis-specifieke disfunctionele gedachten en een negatieve 
interpretatiebias. Dit laatste werd echter alleen gevonden wanneer een directe 
interpretatietaak wordt gebruikt. Dit onderschrijft de cognitive content-specificity 
hypothese (Beck, 1976). Ten tweede, de resultaten van de studies in dit proefschrift 
benadrukken het belang van het bestuderen van cognitieve factoren gerelateerd 
aan sociale angst in de context van het gehele diagnostische profiel. Hierbij wordt 
gevonden dat comorbide stemmingsstoornissen gerelateerd zijn aan hogere 
niveaus van sociale disfunctionele gedachten en aannames. Ten derde, lijken 
reducties in stoornis-specifieke disfunctionele gedachten en interpretatiebias 
tijdens de behandeling belangrijk te zijn voor het verkrijgen en behouden van 
behandelresultaten bij kinderen met een sociale angststoornis. Alles bij elkaar 
genomen, spelen stoornis-specifieke cognitieve vertekeningen bij kinderen met een 
sociale angststoornis een belangrijke rol bij de ontwikkeling, instandhouding, en 
behandeling van sociale angstsymptomen. Deze resultaten bevestigen bestaande 
kennis uit cognitieve- en informatieverwerkingsmodellen en breiden deze uit 
naar kinderen met een sociale angststoornis. Het is belangrijk dat deze resultaten 
worden gerepliceerd voor andere cognitieve factoren waarvan wordt verondersteld 
dat ze een rol spelen bij de instandhouding van sociale angst. Uiteindelijk zou het 
formuleren van een model voor de instandhouding van sociale angst bij kinderen 
zowel toekomstige onderzoeksinspanningen, als de hervorming en verfijning 
van het huidige behandelaanbod voor sociale angst bij kinderen aanzienlijk 
bevorderen. Inzicht in hoe specifieke cognitieve vertekeningen sociale angst in 
stand houden tijdens de kindertijd, zou de basis kunnen vormen voor het selecteren 
van geschikte behandelstrategieën voor kinderen met een sociale angststoornis. 
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