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Abstract
Throughout the day, we gather and talk with other people and need to perform in different social
situations, which can be as small as only signing a document in front of another person. In all those
social situations, it is a common human need to come across in a positive way. If we don’t act,
behave, or perform in an expected way, social anxiety (SA) and embarrassment can arise. If a person
fears being (even potentially) evaluated in a negative way or that others might see their anxiety
symptoms in social situations, we speak of a social anxiety disorder (SAD). The aim of this
dissertation was to provide a multidimensional perspective on SAD and its treatment through internet-
based cognitive behavioral therapy (ICBT). The multidimensional perspective consisted of an
emotion-focused perspective and a structural perspective. From the emotion-focused perspective, the
emotion of embarrassment was thematized (Article 1), as well as its connection to SA and SAD. From
the structural perspective, SA and SAD were analyzed with a focus on the two questionnaires Social
Phobia Scale (SPS) and Social Interaction Anxiety Scale (SIAS) (Article 1), by using factor analyses.
The OPTIMIZE project was the main project of this dissertation, where the main components of an
ICBT for SAD were examined (Articles 11 & V). Concluding, the discussion summarized the
outcomes from the emotional and structural perspective and merged the results with the ICBT for
SAD, suggesting how ICBT can be expanded with the multidimensional perspective. The particular
focus lay on how the knowledge of embarrassment, which is strongly intertwined with SAD, can be
used to create a more holistic view of the disorder and its treatment in research as well as clinical

practice.
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1. Introduction

Social interactions and encounters are a common part of most people’s daily lives. We greet
our neighbors, have a coffee break with a co-worker, or meet friends after work. According to the
basic needs definition by Grawe (1998), the need for attachment is one of the four basic needs. It is a
human need to connect. Since human connection is so important, it can also be accompanied by fear
and anxiety. Social anxiety (SA) is a well-known phenomenon that occurs in daily life. One of the
most common forms of SA occurs in public speaking situations (e.g., holding a presentation in front
of a crowd) (Gallego et al., 2022; Leary & Kowalski, 1997). SA arises from the fear of possibly being
negatively evaluated by others in social situations. One of the emotions associated with SA is
embarrassment, which occurs when one feels one’s desired social image is threatened (Miller &
Tangney, 1994; Tangney et al., 1996). Both SA and embarrassment share a core aspect in their
common definitions: the fear of being negatively evaluated by others. While people perceive these
kinds of experiences as unpleasant and negative, they are, to a certain degree, socially functional.
Bystanders tend to react helpfully in embarrassing situations and tend to rate the person who shows
embarrassment favorably (Miller, 2012). But when the fear or anxiety of negative evaluation and with
that, more generally, the fear of one or multiple social situations causes impairments in daily life
(among other symptoms) and becomes persistent, it is called a social anxiety disorder (SAD)
(American Psychiatric Association [APA], 2013a). SAD is one of the most common anxiety disorders
(Stein et al., 2017) and tends to progress chronically, causing impairments across different areas of
life (Fehm et al., 2005; Ruscio et al., 2008). There are different self-report questionnaires that measure
SA or, within a diagnosis process measure, SAD symptoms (cf. Caballo et al., 2013). Some of the
most common self-report questionnaires are the Social Phobia Scale (SPS) and Social Interaction
Anxiety Scale (SIAS; Mattick & Clarke, 1998), which are often presented together (Thompson et al.,
2019). These questionnaires differentiate between performance-related situations (measured with the
SPS) and interaction-related situations (measured with the SIAS). Even though the questionnaires are
widely used, there is no consent about the underlying factor structure, and therefore, it is unclear how
the questionnaires should actually be used and interpreted. Depending on the factor structure, the
guestionnaires could be used independently, only their total sum, or a combination of both.

There are different effective pharmacological and psychotherapeutic treatment options for
SAD (Mayo-Wilson et al., 2014). Cognitive behavioral therapy (CBT) is considered the first-line
treatment for SAD (National Institute for Health and Care Excellence, 2013). Over the years, a rising
number of internet-based cognitive behavioral therapy (ICBT) treatments have appeared as an
alternative to face-to-face (f2f) CBT. Many randomized controlled trials (RCTs), reviews, and meta-
analyses have shown ICBT to be as effective as f2f treatments (Andersson et al., 2014; Boettcher et
al., 2013; Carlbring et al., 2018; Clark et al., 2023; Guo et al., 2021; Olthuis et al., 2016) and, in



general, to be effective in significantly reducing SAD symptoms (e.g., Andrews et al., 2018; Schulz et
al., 2016; Stolz et al., 2018). Despite the positive results of CBT and ICBT for SAD, there is still a
substantial proportion of patients left who do not profit from the treatment (Boettcher et al., 2013).
One of the reasons for limited efficacy is the lack of understanding of how the ICBT treatment for
SAD works (Kazdin, 2017). Therefore, one of the goals of this dissertation’s main project
(OPTIMIZE) was to find the active components of ICBT for SAD.

The main aim of this dissertation was to provide a multidimensional perspective on SAD and
its treatment through ICBT. This dissertation consists of four Articles (I — IV, see List of Articles).
Article | revolved around embarrassment and how it can be modeled with the help of subjective
measures and machine learning techniques. Article 1l examined the underlying joint factor structure of
the SPS and SIAS. Article 11 is the study protocol of the OPTIMIZE study. Article IV presented the
main outcomes of the OPTIMIZE study, where the active components of ICBT for SAD were

investigated.



2. Theoretical Background

2.1. Definition of Embarrassment

Embarrassment is a self-conscious and prosocial emotion that many people encounter in their
daily lives (Maire & Agnoletti, 2020). Tracy & Robins (2004) proposed in their theoretical model of
self-conscious emotions three things that need to be given to feel embarrassed: attention to public self,
an appraisal that identity goals are relevant in a situation, and being incongruent (i.e., how a person
wants to appear publicly vs. how they are perceived), and lastly internal attributions. In order to be
able to feel embarrassment, one has to be able to imagine what others think of us; therefore, broadly
speaking, embarrassment can be seen as a social experience (Miller, 2010). According to the social
evaluation model, embarrassment occurs when a person’s desired social image is threatened through
an unwanted event (Miller, 1995; Miller & Tangney, 1994). In these situations, the affected people
anticipate negative consequences through cognitive appraisal of this situation (Harris, 2006). In order
to feel embarrassment, an imagined or real audience must be present (Goffman, 1963; Tangney et al.,
1996). The dramaturgic model, on the other hand, proposes that embarrassment can occur when the
script of a social encounter is simply disrupted, and the affected person is left uncertain about their
role in the situation (Miller, 1995). When people sing happy birthday to a person, or someone receives
too many compliments, there is no social transgression, and this person is in the middle of positive
attention but still feels embarrassed (Harris, 2006; Miller, 2010). Such situations can be explained
through the dramaturgic model, where the affected person does not fear negative evaluation but rather
does not know what to do. Since most studies that were discussed in this dissertation examined
embarrassment in the context of social transgression and since this is one of the core fears of SAD,
this dissertation thematized embarrassment mainly from the social evaluation perspective. Another
important distinction for this dissertation is between personal vs. empathic embarrassment. Personal
embarrassment is experienced for oneself, while empathic embarrassment is experienced for someone
else (Stocks et al., 2011). Since the focus of this dissertation was SAD, only personal embarrassment
was considered.

In the past, embarrassment has been regarded as a part of shame. Today, embarrassment is
considered an emotion on its own (Miller & Tangney, 1994; Tangney et al., 1996; Wan & Wyer,
2020).! Nevertheless, it is important to establish the differences between these two emotions since
they are closely related. The difference between shame and embarrassment can be summarized in the
following way, according to the popular paper from Tangney et al. (1996): Shame is a more intense
emotion that occurs tendentially with more serious and moral transgressions. It is tied to the

perception of one’s core self, respectively, the core self is perceived as deficient and negative. This

! Aside from embarrassment and shame, guilt is an additional emotion that shares similarities with those two
emotions (Bastin et al., 2016; Tangney et al., 1996). However, since guilt was less relevant to the overall topic
of this dissertation, it was not discussed any further.



results in a broader and more enduring negative attribution of oneself. Shame can also be experienced
alone, while embarrassment needs an audience (either present or imagined). Embarrassment is less
intense, shorter, and occurs in trivial transgressions. Furthermore, embarrassment is more likely to
occur in the presence of strangers or acquaintances, while shame occurs more with familiar people
whom we share an affective connection with.

Miller (2012) showed that embarrassment occurs most often in so-called “normative public
deficiencies” (p. 187) situations where people unintentionally behave against consensual social norms
of behavior, by, for example, acting in a clumsy way (e.g., spilling something). This was also
supported by Keltner (1996), who found that physical mishaps (e.g., slipping) were most frequently
recalled by their participants for eliciting embarrassment. Furthermore, if people feel embarrassed,
they most likely act like nothing happened, and second-most likely try to remediate the mishap or take
it with humor (Miller, 2012). It is important to note here, that the samples used in the study of Miller
(2012) are from the US and that the results cannot simply be applied to non-western cultures.

2.1.1. Embarrassment and the Impact on the Voice

Even though embarrassment is such a common emation in our daily lives, it is grossly
neglected in emotion research (Simon-Thomas et al., 2009). One of the reasons might be that
embarrassment is a rather complex emotion in comparison to other basic emotions and differs from
them in numerous ways (e.g., embarrassment requires mental self- and other representation, one has
to identify a whole set of facial expressions, body posture, and head movement) (Caillaud et al.,
2020). Additionally, Ekman & Cordaro (2011) noted that embarrassment shows some of the 12
criteria for basic emotions, but not all. They mentioned that embarrassment showed some overall
typical actions, facial expressions, hand movements, gaze, and posture but that more research was
needed. The traditionally used methods are probably not sufficient enough to capture embarrassment.
Cowen & Keltner (2021) used a computational approach to provide a more differentiated emotion
taxonomy, where they used different perspectives (e.g., facial-bodily expressions, neurological
research, mammalian behavior). One of their points of criticism of the basic emotion theory was that
there are only a limited number of emotions assumed with defined borders and measured with
particular methods (e.g., the emotion recognition task), which cannot differentiate between the
expression and the actual experience a person has. Therefore, they suggested capturing emotion in a
broader and more complex way by including, for example, the whole body, face, and voice. With the
emergence of new and complex technology, this has become possible.

Interestingly, the above-mentioned articles do not mention the change in the voice but rather
visible changes, like the change in posture and facial expression. Keltner et al. (2019) provided an
overview of evidence for the recognition of different emotions for four modalities (i.e., facial, head or

bodily action, voice, touch, and music). While facial, head, or bodily actions were strongly



represented, there was only one study listed which examined the voice. The same was shown in the
literature research of Article I, that voice analyses are seldomly used in comparison to, for example,
neurological (see Bastin etal., 2016, for a system review of neurobiological studies) and physiological
measures (e.g., Muller-Pinzler et al., 2012), self-report measures, and rating methods. Low et al.
(2020) showed in their systematic review of automated speech processing in psychopathology that
there are already many studies on schizophrenia, depression, and bipolar personality disorder, but
studies on anxiety disorders are still lacking. The studies in their review are just a glimpse of the
possibilities of what such automated speech processing can achieve. After all, the voice is rich in
information about the emotional state, mental health, and many other aspects (Kadali & Mittal, 2020;
Low et al., 2020).

As with basic emotion research, voice analysis studies have been criticized for using acted
emotions instead of natural speech (Drahota et al., 2008). Therefore, in Article I, natural speech
sections were used, in order to provide as naturalistic a setting as possible. With the help of machine-
learning-based voice analysis, one does not rely on subjective evaluations (e.g., ratings, self-report
measures) (Weeks et al., 2012), nor, in some cases, on even the spoken content (Burkhardt et al.,
2005). Additionally, the voice can be analyzed on different levels (e.g., in Article I, embarrassment
was described on a dimensional as well as categorical level). Since there is very little literature on the
impact of embarrassment on the voice, Article | attempted to describe embarrassment exploratorily

from different perspectives, using acoustic data to model embarrassment.

2.2. Definition of SAD

The International Classification of Diseases 11" revision (ICD-11; World Health
Organization, 2024) and the Diagnostic and Statistical Manual of Mental Disorders 5" edition (text
rev.) (DSM-5-TR; APA, 2022) define SAD as an excessive and marked fear or anxiety that occurs in
one or more social situations where individuals perform, interact, or are observed doing something.
People with SAD fear that they will be evaluated negatively by either behaving in a certain way or by
showing anxiety symptoms. They then try to avoid the feared social situation(s) and/or endure them.
The fear or anxiety is persistent for at least several months (DSM-5-TR defines this precisely with at
least six months). Finally, fear, anxiety, or avoidance must lead to significant distress or impairment
in one or more important areas of functioning (e.g., family or social life, occupation, etc.). The
lifetime prevalences for SAD vary across the globe (Stein et al., 2017). Concerning the Western
European region, where the samples of Articles I, I, and IV are from (specifically German-speaking
countries), Stein et al. (2017) found a lifetime prevalence of 3%. A large epidemiological study from
the US showed a lifetime prevalence of 12.1% for SAD (Ruscio et al., 2008). SAD is highly
persistent and usually appears with comorbidities (Fehm et al., 2005; Spence & Rapee, 2016). The



great majority of affected people develop the disorder before reaching 18 years of age (Solmi et al.,
2022).

One important difference between the DSM-5-TR and ICD-11 is that the DSM-5-TR (since
the DSM-5, APA 2013a) provides the following specification: “Performance only: If the fear is
restricted to speaking or performing in public” (p. 231). This is just one attempt of many to classify
SAD. Previously, in the DSM-1V (APA, 1994), there was the specification of generalized SAD, where
people with generalized SAD feared most social situations. In the end, the generalized SAD
specification was removed from the DSM-IV since there was not enough evidence to support this
specification. However, there is still an ongoing debate about the current performance-only
specification and its clinical utility (D’ Avanzato & Dalrymple, 2016; Hyett & McEvoy, 2018).
Fuentes-Rodriguez et al. (2018) suggested, among other researchers (e.g., Ruscio, 2010; Tei et al.,
2020), that SAD should be looked at dimensionally (e.g., according to Fuentes-Rodriguez et al., from
mild SAD (where performance-only would be) to severe SAD) or a hybrid form (Skocic et al., 2015)

instead of categorically. Chapter 2.5. will describe the dimensionality of SAD in more depth.

2.3. Embarrassment, SA, and SAD

Showing embarrassment can elicit a favorable impression from others (Miller, 2012). Dijk et
al. (2009), for example, found that participants reacted more sympathetically towards actors who
blushed after a mishap (e.g., spilling coffee on someone) or transgression (e.g., jumping a queue) in
comparison to non-blushing actors. These examples show that displaying embarrassment promotes
harmonious relationships, acting in favor of the affected person and rectifying the situation. Generally
speaking, embarrassment serves an affiliating social function (Fischer & Manstead, 2016; Miller,
2009, 2010). Although embarrassment has a prosocial function, it also leads to negative self-
evaluation (Bas-Hoogendam et al., 2018). This might be one reason why many people fear
embarrassing circumstances, even though most embarrassing events end positively.

As was shown in the previous chapter, when the fear of negative evaluation by others
becomes clinically relevant, among other symptoms, it is considered an SAD. Hofmann et al. (2006)
already proposed almost 20 years ago that embarrassment was part of SAD. In a later paper Hofmann
et al. (2010) described the fear of violating social norms in SAD as closely related to these violations
in embarrassment. As with SAD, embarrassed people feel like they are being the center of attention
after a violation (Miller, 2010). Several studies have shown that people who score higher on SA get
more easily and more intensely embarrassed than people with lower SA scores (Leary & Hoyle, 2013;
Rozen & Aderka, 2023). The same was found in Article | of this dissertation (see Chapter 3.1.).
Embarrassability was also found to be connected to high sensitivity to social norms (Miller, 1995). In
summary, embarrassment, SA, and SAD share the same core: the fear of being negatively evaluated
by others.



However, even though they share many similarities, there are also distinct differences
between embarrassment and SAD. Three differences by Miller (2010) that are relevant to this
dissertation will be discussed further, namely: phenomenology, timing, and behavioral sequels. It is
important to note that these differences refer to SAD and SA within SAD and not SA in healthy
people. This is an important differentiation since SA has numerous benefits and prosocial functions,
but these get lost with the disorder. Concerning phenomenology, SAD and embarrassment feel
differently; SAD is primarily linked to fear, whereas embarrassment is linked to awkwardness.
Additionally, SAD launches different processes entering a dreaded social situation, for example,
anticipation of negative outcomes or reactions, heightened attention to oneself, and post-processing
(see Chapter 2.6.2. for more information on these processes). Concerning timing, SAD is foreseeable.
The affected people anticipate the feared situations, and this state lasts longer, whereas embarrassment
occurs mostly surprisingly after, for example, a transgression and lasts shorter than SA in SAD.
Concerning the behavioral sequels, the experience of high SA leads to behavioral depletion, where
people with SAD try to avoid the feared situations or use safety behavior that might even lead to the
feared outcome (e.g., trying to hide sweat by wearing covering clothes, which leads to more
sweating), sometimes avoid eye contact, speak less fluently, etc. On the other hand, embarrassment
leads most often to socially repairing actions, like the use of humor or an apology. While people react
mostly positively to the display of embarrassment, the display of SA in SAD leads to less positive
evaluation. In conclusion, SA within SAD is mostly destructive, whereas embarrassment, in a
moderate amount, usually has a constructive, prosocial effect.

A study from Coli¢ et al. (2020) showed that embarrassment led to repeated thinking about an
embarrassing event (i.e., post-event processing) and difficulties in forgetting the event. However,
participants with SAD and major depression disorder (MDD) interpreted important social interactions
more often as subjectively embarrassing in comparison to a healthy control group. One of the authors’
interpretations was that people with higher SA and suffering from either SAD or MDD perceived
social situations more often wrongly since people with higher SA underestimated their appearance
and interpreted ambiguous social situations negatively; hence, the perception of embarrassment.
Furthermore, they proposed that the feeling of embarrassment might mediated the relationship
between SA and the probability of post-event processing. Another interpretation was that people with
SAD and MDD actually had more embarrassing encounters due to the lack of social skills, but this
explanation was ruled as less probable according to the literature. The discard of this interpretation is
also supported by the study of Miller (2009), where embarrassability did not correlate with a person’s
social skills but was highly correlated with the fear of negative evaluation (Miller, 2009).

Bas-Hoogendam et al. (2018) found that social norm violations were rated as more
inappropriate and embarrassing by participants with higher SA scores. Interestingly, while intentional
violations were rated as more embarrassing in comparison to unintentional in participants with low

SA, this difference was no longer significant for participants with high SA. Concerning the ratings of



the inappropriateness of the action, participants with low and high SA rated intentional violations as
more inappropriate in comparison to unintentional. According to Bas-Hoogendam et al. (2018), these
results support the discrepancy between cognitive and affective evaluation in people with high SA and
with SAD in general: While the affected people can cognitively differ between intentional (e.g., a
conscious transgression) and unintentional violation (e.g., a mishap), they fail to do so emotionally.
They further suggested that embarrassment may contribute to the development and maintenance of
SAD, where often repeated and intensive experiences of embarrassment lead to a negative self-
evaluation, which then leads to the overestimation of the importance of mishaps, dysfunctional
concerns about others’ judgment, and passive behavior.

In conclusion, while embarrassment is connected to a rather prosocial effect in social situations,
SAD elicits destructive effects. Nevertheless, embarrassment and SAD share numerous similarities, and
embarrassment seems to be an important part of SAD. Embarrassment is part of some vicious cycles in
SAD (e.g., repeated thinking about the situations, post-event processing) and can be a causes of negative
self-evaluation. On the other hand, a high SA leads to a distorted perception of the self and the social
situation, which then can fuel the feeling of embarrassment. These results imply that SAD and

embarrassment are highly intertwined and interact with each other in different ways in social situations.

2.4. The Dimensions and Measurement of SAD

As was shown in Chapter 2.3., the assumptions about the possible structure and dimension of
SAD varied over the years. The research in the above-mentioned discussion revolved around clinical
usefulness and how, for example, the performance-only specification was related to SAD (cf.
D’Avanzato & Dalrymple, 2016). Article Il of this dissertation addressed this topic from a different
point of view: using questionnaires, the structural perspective on SAD was considered. There are
numerous self-report measures to assess SAD symptoms (cf. Caballo et al., 2013). These
guestionnaires, which are used in research and clinical routine, represent assumed concepts of SAD.
In Article 1, the method of factor analyses was used to assess the underlying joint factor structure of
two questionnaires and, with that, the assumed structure of SAD. Since the factor structure of SPS and
SIAS were examined in Article 11 and were used as the main outcome for the OPTIMIZE study
(Article Il & 1V) as well as their short form (i.e., SPS-6 & SIAS-6; Peters et al., 2012) in the
embarrassment study (Article 1), only these two questionnaires were further considered in this chapter.
Additionally, out of five popular SAD self-report questionnaires, SPS and SIAS were considered
differently from the other three in the sense that they measured more cognitive aspects of SAD,
according to Caballo et al. (2013).



2.4.1. SPS & SIAS

SPS and SIAS (Mattick & Clarke, 1998; German version, which was used in Article IV:
Stangier et al., 1999) are self-report questionnaires that are used to assess SA or as part of the
diagnosis process of SAD. The questionnaires are often used together. SPS assesses SA in
performance-related situations (e.g., walking down the street, holding a presentation), while SIAS
assesses SA in interaction-related situations (e.g., talking with other people, talking about oneself).
Each questionnaire consists of 20 items that can be rated from 0 (“not at all”) to 4 (“extremely”).
Internal consistency for both German versions was a = 0.94 (Stangier et al., 1999).

SPS and SIAS are two of the most widely used questionnaires in the assessment of SA in
clinical and non-clinical populations (Thompson et al., 2019). Many studies have examined the factor
structure of the SPS and SIAS, either the factor structure for each questionnaire separately or of their
joint factor structure with either clinical or non-clinical samples, resulting in a wide range of different
models (see Wong et al., 2019, for an overview of previous studies which conducted factor analyses
on SPS and SIAS). Article 1l examined the joint factor structure (see Chapter 3.2. for more
information) and evaluated the one-, two-, and bifactor models. Depending on the model, there are
different implications for the usage and interpretability of the SPS and SIAS and, with that, of the
interpretation of SAD (if SPS and SIAS are considered as part of an SAD diagnosis) as a construct in
general. The one-factor model proposes a combined usage of SPS and SIAS, where only their sum
would be interpretable and would be an indicator for the global construct SAD. The two-factor model
proposes a separate usage only, where each questionnaire would indicate a different kind of SAD
(SPS proposes performance-related and SIAS interaction-related SA). The bifactor model is the
combination of the two previous models. This model proposes a combined usage as well as the usage
of the SPS and SIAS as separate valid questionnaires. It consists of one general factor, which explains
a broad factor and shared variance, in this case, SAD. The corresponding group factors represent
subdomain constructs that are conceptually specific and provide additional variance explanation
(Rodriguez et al., 2016; Sun et al., 2022); in the case of the group factors SPS and SIAS, these would
be performance-related SA and interaction-related SA, respectively. All factor analyses assume that
the measured construct is dimensional. The one-factor model assumes that the construct is
unidimensional, whereas the bifactor model assumes multidimensionality (Reise et al., 2013).

The bifactor model, in general, fits the growing popular perspective of SAD being a
dimensional rather than categorical construct (Bornovalova et al., 2020; Gomez & Watson, 2017).
Since the bifactor model assumes a multidimensional construct, where the group factors and the
general factors are orthogonal, it is possible to determine how much common variance is explained
besides the general factor. Additionally, with the help of factor analyses, it is possible to evaluate the

reliability of SA(D) questionnaires and to draw conclusions about the SAD construct within the



dimensional perspective. What clinical consequences the research around the construct may yield will

be discussed in Chapter 4.

2.5. Treatment of SAD

2.5.1. CBT and ICBT

CBT is regarded as a first-line treatment for SAD (National Institute for Health and Care
Excellence, 2013) and was consistently shown in different meta-analyses to be an effective treatment
for SAD (Acarturk et al., 2009; de Ponti et al., 2024; Hofmann & Smits, 2008; Kindred et al., 2022;
Mayo-Wilson et al., 2014). An equally effective treatment is the ICBT. Many meta-analyses
(Andrews et al., 2010, 2018; Carlbring et al., 2018) and RCTs (Andersson et al., 2012; Andrews et al.,
2011; Berger et al., 2009, 2011; Boettcher et al., 2012; Clark et al., 2023) have shown that ICBT for
SAD is effective and as effective as f2f treatments (Andersson et al., 2014). Additionally, Nordgreen
et al. (2018) found their ICBT to be effective in their naturalistic within-group design.

Apart from the general advantages of ICBT in comparison to CBT (e.g., less costs,
accessibility independent of residence, autonomous work on therapy content), there are some
advantages particularly relevant for SAD (e.g., lower inhibition threshold, no social barriers,
repetition of the therapy material) (Berger & Caspar, 2011; Guo et al., 2021). Nevertheless, only a
fraction of the affected people seek help (Bruffaerts et al., 2022; Gross et al., 2005; Issakidis &
Andrews, 2002), and if they do, there is still a significant amount of people who do not improve in a
clinically significant way (Boettcher et al., 2013). One of the main goals of the OPTIMIZE study
(Article 111, 1V) was, therefore, to determine the active components of the ICBT for SAD, in order to
find a possibility more efficacious and briefer SAD treatment. The ICBT used in OPTIMIZE was
based on the cognitive SAD model by Clark & Wells (1995), which will be presented in the next
chapter, as well as on the books by Rapee (1998) and Stangier et al. (2003) (which were based on
Clark & Wells (1995)).

2.5.2. The Clark & Wells (1995) Cognitive SAD Model

The cognitive SAD model by Clark and Wells (1995) is depicted in Figure 1. The authors
describe in this model the internal and maintaining process of a person with SAD when entering a
feared social situation: The (a) social situation is already biased and feared due to past (negative)
experiences and the person’s predispositions. This, on the other hand, (b) activates assumptions about
themselves and others (e.g., | am going to be rejected by others, | am going to embarrass myself, etc.).
According to Skocic et al. (2016), the negative pre-assumptions lead to two interpretation biases: cost-
evaluation bias (i.e., catastrophic interpretations of social events) and likelihood evaluation bias (i.e.,

catastrophe is likely to occur). These two biases lead to the (c) perceived social danger, respectively,
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cost likelihood evaluation bias, which suggests to people with SAD that a negative event is very likely
to happen and will lead to tremendous negative consequences. This causes an attention shift to
themselves (i.e., becoming self-conscious) and to their interoceptive information, leading to emotional
reasoning (e.g., | feel anxious, therefore, others must notice that | am anxious). This is what the model
means by (d) processing themselves as a social object: People with SAD imagine or feel how others
must perceive them (e.g., a person with SAD is feeling hot and imagines that others see their
presumably crimson face), basically constructing an image of how others must perceive them
(negatively) and they do not perceive other external, opposing information. The process between (c)
and (d) is highlighted with bold arrows, and it shows, according to Clark and Wells (1995), how the
evidence for negative beliefs of people with SAD stems from their own impression rather than from
actual observations around them. The (c) perception of danger leads to further (e) behavioral (i.e.,
safety and avoidance behaviors) as well as (f) somatic and cognitive symptoms, which cause different
vicious cycles, eventually leading to the maintenance of SAD.

There are four (I)CBT components that are widely used in (I)CBT for SAD: psychoeducation,
cognitive restructuring, attention training, and exposure. These were the four main components that
were examined in OPTIMIZE. The study and the four main components will be described in the next

chapter.
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Figure 1

Cogpnitive SAD model by Clark & Wells (1995)

> (a) social situation ] ¢ = ===

[ (b) activates assumptions j
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(c) perceived social danger ]

(d) processing of self
as a social object

(f) somatic & cognitive
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I 1]

(e) behavioral symptoms

Note. Cognitive SAD model adapted from A cognitive model of social phobia by Clarke & Wells (1995)

(p.72), in Social Phobia: Diagnosis, Assessment, and Treatment by Heimberg, Liebowitz, Hope, &
Schneider (Eds.), Guilford Press.
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2.5.3. OPTIMIZE

This chapter focuses solely on the clinical content of OPTIMIZE and the current
corresponding literature. The ICBT program utilized in the OPTIMIZE study, Shyne, was based on
the previously presented model by Clark and Well (1995), as well as on Rapee (1998) and Stangier et
al. (2003). Due to the full factorial design of OPTIMIZE (for information on the design of the study,
see Chapter 3.3.)., there were 16 possible conditions (four treatment components, respectively, main
components with two possible levels (the component was either absent or present), resulting in a
permutation of 16 versions). There was one wait-list control group (WL) and 15 active conditions
with one to four main components, depending on the version (see Chapter 3.3., Table 1 for an
overview of all possible conditions). Participants were randomized to one of the 16 conditions, where
they used the Shyne version adjusted to their particular condition for eight weeks. During this time,
they received guidance from trained master students. The study by Andersson et al. (2012) showed
that the guides’ expertise did not make a difference in the outcome. Guidance was provided to
potentially enhance adherence and to facilitate the same dosage over all active conditions (i.e., all
participants were told to work on the program for 50-60 minutes, independent of their condition).
Before the reception of the program, after four weeks, and after eight weeks (time points: pre, mid,
post), different data were ascertained from the participants. Four months after post, the last data were
ascertained (time point: follow-up) (see Article IV for more information on the study procedure of
OPTIMIZE).

Independent of the condition, all 15 versions of Shyne contained an introduction and a closing
chapter. The goals of the introduction were, firstly, to introduce the participants to Shyne and to
provide the necessary information for the upcoming eight weeks (e.g., show where the chat function is
and how guidance works). Secondly, the motivation (and indirectly the adherence) was expected to be
increased by asking the participants to write about the current constraints caused by their SAD and
how their lives might look without the disorder. Additionally, a short chapter was provided about the
effectiveness of ICBT for SAD.

The goal of the closing chapter was to provide relapse prevention. For that purpose, for every
version of Shyne, an individualized closing chapter was provided based on the main components that
the version contained, with tips and reminders on how to continue with the treatment (e.g., continue
exposure while avoiding safety and avoidance behavior). In the end, participants were asked to write
about the following two topics: 1.) Which are the most important things that you learned and that you
want to keep in mind? and 2.) Which techniques/exercises/thoughts, etc., have helped you the most in
the event of relapses or slow progress? How do you want to proceed in the event of relapses? What is
important to you to do/to think, etc., in such moments?

The following subchapter (i.e., 2.5.4.1. — 2.5.4.4.) will shortly present the content of each

main component, followed by the current research on its effectiveness. It is important to present the
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content of each component first because, even though the components are common, it does not mean

that they contain the same information or techniques across different studies.

2.5.4. (I) CBT Treatment Components in OPTIMIZE

2.5.4.1. Psychoeducation. This component was realized as a text-based chapter called
“Understanding Anxiety and Anxiety Disorder” and one protocol (see Article IV, Supplementary
Material for the protocol). The first few subchapters provided information on SAD (e.g., potential
causes, prevalences, maintenance processes, etc.). The maintenance processes of SAD were explained
based on the Clark and Wells cognitive SAD model (1995; see Chapter 2.5.2.). Based on the learned
information, participants were then asked to provide their own SAD model and with that, boosting
memory and tailoring the information to the individual participant. In the end, short information was
provided on the treatment of SAD. At the end of each subchapter were comprehension questions to
facilitate information consolidation and provide interactive elements. The corresponding protocol was
a template for the participants, where they were instructed to systematically describe and rate their
personally feared situations. This was the only protocol that all 15 versions of Shyne contained. Even
though it belonged thematically to psychoeducation, it was also a basis for all versions since
participants needed to know their fears in order to work with them.

There is not much research that tests psychoeducation as an intervention component for SAD
specifically. Nordmo et al. (2015) tested whether adding a 90-minute f2f psychoeducation session
before starting an ICBT for SAD would add an additional value. They showed that there were no
significant differences concerning the SAD symptom outcome, treatment satisfaction, or the amount
of program completion. Dijk et al. (2012) tested a psychoeducation course on the fear of blushing,
where they used the SIAS as one of the outcome measures. They found significant SAD symptom
reduction, as well as a reduction in the fear of negative evaluation and social avoidance. As the
symptom reduction grew significantly over the time points (comparing pre to six weeks (i.e., after the
course), three months, and one year later), they concluded that the effect of psychoeducation might

take time, since participants need to practice with the learned tools.

2.5.4.2. Cognitive Restructuring. This component was realized as one text-based chapter called
“Thinking realistically” (including the basic protocol from psychoeducation) and one protocol. This
chapter focused on dysfunctional and negative cognitions. In the beginning, participants received
information on automatic cognitions and typical faulty reasoning in SAD (e.g., jumping to
conclusions in ambivalent social situations, catastrophizing, etc.). They then received support on how
to identify and question automatic negative and dysfunctional thoughts (e.g., What would you tell a
friend in this situation?). With the help of the corresponding protocol, the participants could put the
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learned cognitive restructuring principles into practice by using thoughts of situations from their own
daily lives.

The research on cognitive restructuring in SAD is rather meager. However, there is literature
on the cognitive bias modification (CBM). A meta-analysis from Liu et al. (2017) showed small and
significant effects for the CBM. Interestingly, compared to the attention bias modification (ABM), the
CBM was superior in regard to the reduction of SAD symptoms. However, they compared different
techniques, like the dot-probe task with cognitive restructuring training (which is closer to our
component, e.g., working on interpretation bias within ambiguous social situations). Trainings like the
CBM target rather implicit biases in comparison to the OPTIMIZE cognitive restructuring. The
following two studies used cognitive restructuring training close to the one of OPTIMIZE: Mattick et
al. (1989) examined the effect of cognitive restructuring, exposure, and their combination in a group
therapy setting. The combination, as well as cognitive restructuring alone, showed superiority when
looking at all measures. However, in comparison to exposure, the positive effects of cognitive
restructuring were further apparent from post to follow-up. Cougle et al. (2020) examined the
interpretation bias modification with progressive muscle relaxation. Interestingly, both techniques
showed significant SAD symptom reduction for post and follow-up, but there was no significant

between-group effect.

2.5.4.3. Attention Training. This component was realized as one text-, audio-, and video-based
chapter called “Attention Training” (including the basic protocol from psychoeducation) and exercise
sections. In the first two subchapters, participants received information on attention bias, the ways of
directing attention (either inward or outward), and how self-focused attention (inward) is an important
part of SAD maintenance. For practice, three different exercises were provided. In the first audio
exercise, participants were instructed to listen to an audio file and, in each segment, to focus on only
one thing (e.g., birdsong) while ignoring the rest (e.g., indistinguishable chatter, footsteps, etc.). The
goal was to train conscious attention control. In the second video exercise, participants were presented
with a short story. They were instructed to read through a short story within a minute at most and then
tell the story in front of a recorded audience. The audience could be either a woman, a man, or a group
of people (i.e., a video was presented with a person/a number of people listening with changing
expressions). At the very beginning, there were two rounds: In the first round, participants were
instructed to focus solely on themselves. In the second round, they were instructed to focus on the
task. After each round, participants were instructed to rate their anxiety and performance and how
much focus there was on themselves. After that, they could practice the attention focus away from
them with different stories and audiences and could track their progress and ratings graphically. This
exercise was the biggest exercise and most important of all three. The third exercise was a short text
on how to practice mindfulness in feared situations (i.e., shift attention away from feared cues in the

situation and focus on the environment).

15



As with cognitive restructuring, the research on attention training is meager. Heeren et al.,
(2015) found in their meta-analysis a small effect for ABM, but they also mentioned that online
training may be less effective than in the laboratory because the same level of anxiety might not be
reached in the online training. Liu et al. (2017) found in their meta-analysis that the effects from the
laboratory were significantly bigger than those from online-training. While Amir et al. (2009) found a
significant reduction of SAD symptoms with their ABM treatment, Boettcher et al. (2014) on the
other hand, did not find advantageous outcomes by adding ABM in comparison to ICBT alone.
Interestingly, in both studies, the cues in the ABM tasks showed the emotion of disgust. Schmidt et al.
(2009) used ABM as well, but due to vague conclusions from the results, their study was not
considered here.

Attention training and cognitive restructuring are special cases within the four treatment
components, as very different cognitive restructuring and attention training techniques are conducted
across literature in comparison to the other two components. For example, people within the
component exposure expose themselves to their feared situation, while attention training can be a
modified dot-probe task (Amir et al., 2009; Boettcher et al., 2014) or, in the case of OPTIMIZE,
exercising telling stories in front of an audience while practicing attention shift. Consequently, Amir
et al. (2009) and Boettcher et al. (2014) reported their results as a change in response time to specific
cues, while the OPTIMIZE study used the Self-Consciousness Scale (SCS; Lopes et al., 2021) as the
corresponding outcome measure. Therefore, even though there is literature on the effect of attention

and cognitive training, there is almost no research on the particular techniques used in OPTIMIZE.

2.5.4.4. Exposure. This component was realized as a text-based chapter called “Testing the Reality”
(including the basic protocol from psychoeducation) and one protocol (see Appendix D,
Supplementary Material A for the protocol). In the beginning, participants were informed about
different processes before, during, and after exposure (e.g., pre-and post-processing, habituation,
avoidance, and safety behavior) and why exposure was important for the treatment of SAD. The
protocol from psychoeducation was the basis that they could use to develop a personal anxiety
hierarchy. With the exposure protocol, participants could, on one hand, plan exposures (i.e., document
expected anxiety levels, physical symptoms, and which safety behavior the person wants to avoid, and
other variables). On the other hand, the protocol had the function of a diary, where they could
document the important aspects after the exposure (i.e., the actual anxiety level, physical symptoms,
etc.) in order to avoid the typical SAD post-processing, respectively, post-mortem after exposure.
Exposure techniques are one of the most studied and widely implemented components in
CBT and are considered a first-line treatment for numerous anxiety disorders (Kaczkurkin & Foa,
2015). Hofmann (2004) compared exposure group therapy to CBT and did not find any significant
differences at post, implying that the component exposure might be enough to reduce SAD symptoms

effectively. The same results have been found by multiple meta-analyses (Kaczkurkin & Foa, 2015;
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Powers et al., 2008). Mattick et al. (1989) showed that the combination of exposure and cognitive
restructuring was superior to exposure alone when measured with SA(D) scales. But as it was
mentioned in the second to last subchapter, when compared to cognitive restructuring, this component
continued to improve from post to follow-up in comparison to exposure, while exposure alone even
deteriorated. Gil et al. (2001) showed that exposure was not more effective when combined with
social skills training or cognitive restructuring. One explanation is that there is a common therapeutic
element shared by these techniques. For example, social skills training contains confrontation with the
feared situation (i.e., exposure in vivo). This Chapter 2.6.4. shows, in general, how necessary it is to
try to compare pure components in order to truly understand if and how the components actually

work.
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3. Key Results of the Dissertation Articles

This chapter provides the key results of the Articles | — V. Article I focused mainly on
embarrassment and how it can be modeled by using a mixture of subjective and objective measures.
Article Il focused on the measurement and dimensional conceptualization of SAD by examining the
joint factor structure of the questionnaires SPS and SIAS. Articles Il and IV thematized the treatment
of SAD with ICBT within the OPTIMIZE study. Article 111 is the study protocol and will be used to
explain the factorial design used in OPTIMIZE. Article 1V is the main outcome paper of OPTIMIZE
and will be used to present the most important results from the study. The contextualization and

embedding of the results from Articles I — IV will be discussed in Chapter 4.

3.1. Article I — Embarrassment

e Title: Multidisciplinary Characterization of Embarrassment through Behavioral and
Acoustic Modeling

e Authors: Dajana Sipka (first author), Bogdan Vlasenko, Maria Stein, Thomas Dierks,
Mathew Magimai-Doss, Yosuke Morishima.

e Journal (re-submission date): Nature Scientific Reports (21.01.2025)

In this article, embarrassment was described and examined from different points of view. The
four goals of this article were (1) to induce embarrassment in participants, test the success of the
induction, and examine how embarrassment was related to SA, (2) to test the prediction performance
of a trained model in the sample data in pre-induction, embarrassment, and post-induction and to
show the robustness of the embarrassment dataset, (3) to map embarrassment on the three-
dimensional emotion space with the axes valence, arousal, and dominance (VAD) in a dimensional
approach, and finally (4) to compare embarrassment to other emotions in a categorical approach.

The sample consisted of N = 33 undergraduate psychology students. Concerning the study
procedure, before the day of the assessment, participants filled out online questionnaires consisting of
demographic questions and the questionnaires Short Form Social Phobia Scale (SPS-6) and Short
Form Social Interaction Anxiety Scale (SIAS-6) (Peters et al., 2012). On the day of the assessment,
participants had to write about an embarrassing experience without knowing that they would later
need to read it out loud to the conductor (i.e., embarrassment induction). Before and after this
embarrassment induction, they had to tell stories based on neutral pictures. During the whole
assessment, participants’ voices were recorded. The participants marked how embarrassed they felt at
the moment on a Visual Analog Scale (VAS) before writing the embarrassing story (VAS 1), after
writing (VAS 2), and after telling the embarrassing story (VAS 3).
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Concerning the methods, a mixture of subjective measures, objective engineering and

machine learning approaches was chosen. The subjective measures consisted of the VAS as well as

the SPS-6 and SIAS-6. The objective approaches consisted of machine learning models. For goal 2, a

classification model was trained based on our sample with the leave-one-speaker-out approach. For

goals 3 and 4, the models were based on publicly available emotional speech corpora (i.e., acoustic

samples with emaotion labels) with a cross-corpora approach.

The following key results were found:

Verify embarrassment induction (goal 1): Embarrassment induction was successful. There
was a significant difference between VAS 2 and VAS 3 (V =551, p <.001), meaning that
the participants got significantly more embarrassed after reading the story out loud in
comparison to just writing it down. Additionally, there was a significant negative
correlation between the total sum of SPS-6 and SIAS-6 and the difference score between
VAS 2 and VAS 3 (rs = - 0.36, p = .037), meaning that the higher the prior SA was, the
more embarrassed participants became after reading the story.

Prediction performance (goal 2): The best prediction performance was found for pre vs.
embarrassment with support vector machine, where in 86.4% of the cases, the right
prediction was made. The predictions for post vs. embarrassment (81.8%) and for pre +
post vs. embarrassment (81.8%) were satisfactory as well. No satisfactory discrimination
was possible between pre vs. post (59.1%, slightly above chance), indicating these two
states to be similar.

Dimensional modeling of embarrassment (goal 3): The density map showed that the
dimensions of arousal and dominance showed some predictive value, while valence did
not have any at all. Yet, none of those differentiated enough between pre vs.
embarrassment and post vs. embarrassment.

Categorical modeling of embarrassment (goal 4): Mean posterior values showed
significant differences between pre vs. embarrassment and post vs. embarrassment for the
emotions sadness, boredom, and neutral. In pre vs. embarrassment, participants’ voices
shifted significantly to more boredom (p < .001), more neutral state (p < .001), and less
sadness (p < .001) related characteristics. The opposite for post vs. embarrassment was
found, specifically, the voices shifting back to less boredom (p = .001), less neutral state
(p <.001), and more sadness (p < .001) related characteristics. As was shown in the
prediction performance already, there were no significant differences for pre vs. post for
any of the seven possible emotions (i.e., happiness, sadness, disgust, fear, boredom,

anger, and neutral state).
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Concerning the basic research on embarrassment, the results based on the subjective approach
support the assumption that the feeling of embarrassment requires an audience. Participants only got
significantly more embarrassed after reading the story to the conductor. Furthermore, it shows once
again the link between embarrassment and SA, where higher SA scores correlated with higher
embarrassment scores. The results based on the machine learning approach showed that the VAD
dimensions could not model embarrassment. The categorical approach, on the other hand, found a

shift toward more neutral, more bored, and less sad voice characteristics when embarrassed.

3.2. Article II — Factor Analyses of SPS & SIAS

e Title: Factor structure of the Social Phobia Scale (SPS) and the Social Interaction Anxiety
Scale (SIAS) in a clinical sample recruited from the community

e Authors: Dajana Sipka (first author), Jeannette Brodbeck, Ava Schulz, Timo Stolz, Thomas
Berger

e Journal (doi): BMC Psychiatry (https://doi.org/10.1186/512888-023-05142-8)

In this article, the joint factor structure (i.e., factor analyses were based on all 40 items of the
SPS and SIAS) of the questionnaires SPS and SIAS was examined. The two goals of this article were
(1) to evaluate the underlying joint factor structure of the SPS and SIAS and (2) to test whether SPS
and SIAS are reliable scales to assess two different aspects of SA(D). The study sample consisted of
N = 298 people with a diagnosed SAD from the community. Confirmatory factor analyses (CFA) and
exploratory factor analyses (EFA) were conducted. The CFA tested a one-factor, two-factor, and
bifactor model. The one-factor model assumed that all 40 items would load on a general factor (GF),
representing SA(D). The two-factor model assumed that the 20 SPS items would load on an SPS
factor and the 20 SIAS items on an SIAS factor, meaning that SA(D) would be represented through
social performance (SPS) and interaction anxiety (SIAS). The bifactor model was a combination of
the two previous models and, therefore, assumed that SA(D) consisted of a GF as well as performance
and interaction anxiety, assuming that SA(D) would be a multidimensional construct. For each model,
the errors of the three reversed SIAS items were correlated.
The following key results were found:
e The one-factor and two-factor models were rejected. The one-factor model did not show
any acceptable indices, and the two-factor model showed only an acceptable RMSEA
(0.073, 90% CI [0.069, 0.077]).
e The bifactor model showed only two acceptable indices, RMSEA (0.059, 90% CI [0.054,
0.063]) and SRMR (0.067). Therefore, a refined bifactor model without the seven non-
significant items and one error correlation was calculated. Due to a model suggestion, an

additional error correlation between two SIAS items was calculated.
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e The refined bifactor model showed not good but acceptable indices (RMSEA: 0.052, 90%
CI1 [0.047, 0.056]; SRMR: 0.067; CFI: 0.917, TLI: 0.908). Therefore, an item-driven EFA
was conducted, but it did not show any new models with a better fit.

e The bifactor-specific indices for the refined bifactor model showed, on one hand, that the
majority of the reliable variance was attributed to GF (74%), and half of the common
variance was explained by GF (ECV = .51). On the other hand, SPS and SIAS were
shown to be reliable subscales (SPS ws = .91, SIAS ws = .94) and explained equally the
remaining common variance (SPS whs = .52, SIAS whs = .47). The remaining indices
(i.e., PUC, FD, H) have further indicated that the refined bifactor model is tendentially
multidimensional and that SPS and SIAS measure different aspects of SA(D).

e The content analysis showed, among others, that social performance anxiety was less well
represented by the refined bifactor model (six SPS items were not significant) compared

to social interaction anxiety (two SIAS items were not significant).

In conclusion, Article 11 has shown that the underlying joint factor structure of SPS and SIAS
was best represented by a refined bifactor model and that his model was tendentially
multidimensional. This means that SPS and SIAS assess specific aspects of SA(D) beyond the general
SA(D). In practice, these results imply that SPS and SIAS could be reliably used in combination as
well as separately. Nevertheless, not all items in the model were significant and especially SIAS
seemed to be more fitting to the refined model than SPS.

3.3. Article III - OPTIMIZE - Study protocol

e Title: Optimizing cognitive-behavioral therapy for social anxiety disorder and understanding
the mechanisms of change: Study protocol for a randomized factorial trial
e Authors: Rodrigo C.T. Lopes (first author), Dajana Sipka, Tobias Krieger, Jan Philipp Klein,

Thomas Berger

e Journal (doi): Internet Interventions (https://doi.org/10.1016/j.invent.2021.100480)

Since Article 11 is the study protocol of the OPTIMIZE study, this chapter will be used to
explain the design of the study instead of showing any key findings. As was already mentioned in the
introduction, up to this day, it is known that ICBT for SAD works, but it is not clear how it works.
Therefore, one of the main goals of OPTIMIZE was to find the active components of ICBT for SAD.
For this, the full factorial design was chosen. This decision was made because an RCT is not an
efficient method to examine the performance of individual components, nor is it able to examine how
the components influence each other, depending on their absence or presence (Collins, 2018). In other

words, with a factorial design, the main effect of each component and the interaction effects of two or
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more components can be examined. Table 1 shows the factorial design of the OPTIMIZE study. In the
case of OPTIMIZE, there were four treatment components (i.e., psychoeducation, cognitive
restructuring, attention training, and exposure) that could either be absent or present, leading to a
2x2x2x2 design with 16 possible conditions. Per condition, n = 29 participants were assigned so that a
total of N = 464 participants were included in the OPTIMIZE study (for the exact calculation of the
sample size, see Article 111, Appendix C).

Another advantage of a factorial experiment in comparison to an RCT is that a factorial
experiment is a more economical design and more powerful method. This can be shown with one
example from our study: In Table 1, condition 10 comprises psychoeducation and exposure. This
means that from the perspective of psychoeducation and exposure, a participant from condition 10 is
in an active condition (these two components are present), while from the perspective of cognitive
restructuring and attention training (these two components are absent), the same participant is in a
control condition. This example first shows that depending on which main component is examined,
the same participant can be either in an active or control condition. Secondly, it shows how fewer
participants are needed than in an RCT since the four main components are not four separate arms,
and the power is not calculated per n of a condition but per n of a factor level (see for more
information Collins, 2018). The next chapter will present the statistical methods of OPTIMIZE and
the key findings.
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Table 1

Full factorial design of the OPTIMIZE study

condition psychoeducation cognitive_z atte_nt_ion exposure
restructuring training

1 (WL)
2 X
3 X
4 X X
5 X
6 X X
7 X X
8 X X X
9 X
10 X X
11 X X
12 X X X
13 X X
14 X X X
15 X X X

16 (FV) X X X X

Note. x = the component is present; blank space = the component is absent. WL = wait-list control

group. FV = full version.

This table is intentionally not according to the APA 7 guidelines for better readability.
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3.4. Article IV — OPTIMIZE - Main Outcome Paper

o Title: Active Components in Internet-Based Cognitive Behavioral Therapy for Social
Anxiety Disorder: A Randomized Full Factorial Trial.

e Authors: Dajana Sipka (first author), Rodrigo Lopes, Tobias Krieger, Jan Philipp Klein,
Thomas Berger

e Journal (doi): Psychotherapy and Psychosomatics (https://doi.org/10.1159/000542425)

The goal of Article IV was to examine the main effects of the four main treatment
components in ICBT for SAD. For the statistical analysis of the main outcomes, linear mixed models
(LMMs) were calculated. Time (i.e., pre, mid, post, follow-up) was the within-subject factor, and the
four main components (either present (1) or absent (-1)) were the between-subject factors. The LMMs
were built using a content-driven approach, where the fixed effects were time points, the main
component, and their interaction term. The random effect was the intercept of each participant. For
the main results, the intention-to-treat sample was used. The main outcome measure was the
composite score (CS) of the SPS and SIAS.

The following key results were found:

e Interaction effect between time (i.e., pre, mid, post) and main component measured with

the CS: A significantly higher reduction in SAD symptoms was found for the versions
containing psychoeducation in comparison to versions without psychoeducation (F(2,
690.39) = 12.56, p < .001; Cohen’s d = 0.39, 95% CI [0.21, 0.58]) and for versions
containing exposure in comparison to versions without exposure (F(2, 691.50) =9.60, p
<.001; Cohen’s d = 0.41, 95% CI [0.22, 0.59]).

e Between-group comparison from pre to post on condition level measured with the CS: All
active conditions (i.e., 2-16), independent of the component’s presence or absence,
reduced the SAD symptoms significantly in comparison to the WL (F's (2, df(res)range
[85.33, 102.71]) < 36.99, ps <.001); Cohen’s d range: from d = 0.67, 95% C1 [0.07, 1.26]
to d = 1.56, 95% C1 [0.87, 2.25]).

e Secondary measures from pre to post: Participants with the versions containing
psychoeducation were significantly more satisfied with Shyne (t(272) = -3.40, p < .001),
used the program significantly longer (t(426) = -4.78, p < .001; d = 0.46, 95% CI [0.27,
0.66]), and had significantly fewer SAD diagnosis (y?(1, n = 250) = 10.03, p = .002, OR =
1.08) in comparison to the versions without psychoeducation. Independent of the versions,
participants were significantly less depressed and generally anxious and showed a higher
mental quality of life (QoL) from pre to post (see Article TV).

e Time (i.e., post, follow-up) effect for main component measured with the CS: The versions

without psychoeducation and without exposure caught up to the versions with the
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respective component so that no significant difference was found anymore (post hoc tests
with all time points (i.e., pre, mid, post, follow-up) included: psychoeducation: t(916.57) =
-1.36, p = .175; exposure: t(917.62) = -1.74, p = .082). There was a significant time effect
for the versions with cognitive restructuring (F(1, 105.26) = 10.35, p = .002) and attention
training (F(1, 95.68) = 9.05, p = .003) in comparison to those without the respective
component. However, there was no significant interaction effect.

e Dropouts at post: Participants with versions containing exposure were more likely to drop
out in comparison to those without exposure (y?(1, N = 464) = 5.49, p = .019). Measured
with the CS, participants with higher SAD symptom scores were more likely to drop out
(t(462) = -1.98, p = 0.049).

e Dropouts at follow-up: Participants without the component psychoeducation were more
likely to drop out in comparison to those with psychoeducation (x?(1, N = 464) = 7.37, p
=.007).

In conclusion, from pre to post, the versions with the component psychoeducation and
exposure were superior in terms of SAD symptom reduction in comparison to the versions without the
respective component. Furthermore, on the condition level, it was shown that all active conditions,
independent of a main component, contributed to a significant reduction of SAD symptoms. The
secondary outcomes from pre to post further highlighted the superiority of psychoeducation, namely
the higher satisfaction with the program, more time spent on the program, and the lower number of
SAD diagnoses. From post to follow-up, the versions without psychoeducation and exposure caught
up so that there was no significant difference between the versions with and without the respective
component. The versions with cognitive restructuring and attention training showed a significant SAD

symptom reduction but without a significant interaction effect between time and the component.
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4. Discussion

The aim of this dissertation was to provide a multidimensional perspective on SAD and its
treatment through ICBT. Chapter 4.1. will discuss the multidimensional perspective, while Chapter
4.2. will discuss the treatment. Chapter 4.3. will present the limitations of the dissertation. At the end,

Chapter 4.4. will reveal future implications.

4.1. The Multidimensional Perspective on SAD

SAD can be observed from different perspectives. Firstly, SAD can be observed from a non-
clinical, emotion-focused perspective through the lens of embarrassment and SA. As the theoretical
background showed, embarrassment, SA, and SAD are strongly intertwined. One of the core aspects
that all these concepts share is the fear of being negatively evaluated and the feeling of being the
center of attention (especially after a social norm-related violation). Some studies, as well as Article I,
have shown that people with higher SA get more easily embarrassed. Furthermore, people who get
more easily embarrassed are more sensitive to social norms. More concretely, Coli¢ et al. (2020)
showed how embarrassment among people with SAD possibly affected their perception of ambiguous
social situations and post-processing. Bas-Hoogendam et al. (2018) explained the connection between
SA(D) and embarrassment with the difficulty for people with high SA to differentiate emotionally
between intentional and unintentional violations and how repeated and intensive embarrassment
experiences led to negative self-evaluation and dysfunctional cognition, among others. Article |
characterized embarrassment through voice analysis and, using the categorical approach, found that
when participants got embarrassed, their voices shifted to less bored, less sad, and more neutral voice
characteristics. One interpretation was that the articulation of the voice changes with the feeling of
embarrassment, and embarrassed people might, for example, try to express themselves more clearly. It
would go along with the literature, which has shown how embarrassed people try to rectify the
situation. Another interpretation was that embarrassed people actually distance themselves
emotionally from the situation and that this would be reflected in the voice. Both interpretations
would need to be tested in future studies. The dimensional approach could not characterize
embarrassment as satisfactory on the VAD dimensions. One hypothesis was that these dimensions
were too simplistic and that embarrassment as an emotion is too complex to be captured by these three
dimensions, as was also shown in Chapter 2.1.1. In conclusion, it was shown that embarrassment and
SA(D) are intertwined and interact with each other in different ways. It is, therefore, indicated to pay
more attention to the emotional perspective of SAD in research as well as clinical practice.

Secondly, SAD can be observed from a structural perspective concerning its assumed
underlying factor structure, as was done in Article 1. While the DSM-5 (APA, 2013a) defines SAD as

a categorical construct (i.e., one either has an SAD diagnosis or not), a more dimensional perspective
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(i.e., no threshold between a healthy state and a disorder) seems to appear. Although the DSM-5 has
added a continuum-based assessment to some disorders (e.g., substance use disorder; APA, 2013b),
SAD is still a categorical diagnosis but, it now includes the possibility for a specification of
performance-only SAD. Article 1l examined the underlying joint factor structure of the SPS and
SIAS; by using factor analysis, a dimensional construct was assumed. The results showed a refined
bifactor model, with the bifactor-specific indices showing a multidimensional construct. Nevertheless,
the refined bifactor model showed only an acceptable fit and was reduced by a number of items that
did not fit the model. With the appearance of the DSM-5, a generally more dimensional instead of a
categorical view of psychopathology was encouraged (LeBeau et al., 2015). According to Rice et al.
(2021), most SAD questionnaires are limited to a range of symptoms and are not up-to-date with the
new DSM-5 criteria. This is particularly evident with the SPS and SIAS. As was mentioned in the
theoretical background of this dissertation, the SPS and SIAS are considered to take a predominantly
cognitive view of SAD, and they were created more than 20 years ago. In the literature, there is no
consent for the underlying joint factor structure. Concerning the content, the SIAS item 14 (“I have
difficulty talking to attractive persons of the opposite sex”) has already been avoided by researchers
more than 10 years ago due to its political incorrectness, according to Caballo et al. (2013). The three
reverse-scored SIAS items were found to not fit into the factor models numerous times (Eidecker et
al., 2010; Gomez & Watson, 2017; Rodebaugh et al., 2006, 2007). An example of a dimensional
addition to research as well as clinical practice assessments is the Social Anxiety Disorder
Dimensional Scale (SAD-D; Craske et al., 2013) from the APA. The SAD-D assesses SA(D) as a
dimension based on symptom severity and has already been assessed in numerous studies (e.g.,
Knappe et al., 2014; LeBeau et al., 2012; Rice et al., 2021). In conclusion, regarding the presented
results this dissertation, it would be indicated to at least add a dimensional assessment, like the SAD-

D, to the classical self-report questionnaires like the SPS and the SIAS.

4.2. The Treatment of SAD

In the main project of this dissertation (OPTIMIZE) the main effects of the four treatment
components (i.e., psychoeducation, cognitive restructuring, attention training, and exposure) were
examined. Concerning psychoeducation, Nordmo et al. (2015) did not find any advantages by adding
psychoeducation. However, they only did one additional session before starting ICBT. In contrast,
psychoeducation was one out of four treatment components in OPTIMIZE, and the versions with
psychoeducation showed a significant reduction in SAD symptoms and fewer SAD diagnoses in
comparison to the versions without the component from pre to post. Furthermore, participants were
more satisfied with the program and spent more time on the program when receiving versions with
psychoeducation in comparison to those without psychoeducation. So, it may be that more time is

needed than just one session. Another explanation could be that the content of Nordmo et al. (2015)
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did not cover the topics important to the participants. In comparison to the study of Dijk et al. (2009),
there was no significant improvement from post to follow-up for the versions with psychoeducation in
comparison to those without in Article I\VV. However, the OPTIMIZE CS consisted of the SPS and
SIAS combined. It was not tested whether SPS or SIAS alone yielded different results, respectively, if
participants improved differently on the separate questionnaires since Dijk et al. (2012) used the SIAS
only.

Concerning cognitive restructuring, there are mixed results. Measured with the Behavioral
Approach Test, Mattick et al. (1989) found exposure to be superior to cognitive restructuring at post,
but cognitive restructuring caught up at follow-up, and exposure even deteriorated. They hypothesized
that cognitive restructuring may take longer to affect behavioral measures. The same delay for the
effect of cognitive restructuring was found in Article IV (measured with the CS), but there was still no
significant difference between the versions with cognitive restructuring in comparison to those
without. However, it was not clear from the Mattick et al. (1989) study how much time had passed
between post and follow-up. On the other hand, Cougle et al. (2020) found significant large effects for
SAD symptom reduction at post after only a 4-week training session. In comparison to Mattick et al.
(1989) and Article IV, Cougle et al. (2020) provided sentences for the cognitive restructuring instead
of participants having to come up with examples on their own. Therefore, one explanation might be
that it is more difficult for participants to come up with their own anxiety-relevant cognitions and that
they need more time. Concerning attention training, there was no previous literature on the particular
technique used in Article IV. Therefore, it is not possible to evaluate how the results from Article IV
can be interpreted within the literature. However, as with cognitive restructuring, attention training
showed a delayed effect from post to follow-up, where the version with attention training significantly
reduced SAD symptoms, but there was also no significant interaction effect between the component
and time. Therefore, in research, it may be important to leave enough time between the post and
follow-up measures in order to find effects. In practice, it may be important to stick to these
techniques long enough. However, clearly, more research is needed, especially for cognitive
restructuring and attention training in the way these components were implemented in Article 1V.

Concerning exposure, most of the literature suggested that exposure alone might be enough to
reduce SAD symptoms; also, additional CBT techniques did not show any significant benefits
concerning SAD symptom reduction (Hofmann, 2004; Kaczkurkin & Foa, 2015; Powers et al., 2008),
except for the study by Mattick et al. (1989). In Article IV, as with psychoeducation, the versions with
exposure showed significantly higher SAD symptom reduction in comparison to the versions without
exposure from pre to post. Additionally, exposure showed the only significant interaction effect
between a secondary outcome and the CS from pre to post, where the versions with exposure had a
significantly lower depression score than the versions without exposure.

Looking at the condition level from pre to post, it was shown that all active conditions were

significantly better than the WL in terms of SAD symptom reduction. There was no significant SAD
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symptom reduction for WL. Additionally, the effect of the number of components from pre to post
was examined exploratorily. Again, there was a significant difference between the WL and one, two,
three, and four components. However, there was no significant difference between one to four
components, implying that it is better to provide affected people with anything from the SAD
treatment, but it does not seem to matter how much. Concerning the secondary outcomes from pre to
post, there was a significantly lower number of SAD diagnoses for the versions with psychoeducation
in comparison to those without, further underpinning the superiority of psychoeducation.
Independently of the component, there was a significant reduction from pre to post for depressive
symptoms and general anxiety symptoms and an increase in mental QoL for the versions that
contained a component in comparison to those that did not. These results revealed that although
psychoeducation and exposure showed significantly higher SAD symptom reduction from pre to post,
the other two components showed improvement in secondary outcomes as well. The results from the
condition level, the number of components, and the significant time effects from post to follow-up for
cognitive restructuring and attention training showed that the inclusion of each component leads to
improvement on some level.

The dropout analysis at post showed a higher drop-out rate for the versions with exposure. One
hypothesis in Article IV was that participants with exposure might need more support in order to
expose themselves to their feared situations than participants with other components. Additionally, the
dropout rate was higher for participants with more severe SAD symptoms. This might imply that
participants with higher symptom severity would need more support as well in order to continue using
the ICBT. At follow-up, participants with the component psychoeducation were more likely to drop
out. The hypothesis in Article IV was that participants might have been satisfied enough and,
therefore, dropped out due to the positive outcomes at post (Lawler et al., 2021).

In conclusion, psychoeducation and exposure were superior to cognitive restructuring and
attention training in the sense that the versions with psychoeducation and exposure reduced the SAD
symptoms more quickly and that there were additional significant effects for psychoeducation in
particular. Article 1V examined the main effects of the four components, one of the next steps would
be to test the interaction effects. At the moment, we know that there is a significant effect for the
versions with psychoeducation and exposure in comparison to the versions without the respective
component. However, it is not clear how the effects behave if, for example, the interaction of
psychoeducation and exposure is compared to the versions with a single component. After that, the
components psychoeducation, exposure, and their combination should be tested in an RCT, as
OPTIMIZE chose an exploratory approach to select potential components to optimize ICBT for SAD
(cf. Collins, 2018). Another study within OPTIMIZE is planned, where the mediation and moderation
effects of the main components are tested. This is a further step towards understanding how ICBT

actually works and what the potential mechanisms of the changes are (Kazdin, 2007).
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4.3. Limitations

This chapter will first present the overall limitations of this dissertation. Secondly, it will
present the limitations of Articles I, I1, and IV that are relevant to the overall topic of this dissertation.
For detailed limitations on each specific Article, consult the limitations section of the respective
Acrticle.

This dissertation took the social evaluation model as a framework for the definition of
embarrassment, where a social transgression evokes embarrassment. While the fear of negative
evaluation by showing anxiety symptoms or behaving in a certain way is part of the SAD diagnosis
(DSM-5 TR, diagnostic criterion B), the mere possibility of scrutiny in social situations should be
enough to evoke anxiety (DSM-5 TR, diagnostic criterion A) (APA, 2022). This is also shown with
the items of the SPS and SIAS, where writing in front of others or becoming aware of one’s voice
might evoke SA. As Clark & Wells (1995) described in their model that the mere anticipation of
possible negative events or consequences leads to SA and further vicious cycles. In contrast, most
embarrassment and SA(D) studies do actually induce embarrassment/SA or have tasks that would
evoke embarrassment/SA in many people (e.g., in the study of Hofmann et al. (2006), participants had
to sing; in the study of Laukka et al. (2008), participants did a public speaking task). There, the feared
social transgression often actually happens. However, there are not enough studies that examine
people with high SA or SAD and embarrassment in situations where there is no mishap or social norm
transgression, where people are, for example, observed when they write or when they are simply the
center of attention, without having, for example, to hold a presentation or perform. Therefore, this
dissertation has shown how embarrassment is connected to SA and SAD in embarrassing or, by a
majority of people perceived, socially challenging situations, but there is still a lack of knowledge
about how these three concepts are connected in non-embarrassing situations or personal socially
challenging situations that people without SAD would mostly not fear. This is particularly important
for the daily lives of the affected people since mundane tasks, like having to make a phone call,
obviously occur more often than holding a presentation in front of an audience.

Furthermore, shyness was not taken into account in the theoretical background, even though
SA, embarrassment, and shyness share certain qualities (Hofmann et al., 2006) and influence different
aspects of social situations. The same applies to the emotion of shame (cf. Wang et al., 2020). Shame
is particularly important from an emotion-focused therapeutic perspective, where shame is one of the
most frequent types of maladaptive emotional schemata, with the core belief of being inherently bad
or defective (Auszra et al., 2017). People talk less about shame in comparison to embarrassment
(Keltner, 1996) and this emotion is more tied to one’s core self in comparison to the public self, which
is the focus of embarrassment (Tangney et al., 1996). While embarrassment evokes concerns about
one’s self-presentation, shame threatens one’s self-esteem (Wan & Wyer, 2020). This additional

perspective on the treatment of SAD would be important to take into account since the emotion-
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focused perspective might help to understand more inner processes of participants. The emotion-focus
perspective is additionally important since people with SA and SAD were consistently shown to use
expressive suppression (i.e., minimizing emotion expression or changing expression to another
outward emotion; Rozen & Aderka, 2023).

Article | was mainly an exploratory study with a small N that used psychology students as
participants. Even though SA was taken into account, the results cannot be transferred to people with
SAD. A future study would need to examine the voice parameters for a clinical sample. However,
concerning the small number of participants, the machine-learning approaches showed nevertheless
that the dataset was robust and yielded a satisfying prediction performance.

Article Il only included the questionnaires SPS and SIAS, and the possible conclusion that
can be drawn from the bifactor model depends on the input (Bornovalova et al., 2020). Although
Caballo et al. (2013) showed that the five most common SA(D) questionnaires (including SPS and
SIAS) revealed medium to high correlations, it is not possible to draw a conclusion about SA(D)
questionnaires in general and how other questionnaires conceptualize SAD.

The results from Article IV can only be generalized to ICBT for SAD with guidance since it
was not possible to test how guidance influenced the effects of the components. It was assumed in
Acrticle 1V that especially participants in exposure might need more help and guidance, since there
was a significantly higher dropout rate for versions with exposure in comparison to versions without
exposure. However, the literature on guidance in ICBT in general shows mixed results, where some
studies do not find a significant difference between self-guided and guided ICBT concerning
symptom reduction of different mental disorders (SAD: Berger et al., 2011; Chen et al., 2020;
Kishimoto et al., 2016; Meta-analysis SAD: Guo et al., 2021), and others do find significant
differences in favor of the guided ICBT (depression: Bur et al., 2022; SAD: Wang et al., 2020).
Furthermore, it was not controlled for the time spent in the program from pre to post. Even though
Nordgreen et al. (2018), for example, did not find a dose-response relationship, it would be necessary
to control for the influence of adherence, especially since psychoeducation showed a significant
difference in the time spent on the program. One explanation for the significant difference could be
that participants were more motivated to work on psychoeducation than other components, especially
since psychoeducation provides a sense of control by making sense of the symptoms, which might be
an additional motivator (cf. Rodrigues et al., 2018). On the other hand, exposure did not show any
differences for the time spent on the program, while being at an advantage at post (as was
psychoeducation), which would argue against a possible dose-response relationship. The same applies
to the activities between post and follow-up: Participants had access to the program but did not
receive guidance anymore. Therefore, it is not clear if and how activities after the official and guided

8-week period influenced the results from post to follow-up.
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4.4. Future Implications

This subchapter will first present the overall implications for future research (4.4.1.) and for
the treatment of SAD (4.4.2.) based on the findings presented in this dissertation. For detailed future
implications on each specific Article, consult the future implications section of the respective Article.

4.4.1. Implications for Future Research

Concerning Article I, it would be interesting to further explore more technologically advanced
methods and combine those methods with the classic self-report and rating methods. Many
psychology studies solely rely on self-reporting and subjective measures like questionnaires.
However, Article | has shown the additional benefits of adding objective methods like voice analysis.
One of the advantages of more objective measures is the additional perspective which is less biased
and can even be independent of the content that the participants deliver. In the case of voice analysis,
machine learning techniques are required to process the data, but the data collection is very simple
and requires only a recording device (in comparison to other objective measures like skin conduction
or MRI). The combination of methods would additionally foster more cross-disciplinary
collaborations and diversify perspectives on the same topic.

In line with the results from Article 11, it would be interesting, particularly for Article 1V, to
examine the results separately for the SPS and SIAS. As Chen et al. (2020) pointed out, they did find
different results for the SPS and SIAS. They argued that although the questionnaires correlate, the
guestionnaires claim to examine different aspects of SAD.

As was mentioned in the previous chapter, it is necessary to conduct more basic research with
tasks that are not generally SA- and embarrassment-inducing (e.g., singing, holding a presentation)
and that are closer to the affected people’s lives. To ensure that participants still get anxious or
embarrassed, a more individualized approach is suggested. Article | has shown how easily a task can
be tailored to the individual participant without much effort or a big setup. Another example is the
study from Reuman et al. (2015): They used vignettes where the level of threat and uncertainty varied
in situations that were mundane to the students who participated (e.g., riding an elevator or submitting
a term paper). A highly naturalistic and individualized approach is using ecological momentary
assessment as, for example, Geyer et al., (2018) did. More specifically, the anxiety to be observed by
others (which was also found as one SAD factor besides the performance and interaction fears by
D’Avanzato & Dalrymple, 2016), is another aspect of embarrassment and SAD, which was
deliberately left out in this dissertation. With this type of situation, one does not have to transgress a
social norm in order to feel embarrassment or SA. A lot of studies presented in the theoretical
background tested embarrassment, SA, and SAD with performance-related situations, where
embarrassment from the dramaturgic model and, with it, the fear of simply being in the center of

attention was not addressed enough. This is in line with the narrow perspective of SAD itself
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according to the DSM-5, and in current research in general. A broader perspective of SAD should
lead away from solely the fear of negative evaluation and consider the fear of positive evaluation as
well (Skocic et al., 2015). Skocic et al. (2015) even concluded that the fear of any evaluation would
be more appropriate than the fear of negative evaluation. As a result of the current definition, where
the emphasis is put on the potential of negative evaluation, research tends to examine only one part of
SAD (Skocic et al., 2015).

4.4.2. Implications for SAD Treatment

Regarding the treatment of SAD, psychoeducation could be expanded with information on
embarrassment (especially on the usefulness of this emotion) besides the negative consequences (cf.
Bas-Hoogendam et al., 2018). Embarrassment is perceived as negative, and people with SAD fear that
others might see how embarrassed they are. It could help the affected people to know about the
possible positive consequences of embarrassment by openly displaying it to others. Furthermore, it
might facilitate exposure and help to reduce the safety behavior that aims to cover typical
physiological embarrassment signs like blushing or sweating. It might also provide functional
cognitions concerning the display of embarrassment and possibly facilitate the attention shift away
from physiological processes. This would also make sense in light of the study results from Hope et
al. (2010) where one of the main concerns of people with SAD was to experience anxiety and
negative emotions, and even more interesting, therapists less often chose this as a topic for cognitive
restructuring.

Acrticle IV examined the main effects of the components. It would be necessary, as a next step,
to examine their interaction effects to see how psychoeducation and exposure interact with each other
and to check if and how they influence each other. However, on a larger scale, the main components
could be extended with an emotion regulation module since there are studies that found emotion
regulation deficits in people with SAD (Blalock et al., 2016; Dryman & Heimberg, 2018). Hawley et
al. (2016) assumed in their study a potential mutual change mechanism in cognitive restructuring and
exposure to be emotion regulation. It would be interesting to test possible mutual mechanisms besides
the separate and component-specific mechanisms of change that are often considered (e.g., SAD
knowledge increase as a change mechanism for psychoeducation). Nevertheless, in the here
mentioned studies, none of those considered specific emotions. As embarrassment and SAD are
strongly connected, considering and addressing embarrassment in SAD therapy could be another
access point to the disorder and potentially raise the clinically relevant response rate to psychotherapy,
providing a more holistic view of the disorder.

Embarrassment has been shown to be closely connected to shyness and shame, which are all
important emotions regarding SAD. In order to understand the internal processes of SAD, it would be

necessary to examine how people with SAD react emotionally in different and, especially, in their
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personally dreaded situations. However, embarrassment may play an even more important role in
Taijin-kyofusho (TKS), an SAD-related disorder, which occurs especially in Japan and Korea but was
also found in other non-eastern Asian cultures. TKS is a broader concept than SAD and denotes
interpersonal fear, where affected people fear making other people uncomfortable or embarrassed
(APA, 2022; cf. Tei et al., 2020). Embarrassment is not only an important part of an SAD diagnosis
but also of Agoraphobia or specific phobias, where affected people fear, among other things,
embarrassing symptoms. Further, embarrassment also plays a role as a consequence of certain
disorders, like trichotillomania and excoriation disorder, where embarrassment is counted under
clinically significant distress (DSM-5 TR, criterion C; APA, 2022). This shows that embarrassment

plays a crucial role across different disorders and is worth exploring further in the clinical context.
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Appendix A

Article I — Embarrassment

By the time this dissertation was submitted for publication (21.01.25), this Article was still in
the review process. Therefore, the last version (21.01.2025) that was re-submitted to Nature Scientific

Reports is attached here.
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Abstract

Introduction: Embarrassment is a social emotion that shares many characteristics with social anxiety
(SA). Most people experience embarrassment in their daily lives, but it is quite unattended in research.
We characterized embarrassment in an interdisciplinary approach, introducing a behavioral paradigm
and applying machine learning approaches, including acoustic analyses. Methods: 33 participants had
to write about an embarrassing experience and had then, without knowing it prior, to read it out loud to
the conductor. Embarrassment was then examined with two different approaches: Firstly, from a
subjective view, with self-report measures from the participants. Secondly, from an objective, machine-
learning approach, where trained models tested the robustness of our embarrassment data set (i.e.,
prediction accuracy), and then described embarrassment in a dimensional (i.e., dimension: valence,
activation, dominance; VAD) and categorical (i.e., comparing embarrassment to other emotional states)
way. Results: The subjective rating of embarrassment was increased after participants read their stories
out loud, and participants with higher SA scores experienced higher embarrassment than participants
with lower SA scores. The state of embarrassment was predicted at 86.4% at the best of the unweighted
average recall rate. While the simple VAD dimensional analyses did not differentiate between the state
of embarrassment and the references, the complex emotional category analyses characterized
embarrassment as closer to boredom, a neutral state, and less of sadness. Conclusion: Combining an
effective behavioral paradigm and advanced acoustic modeling, we characterized the emotional state of

embarrassment, and the identified characteristics could be used as a biomarker to assess SA.
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1. Introduction

Embarrassment is a social emotion that most of us experience through daily life, and it occurs
when a desired social image of oneself is threatened (Miller & Tangney, 1994; Tangney et al., 1996).
It can be seen as a self-conscious and, simultaneously, other-conscious emotion: While one is more
self-aware in an embarrassing situation, one is also concerned about other people's judgment (Tangney
et al., 1996). Embarrassment is experienced mostly in public with other people. However, it can still
occur privately when the audience is imagined and is more likely to occur around strangers than loved
ones. Embarrassment is usually accompanied by typical physiological changes, such as blushing
(Hofmann et al., 2006; Keltner, 2005; Miller, 2012), or changes in the voice and non-verbal behavior,
such as avoiding eye contact or lowering one’s head. Tangney et al. (1996) categorized embarrassment
as a “negatively valenced emotion” (pp. 1264), but there are also positive consequences that can arise
for the person affected as well as the audience: According to Miller (2012), people often react helpfully
in embarrassing situations, and showing embarrassment in the form of blushing, for example, elicits a
favorable impression of the affected person. Stocks et al. (2011) additionally differed between personal
and empathic embarrassment. Whilst the first is experienced for oneself, the latter is experienced for
another person while, for example, observing an embarrassing task. This study, however, focused solely
on personal embarrassment.

There are several emotions that are similar to embarrassment, particularly shame, since for a
long time, embarrassment was considered to be part of shame. However, embarrassment is viewed as
an emotion on its own today and there are distinct differences between these two emotions: Shame is
related to more moral transgressions, can occur when being alone, is a more intense emotion and lasts
longer than embarrassment. Additionally, embarrassment tends to occur around less familiar people in
comparison to shame (see e.g., Miller & Tangney, 1994; Rozen & Aderka, 2023; Tangney et al.,
1996).Core aspects of embarrassment, such as the fear of negative evaluation, fear of being rejected by
others, and heightened self-consciousness, are also important aspects of social anxiety (SA) as well as
social anxiety disorder (SAD). According to Rozen and Aderka (2023) embarrassment, SA, and SAD
were consistently associated with each other in physiological measures, neural activities, and self-
reports of emotions for clinical and non-clinical samples. Socially anxious people are generally more
easily embarrassed and respond with more intense embarrassment than less socially anxious people
(Leary & Hoyle, 2013). Furthermore, Rozen & Aderka (2023) showed in their review that
embarrassment has found to be associated with SA in clinical as well as non-clinical samples over
different studies. In both cohorts, people with either higher SA scores or SAD rated social blunders as
more embarrassing in comparison to people with lower SA scores respectively without SAD. As with
embarrassment, SA occurs mostly in public; if in private, an imagined audience or an imagined reaction
from others is necessary. While embarrassment appears sudden, brief, and due to an actual misstep, SA
appears gradually and over a longer period of time and can occur without having done anything wrong
(Miller, 2009).
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Embarrassment is generally neglected in research on basic emotions (Simon-Thomas et al.,
2009). Especially when papers report on vocal cues in different emotions, they often examine either the
classical basic emotions according to Ekman & Friesen (1971) or other emotions than embarrassment
(e.g., Devillers & Vidrascu, 2007; Juslin et al., 2018; Patel et al., 2011; Sauter et al., 2010). Due to the
consistent association of embarrassment and SA and the fact that embarrassment is still a neglected
emotion, it is important to look more into the emotion itself, its relationship to other emotions, and how
it is associated with SA from a basic research and clinical point of view.

Therefore, this paper's main goal was to exploratorily examine embarrassment and capture the
emotion from different points of view. On the one hand, embarrassment can be compared categorically
to other emotions; it can be described as how it relates to and shares information with them. There are
different data sets in different languages, consisting of emotional speech, where the data has already
been labelled and tested accordingly (see e.g., Burkhardt et al., 2005). On the other hand, embarrassment
itself can be described dimensionally in more depth. Grimm et al. (2007) proposed a three-dimensional
emotion space consisting of the axis valence, activation, and dominance (VAD), which was also used
in this study to describe embarrassment dimensionally.

Previous studies investigating fundamental emotional research used either classical subjective
clinical psychology approaches, relying mainly on the participants' self-reports and ratings of a few
individual experts, or more objective measures such as neuroimaging methods and psychophysiological
measures (Bastin et al., 2016). If subjective and objective measures are combined in embarrassment
studies, they often focus on somatic or neuronal features (Hofmann et al., 2006; Mdiller-Pinzler et al.,
2012) but seldom on voice parameters. The same goes for physiological indicators of SA or
embarrassment: Research most often investigated body, hand, and head movements or gaze activity
(Keltner et al., 2019). According to Weeks et al. (2012), there are several advantageous characteristics
of voice parameters as physiological indicators of, for example, SAD, such as being less biased to
subjects’ responses and more objective than through self-questionnaires. So, even though participants
do not say the same, one can objectively compare the paralinguistic information of their answers
(Burkhardt et al., 2005).

Human speech can be divided into verbal (linguistic) and non-verbal (paralinguistic) sounds.
While it is obvious that verbal sounds play an important role in communication, non-verbal aspects,
such as paralinguistics, carry a lot of additional information in conversations, such as the emotional and
mental state of the person speaking (Kadali & Mittal, 2020). Conversely, changes in the voice may
indicate changes in a person's mental and emotional state. This study, therefore, combined subjective
measures (see section 2.3.) and objective engineering and machine learning approaches (see section
2.4.) to examine embarrassment.

To describe and examine embarrassment from different points of view, this paper had the
following four goals: The first goal was to induce embarrassment in participants and test whether the

induction was successful and, if so, how embarrassment was related to SA.  We hypothesized that
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embarrassment would indeed be induced, with the participants being significantly more embarrassed
during the embarrassment induction task compared to the pre- and post-induction periods. Furthermore,
according to previous studies, we also assumed that participants with higher SA scores would get more
embarrassed than participants with lower SA scores. Verifying that embarrassment was induced was
the only goal with a hypothesis. This was the fundament for the other three following exploratory goals,
where we used our acoustic data to gain further insights using automatic speech processing techniques.
The second goal was to test how well our trained model could predict our sample data in pre-induction,
embarrassment, and post-induction and show the robustness of our embarrassment data. The third goal
was to adopt a dimensional approach and map embarrassment onto the VAD dimension. The fourth and
last goal was comparing embarrassment to other emotions, thus following a categorical approach. For
the third and fourth goals, publicly available emotional speech corpora (i.e., acoustic samples with

emotional labels) were used to train our models.
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2. Materials & Methods
2.1. Participants
Undergraduate psychology students from the University of Berne, Switzerland, were recruited
for this study. The average age of the sample (N = 33) was 23.73 years (SD = 4.68), with 78.8% female
participants (n = 26). The exclusion criteria were a.) any current or past neurological or psychological
disorders, b.) regular medication intake, and c.) regular substance abuse. For their participation, they
received 1.5 out of 12 mandatory experimental credits. All participants gave written informed consent
to participate in the study. The ethics committee of the faculty of human sciences at the University of
Bern approved the study protocol (2020-06-00004). The experiment was performed in accordance with

the relevant guidelines and regulations according to the Declaration of Helsinki.

2.2. Procedure

See Fig. 1 for an overview of the study procedure. If the participants did not fulfil any exclusion
criteria, they advanced to fill out the questionnaires Short Form Social Phobia Scale (SPS-6), Short
Form Social Interaction Anxiety Scale (SIAS-6), Community Assessment of Psychic Experiences
(CAPE), and demographic data online via Qualtrics not later than 12 hours before the assessment
appointment.

The whole assessment (t0 — t3) was audio recorded, and the participants were informed prior to
the start of the assessment. The experimenter conductor was instructed to respond neutrally respectively
to not give either a positive reaction (e.g., laugh along with the participant) or a negative reaction (e.g.,
look dismissive) during the procedure and had all instructions written on a script to maximize
standardization. This study was embedded in a larger study based on Mota et al. (2017) and represents
part 2 of the procedure. Since part 1 is irrelevant to this study, it was not further explained here (see
Mota et al., 2017, for the study procedure of part 1). At t0, participants were shown a neutral picture
from the picture set of Mota et al. (2017) and were instructed to tell a story about the picture for at least
30 seconds. If they did not meet the 30-second mark, they were asked to talk more about the picture. At
t1, they received a short explanation of the characteristics of embarrassment and how it differed from
shame (see introduction for differences). The assignment then was to write about a situation where they
felt embarrassed, which happened no longer than one year ago. The participants were instructed to write
only a few sentences about the setting of the embarrassing situation and then to mainly focus on the
following aspects of their experience in the situation: emotions (i.e., “What did you feel in this
situation?”’), cognitions, physiological reactions, their own behavior, and the behavior of the bystanders.
Therewith, participants were more likely to be immersed in the whole experience and not only recollect
mere cold facts of the situation (Tangney et al., 1996). After being informed orally, they also received
all instructions in written form. Participants had a maximum of 4 minutes to come up with a situation
and then a maximum of 14 minutes to write about the situation. At t2, they were asked to read the story

aloud to the instructor and were instructed to talk for at least 30 seconds. If they did not meet the 30-
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second mark, they were asked to talk more about the situation. At t3, they had the same task as at t0
with the same instructions. Between each time point (t0 — t3), they had to indicate their level of
embarrassment on a visual analog scale (VAS; see section 2.3.3.).

At the end of the study (after t3), participants were asked to guess the study's purpose. They
were then informed about the actual purpose of the study. For ethical reasons, they were asked to state

their current well-being, and the instructor intervened if a participant stated particularly low well-being.

before the day | on the day
of the assessment of the assessment
| t:
" t0: t2: t3:
online " writing about .
: ] telling story based on - reading telling story based on
questionnaires | neutral picture () embar(a55|ng - embarrassing story - neutral picture (I1)
experience ].
| —~ I S
i 1
| VAS 1 VAS 2 VAS3 |
| |
| |
| |
I |
¥ v
first 10s of t0 = first 10s of t2 = first 10s of t3=
pre embarrassment post

Figure 1 Overview study procedure

Before starting the main assessment, participants answered online questionnaires. On the day of the
assessment, participants were told to tell a story based on a neutral picture before (t0) and after (t3)
embarrassment induction (t2). The first ten seconds of speech in t0, t2, t3 were used as pre-
embarrassment induction (pre), embarrassment induction, (emb), and post-embarrassment

induction (post) for the acoustic analysis. VAS = visual analog scale.

2.3. Measures
2.3.1. Short Form Social Phobia Scale (SPS-6) and Short Form Social Interaction
Anxiety Scale (SIAS-6)

The Social Phobia Scale (SPS; Mattick & Clarke, 1998) and the Social Interaction Anxiety
Scale (SIAS; Mattick & Clarke, 1998) are two self-report questionnaires to measure different aspects
of SA. The SPS measures SA in performance-related situations (e.g., fear of attracting attention while
queueing), while SIAS measures SA in interactional situations (e.g., difficulty in talking to other
people). For this study, the short form of the SPS (SPS-6; Peters et al., 2012) and the SIAS (SIAS-6,
Peters et al., 2012) were used, which were directly translated into German for this study. The two
questionnaires are presented together with 6 SPS-6 items and 6 SIAS-6 items rated on a Likert-Scale
from 0, “not at all”, to 4, “extremely”, with a total sum score ranging from 0 to 48. According to Peters
et al. (2012), the cut-off scores for clinically relevant SA symptoms are SPS-6 > 2 and STIAS-6 > 7.
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2.3.2. Visual Analog Scale (VAS)

For the measurement of the strength of embarrassment participants felt before, during, and after
the intervention, a paper-pencil visual analog scale (VAS) was used at each time point (i.e., after t0, t1,
and t2). Participants had to assess on a 10cm long line how embarrassed they felt at the moment from
0, “not embarrassed at all”, on the left end to 10, “extremely embarrassed”, on the right end. The
measured length from the zero point to the participants’ mark on each line indicated the strength of
embarrassment for each time point (cf. Delgado et al., 2018). The interrater variability of two

independent raters who measured the distance between all lines was r(97) = 0.998.

2.3.3. Recording procedure and device

Each participant's assessment was audio-recorded from t0 to t3. The recording device was
always placed on the table in front of the participant with approx. 1 meter from the edge of the table
opposite the participant. The recording device SONY ICD-UX570 was used. The sample rate was at
44.1 kHz with a bit depth of 16-bit. The audio data was stored in “Waveform Audio File Format” (.wav).

2.4. Statistical analysis — behavioral data
The statistical analysis of the behavioral data was performed with R Studio (Version:
2024.04.2+764; Posit team, 2024). Descriptive statistics were reported, and to examine differences
and relationships, non-parametric tests were used due to a lack of normal distribution in the
behavioral data (see section 3.1.). Linear mixed models (LMMs) were conducted to test the influence

of gender.

2.5. Acoustic Data Analysis

The acoustic data from each participant’s first 10 seconds at the beginning of speech in t0, t2,
and t3 phases was used for pre-embarrassment induction (pre), embarrassment induction (emb), and
post-embarrassment induction (post), respectively. A fixed length of initial 10 seconds was chosen for
the following two reasons: Firstly, from a behavioral perspective, participants were likely to
experience the strongest embarrassed at the beginning of their speech. Over time, embarrassment may
decrease due to habituation, resulting to greater variability across participants. By using a fixed
length, the influence of habituation could be minimized. Secondly, from a machine learning
perspective, fixed-length acoustic segments are more suitable for training predictive models in

paralinguistic classification tasks.
2.5.1. Auxiliary emotional corpora
To train regression and classification models for the conceptual and dimensional description of

embarrassment, two well-known emotional datasets in German were selected: the Berlin Emotional
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Speech Database (EMO-DB) (Burkhardt et al., 2005) and the “Vera am Mittag” (VAM) dataset (Grimm
et al., 2008).

The VAM corpora consist of 947 emotional German speech samples collected from 47 speakers
(36 female). Speech segments were selected from 12 broadcasts of the TV talk show “Vera am Mittag”
(in Engl.: “Vera at noon”). The weighted average values with evaluator weighted estimator (EWE)
techniques of VAD emotional dimensions were used to train our regression models for the dimensional
VAD representation of embarrassment (Grimm et al., 2007). Each speech sample in the database has
EWE smoothed VAD dimensional labels in the range of [-1,+1]: valence (negative: -1 & positive: 1),
activation (calm: -1 & excited: 1), and dominance (weak: -1 & strong: 1) (Kehrein, 2003).

EMO-DB covers 7 emotions (i.e., anger, joy, neutral, sadness, disgust, fear, and boredom). The
corpus consists of 10 professional actors (5 female) speaking out 10 predefined phonetically balanced
and emotionally neutral sentences. We utilized a subset of 493 utterances, which achieved naturalness
and recognizability rates of 60% and 80%, respectively, as obtained during a perception test involving

20 subjects. This subset was used to train our emotion categories-based classification models.

2.5.2. Acoustic feature representations

Considering a comparable sparse amount of training samples for acoustic modeling, we decided
to use knowledge-based handcrafted features and pre-trained data-driven feature representations. In the
employed acoustic feature representations, we do not use phonetic-level information. Also, the
handcrafted features are also interpretable. Thus, it can help in gaining insight into the acoustic
variations related to speech production in the present study’s context.

For the knowledge-based handcrafted feature representations (FRs), we use the (a) ComPaRE
2016 feature set provided by the openSMILE extraction tool (see Eyben et al. (2010) for more
information), which has been studied for several paralinguistic speech processing tasks (Schuller et al.,
2013). The ComPaRE set contains 6373 static turn-level features resulting from the computation of
functionals (statistics) over low-level descriptor contours.

Considering top performance positions on challenge leaderboards and state-of-the-art neural
embeddings for the Speech Emotion Recognition (SER) task from the Speech processing Universal
PERformance Benchmark (SUPERB) challenge (Yang et al., 2021), we employed (b) Wav2Vec?2
(WV2 EM) (Wagner et al., 2023), fine-tuned for dimensional SER on the MSP-Podcast (Lotfian &
Busso, 2019) as emotion data-driven feature representation, and (c) WAVLM (large) (Chenetal., 2022)

as general data-driven feature representation.

2.5.3. Machine learning experimental setup
To address our second goal (i.e., test how well our classification model could predict speaker
state and distinguish between non-embarrassment and endorsement data samples), we used a speaker-

independent experimental protocol, more precisely leave-one-speaker-out (LOSO) protocol. This
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protocol simulates realistic conditions and maintains a good balance between training and testing
subsets. In the LOSO protocol, we used speech samples from 32 speakers to train predictive models,
and speech samples from the one remaining speaker were used for testing. This procedure was repeated
33 times, and predictions were aggregated into one file to estimate recognition rates. To measure
recognition performance, we used unweighted average recall (UAR). During the experimental study,
we used both three-class and two-class experimental settings. The three-class setting included pre-
embarrassment, embarrassment, and post-embarrassment labels. In the two-class setting, we provided
a selection of different combinations or grouped pre- and post-embarrassment classes into one class
(i.e., non-embarrassment). Random Forest (RF) and Support Vector Machines (SVM) classifiers were
used to train predictive models that take ComPaRE FR as input. The results obtained from the speaker-
independent evaluation study for the second goal is presented in Section 3.2.

For the third goal (i.e., adopting a dimensional approach and mapping embarrassment onto the
VAD dimension), we employed a cross-corpora approach, where first three independent Random
Forest-based regressors that take as input ComPaRE FR and predict valence, arousal, and dominance
values, respectively, were trained on the emotional speech samples of the VAM dataset. As mentioned
earlier in Section 2.5.1, the prediction values for each of the VAD emotional dimensions are lying in
the range [-1,1]. After training the regressors on the VAM database, we used the models to predict VAD
labels and estimate a possible location of the embarrassment state in the circumplex model of affect
introduced by Russell (1980). For this purpose, we used pre- and post-embarrassment samples as a
reference and modeled possible shifts of numerical VAD labels in the context of these reference
samples. The results of this experimental study are presented in Section 3.3.

For the fourth goal (i.e., comparing embarrassment to other emotions, following a categorical
approach), as there are no categorical emotion labels associated with the data collected in our study, we
again employed a cross-corpora approach. In this approach, a categorical emotion classifier was first
built on EMO-DB corpus (see Section 2.5.1) and then the classifier outputs for our speech data were
analyzed. Considering the different recording conditions and the phonetic differences between High
German (in EMO-DB corpus) and Swiss German (in our data), for robust analysis, we took a multiple
classifier/expert approach. As illustrated in Fig. 2, we trained three different categorical emotion
classifier systems based on (a) handcrafted FR, (b) data-driven feature representation tuned for
emotional analysis task (emotion data-driven FR), and (c) general data-driven FR on EMO-DB corpus.
Each of the emotion classification systems were trained to predict class conditional probabilities of
seven emotion classes (including neutral class). For our analysis, we passed each of our speech data
samples through those three trained classifiers and took the average of the emotion class conditional
probabilities estimated by the three classifiers. The resulting average emotion class conditional
probabilities were then analyzed. As in the previous cases, we used pre- and post-embarrassment
samples as reference samples and treated them as separate classes. The results of this experimental

study are presented in Section 3.4.
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Figure 2 Flow chart of the emotional categorical analysis with EMO-DB samples

The presented pipeline has been used to represent pre-embarrassment, post-embarrassment, and
embarrassment samples with aggregated class-conditional probabilities (referred to as posterior-
based emotional representations) from categorical emotional models trained on EMO-DB. The
proposed multiple classifier/expert approach is based on three expert systems trained with
handcrafted FR, emotional data-driven FR, and general data-driven FR. FR = Feature
Representation. RF = Random Forest. EMO-DB = a database (see Burkhardt et al. (2005) for more
information). AVG = average. For (a), (b), (c), see Section 2.5.2.

2.5.4. Rate of speech analysis
To compute rate of speech, we adopted graphemes-per-second as a metric, because the grapheme-
to-phoneme relation in German is shallower than the relation in English. In other words, the rate
of speech in German is well represented by graphemes. We used OpenAl’s Whisper model

(https://huggingface.co/openai/whisper-large-v3) to transcribe the speech data. Then, we removed

all punctuation marks and blank spaces in the transcription and counted the number of
graphemes/characters. The grapheme count was finally divided that by 10 seconds to obtain the

grapheme-per-second measure.
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3. Results
2.4. SPS-6 & SIAS-6 results and embarrassment induction

Table 1

SPS-6 & SIAS-6 descriptive statistics
Questionnaires N M SD Mdn
SPS-6 33 2.52 3.01 2.00
SIAS-6 33 7.00 4.02 6.00
S (SPS-6 & SIAS-6) 33 4.76 4.18 4.00

Note. SPS-6: Short form Social Phobia Scale; SIAS: Short form Social Interaction Anxiety Scale.

Table 1 shows the results from the questionnaires SPS-6 and SIAS-6. 16 Participants were
above the SIAS cut-off (i.e., sum SIAS > 7), 17 participants were above the SPS cut-off (i.e., sum SPS
> 2), and 9 participants were above both cut-0ffs (i.e., sum SIAS > 7 and sum SPS > 2). Therefore,
according to the cut-offs, 27.3% (9 / 33) showed clinically relevant SA symptoms in both
guestionnaires.

The first goal of the study was to verify the embarrassment induction. The Shapiro-tests for the
differences of the 3 VAS scores (VAS 1 — VAS 2, VAS 1 — VAS 3, VAS 2 — VAS 3) (see Fig. 1)
between t0 and t3 showed a significant result for the difference VAS 2 — VAS 3 (p = .023). Therefore,
all further calculations were made with non-parametric tests. Multiple pairwise Wilcoxon tests showed
a significant difference between the VAS 2 (M = 2.52, SD = 2.09) and VAS 3 (M = 4.40, SD = 2.38)
score (V = 551, p <.001). This means that the participants got significantly more embarrassed after
reading the story aloud to the conductor than after only writing the story. This can also be observed
visually in Fig. 3 for 31 out of 33 participants. The other differences were not significant (VAS1 —
VAS2, p=.13, VAS 1 - VAS 3, p = .20). To account for the gender disbalance (n = 26 females) in the
significant differences between VAS 2 and VAS 3, we used LMMs. First, the time only model was
calculated with time (VAS 2, VAS 3) as a predictor and ID as a random effect (i.e., accounting for the
fact that all participants have different baseline values). As expected, the time only model was
significant (b = 1.88, SE = 0.26, t(32) = 7.22, p < .001). Then the covariate gender was added to the
model (time*gender). The interaction between time and gender was not significant (b =0.57, SE = 0.64,
t(31) = 7.22, p = .89), implying that the effect of time on the VAS values did not differ by gender.

Spearman correlations were calculated between the SIAS-6 and SPS-6 total scores, the total
sum of both questionnaires and the VAS 2 — VAS 3 difference score. There was a significant negative
correlation between the difference score and the total sum score of the SPS-6 and SIAS-6 (rs = — 0.36,
p = .037). This means that the higher SA is (here defined by the overall sum of both questionnaires),
the more embarrassed a person became after reading the story out loud.
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Figure 3 VAS values connected over all time-points for each participant

VAS-1 measured embarrassment between telling a story based on a neutral picture and writing
about an embarrassing experience. VAS-2 measured embarrassment between writing about an
embarrassing experience and reading the embarrassing story. VAS-3 measured embarrassment
between reading the embarrassing story and telling a story based on another neutral picture. There
was a significant difference between VAS-2 and VAS-3 (V = 551, p < .001), where 31 out of 33 got

significantly more embarrassed after reading the embarrassing story.

2.5. Prediction of embarrassment based on acoustic features
The second goal of the study was to test the possible prediction performance of machine
learning models applied to predict embarrassment. During our preliminary analysis of embarrassment
prediction, we used three-class and two-class configurations for classification experimental setups. In
the two-class settings, in addition to the non-embarrassment class concept (see section 2.5.3), we used
a pre- vs. post-embarrassment configuration. Additionally, considering the scarcity of collected
embarrassment data and the need for better interpretability, we used only knowledge-based acoustic

features - the ComPaRE (see section 2.5.2.) feature set.
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Table 2

Prediction performance UAR of RF and SVM for various combinations of pre-, embarrassment- and

post-sets
pre vs.emb  post vs.emb pre vs. post (pre+post) vs. emb pre vs. emb vs. post
RF 0.848 0.833 0.621 0.803 0.636
SVM 0.864 0.818 0.591 0.818 0.596

Note. UAR = Unweighted Average Recall. RF = Random Forest. SVM = Support Vector Machine.
emb = embarrassment.

The bold print indicates trends for a higher prediction accuracy for RF and SVM.

Table 2 shows the prediction performance (i.e., the probability of predicting the correct set) of
RF and SVM. The best performance was found for predicting the pre-set vs. the embarrassment-set (pre
vs. emb), where the right prediction for the respective set was made in 84.8% of the cases for RF and
86.4% for the SVM (since it was a two-class configuration, a performance by chance would be 0.5. The
results here indicated a very good prediction performance). The second- and third-best performance
was found for the prediction of the post vs. embarrassment (post vs. emb) and for the pre- and post-set
combined vs. the embarrassment-set ((pre+post) vs. emb). The pre- vs. post-comparison was slightly
above chance and could not be discriminated satisfactorily. In the case of the three-class configuration
(pre vs. emb. vs. post), the main misclassification confusion was observed between the pre- and post-
embarrassment classes: The pre- and post-state showed a tendency to have similar characteristics since
their predictive performance was slightly above chance (see section 3.4. for quantitative proof of
similarity).

Supplementary Table 2 shows the top-ranked features for each combination of prediction from
Table 2. Feature ranking was conducted based on RF feature importance rates. The glossary in
Supplementary Table 1 can be consulted for more information on the features. A more detailed
description of acoustic features and their corresponding mathematical models can also be found in the
paper of Eyben (2016). Since the best prediction performances were found for pre vs. embarrassment
and (pre+post) vs. embarrassment, only their top-ranking features were examined in more detail. For
selected set configurations (pre vs. embarrassment and (pre+post) vs. embarrassment), mainly vocal
tract-related dynamic features are presented in the top-ranking list (i.e., the most discriminative
features). Most of the top-ranked acoustic features for the (pre+post) vs. embarrassment task represent
temporal dynamics of envelop of short-term spectrum which relates to modulation frequency
information, indicating changes in energy in frequency bands across time due to speech articulation
(movement of jaw, tongue and lips) (Hermansky, 1998).

One way to ascertain whether modulation frequency information is indeed playing a central
role here is comparing speaking rate, as changes in rate of speech leads to changes in modulation

spectrum (Zhang et al. 2018). More precisely, peak modulation frequency tend to correlate with
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speech rate. We used the speech recognition system to transcribe the pre, post, and embarrassment
speech and calculated speaking rate in terms of graphemes-per-second for each condition,
respectively, each time point. As mentioned earlier, graphemes-per-second is a good indicator of
speaking rate in our case, as in German the grapheme-to-phoneme relation is shallow when compared
to English. Figure 4 shows the distribution of grapheme-per-second for 33 speech samples (33
speakers) for each condition. We found that the speaking rate was higher for embarrassment (mean:
11.92) than for pre-embarrassment (mean: 7.67) and post-embarrassment (mean: 8.16), suggesting

that modulation frequency information indeed helps to distinguish state of embarrassment.

Pre-embarrassement Embarrassement Post-embarrassemen t

Density

0.0

00 0.00 0
00 25 50 7.5 10.0 125 150 175 200 00 25 50 75 100 125 150 175 200 00 25 50 75 10.0 125 150 17.5 20.0
Graphemes per second Graphemes per second Graphemes per second

Figure 4 Histogram and Gaussian kernel density estimation for grapheme-per-second rates for pre-

embarrassment (left), embarrassment (middle), and post-embarrassment (right).

2.6. Dimensional modeling of embarrassment using the dimensions valence, arousal, and

dominance (VAD) from VAM

In order to find the possible location of the embarrassment state in the circumplex model of affect
introduced by Russell (1980), we decided to process the embarrassment data using pre-trained VAD
regressors. Fig. 5a — 5¢ shows a density map for the predicted valence, arousal, and dominance levels
for pre vs. embarrassment and post vs. embarrassment states for all 33 participants (represented as dots).
Considering the sparsity of the collected data, we used knowledge-based feature representations (i.e.,
ComParE) for acoustic modeling in our regression models.

Predictive models were trained on the VAM database speech samples. The regressors trained on
VAD emotional dimensionalities were used to predict VAD levels for pre-, post-, and embarrassment
samples. To evaluate changes in VAD levels for embarrassment phenomena, we mapped the obtained
predictions in 2D plots presented in Fig. 5a — 5c.

Arousal (Fig. 5b) & dominance (Fig. 5¢) seem to indicate embarrassment phenomena (more
points are on the embarrassment side from the diagonal), while valence (Fig. 5a) does not show any
predictive value (dots are quite evenly distributed around the diagonal) and should not be used without

further linguistic post-hoc tests.
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Nevertheless, none of the VAD dimensions could differentiate enough between pre- vs.
embarrassment and between post- vs. embarrassment states. The obtained results showed that
embarrassment phenomena could be characterized by comparably complex changes in VAD levels
compared to pre vs. embarrassment and post vs. embarrassment states.

Supplementary Table 3, the mutual information (MI) between the regression task for the VAD
emotional dimensions on VAM samples and the embarrassment detection task can be found. Selected
acoustic features have high Ml rates for both tasks (embarrassment detection and VAM-based emotion
modeling). As in our previous feature ranking analysis based on RF feature importance, vocal tract-
related modulation features are influential in the selected features with high shared MI. Additionally,

Supplementary Table 4 shows MI between EMO-DB and embarrassment.
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Figure 5 Predicted levels of (a) valence, (b) arousal, and (c) dominance

Scatter and density plot for pre vs. embarrassment and post vs. embarrassment states. The 0-point
indicates a neutral state.
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2.7. Categorical modeling of embarrassment using the 7 emotions from EMO-DB
For the classification task, the database EMO-DB was used to train the classifiers for acoustic
emotion categories. The database contains emotional speech data from 5 female and 5 male actors
speaking in German. They portrayed the following 7 emotions: happiness, sadness, disgust, fear,

boredom, anger, and neutral state, to which our embarrassment data set was compared.

a
. Pre-embarrassment, all emotions 7 Embarrassment, all emotions 7 Post-embarrassment, all emotions
6 happiness 6 happiness 6 happiness
sadness sadness sadness
5 disgust 5 disgust 5 disgust
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Figure 6 The density x-axis shows the average probability for the observed emotional class over all
participants (sum of all probabilities is 1). Count = number of participants.

(a) The line plots show the distribution approximations of posterior-based seven emotional states for
pre-embarrassment (left), embarrassment samples (middle), and post-embarrassment (right). (b)
Histogram and line plots of selected three emotional states, showing significant changes between pre-
embarrassment and embarrassment, for pre-embarrassment (left), embarrassment samples (middle),

and post-embarrassment (right).

Fig. 6a shows the probability density functions (PDF) for posterior probability of all EMO-BD
emotions over the 3 audio time points (pre, embarrassment, post). In other words, it shows the
probability of how much each emotion is represented in our embarrassment sample for each time point.

There is a skewed distribution for each time point and a clear distribution change in posterior
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probabilities of the emotions boredom, sadness, and neutral state over the time points. The most
indicative changes in these 3 emotions are plotted in Fig. 6b. The histogram plots show average
posteriors for sadness, boredom, and neutral state.

For quantitative proof of the significance of emotional posterior modeling, we used a t-test to
evaluate the average posteriors of each emotional state. The above-mentioned indicative changes were
also observed in Table 3 with the mean posterior values of each emotion: The obtained p-values for
sadness, boredom, and neutral state posteriors are highly significant for both pre vs. embarrassment
comparisons and the post vs. embarrassment comparisons. At the same time, the p-values for pre vs.
post comparisons for all emotional states are not significant. With that, it could be shown that pre- and
post-states show indeed similar characteristics, which was already assumed in Table 2.

In conclusion, being embarrassed seems to shift the voice to less sadness but more boredom
and neutral state-related characteristics. But this shift is only temporary and disappears after a while (at

post).

Table 3

EMODB'’s emotional representations in mean posterior values over all subjects (N = 33) and the p-

value for the t-test for different pairs of mean

emotion mean p-value
pre emb.  post pre vs. emb. post vs. emb. pre vs. post

happiness 0.06 0.06 0.06 503 .652 .818
sadness 034 025 033 <.001 .001 506
disgust 0.15 015 0.15 699 397 697
fear 0.08 0.09  0.09 079 146 .685
boredom 0.24 0.28 0.25 <.001 <.001 402
anger 0.05 0.05 0.05 574 582 317
neutral 0.08 012  0.08 <.001 <.001 200

Note. p-values were retrieved from t-tests.

Supplementary Table 3 and 4 shows the M1 for categorical emotion classification on EMO-DB
and the dimensional modeling. We used the complete emotion set presented in the EMO-DB database
and binary classification mapping configurations: high/low and arousal/valence. Results in
Supplementary Table 3 and 4 show that the embarrassment phenomenon could cause changes in both
emotional dimensions, such as arousal and valence. Hence, the highest shared MI in the emotion

classification task with the 7 emotional classes experimental setup can be observed.
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4. Discussion

This study aimed to systematically examine embarrassment categorically and dimensionally
with an interdisciplinary self-report and machine-learning approach.

In the first step, the induction was tested with subjective self-reported measures (i.e., SPS-6,
SIAS-6, VAS), and it was shown that participants got significantly more embarrassed after reading the
story aloud than only writing it and that the embarrassment induction was successful. This was
particularly the case for people who reported higher SA symptoms before the experiment.

In the second step, the robustness of the embarrassment data was tested based on acoustic
features. The robustness of the data set was shown with high prediction performance trends for the
comparisons pre vs. embarrassment and pre- and post-set combined vs. the embarrassment-set, with
SVM showing slightly better predictions than RF. The pre- vs. post-prediction performance was slightly
above chance; one hypothesis is that people return to the initial state so that pre  and post cannot be
distinguished from each other.

In the third step, embarrassment was examined dimensionally in the VAD dimensions. It was
shown that there was a shift in the dimensions of arousal and dominance, while there was none for
valence. In order to obtain an applicable prediction with valence, one would have to adapt linguistic-
based techniques since embarrassment is a complex emotion, and valence is dependent on different
factors (as is natural language processing in general domain-dependent). A participant could, for
example, try to mask their embarrassment by changing the voice so that valence would be perceived as
positive, even though the content of the audio data is negative. These results suggest either that
embarrassment might not be described with simply VAD dimensions since there were no differences
found (i.e., distribution graphs were comparable and comparable number of points at each side of the
diagonal), or that the model itself is too simple to capture a complex emotion like embarrassment.

In the fourth step, embarrassment was examined categorically by comparing it to seven other
emotional states. It was shown that the state of embarrassment had characteristics of less sadness and
more boredom and a neutral state in comparison to the pre- and post-state. On the other hand, the pre-
and post-states did not show any significant differences, implying that the participants returned, after
feeling embarrassed, to a pre-similar state. It additionally shows that our chosen method of
embarrassment induction only leads to a temporary heightened embarrassment state and might,
therefore, be safe to use with subclinical or clinical samples. This generally suggests that embarrassment
is indeed a complex emotion since we observed a shift in multiple emotions (see Fig. 6a). There might
also be cultural differences that might explain why there is a higher posterior probability of sadness at
pre (one would rather expect a neutral state) or due to the emotions being acted and therefore over-
exaggerated.

The behavioral data has shown that reading the story out loud induced embarrassment (in
comparison to writing the embarrassing story down). The advantage of this individualized

embarrassment induction compared to other induction methods, like singing or holding a presentation,
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is that writing a personal story and reading it out loud makes sure that it is embarrassing for each person
while singing or holding a presentation might even be pleasant for certain people. Indeed, 31 out of 33
participants reported increased embarrassment after speaking about their embarrassing experience. In
addition, the machine learning models found shifts for embarrassment in acoustic features, arousal and
dominance on the VAD dimensionality, and emotional characteristics of sadness, boredom and neutral
state. One explanation is that the articulation changes when people get embarrassed. They might try to
become more in control of their voice and to articulate more precisely, hence the change in dominance
and the heightened boredom and neutral state (which could also explain the decrease in sadness).
Another explanation could be that participants emotionally distanced themselves from the situation due
to embarrassment and, therefore, the characteristics of the voice changes. It would have been interesting
to have an additional VAS at the end of t3 to test whether the subjective feeling of embarrassment would
coincide with the return of the voice to the pre-similar state.

In general, embarrassment can be predicted with high accuracy from the voice only, even
though we had a small sample and fixed durations of voice samples (i.e., 10 seconds, respectively, the
same amount of information for each participant), which shows that our fundamental study set-up is
valid. It also shows the overall good robustness of the data set, that the classification models trained on
EMO-DB can be used to understand the embarrassment phenomenon, and that the t-tests provide an
additional source of information for the classification models.

The top-ranking FRs in acoustic analysis has identified two aspects in the LLDs that stand out.
First, the FRs are either based on auditory spectrum or based on MFCCs. Both these FRs tend to
parameterize the spectral envelop of the short-term spectrum, which carries information more related
to the acoustic changes due to the change in the shape of the vocal tract system when producing speech
(Childers, 1975; Hermansky, 1990; Makhoul, 1975). Second, in all the cases the LLDs were capturing
the temporal dynamics of the envelop of short-term spectrum using either delta feature computation
(denoted as “de” in the FR definition) or RASTA processing (denoted as “Rasta” in FR definition).
Taken together, these two aspects indicate that the classification systems are focusing on modulation
frequency information (Hermansky, 1998). Consistent with the changes of modulation frequency
information, we further found that rate of speech was increased during embarrassment.

Another advantage of our setting is the high degree of naturalness, respectively, the ecological
validity since emotion-related studies often work with acted respectively simulated emotions (Drahota
et al., 2008; El Ayadi et al., 2011).

Our study shows the following limitations: Firstly, no control respectively comparable group
existed. Due to the within-study design, every participant is a control for themselves for intra-individual
differences, but there is no comparison for inter-individual differences for time-effects. One could, for
example, add another group that writes about a neutral, instead of an embarrassing, story. Secondly,
even though we were able to find robust effects, the number of participants (N = 33) in the study was

rather small. Thirdly, the majority of the participants were female (n = 26). Therefore, we were not able
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to control for gender differences. However, the LMMs implied that there was still a significant
difference for the behavioral data when controlling for gender. Fourthly, we did not control for a
linguistic bias. This was already acknowledged in the results part, where valence was not further
considered. Fifthly, as no data set exists which could be used to train our models in Swiss German, they
were trained in High German. Lastly, carry-over effects due to part 1 of the study cannot be ruled out.
It could be, for example, that participants were more sad or bored due to part 1. Sixthly, the participants
knew that they were recorded, which could have influenced the expression of embarrassment. However,
it remains an open question, if there was any influence, whether it led to a more controlled or
exaggerated expression of embarrassment.

By examining paralinguistic voice parameters associated with embarrassment, this paper
contributes to multiple research gaps at once. Due to the especially big gap in voice analyses for
embarrassment, this paper focused mostly on the fundamental description and classification of
embarrassment with voice parameters rather than the association between SA and embarrassment.
There was a study conducted by Simon-Thomas et al. (2009) which examined vocal bursts, however,
to our knowledge, this is the first study using acoustic analyses to study embarrassment in a
multidisciplinary approach.

A future paper will address this association between a healthy sample (control group) and an
SAD sample. The SAD sample would be particularly interesting to investigate since we found a
correlation between SA and the height of embarrassment, assuming at least more robust and bigger
effects. From a clinical point of view, it would additionally be interesting to ask the participants with
SAD in anxiety inducing social situations whether they notice changes in their voice and if they think
that others might notice it, since one of the key processes in people with SAD in anxiety-inducing social
situations is the heightened inward attention on themselves and their interoceptive information and with
that the fear that others might notice their anxiety (Clark & Wells, 1995). Additionally, due to the
potential negative consequences of experiencing repeated embarrassment (cf. Bas-Hoogendam et al.,
2018) as well as embarrassment being part of psychiatric diagnoses (e.g., in SAD, Taijin kyofusho,
agoraphobia) or consequences of psychiatric disorder (e.g., in Trichotillomania, excoriation disorder)
(Diagnostic and Statistical Manual of Mental Disorders 5" edition (text rev.); American Psychiatric
Association, 2022). Future intervention studies could focus on how to cope with embarrassment. For
example, by providing psychoeducation on embarrassment (cf. Dijk et al., 2012) or practicing cognitive
restructuring (both typical components of a cognitive behavioral therapy) for embarrassing and SA
inducing situations. Furthermore, distinguishing embarrassment from other emotions remains an open
guestion. From a behavioral perspective, we tried to ensure that participants reported embarrassment
rather than shame by explaining the differences between the two emotions and asking specifically on
the VAS scales about how embarrassed they felt at the moment. From an acoustic perspective, we used
EMO-DB to differentiate between embarrassment and other emotions, but some confounding factors

remain, such as dialect differences (EMO-DB used high German vs. our sample was in Swiss German).
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We assumed that acoustic patterns for embarrassment and reference speech are highly speaker-specific
(as is typical for most paralinguistic concepts); hence, the reported UAR rates for the speaker-
independent evaluation protocol appeared promising. Given similarities between embarrassment and
SA (cf. Hofmann, 2006), the current framework is also promising to detect SA in clinical settings.
Future studies could apply more advanced speaker-adaptive techniques, incorporating precise acoustic
analysis, to further improve classification performance. Lastly, in the light of multidisciplinary
approaches, it would also be interesting to compare acoustic indicators with additional
(neuro)physiological indicators.

In conclusion, we were able to describe the characteristic way of speaking for people in a state
of embarrassment. With a multidisciplinary approach, we have established an effective behavioral
paradigm to induce embarrassment and characterize participants’ response to the embarrassment
induction in acoustic characteristics. Those identified characteristics could be used for the assessment
of SA and SAD.
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Supplementary Information

Supplementary Table 1

Glossary

Low-Level-Descriptors (LLDs) specification

Identifier Production type

Description

audSpec_Rfilt vocal tract

audspecRasta_lengthL1norm vocal tract

audspec_lengthL1norm vocal tract

mfcc vocal tract

pcm_fftMag_fband1000-4000 global

Relative Spectral Transform (RASTA)-style
filtered applied to Auditory Spectrum

Relative Spectral Transform applied to
Auditory Spectrum and engthL1norm is the

magnitude of the L1 norm

Magnitude of L1 norm of Auditory
Spectrum

Mel-frequency cepstral coefficients

Fast Fourier transform magnitude of
frequency band between 1000Hz to 4000Hz

pcm_fftMag_spectralFlux global Evaluates the temporal variation of the
logarithmically scaled rate-map across
adjacent frames
Functionals
Identifier Description
igr[a][b] inter-quartile range [a]-[b]
Kurtosis kurtosis (4th order moment)
peakMeanAbs arithmetic mean of peaks (local maxima)

percentile99.0

posamean
quartile[a]

Range

outlier-robust maximum value of the
contour, represented by the 99% percentile

arithmetic mean of positive values only
a's quartile

difference between maximum and minimum
observed values
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stddev standard deviation of the values in the

contour
Type of feature
Identifier Description
_sma_ smoothed static feature representation
_sma_de_ smoothed dynamic feature representation

also known as delta coefficients

Note. There are three types of LLDs based on production type: source-based, vocal tract-based, and

global (i.e., all frequencies are involved).
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Supplementary Table 2

Top-ranking features for different set predictions

Pre vs. embarrassment

Nr. of feature feature weight
716 audSpec_Rfilt_sma_de[4] igrl-3 0.00415
1175 mfcc_sma_de[3]_quartilel 0.00391
2157 mfcc_sma_de[2]_posamean 0.00322
838 audSpec_Rfilt_sma_de[14] igr1-2 0.00281
823 audSpec_Rfilt_sma_de[13] quartilel 0.00275
136 audSpec_Rfilt_sma[5]_leftctime 0.00275
927 audSpec_Rfilt_sma_de[21]_ quartilel 0.00271
321 audSpec_Rfilt_sma[23]_leftctime 0.00261
Post vs. embarrassment
Nr. of feature feature weight
11 audspecRasta_lengthL1norm_sma_de_iqr2-3 0.00433922
12 audspecRasta_lengthL1norm_sma_de_igrl-3 0.00346824
176 audSpec_Rfilt_sma_de[4]_quartilel 0.00330195
583 audSpec_Rfilt_ sma_de[20]_posamean 0.00323615
181 audSpec_Rfilt_sma_de[4]_iqrl-3 0.0031257
238 audSpec_Rfilt_sma_de[16] igr1-3 0.00309433
521 mfcc_sma[3]_meanRisingSlope 0.00288177
271 audSpec_Rfilt_sma_de[21]_igr1-3 0.00280821
267 audSpec_Rfilt_sma_de[21] quartilel 0.00276045
328 mfcc_sma_de[3]_quartilel 0.00271235
(pre+post) vs. embarrassment
Nr. of feature feature weight
852 audSpec_Rfilt_sma_de[4]_iqrl-3 0.00501
69 audspecRasta_lengthL1norm_sma_de_iqr2-3 0.00395
871 audSpec_Rfilt_sma_de[5] iqr2-3 0.00317
70 audspecRasta_lengthL1norm_sma_de_igrl-3 0.00302
2508 audSpec_Rfilt_sma_de[21] posamean 0.00298
1080 audSpec_Rfilt_sma_de[19]_iqr2-3 0.00292
1401 mfcc_sma_de[3]_percentile99.0 0.00280
1373 mfcc_sma_de[1]_kurtosis 0.00271
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2114 mfcc_sma_de[3]_quartile3 0.00195

Note on top-ranking features ((pre+post) vs. embarrassment)

{852 audSpec_Rfilt_sma_de[4] _igrl-3, 871 audSpec_Rfilt_sma_de[5]_iqr2-3, 2508
audSpec_Rfilt_sma_de[21] posamean, 1080 audSpec_Rfilt_sma_de[19] iqr2-3}

Represents supra-segmental FR composed from: LLD - Relative Spectral Transform (RASTA)-style
filter applied to Auditory Spectrum, dynamic features - delta coefficients and following functionals:

inter-quartile range {1-3, 2-3} and arithmetic mean of positive values only.

{69 audspecRasta_lengthL1norm_sma_de_iqr2-3, 70 audspecRasta_lengthL1norm_sma_de iqrl-3}
Represents supra-segmental FR composed from: LLD - Relative Spectral Transform applied to
Auditory Spectrum and lengthL1norm is the magnitude of the L1 norm, dynamic features - delta

coefficients and following functional: inter-quartile range {1-3} and {2-3}.

{1401 mfcc_sma_de[3]_percentile99.0, 1373 mfcc_sma_de[1] kurtosis, 2114
mfcc_sma_de[3]_quartile3}

Represents supra-segmental FR composed from: LLD - Mel-Frequency Cepstral Coefficients
(MFCC), dynamic features - delta coefficients and following functionals: outlier-robust maximum
value of the contour, represented by the 99% percentile, kurtosis (4th order moment) and 3rd quartile.
One could observe that top-ranked MFCC FR are composed from first and third dimension MFCCs
{MFCC 1 and MFCC 3} LLDs, a coarse representation of the short-term spectral envelope.
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Supplementary Table 3

Shared high Mutual information between VAM and embarrassment

VAM Feature MI weights for MI weights for

embarrassment  regression task
Valence pcm_fftMag_fband1000-4000_sma_range 0.106 0.117
Valence mfcc_sma_de[3]_stddev 0.198 0.090
Valence audspec_lengthL1norm_sma_peakMeanAbs 0.135 0.140
Arousal mfcc_sma_de[14] percentile99.0 0.215 0.153
Arousal mfcc_sma_de[14]_stddev 0.164 0.186
Arousal audspec_lengthL1norm_sma_peakMeanAbs 0.135 0.442
Arousal mfcc_sma_de[14]_posamean 0.158 0.176
Dominance  pcm_fftMag_spectralFlux_sma_de_iqrl-2 0.120 0.327
Dominance  mfcc_sma_de[14] quartile3 0.126 0.137
Dominance  mfcc_sma_de[14]_percentile99.0 0.215 0.139
Dominance  mfcc_sma_de[14]_stddev 0.164 0.195
Dominance audspec_lengthL1norm_sma_peakMeanAbs 0.135 0.428

Note. MI = mutual information.
The bold print show trends for a higher and relevant shared mutual information of the features of

embarrassment and the regression task.
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Supplementary Table 4

Share high Mutual information between EMO-DB and embarrassment

EMO-DB Feature MI weights for M1 weights for
embarrassmen  classification

t task
7 emotions  audSpec_Rfilt_sma_de[21] iqrl-3 0.301 0.334
7 emotions  audSpec_Rfilt_sma_de[20]_iqr1-3 0.257 0.367
7 emotions  mfcc_sma_de[2]_quartilel 0.239 0.419
7 emotions  audspecRasta_lengthL1norm_sma_de igrl-3 0.230 0.452
7 emotions  audspecRasta_lengthL1norm_sma_de_igr2-3 0.202 0.422
Valence audSpec_Rfilt_sma_de[4] iqr1-2 0.321 0.061
Valence audSpec_Rfilt_sma_de[4] iqr1-3 0.292 0.075
Valence mfcc_sma_de[1]_igrl-3 0.279 0.052
Valence audSpec_Rfilt_sma_de[4] _quartilel 0.259 0.066
Arousal audSpec_Rfilt_sma_de[21]_igr1-3 0.301 0.200
Arousal audspecRasta_lengthL1norm_sma_de_iqrl-3 0.230 0.241
Arousal audSpec_Rfilt_sma_de[18] igr1-3 0.220 0.205
Arousal audSpec_Rfilt_sma_de[19] iqr2-3 0.209 0.233
Arousal mfcc_sma_de[2] igr2-3 0.206 0.224

Note. 7 emotions = The 7 emotions from EMO-DB: happiness, sadness, disgust, fear, boredom, anger,
and neutral.

MI = mutual information.

The bold lines show trends for a higher and relevant shared mutual information of the features of

embarrassment and emotion classification.
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Factor structure of the Social Phobia ot

Scale (SPS) and the Social Interaction Anxiety
Scale (SIAS) in a clinical sample recruited
from the community

Dajana Sipka'”, Jeannette Brodbeck'?, Ava Schulz', Timo Stolz' and Thomas Berger'

Abstract

Background The Social Phobia Scale (SPS) and the Social Interaction Anxiety Scale (SIAS) are widely used self-report
questionnaires to assess symptoms of social anxiety. While SPS measures social performance anxiety, SIAS meas-
ures social interaction anxiety. They are mostly reported simultaneously, but there have not been consistent results
of the joint factor structure and therefore no consistent recommendations on how to use and evaluate the ques-
tionnaires. This study aimed (1) to evaluate the underlying joint factor structure of the SPS and SIAS and (2) to test
whether SPS and SIAS are reliable scales to assess two different aspects of social anxiety.

Methods The one-factor, two-factor, and bifactor models were tested in a clinical sample recruited from the com-
munity and diagnosed with a social anxiety disorder. Exploratory and confirmatory factor analyses were conducted,
bifactor-specific indices were calculated, and the content of the less fitting items was examined.

Results Confirmatory factor analyses showed that the best-fitting model was the bifactor model with a reduced
set of items. The bifactor-specific indices showed that the factor structure cannot be considered unidimensional

and that SPS and SIAS are reliable subscales. A closer examination of the less fitting item content and implications
for future studies are discussed.

Conclusions In conclusion, SPS and SIAS can be reported together as an overall score of social anxiety and are sepa-
rately reliable measures to assess different aspects of social anxiety.

Trial registration This is a secondary analysis of data from two trials registered under ISRCTN75894275
and ISRCTN10627379.

Keywords Social anxiety, Social phobia scale, Social interaction anxiety scale, Factor analysis, Bifactor model

Background
Social anxiety is a common anxiety that many people
experience in their day-to-day social life. The range of

*Correspondence: feared situations can be broad, from difficulty making eye
Dajana Sipka contact to giving a presentation in front of others. Over
dajana.sipka@unibe.ch .. .

! Department of Clinical Psychology and Psychotherapy, University the years, there have been many categorizations of social
of Bern, Fabrikstrasse 8, 3012 Bern, Switzerland anxiety (e.g., [1]). Still, the core fear of all these catego-

5 ) o X )
School of SOC|aIWork, University oflApphed Sciences and Arts ries is the fear of negative evaluation by others and not
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being able to maintain a favorable impression of oneself
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[2]. The Social Phobia Scale (SPS) and the Social Inter-
action Anxiety Scale (SIAS) are widely used self-report
questionnaires to assess social anxiety symptoms and are
often reported together [3]. They both claim to measure
different aspects of social anxiety: While SPS measures
social performance anxiety, SIAS measures social inter-
action anxiety [4].

Even though the questionnaires are widely used in
research and in clinical practice, there are no consistent
recommendations on how to use and assess the ques-
tionnaires. There have been two different recommen-
dations: Gomez & Watson [5] and Thompson et al. [3]
recommended, based on non-clinical samples, to use the
SPS and SIAS only simultaneously for the assessment of
general social anxiety (i.e., report the total sum of both
questionnaires), but not separately for the assessment of
social performance anxiety by SPS respectively the social
interaction anxiety by SIAS (i.e., report the separate sum
score of each questionnaire). By contrast, based on clini-
cal samples, Heimberg et al. [4] and Heidenreich et al. [6]
recommended using the SPS and SIAS independently of
each other to assess and report social performance and
social interaction anxiety separately. One possible expla-
nation for the inconsistent recommendations may be that
the two aspects of social anxiety only exist distinctly at a
clinical level [3].

These recommendations were all made based on the
results of factor analyses. Exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA) are possi-
ble methods to determine the joint factor structure and
draw recommendations on how to use the two ques-
tionnaires in practice. Evidence regarding the joint fac-
tor structure of the SPS and the SIAS is inconsistent.
Gomez & Watson [5] found a bifactor solution with SPS
and SIAS as group factors, while almost all items loaded
on an additional general factor. By contrast, Safren et al.
[7] found a three-factor solution, with one general fac-
tor being a higher-order factor. Carleton et al. [8] found a
three-factor solution as well, without a higher-order fac-
tor but with one SIAS factor and two SPS factors. Hei-
denreich et al. [6] on the other hand found a two-factor
solution, SPS and SIAS, but suggested due to the high
correlation (r=0.69) “[...] that both scales represent fac-
ets of a higher-order construct” (p.583). Most studies that
look at the questionnaires’ factor structure, use uni- or
multi-dimensional models and do not test for the bifac-
tor model (cf. previous studies listed by Eidecker et al.
[9] or Gomez & Watson [5]). This study provides a more
complex and relatively new factor structure analysis than
most previous studies since the current study simultane-
ously compared the one-factor, two-factor, and bifactor
models in a clinical sample from the community. Addi-
tionally, with the bifactor-specific indices, it is possible to
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analyze further the resulting subscales and their reliabil-
ity (see 2.5. Factor Analyses: Models).

Multiple aspects make the comparison between differ-
ent factor analyses studies using these two questionnaires
challenging: Some studies compare the structure of SIAS
with the structure of SPS separately (e.g., [10]) or only
assess one of the questionnaires (mostly SIAS, e.g., [9,
11, 12]), even though in practice the two questionnaires
are often used together. Most studies do not use clinical
samples (i.e., participants with a social anxiety disorder
(SAD) diagnosis), but the general population or student
samples. Rodebaugh et al. [11] compared the SIAS struc-
ture of clinical and undergraduate student samples. They
found slight but systematic differences in the responses
and suggested a separate cut-off score for the student
sample. Carleton et al. [8] tested the joint factor structure
of SPS and SIAS with a student and a clinical sample and
found the same three-factor solution for both samples
but included only 14 out of the overall 40 items in the
final model. As Kupper & Denollet [10] summarized, the
items may have different meanings for the clinical and
the non-clinical samples.

Depending on the resulting factor model, different
implications can be drawn based on the model: A one-
factor model would support using an overall sum score of
both questionnaires to assess general social anxiety, but
it would not support using both questionnaires to assess
distinct aspects of social anxiety (i.e., social performance
and interaction anxiety) through two separate sum scores
of each questionnaire. A two-factor model would sup-
port the distinction of the two social anxiety aspects by
calculating each sum score separately, but not the joint
use of the questionnaires to assess general social anxi-
ety by calculating the overall sum score. A validly proven
bifactor model with good bifactor-specific indices would
firstly, support evaluating general social anxiety by cal-
culating the overall sum score and would secondly, sup-
port using both questionnaires separately to assess social
performance and interaction anxiety as distinct aspects
of social anxiety by calculating each sum score separately.
As Thompson et al. [3] pointed out, the question about
the different aspects of social anxiety is especially inter-
esting since the 5th edition of the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-5; [13]) has
introduced the performance anxiety category within the
social anxiety disorder diagnosis.

Methods

Aims

The two aims of this study were 1) to assess the joint fac-
tor structure of SPS and SIAS in a clinical sample since
there are only a few studies using clinical samples and 2)
to test whether SPS and SIAS are reliable scales to assess
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two different aspects of social anxiety beyond the assess-
ment of social anxiety in general. Two clinical samples
from two studies were used. After testing whether the
two samples could be combined, the joint factor struc-
ture of SPS and SIAS was tested in a combined sample
using CFA, EFA, bifactor model-specific indices and a
content examination of the less fitting items in the final
model. Studies usually do not thoroughly examine the
less-fitting item content but rather report only the sta-
tistical characteristics (e.g., item loadings). By examining
the content, one might find a common theme and might
indicate not only that the items are not fitting, but also
why they are not. The following models were tested: one-
factor, two-factor, and bifactor model.

Measures

Social Phobia Scale and Social Interaction Anxiety Scale

The Social Phobia Scale (SPS; [14]; German Version: [15])
is a self-report questionnaire that assesses social anxiety
in performance-related, routine situations and activities
(e.g., eating, writing in front of others, etc.). The Social
Interaction Anxiety Scale (SIAS; [14]; German Version:
[15]) is a self-report questionnaire that assesses social
anxiety in interactional situations (e.g., conversations
with strangers, friends, etc.). Both questionnaires con-
tain 20 items each. Response categories are from 0="“not
at all” to 4="extremely’, with a total sum score ranging
from O to 80 per questionnaire, respectively, from 0 to
160 for both questionnaires combined. Items 5, 9, and 11
in the SIAS are reversed scored. The internal consistency
of the German versions (which were used in the samples
of this study) for the SAD patient population is excellent,
with @ = 0.94 for each questionnaire [15]. The inter-
nal consistency for the current combined sample in this
study is lower but still excellent, with o = 0.91. See Sup-
plementary file 1 for the item wording.

Participants

Two samples from two different studies were used,
namely from Schulz et al. ([16], sample (a)) and Stolz
et al. ([17], sample (b)). Both studies recruited partici-
pants from the general population through newspaper
articles, interviews on radio and TV, and online forums
in Switzerland, Germany, and Austria. Participants could
download the study information (where participants
were informed about the whole study procedure) and the
informed consent form (ICF) from the respective website
and send back the signed ICF via e-mail or post. Both
studies established a SAD diagnosis by using the Struc-
tured Clinical Interview for DSM-IV — Axis I disorder
(SCID; [18]). Schulz et al. [16] conducted a randomized
controlled trial (RCT) comparing the efficacy of an inter-
net-based cognitive behavioral therapy (ICBT) program
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for SAD between a clinician-guided group ICBT with
clinician-guided individual ICBT, and a waitlist control
group (WL). The final sample included 149 participants
with a SAD diagnosis. Stolz et al. [17] used a three-armed
RCT for comparing the efficacy of an ICBT program for
SAD between three groups using the program as a mobile
version, as a computer version, and a WL. The final sam-
ple included 150 people with a SAD diagnosis.

The inclusion criteria for both studies were a cut-
off score on the SPS of>22 or on the SIAS of>33, a
SAD diagnosis according to the SCID, an age of at least
18 years, access to a computer with internet connec-
tion, sufficient mastery of the German language, and no
psychotherapy during study participation. Exclusion cri-
teria were active suicidal plans, a history of bipolar or
psychotic disorders, and no change in psychiatric medi-
cation during the previous month (if psychiatric medica-
tion intake was present). Both studies worked with the
same ICBT program for SAD [19, 20]. For this study,
only the baseline data was used. All items were answered
without any missing data apart from one participant who
was excluded as no detailed item data were available.

Sample comparison

To test whether both samples could be combined, the
samples’ socio-demographic data (i.e., age, sex, educa-
tion, and relationship status), as well as item responses,
were compared. The program R Studio (Version
2023.6.1.524) was used to compare the two samples.
Shapiro tests showed no normal distribution for age nor
for any of the item responses per sample (SPS 1-SPS 20,
SIAS 1-SIAS 20) (p<0.001). This is because age showed a
clear right-skewed distribution as 62% of the sample was
between 18 to 35 years of age within a total range of 18
to 76 years. Therefore, non-parametric tests were used
for all comparisons. The age difference was calculated
with the Mann—Whitney U test. Since the other socio-
demographic data were dummy coded, Chi-square tests
were used. For the item response comparisons, multiple
Mann—Whitney U tests were used.

Factor analyses: models

Three models were tested: a one-factor, a two-factor,
and a bifactor model (see Fig. 1). The one-factor model
assumed that one factor for all items (SPS 1-SPS 20, SIAS
1-SIAS 20) adequately represents social anxiety. The
two-factor model assumed two factors (SPS and SIAS).
All SPS items (SPS 1-SPS 20) were assumed to load on
the SPS factor and to measure social performance anxi-
ety and all SIAS items (SIAS 1-SIAS 20) were assumed
to load on the SIAS factor and to measure social inter-
action anxiety. The marker indicators were SPS 1 and
SIAS 1. The covariance was not set to 0. The factors were
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Fig. 1 One-factor (a), two-factor (b), and bifactor model (c). SIAS 5, SIAS 9, and SIAS 11 are reversed items; therefore, their errors were additionally

correlated in each model (a, b, and ¢) to account for method variance

assumed to be oblique, since it was unrealistic for the two
factors, which are both supposed to measure social anxi-
ety, not to correlate at all and to be orthogonal. The bifac-
tor model assumed three factors (GF, SPS, and SIAS) and
was a combination of the first two models. All SPS items
(SPS 1-SPS 20) loaded on the group factor SPS and all
SIAS items (SIAS 1-SIAS 20) loaded on the group fac-
tor SIAS, while all 40 items simultaneously loaded on GF.
The marker indicators were again SPS 1 and SIAS 1. As
usual for the bifactor model, covariance was set to 0 for
all factors. Thus, they were orthogonal [21].

The Mplus8 base program (Version 1.8.7.; Muthén &
Muthén, 1998-2017) was used for the factor analyses.
Model estimation was performed using the weighted
least square means and variance adjusted (WLSMYV) esti-
mator, which is adequate for the categorial items and the
lack of normal distribution [22]. The three reversed SIAS
items SIAS 5, SIAS 9, and SIAS 11 have been repeatedly
found to not belong to the other SIAS items and were
assumed to rather measure extraversion [5, 9-12]. Their
errors were correlated in all models as it is recommended

by Brown [23] for reversed scored items in general. No
cross-loadings between the items were allowed in any of
the models.

Model fit was assessed through the following indices:
Tucker Lewis index (TLI), comparative fit index (CFI),
root mean square error of approximation (RMSEA), and
standard root mean square residual (SRMR). Following
Hu & Bentler [24], TLI and CFI of >0.90 were consid-
ered as acceptable fit and >0.95 as good fit. RMSEA and
SRMR <0.08 were considered as acceptable fit and <0.05
as good fit. For RMSEA, Mplus calculates the 90% con-
fidence interval (CI), where the lower CI should not
be higher than 0.05 (the closer to 0, the better) and the
upper not higher than 0.08 [25].

x2 depends on the sample, so it is recommended to use
other model indices than solely x2 and to not reject or
accept a model based on the significance of x? only [25,
26]. With this sample size, x> was expected to be signifi-
cant (i.e., reject the proposed models) (cf. [27]). Model fit
indices for a bifactor model tend to be better in compari-
son to a first-order factor model, especially if the bifactor
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model does not reflect the true model [28]. x? is in this
case not a suitable comparison coefficient, therefore,
additional coefficients for the evaluation of the bifactor
model were used. Even if a bifactor model turns out to
have the relatively best fit, it is still not proof of “enough”
multidimensionality, nor of useful subscales [29]. The
following coefficients were used following Rodriguez
et al. [21]: omega (), omega hierarchical (w;), omega
hierarchical subscale (wy;), explained common variance
(ECV), percent uncontaminated correlations (PUC), fac-
tor determinacy (FD), and coefficient H (H) (for further
explanation on the individual coefficients, see [21]).

Results

Comparisons of sample (a) and (b) and characteristics

of the analysis sample

Sample (a) and (b) did not differ significantly in age, sex,
education, or relationship status (see Table 1). The aver-
age age in sample (a) and (b) combined was 35.1 years
(SD=11.2) with 58% women. The majority of the sam-
ple had a tertiary education (70%) and was single (51%).
Furthermore, none of the comparisons of the mean
responses of the 40 items were significant (see Sup-
plementary file 2, Supplementary Table 1 for all item
comparisons). Thus, we combined both samples for the
following analyses.

Model comparisons
Table 2 shows the goodness of fit indices and compari-
sons of all models. As expected, all three models showed
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a highly significant x2 with p<0.001. The one-factor
model (O) did not show any acceptable indices. All items
loaded significantly on the factor. The two-factor model
(T) showed only an acceptable RMSEA. The remaining
indices were not acceptable. The factors SPS and SIAS
correlated moderately with r=0.57, which supports the
decision to assume an oblique structure.

The bifactor model (B) showed two acceptable indi-
ces, RMSEA and SRMR, but CFI and TLI remained
not acceptable. Seven items did not load on the gen-
eral nor on the specific factors and one error correla-
tion was not significant (p>0.05): For group factor SPS:
SPS 3 (p=0.407), and SPS 18 (p=0.207). For GF: SPS 1
(p=0.929), SPS 7 (p=0.359), SPS 10 (p=0.499), SPS 19
(»p=0.822), and SIAS 5 (p=0.123). For the error corre-
lation: SIAS 5XSIAS 11 (p=0.155). A refined bifactor
model without the non-significant elements was tested.
The modification suggestion, also used by Eidecker et al.
[9], to add the correlation between SIAS 12xSIAS 17,
was additionally implemented. All four indices showed
acceptable values and all remaining elements were sig-
nificant. Since most of the other studies initially did not
include any error correlations in their models, the same
three models were tested again, but without the error
correlations (O1, T1, B1). All three models were not bet-
ter without the error correlations in comparison to with;
the same indices remained acceptable respectively not
acceptable. The findings [6, 11, 12, 30] that the reversed
items should be excluded from the final set of items was
only partly shown since only SIAS 5 was not significant.

Table 1 Socio-demographic information of the samples (a), (b), and the full sample (both samples combined)

Sample (a) Sample (b) Full sample
M SD M SD u p-value M SD
Age 354 1.2 34.8 1.2 11406 682 35.1 1.2
Sample (a) Sample (b) Full sample
n % n % X2 p-value n %
Sex 2.7 101
women 79 53% 93 62% 172 58%
men 70 47% 56 38% 126 42%
Education 1.04 596
primary 5 3% 8 71% 13 4%
secondary 41 28% 36 24% 77 26%
tertiary 103 69% 105 5% 208 70%
Relationship status 7.7 053
single 77 52% 74 50% 151 51%
married 27 18% 36 24% 63 21%
separated, divorced, widowed 1 7% 2 1% 13 4%
in a relationship (not married) 34 23% 37 25% 71 24%
Total 149 149 298

Sample (a) =sample from Schulz et al. [16]; Sample (b) =sample from Stolz et al. [17]; U=Mann-Whitney U coefficient
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Table 2 Model indices and comparison of the three models

Model RMSEA [90% CI] SRMR CFI TLI X2 df
One-factor (O) 0.093 [0.089, 0.097] 0.108 0.719 0.702 2648.812%** 737
One-factor' (O1) 0.094 [0.091, 0.098] 0.110 0711 0.695 2704.934%** 740
Two-factor (T) 0.073[0.069,0.077] 0.089 0.830 0.820 1891.400%** 736
Two-factor! (T1) 0.074[0.070, 0.078] 0.091 0.825 0.815 1931.936%** 739
Bifactor (B) 0.059 [0.054, 0.063] 0.067 0.894 0.882 1416.337%%* 697
Bifactor' (B1) 0.059 [0.055, 0.063] 0.067 0.893 0.881 1428.522%** 700
Bifactor without non-significant  0.052 [0.047, 0.056] 0.067 0917 0.908 1267.480%** 704

elements

RMSEA Root mean square error of approximation; SRMR Standard root mean square residual, CFl comparative fit index, TLI Tucker Lewis index

"™ p<.001
" model without error correlations

To exclude any potential sample-specific biases, the mod-
els were tested separately for sample (a) and sample (b).
None of the models with separate samples had more
acceptable indices than the models with the combined
sample. Additionally, the desired ratio 2/ df<2 was only
found for the bifactor model without the non-significant
elements (cf. [8]). No x? difference tests were reported
since they cannot be conducted in a regular way for mod-
els based on the WLSMYV estimator (cf. [6]).

In conclusion, only the refined bifactor model showed
an acceptable, but not a good fit to the data. Moreover,
there were numerous non-significant item loadings pri-
marily in the GF. Therefore, we performed EFAs with the
same data set.

Exploratory factor analysis

The requirements for an EFA as well as the estimated fac-
tor number were conducted with RStudio and Mplus. For
the correlation matrix, which was used for both tests, a
spearman correlation was used, since normal distribution
was not given, and the spearman correlation is suited for
ordinal variables. The rotation bi-geomin for orthogonal
structures was used. The Bartlett test of sphericity and
the Kaiser—Meyer—Olkin test indicated that the sample
was adequate for an EFA (the Bartlett test of spheric-
ity: %2 (780, N=298) =4651.873, p<0.001; matric sam-
ple adequacy (MSA) of the Kaiser—-Meyer—Olkin test:
0.88 (range: 0.73 — 0.94), which indicates excellent MSA
according to Kaiser [31]).

Since the bifactor model in the CFA was the best one
so far, it was assumed that the new model should be a
bifactor model as well, but with potentially more than
two group factors. The parallel analysis indicated 5 fac-
tors. The Kaiser-Guttman rule would have indicated 10
factors (eigenvalue > 1), while the first 3 factors seemed
to explain the most variance, with an eigenvalue of
10.8, 4.4 respectively 2.3. All the other factors had an

eigenvalue <2. Moosbrugger & Hartig [32] and Brown
[23] indicated that the Kaiser-Guttman rule could lead
to over-factorization, which was probably the case here.
Items with loadings <0.30 (i.e., not salient loadings) were
excluded [23]. When cross-loadings occurred and the
difference between the two loadings was>0.10, the item
with the higher loading was chosen. When the difference
was <0.10, it was considered a cross-loading (cf. [7]).

The following models were tested: bifactor model with
two, three, four, and five group factors. In every model,
the following same items as in the original bifactor model
without the non-significant elements were not signifi-
cant for GF: SPS 1, SPS 7, SPS 19, and SIAS 5. SPS 10 was
also not significant for all models except for the bifactor
model with five group factors. All models had between
five and eight non-significant items in the GF and
between eleven and eighteen non-significant items in the
group factors. With an item-driven approach, we were
not able to find distinct categories for any of the models.
We were not able to find a better-fitting model than the
current bifactor model. Therefore, the bifactor-specific
indices were calculated for this model.

Bifactor-specific indices

Table 3 shows the final refined bifactor model including
the factor loadings as well as the bifactor model indices.
The indices were calculated with the Bifactor Indices
Calculator by Dueber [33]. Comparing w and w;, of GF
showed that 74% (0.7 / 0.94) of the reliable variance in
total scores is attributed to GF, while 24% (0.94 — 0.7) of
the reliable variance in total scores is attributed to mul-
tidimensionality caused by SPS and SIAS. w of SPS and
SIAS indicated that SPS and SIAS are reliable subscales
with 97% (0.91 / 0.94) for SPS and 98% (0.92 / 0.94) for
SIAS of the reliable variance being independent of GF
[29]. wps showed that the common variance explained
by the group factors, while controlling for GF, is still
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Table 3 Standardized factor loadings of refined bifactor model
and bifactor model indices

Item GF SPS SIAS
SPS1 - 0.44

SPS 2 0.28 0.20

SPS3 047 -

SPS 4 0.58 043

SPS5 038 0.21

SPS6 061 033

SPS7 - 0.70

SPS 8 0.50 0.54

SPS9 033 051

SPS 10 - 0.70

SPS 11 022 0.57

SPS 12 0.68 0.16

SPS13 036 0.55

SPS 14 031 041

SPS 15 0.63 0.30

SPS 16 0.60 039

SPS 17 051 053

SPS 18 0.66 -

SPS 19 - 0.56

SPS 20 0.67 022

SIAS 1 049 0.17
SIAS 2 0.56 0.19
SIAS 3 042 044
SIAS 4 032 039
SIAS 5 - 0.58
SIAS 6 042 027
SIAS 7 043 035
SIAS 8 0.29 041
SIAS 9 022 0.36
SIAS 10 0.40 0.68
SIAS 11 0.19 0.77
SIAS 12 0.58 039
SIAS 13 0.34 043
SIAS 14 0.40 041
SIAS 15 0.52 0.68
SIAS 16 049 032
SIAS 17 0.58 0.36
SIAS 18 042 045
SIAS 19 062 041
SIAS 20 0.51 0.29
omega (w) / w subscale (ws) 94 91 92
omega hierarchical (wp) / @y subscale .70 52 47
(whs)

ECV 51 24 25
PUC 42

FD 94 91 92
H 92 85 86

“~"for a factor loading means that this loading was not significant and was
excluded for the final bifactor model

GF General factor, SPS SPS group factor, SIAS SIAS group factor, ECV Explained
common variance, PUC Percent uncontaminated correlations, FD Factor
determinacy; H Coefficient H
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relatively high with 52% explained by SPS respectively
47% explained by SIAS, which is further in favor of the
reliability for SPS and SIAS as separate reliable subscales
to measure the two different aspects of social anxiety.

ECV and PUC were below 0.70, indicating that the
common variance is not unidimensional respectively a
unidimensional model may not be sufficient to represent
the data. Additionally, the low PUC indicated probably
biased parameters if the model was forced as unidimen-
sional. All three FDs were above 0.9 as well as all three
Hs were above 0.7, indicating a good construct reliability
and therefore a stable representation of the latent varia-
ble by the indicators and a good representation of the two
aspects of social anxiety [21].

In conclusion, while GF explained most of the variance
(70%) and half of the common variance, the group factors
explained equally the remaining common variance and
were found to be reliable. There are clear indicators that
the bifactor model is tendentially multidimensional.

Content analysis of final bifactor model

The final bifactor model in Table 3 shows several items
which were not significant for the general factor GF and
the group factor SPS. Additionally, there were some item
loadings in the general as well as in the two group factors
that were <0.30. This section will first, examine the con-
tent of the none-significant items and second, the con-
tent of the items with item loadings < 0.30.

There were seven items in the group factor SPS and
general factor GF, which the item loadings were not sig-
nificant for. For the group factor SPS, the items SPS 3
(“I can suddenly become aware of my own voice and of
others listening to me”) and SPS 18 (“I get tense when I
speak in front of other people”) were not significant. The
two items refer to aspects of the voice and being listened
to respectively public speaking situations in general. For
GF, items SPS 1 (“I become anxious if I have to write in
front of other people”), SPS 7 (“I worry about shaking or
trembling when I'm watched by other people”), SPS 10 (“I
would find it difficult to drink something if in a group of
people”), SPS 19 (“I worry my head will shake or nod in
front of others”), SIAS 5 (“I find it easy to make friends
of my own age”) were not significant. SPS 1, SPS 7 and
SPS 10 refer to mundane performance tasks, while SPS
19 and SIAS 5 do not match the rest with worrying about
losing control and making friends. In summary, there are
more items from the SPS questionnaire that do not seem
to fit either performance-related social anxiety (i.e., not
significant for group factor SPS), or general social anxiety
(i.e., not significant for general factor). We were not able
to find a common interpretation of the topics covered by
said items.
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There were twelve item loadings across the two group
factors and GF that were below the threshold of <0.30.
Since the loadings are standardized and there were no
cross-loadings, the item loadings can be interpreted
as correlations between the items and the factors [23].
For the group factor SPS, the item loadings of SPS 2 (“I
become self-conscious when using public toilets”), SPS
5 (“I fear I may blush when I am with others”), and SPS
12 (“I am worried people will think my behaviour odd”)
were below the threshold. There is no apparent similar-
ity across these three item contents. Therefore, there is
a small correlation between social performance anxiety
and the fear to blush, public toilet usage, and appear-
ing odd. For the group factor SIAS, the item loadings
for SIAS 1 (“I get nervous if I have to speak with some-
one in authority (teacher, boss, etc.)”), SIAS 2 (“I have
difficulty making eye-contact with others”), SIAS 6
(“I tense-up if I meet an acquaintance in the street”),
and SIAS 20 (“I am unsure whether to greet someone I
know only slightly”) were below the threshold. All the
items refer to situations involving people one does not
know on a personal level and maintaining eye contact.
Therefore, there is a small correlation between social
interaction anxiety and situations involving acquaint-
ances and maintaining eye contact. For GF, the item
loadings for SPS 2 (“I become self-conscious when
using public toilets”), SPS 11 (“It would make me feel
self-conscious to eat in front of a stranger at a restau-
rant”), SIAS 8 (“I feel tense if I am alone with just one
other person”), SIAS 9 (“I am at ease meeting people
at parties, etc”), and SIAS 11 (“I find it easy to think of
things to talk about”) were below the threshold. While
the last four items refer to situations involving stran-
gers, SPS 2 again does not match the rest. Therefore,
there is a small correlation between social anxiety in
general and situations involving strangers and public
toilet usage.

In conclusion, there were, in general, more SPS items
than SIAS items that were not significant (six SPS and
two SIAS items), which means that social performance
anxiety is less well represented in this model than inter-
action anxiety. Concerning the items below threshold,
more SIAS items had only a small correlation than SPS
items (four SPS and seven SIAS items). All SIAS items
with small correlations revolved around acquaintances,
respectively strangers and situations involving talking
to others, which implies that situations involving con-
versations and unknown people represent social anxiety
in general and social interaction anxiety less well. SPS 2
was the only item that had a small correlation with both
GF and group factor SPS and did not seem to represent
social anxiety in general or social performance anxiety
well. There was no apparent similarity between all the
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other SPS items (blushing, eating in front of others, and
appearing odd).

Discussion

SPS and SIAS are one of the most widely used ques-
tionnaires to assess social anxiety, but to this day, there
is no consensus on their joint factor structure, nor gen-
eral consensual implications on how to use and evaluate
the questionnaires in practice, whether they can be reli-
ably evaluated simultaneously as well as separately. The
two aims of this study were to investigate the joint fac-
tor structure of the SPS and SIAS and to provide practi-
cal implications for the use of the questionnaires based
on these results. The one-factor, two-factor, and bifactor
models were tested with a CFA and other possible bifac-
tor models were tested with an EFA. Further, bifactor-
specific indices as well as item contents were examined.

The best model in comparison with an acceptable fit
was the bifactor model without the eight non-significant
elements. The corresponding bifactor indices showed
that GF, SPS, and SIAS were reliable factors, that SPS
and SIAS both explained a high amount of reliable vari-
ance independent of GF and that the joint factor struc-
ture of SPS and SIAS is tendentially multidimensional.
According to these results, the combined use in practice,
as well as the report of the two questionnaires separately,
is justified. This could not be shown for all items, since
seven items in the model were not significant. Thus,
the questionnaire SIAS seems to be more fitting to this
model since none of the items on SIAS and only one
on GF were not significant. One possible explanation is
that the non-significant items do not represent the con-
struct performance anxiety accurately. Another explana-
tion comes from Caballo et al. [34], who found that items
that referred to cognitive aspect of social anxiety, which
is especially true for SPS items, were not always clear
to university students and were misunderstood in their
study, which could also be the case for this sample. On
the other hand, there were more SIAS items than SPS
items across GF and the group factors that were below
the threshold. Most of the SIAS items revolved around
situations involving acquaintances or strangers. There
was only a small correlation between these types of situ-
ations and interaction respectively general social anxiety.
SPS 2 (usage of public toilet) was the only item that was
below the threshold for GF as well as for the group fac-
tor SPS. This could be an indication that the newly intro-
duced phobia “paruresis” could be considered a separate
disorder.

The deviation of the three reversed SIAS items from
the other SIAS items could only partly be found in this
study since only item SIAS 5 was not significant for GE.
Additionally, the item loadings of SIAS 9 and SIAS 11 in
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GF were below the threshold of 0.30, indicating a small
correlation between the two reversed items and general
social anxiety.

There are several reasons that could explain the gen-
eral inconsistent factor solutions across different studies.
The first explanation is according to Caballo et al. [35] the
non-empirical approach of constructing the question-
naires in the first place, where not enough attention was
paid to content validity. The second explanation is that
the questionnaires were originally created for English-
speaking users and are usually directly translated into
other languages without concern for possible cultural
differences [35]. Depending on the culture of the sample,
the items of the questionnaires may not mean the same
for every culture. Carter et al. [30] have demonstrated
that the item SPS 5, the fear of blushing, for example,
may not be relevant for most of the African American
population. The third explanation is according to Caballo
et al. [34] the often vague definition of the target group
in the SPS and SIAS items. The items ask for example
about “people” and “others” which could lead to a broad
spectrum of interpretations and in the end not referring
to the same situation. The fourth explanation may be the
primary focus of the items on cognitive aspect according
to Caballo et al. [34], which was mentioned before. Par-
ticularly in samples from the community, it may be that
some of the items were not understood correctly. The
fifth explanation concerns the problem with the number
of SIAS items: Some studies use the SIAS questionnaire
with 19 items, other the SIAS with 20 items. Along the
way, a 20" item was added to the set of Mattick & Clarke
[14]. This was also mentioned by Rodebaugh et al. [11],
who pointed out that Mattick & Clarke [14] once men-
tioned 20 items for the SIAS on p. 462, but only reported
19 items at the end. It does not seem to be clear what
exactly happened. This makes it further difficult to com-
pare studies.

There are several limitations to this study. Firstly, CFA
is a large-sample technique [26]. It may be that the sam-
ple size is not big enough to produce robust results for
the resulting complex bifactor model. Secondly, no con-
clusions on the validity of the two questionnaires are
possible. Thompson et al. [3] for example do not support
the use of SPS and SIAS as separate questionnaires to
assess additional to general social anxiety performance
respectively interaction anxiety due to their insufficient
discriminant criterion validity. This is to our knowledge
the only study that tested the validity based on behavio-
ral tests (i.e., inducing performance respectively inter-
action anxiety). The validity would need to be tested in
future clinical studies, especially the construct validity
since it assumed that SPS measures performance and
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SIAS interaction anxiety, but there are almost no stud-
ies that tested these assumptions with actual behavioral
tests as Thompson et al. [3] did. In general, all the stud-
ies that did not recommend the separate use of SPS and
SIAS were based on non-clinical samples. It may also be
that the clinical population has a more clear and distinct
picture of social anxiety. Thirdly, the sample is self-selec-
tive as participants are self-referred to the intervention,
were prepared to download the study information from
a website and send the ICF back. This suggests that par-
ticipants may have had a high level of motivation to seek
treatment. Also, while age, relationship status, and the
balanced sex were comparable to the typical clinical SAD
population (see [13]), the education level was higher.
We can additionally speculate that the sample showed a
higher psychosocial functioning than other clinical sam-
ples since the participants were able to work through an
online therapy program with minimal guidance. These
factors might have influenced the external validity of this
study. Fourthly, the goodness of fit indices (i.e., RMSEA,
SRMR, CFI, TRI) of the final refined bifactor model are
only acceptable. This may reflect the overall inconsistent
current literature on the joint factor structure as well as
on the separated factor structure of SPS and SIAS. Mat-
tick & Clarke [14] found, when developing the question-
naires, a three-factor structure for SPS and a one-factor
structure for SIAS, while the literature overview in the
introduction of e.g., Gomez & Watson [5] and Eidecker
et al. [9] shows inconsistent results for either question-
naire over different studies.

Conclusion

The findings of this study show that SPS and SIAS are
reliable questionnaires to assess specific aspects of social
anxiety beyond the assessment of social anxiety in gen-
eral. It still needs to be examined whether SPS measures
social performance anxiety and SIAS social interaction
anxiety in a clinical sample as claimed. Future studies
with a clinical sample recruited from the community
could try to replicate the results and test whether the
bifactor model is the relatively best model and whether
the same items turn out to not be significant. Social per-
formance anxiety, measured with the SPS, does not seem
to be as well represented by the model as social interac-
tion anxiety, measured by the SIAS. It would be interest-
ing to see, whether it is a cultural influence or due to a
selection bias from the self-referred sample.

In conclusion, this study shows that the joint factor
structure of SPS and SIAS is potentially multidimensional
and that they are indeed reliable questionnaires to assess
specific aspects of social anxiety beyond the assessment
of social anxiety in general.
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B1 Bifactor model without the error correlations

@] Confidence interval

CFA Confirmatory factor analysis

CFI Comparative fit index

DSM-5 5™ edition of the Diagnostic and Statistical Manual of Mental
Disorders

ECV Explained common variance

EFA Exploratory factor analysis

FD Factor determinacy

GF General factor

H Coefficient H

ICBT Internet-based cognitive behavioral therapy

ICF Informed consent form

0 One-factor model

O1 One-factor model without the error correlations

PUC Percent uncontaminated correlations

RCT Randomized controlled trial

RMSEA  Root mean square error of approximation

SAD Social anxiety disorder

SCID Structured Clinical Interview for DSM-IV — Axis | disorder

SIAS Social interaction anxiety scale

SPS Social phobia scale

SRMR Standard root mean square residual

T Two-factor model

T1 Two-factor model without the error correlations

TLI Tucker Lewis index

u Mann-Whitney U coefficient

WL Waitlist control group
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Background: Social anxiety disorder (SAD) is characterized by a marked fear of negative evaluation in social
situations and significant impairments. Even with the most effective treatments, remission rates are around 50%.
An important reason for the limited effectiveness of treatments is the lack of evidence-based explanation of how
treatments work and what their active ingredients might be. An approach to unpack the active ingredients and
mechanisms of treatment is the factorial design.

Objectives: The study is a factorial trial aiming (1) to examine the main effects and interactions for the four main
treatment components of internet-based cognitive-behavioral therapy (ICBT) for SAD (i.e., psychoeducation,
cognitive restructuring, attentional training, and exposure) and (2) to examine whether and which change
mechanisms mediate the relationship between treatment components and symptom reduction.

Methods: A total of 464 adults diagnosed with SAD will be randomized to one of 16 conditions containing
combinations of the treatment components. The primary endpoint is SAD symptomatology at eight weeks.
Secondary endpoints include symptoms of depression and anxiety, quality of life, and negative effects. Hy-
pothesized change mechanisms are the increase of knowledge about SAD, the decrease of dysfunctional cogni-
tions, the decrease of self-focused attention, and the decrease of avoidance and safety behaviors.

Discussion: A better understanding of the differential efficacy of treatment components and mechanisms of
treatment underlying ICBT for SAD might inform clinicians and researchers to plan more potent and scalable
treatments.

Trial registration: clinicaltrials.gov (NCT04879641) on June, 11th 2021. https://clinicaltrials.gov/ct2/show/NC
T04879641.

1. Introduction

Social anxiety disorder (SAD) is characterized by a marked and
persistent fear of negative evaluation in social situations (American
Psychiatric Association, 2013) and is a prevalent and disabling disorder
across the globe (Stein et al., 2017). Although effective treatments such
as psychotherapy and pharmacotherapy are available, far from all in-
dividuals suffering from SAD seek and eventually find help (Dalrymple
and Zimmerman, 2011). Internet interventions offer many potential
benefits, such as providing broader and easier access to empirically
supported treatments affordably and conveniently.

The efficacy of internet interventions such as guided self-help

interventions has been demonstrated for a variety of mental disorders in
many randomized controlled trials (RCTs) and meta-analyses (Ander-
sson et al., 2014; Andersson et al., 2019b; Carlbring et al., 2018; Kar-
yotaki et al., 2017). SAD is probably the disorder for which internet-
based guided self-help treatments have the most robust empirical sup-
port (Hedman et al., 2016). In this treatment format, patients work their
way through a structured self-help program, typically based on CBT
manuals (Clark, 2001; Clark and Wells, 1995), and therapists (also
referred to as coaches or guides) assist and support them via a secure e-
mail system. Overall, the vast majority of the RCTs investigating such
Internet-based cognitive-behavioral treatments (ICBT) for SAD reported
substantial reductions of social anxiety symptoms (Andersson et al.,
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2019a; Boettcher et al., 2013) and cost-effectiveness (Hedman et al.,
2011). However, and as with conventional face-to-face treatments
(Loerinc et al., 2015), there is still much room for improving the efficacy
of ICBT for SAD as a considerable number of patients do not recover fully
after treatment. The number of participants fulfilling the criterion of
clinically significant change (Jacobson and Truax, 1991) at the end of
ICBT ranges between 36 and 56% across studies on ICBT for SAD
(Boettcher et al., 2013).

An important reason for the limited efficacy of face-to-face and ICBT
for SAD is the limited understanding of how these treatments work and
what their active ingredients might be. Various reviews convincingly
argued that the active ingredients of CBT need to be identified so that
therapy can be made more efficacious and probably also briefer (e.g.,
Holmes et al., 2014; Kazdin, 2017). Identifying the active ingredients
requires the use of rigorous study designs that test the presence or
absence of individual therapeutic elements rather than conventional
parallel-group randomized controlled trials (RCTs). Conventional RCTs
are the gold standard for determining if the intervention package works
by establishing the relative efficacy of one treatment intervention versus
a control group (e.g., another treatment package, attention control,
wait-list). However, RCTs have limitations in identifying active in-
gredients because they usually only compare the overall effect of an
entire intervention package. Current evidence-based psychological
treatments for SAD, such as CBT, are made of multiple components,
including psychoeducation, cognitive restructuring, attention training,
and exposure. Each of these treatment components can (a) contribute to
a greater or lesser extent to the effect of the treatment package, (b) act
via distinct mechanisms, and (c) act via synergistic or antagonistic in-
teractions (Collins, 2018).

As for the specific case of SAD, little effort has been made to answer
the question of the differential effects of treatment components in face-
to-face settings. Evidence for differential effects of specific treatment
components usually comes from underpowered clinical trials with little
control over treatment integrity, and results are inconsistent (e.g., Hope
et al., 1995; Mattick et al., 1989; Nortje and Posthumus, 2012). The most
reliable evidence so far comes from meta-analyses, but the conclusions
are still not consistent. For instance, Powers et al. (2008) found that
cognitive and behavioral interventions for SAD combined were not
significantly more effective than cognitive treatments alone or exposure
treatments alone. Also, no significant differences were found in direct
comparisons of cognitive techniques alone and exposure alone (Feske
and Chambless, 1995; Gil et al., 2001; Powers et al., 2008). These
findings conflict with other meta-analytic evidence showing that
exposure-based interventions alone yielded the largest effect size,
whether alone or combined with cognitive restructuring (Gould et al.,
1997). Besides the discrepant findings, research has failed to look into
the active components of treatments separately (Acarturk et al., 2009).
Thus, it is unclear which intervention components work and which do
not and which ones work particularly well together. In line with this,
how or why well-studied interventions for SAD produce change is mostly
unknown.

The factorial experiment is an efficient and economical way of
studying the individual and combined effects of sets of intervention
components (Collins et al., 2014; Watkins and Newbold, 2020). How-
ever, factorial designs are still rare in psychotherapy research. One of
the reasons is that in traditional psychotherapy, it is challenging to
clearly demarcate treatment components and avoid an unwanted drift
from the treatment protocol by therapists. Standardization and the
avoidance of spillover effects (e.g., avoiding therapists using techniques
from other treatment components) are essential for a successful factorial
experiment. With the advent of internet-delivered treatments, the pos-
sibility to successfully realize factorial designs has improved. In this new
treatment format, the intervention content can be standardized, and
treatment integrity (the degree to which an intervention is implemented
as intended) can be controlled (Collins, 2018; Watkins et al., 2016).

Although adding a factor to a factorial experiment does not require
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the same relatively large increase of the number of participants as an
additional treatment arm would require in an RCT (see below; Collins
et al., 2014), factorial trials still need quite large sample sizes to have
sufficient power. With internet interventions, it is much easier to
conduct large trials than in conventional psychotherapy research, with
some clinical trials with more than 1000 participants (e.g., Klein et al.,
2016), which is one reason why this field has developed at a fast pace
(Andersson, 2015). Due to the possibility to control the delivery of
standardized treatment components and to run trials with large sample
sizes, several research groups (including our own) have recently started
to conduct factorial trials to identify the active ingredients of internet
interventions (e.g., Berg et al., 2020b; Bur et al., 2021; Watkins et al.,
2016). Factorial trials have also been recommended to understand the
mechanisms of change because they “provide direct evidence about the
effects and interactions of individual components within a treatment
package” (Watkins and Newbold, 2020, p. 429).

1.1. Objectives

The primary objective of this trial is to investigate the active in-
gredients of ICBT for SAD by testing the main effects and interactions for
the four main treatment components (i.e., psychoeducation, cognitive
restructuring, attention training, and exposure) on primary (i.e.,
decrease in social anxiety symptoms) and on secondary outcomes (i.e.,
decrease in depressive symptoms, decrease in general anxiety, increase
of quality of life, and client satisfaction). Furthermore, we also aim to
investigate the effects of each treatment component on hypothesized
change mechanisms and explore whether and which change mecha-
nisms mediate the effect of the treatment components on symptom
reduction. The specific secondary objectives (1) to investigate whether
the specific mechanisms (i.e., knowledge gain of SAD, decrease of
dysfunctional social cognitions, decrease of self-focused attention,
decrease of avoidance and safety behaviors) mediate the effect of the
treatment components on primary and secondary outcomes, and (2) to
address additional exploratory research questions, including examining
the negative effects of the treatment components and potential moder-
ators of treatment outcome.

2. Methods
2.1. Study design

The study is a single-center, block randomized, balanced factorial
trial with four treatment components (experimental factors), each
evaluated at two levels (presence vs absence), resulting in 16 conditions
(2 x2x2x2; see Table 1). Although there are 16 experimental con-
ditions, this study should not be considered a 16-arm RCT (Collins,
2018). The purpose of the factorial experiment is not to compare the 16
conditions to each other but to estimate the main effects of the four
treatment components and interactions between the components. Each
estimation of the main effects and interactions is based on all the con-
ditions and, therefore, on all participants. For example, the main effect
of the cognitive restructuring component will be estimated by
comparing the mean of the experimental conditions in which the
cognitive restructuring component is present (5, 6, 7, 8,13, 14, 15, 16 in
Table 1) vs the mean of the experimental conditions, in which cognitive
restructuring is absent (1, 2, 3, 4,9, 10,11, 12 in Table 1). To calculate a
two-way interaction (i.e. effect of one component depending on the level
of the other factor), one has to calculate the difference between the
average effect of one component at the two levels of the other compo-
nent (present vs absent) and then averaging over all other factors. For a
detailed explanation, see Collins (2018).

2.2. Participants

A total of 464 participants with a SAD diagnosis will be included in
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Table 1
Experimental conditions of the factorial design, with the presence (yes) and
absence (no) of each component.

Condition  Psychoeducation  Cognitive Attention Exposure
restructuring training

1 WL No No No No
2 No No No Yes
3 No No Yes No
4 No No Yes Yes
5 No Yes No No
6 No Yes No Yes
7 No Yes Yes No
8 No Yes Yes Yes
9 Yes No No No
10 Yes No No Yes
11 Yes No Yes No
12 Yes No Yes Yes
13 Yes Yes No No
14 Yes Yes No Yes
15 Yes Yes Yes No
16 full Yes Yes Yes Yes

WL = Wait-list condition. For ethical reasons, participants randomized to con-
dition 1 will be offered treatment after eight weeks.

the study, with 29 participants each assigned to one of the 16 conditions.
Participants who return the informed consent will be included in the
study if they (1) are 18 years or older; (2) have access to the internet and
to a smartphone, PC or tablet; (3) have sufficient knowledge of German;
(4) exceed predefined cut-off scores out of two social anxiety measures
(22 points on the Social Phobia Scale or 33 points on the Social Inter-
action Anxiety Scale; SPS & SIAS; German version: Stangier et al., 1999);
(5) fulfill the diagnostic criteria of SAD according to a diagnostic tele-
phone interview; (6) in the case of taking psychiatric medication, the
treatment is stabilized over one month.

Candidates will be excluded from the study if they (1) score two or
higher on the suicide item of the PHQ-9 or show active suicidal plans in
the diagnostic telephone interview; (2) have other highly impairing
comorbid psychiatric conditions (i.e., history of psychotic or bipolar
disorder) and (3) undergo another psychological treatment at the
beginning of the study.

2.3. Recruitment

Participants will be recruited using reports in newspapers, flyers,
through internet forums, social media (e.g., Facebook), via our study
website (https://selfhelpl.psy.unibe.ch/shyne/homepage_interessierte)
and our research hub website for internet interventions (http://www.
online-therapy.ch/) in German-speaking countries. The link to the
study website will also be publicized using Facebook Ads and the Google
Ads tool.

2.4. Treatment

The internet-based self-help program (Shyne) is based on the well-
established cognitive-behavioral treatment for social anxiety disorder
by Clark and Wells (1995). It has been proven efficacious in previous
studies in our research hub (Berger et al., 2009, 2011; Schulz et al.,
20165 Stolz et al., 2018) as well as in previous studies from other uni-
versities and countries (e.g., Boettcher et al., 2012; Chen et al., 2020;
Kahlke et al., 2019; Kishimoto et al., 2016; Lin et al., 2020). The Shyne
program consists of the following four treatment components:

1) Psychoeducation: This treatment module delivers (1) detailed
evidence-based information on SAD with a focus on maintaining
processes (e.g., the vicious cycle of negative thoughts and emotions,
cognitions, and behaviors associated with the maintenance of SAD)
and (2) a brief overview of the evidence-based CBT strategies to
overcome SAD (i.e., psychoeducation about the principles behind
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cognitive restructuring, attention training and exposure). Addition-
ally, participants are asked to write about their anxiety-inducing
situations as well as thoughts, feelings and possible avoidance be-
haviors associated with the described situations. Participants are
encouraged to develop an individual model of their social anxiety
symptoms based on the information provided.

2) Cognitive restructuring: In this treatment module, participants are
instructed to identify and modify dysfunctional and negatively
biased assumptions. It includes a thought diary to track negative
beliefs in daily routine and exercises to formulate helpful and
adaptive thoughts.

3) Attention training: In this treatment module, participants are trained

to reduce self-focused and biased attention. Audio, video and text-

based exercises in which participants learn to intentionally direct
the attention away from themselves (i.e., less private self-
consciousness) and to be less alert to potentially dangerous
external social stimuli (i.e., less public self-consciousness; Duval and

Wicklund, 1972; Fenigstein et al., 1975).

Exposure: In this treatment module, participants are instructed to

plan and track in vivo exposures using an exposure diary. Partici-

pants are also advised to reduce safety behaviors, overt or covert acts

such as avoiding eye contact or rehearsing sentences to prevent a

feared outcome.

4

-

The four treatment components have the same content throughout
all conditions but are slightly changed to make sense when combined in
a particular treatment condition. Short, specific psychoeducation is also
given as an introduction to each component (e.g., an explanation about
the relationship between cognition and emotions in the cognitive
restructuring component). Moreover, all participants, independent of
the condition, get an introduction module at the beginning and a
conclusion module at the end. The introduction module gives an over-
view of the program and informs the participants about how they can
work with it. As a motivational strategy, participants are asked to list
their personal goals with the treatment and the expected life changes
after overcoming the symptoms of social anxiety. The introduction
module has the same content for all conditions. In the conclusion
modules, participants are provided with a summary of the steps they
should follow and repeat after the program termination. They are also
asked to summarize the exercises, thoughts, and behaviors that helped
them cope with relapses and were generally perceived as the most
helpful. We wrote sixteen different conclusion modules since the sum-
mary and recommended repetition are different for every condition.

Shyne can be accessed through a secure website from various devices
such as PCs, tablets and smartphones, with each participant having a
password-protected account. The program will automatically record
participants’ usage of Shyne, allowing for an automated measure of
treatment adherence and treatment dosage.

2.5. Minimal guidance

The role of the guides is to reinforce independent program use and
keep up the participants’ motivation and adherence. Participants will
also have the opportunity to send questions to their assigned guide
throughout the program if they have difficulties with the program. As in
other studies (Berger et al., 2009, 2011; Schulz et al., 2016; Stolz et al.,
2018), the guides monitor the progress of the participants in the pro-
gram and contact them via a secured text-based messaging system once a
week to provide feedback and encourage further engagement. In case of
non-adherence, the guides will remind the participants of the impor-
tance of reading the material and doing the exercises proposed by Shyne.
Guides will also encourage repetition, especially in conditions with
fewer components, to ensure dosage equivalence across all conditions.
Minimal guidance will be provided by advanced master’s students in
clinical psychology and psychotherapy. Guides will be randomly
assigned to participants across the conditions.
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Training and weekly supervision of the master students for the
diagnostic interview and guidance will be provided by the first, second
and last author (two licensed psychotherapists and experienced in
internet-based guided self-help treatments, and a PhD student in clinical
psychology). In the supervision, the chats between participants and
guides are reviewed, and it is made sure that guidance is being kept at a
minimal level.

2.6. Procedures

The study procedures have been approved by the Ethics Committee
of the Canton Bern (KEK Bern 2020-02952) and were registered on clinic
altrials.gov (NCT04879641). After receiving the study information and
signing the informed consent, the candidates will be screened for eligi-
bility with self-report measures. Potential participants who fulfill the
inclusion criteria will be interviewed by telephone to ascertain whether
they meet the criteria for SAD. After checking the inclusion criteria, the
eligible participants will be randomized with equal probability to one of

Self-referred patients that will
vigit the website (n > 3000)

v
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the 16 treatment conditions. A permuted block randomization schedule
will be created using the blockrand package in R (Snow, 2020). The
random allocation will be concealed to the investigators and done by the
in-built randomization module in the REDCap software (Harris et al.,
2009, 2019). Assessments of the primary and secondary outcomes and
hypothesized mediators are taken at (1) baseline (pre-treatment), (2) at
four weeks after randomization (mid-treatment), (3) eight weeks after
randomization (post-treatment), and (4) at six months after randomi-
zation (follow-up).

As shown in Table 1, all conditions contain at least one component of
ICBT for SAD, except for condition number 1, which is a wait-list control
group. For ethical reasons, participants randomly assigned to the wait-
list control group will receive the full treatment (i.e., condition 16)
after the post-assessment. Participants randomized to one of the active
treatment conditions can use the full treatment after the follow-up
assessment (Fig. 1).

Will apply to participate via
study website (approx. n = 950)

Do not send informed consent or
do not fill cut questionnaires

v

Will be screened with self-report
measures (approx. n = 600)

v

Do not fulfil inclusion criteria:

- SPS/SIAS below cut-off

- Ongoing psychelogical treatment
- Not reached for M.LN.| interview

Will be interviewed by telephone

Excluded after interview:

(approx. n = 520)

v

Will be randomized to
conditions (n = 464)

v

A J

- No SAD diagnosis, or SAD not primary
diagnosis

- Unstable medication

- Suicidal ideation

- History of psychotic or bipolar disorder

Pre-treatment (baseline) assessment

v

Condition Condition Condition Condition Condition Condition Condition Condition
1 2 3 4 & & 7 -]
{n = 26) {n=29) {n = 28] {n = 25 {n = 28] {n =26 {n = 26 {n = 28]
Conditian Condition Condition Conditian Conditian Condition Condition Conditian
& 10 1" 12 13 14 15 L[]
{n = 26) {n = 28) {n = 28) {n = 28) {n = 28] {n = 26 {n =28 {n =29
| 4-week mid-treatment assessment | v

.

B-week post-treatment assessment

| Will drop-out (n = 80)

v

6-month follow-up assessment

Fig. 1. Design of the study and expected participants’ flow.
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2.7. Instruments

Table 2 summarizes the instruments and time points of assessment
that will be used.

2.7.1. Primary outcome

SAD symptoms after eight weeks are the primary outcome of the
study and will be assessed with the composite score of the Social Phobia
Scale and the Social Interaction Anxiety Scale (SPS & SIAS; Mattick and
Clarke, 1998; German version: Stangier et al., 1999). These two self-
report questionnaires complement one another and are usually admin-
istered together. The SIAS assesses fears of social interaction (e.g., “I
tense up if I meet an acquaintance in the street™), while the SPS focuses
on fears of being judged by others (e.g., “I become anxious if I have to
write in front of others.”). Both scales together consist of 40 items to be
rated on a 5-point Likert scale (0 = “not at all” to 4 = “extremely”,
ranging from 0 to 160 points, where high scores mean more general fear
of social interaction). These two companion measures have been found
to be valid, reliable and useful for clinical and research purposes. The
German version of SIAS has an internal consistency of Cronbach’s
a=0.94 (Stangier et al., 1999). The German version of the SPS also has
an internal consistency of a = 0.94 (Stangier et al., 1999). They are both
highly correlated with the other social anxiety measures, such as the
Social Phobia and Anxiety Inventory and the Liebowitz Social Anxiety
Scale (Hoyer and Margraf, 2003; Stangier et al., 1999). Stangier et al.
(1999) calculated a cut-off value of 22 (for SPS) and 33 (for SIAS) as a
discrimination criterion between German-speaking patients with social
anxiety and different comparison groups. The composite score will be
the simple average of the z-scores of SIAS and SPS, as recommended by
Song et al. (2013) for continuous variables.

2.7.2. Secondary outcomes

2.7.2.1. M.LN.I. International Neuropsychiatric Interview for DSM-IV
6.0.0 (M.LN.L; Sheehan et al., 1998; German version: Ackenheil et al.,
1999). M.LN.L is a brief structured diagnostic interview for assessing
psychiatric diagnosis based on the DSM-IV. The specificity of the M.I.N.I
was reported as suitable for all diagnoses (ranging from 0.72 to 0.97;
0.81 for SAD; Sheehan et al., 1997). In our study, the M.I.N.L. interview
will be administered via telephone. It will assess depressive episodes,
suicidality, manic and hypomanic episodes, panic disorder, agora-
phobia, SAD, obsessive-compulsive disorder, post-traumatic stress dis-
order, substance abuse and addiction, psychosis, anorexia and bulimia
nervosa and generalized anxiety disorder. The diagnosis of SAD will
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serve as an eligibility criterion and a secondary outcome measure (an
absence of diagnosis at post-treatment and follow-up suggesting treat-
ment success).

2.7.2.2. Patient Health Questionnaire (PHQ-9; Spitzer et al., 1999;
German version: Grafe et al., 2004). Symptoms of depression will be
measured with the PHQ-9. This widely used self-report measure consists
of nine questions assessing characteristic symptoms of major depression
described in DSM-V distributed in nine items on a 4-point Likert scale.
Higher scores indicate more severe depression. The German version of
the PHQ-9 has also shown good internal consistency (Cronbach’s
o = 0.88; Grafe et al., 2004; Kroenke et al., 2010; Lowe et al., 2004).

2.7.2.3. Generalized Anxiety Disorder Scale (GAD-7; Spitzer et al., 2006;
German version: Lowe et al., 2008). The GAD-7 measures seven general
anxiety symptoms (i.e., feeling nervous, worrying, having trouble
relaxing, restlessness, feeling annoyed or irritable, and feeling afraid
that something awful might happen). Higher scores indicate more severe
general anxiety symptoms. The internal consistency of the GAD-7 is
good in both the original and German versions (Lowe et al., 2008;
Spitzer et al., 2006).

2.7.2.4. Short-Form Health Survey-12 (SF-12; Ware et al., 1996; German
version: Gandek et al., 1998). Quality of life is assessed with the SF-12.
Its two subscales measure the physical and mental aspects of health-
related quality of life. The SF-12 shows good psychometric properties
(e.g., internal consistency of a=0.83) and is equivalent to the long-
form, the SF-36 (Gandek et al., 1998; Ware et al., 1996).

2.7.2.5. Client Satisfaction Questionnaire (CSQ-8; Attkisson and Zwick,
1982; German version: Schmidt and Wittmann, 2002). The CSQ-8 is a self-
report questionnaire that assesses the general level of satisfaction with
the service received. It was developed to measure satisfaction with
inpatient treatment. The original version shows good internal consis-
tency (Cronbach’s a = 0.91; Attkisson and Zwick, 1982). In this study,
we will use a version that was adapted for internet-based treatments.

2.7.2.6. Negative Effects of the Treatment (INEP; Ladwig et al., 2014).
The INEP assesses any adverse effects on social, intrapersonal or work-
related situations and whether they are attributed to the intervention.
As in other studies, the INEP will be slightly adapted for use within
internet-based interventions. The original scale was developed and
validated in German and showed good internal consistency (Cronbach’s
o= 0.86; Ladwig et al., 2014).

Table 2

Variables, instruments and time points of assessment.
Dimension Instrument Abbreviation Authors (German version) Timepoints
Primary outcome measure
Social anxiety symptoms Social Phobia Scale & Social Interaction Anxiety Scale SPS & SIAS Stangier et al. (1999) Pre, Mid, Post, FU
Secondary outcome measures
Depressive symptoms Patient Health Questionnaire PHQ-9 Grafe et al. (2004) Pre, Mid, Post, FU
General anxiety symptoms Generalized Anxiety Disorder Scale GAD-7 Lowe et al. (2008) Pre, Mid, Post, FU
Quality of life SF-12 Health Survey SF-12 Gandek et al. (1998) Pre, Mid, Post, FU
Client satisfaction Client Satisfaction Questionnaire CSQ-8 Schmidt and Wittmann (2002) Post
Negative effects Negative Effects of the Treatment & Symptom Deterioration INEP Ladwig et al. (2014) Mid, Post, FU
Diagnoses MINI. Neuropsychiatric Interview MINI 6.0.0 Sheehan et al. (1998) Pre, Post, FU
Hypothesized change mechanisms
Knowledge of SAD Knowledge of SAD test KSAD Andersson et al. (2012) Pre, Mid, Post, FU
Dysfunctional social cognitions Social Cognitions Questionnaire SCQ Stangier et al. (1997) Pre, Mid, Post, FU
Self-focused attention Self-Consciousness Scale SCS Filipp and Freudenberg (1989) Pre, Mid, Post, FU
Fear and avoidance Liebowitz Social Anxiety scale LSAS-SR Stangier and Heidenreich (2004) Pre, Mid, Post, FU
Safety behaviors Social Behaviors Questionnaire SBQ Stangier et al. (1996) Pre, Mid, Post, FU

Notes. Pre = baseline; Mid = mid-treatment (4 weeks after baseline); Post = post-treatment (8 weeks after baseline); FU = follow-up (6 months after baseline).
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2.7.2.7. Adherence. Following the suggestion of Donkin et al. (2011), a
composite score to measure adherence and dosage will be created by
averaging the z-scores of several variables: time spent in the interven-
tion, the number of modules completed, the number of exercises
completed, and the number of clicks in the intervention.

In addition, socio-demographic variables such as age, gender,
country of origin, parent’s country of origin, mother tongue, relation-
ship status, educational level and employment status are assessed.

2.7.3. Assessment of hypothesized mechanisms of change

The secondary aim of this study is to better understand which
mechanisms of change mediate the relationship between treatment
components and symptom reduction. For this, we will also assess vari-
ables hypothesized to mediate change for every treatment component.
Fig. 2 shows a conceptual model of the expected effects of the four
treatment components on the hypothesized change mechanisms and
primary and secondary outcomes.

2.7.3.1. Knowledge of SAD test (KSAD; Andersson et al., 2012; Berg et al.,
2020a). The KSAD assesses basic knowledge around the condition of
SAD and its treatment. It includes 11 questions, each with one correct
answer (out of three possible choices). In addition, each response is
rated in terms of how confident the participant is about the response
with three response options (Guessing, Pretty Certain, Confident). A
higher score indicates more knowledge. Questions cover the content of
the psychoeducation component of the Shyne program (e.g., the defi-
nition of SAD, general principles of CBT, safety behaviors, avoidance,
negative automatic thoughts, attentional shift, exposure). Scores of
knowledge of SAD are calculated in two ways: (a) a total score based on
the total number of correct answers and (b) a weighted total score in
which certainty of answers was factored in. Reliability analyses showed
alow Cronbach’s alpha of a = 0.40 for the raw scores, a high Cronbach’s
alpha of @ = 0.86 for the certainty ratings, and an alpha of a = 0.56 for
the weighted scores (Andersson et al., 2012).

2.7.3.2. Social cognitions questionnaire (SCQ; Wells et al., 1993; German
version: Stangier et al., 1996b). The SCQ is a self-rating scale that as-
sesses typical negative social cognitions of socially anxious individuals.
It is composed of 22 items, ranging from 22 to 110, grouped in three
subscales (“negative self”, “performance anxiety”, and “fear of showing

Treatment
component

Change
Mechanism
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bodily symptoms”). Higher scores mean more negative social cognitions.
The Cronbach’s a for the whole German version scale is @ = 0.89.

2.7.3.3. Self-Consciousness Scale (SCS; Fenigstein et al., 1975; German
version: Filipp and Freudenberg, 1989). The SCS measures self-focused
attention (or self-consciousness) in two dimensions: private self-
consciousness and public self-consciousness. The German version con-
sists of 27 items, which are rated from 1 (“very rarely”) to 5 (“very
often”). Higher scores indicate more self-focused attention. Both sub-
scales have shown good internal consistency (Cronbach’s o« = 0.87 and
o= 0.86, respectively; Hinz et al., 2010).

2.7.3.4. Liebowitz Social Anxiety Scale, self-report (LSAS-SR; Baker et al.,
2002; German version: Stangier and Heidenreich, 2004). The LSAS-SR
measures SAD symptoms. It comprises 24 items, divided into two sub-
scales (anxiety and avoidance, 12 items each) scored on a Likert-type
scale of four points and is rated in terms of frequency (never, occa-
sionally, often and usually). In this study, and as a measure of a hy-
pothesized mechanism of the change, only the avoidance subscale will
be used. LSAS-SR shows good internal consistency (o = 0.96 for the total
scale and o = 0.92 for the avoidance scale).

2.7.3.5. Social Behaviors Questionnaire (SBQ; Clark et al., 1995; German
version: Stangier et al., 1996a). The SBQ assesses the use of safety be-
haviors in social situations with 27 items. The frequency of each
behavior is rated on a 4-point scale (from 0 =never to 3 = always).
“Avoid eye contact”, “try to control shaking”, “rehearse sentences in
your mind” are examples of safety behavior assessed by the SBQ. The
items on the SBQ are a mixture of discrete behaviors (e.g., hide your
face, grip glasses tightly) and broad strategies (e.g., make an effort to
come across well, try not to attract attention). Studies with adult pop-
ulations revealed acceptable internal consistencies (Cronbach’s
o =0.69).

2.8. Sample size

The current study is powered for the first and primary research
question, i.e., the main and interaction effects of the treatment compo-
nents on the decrease of social anxiety symptoms. In the a priori power
analysis, we assumed that the smallest clinically relevant difference

Outcome

(@ Psychoeducation |Target

Participant increases
knowledge about SAD

@ Cognitive

: Target
restructuring

Participant’s cognitions
become more
accurate/adaptive

Primary Outcome:
* Social Anxiety Symptoms

Secondary Outcomes:

@Attention training |Target

Participant decreases the
level of self-focused attention

* Depressive Symptoms
* Anxiety Symptoms
Quality of Life

@ Exposure Target

& 4 & &

Participant decreases
avoidance of social situations
and use of safety behaviors

Fig. 2. Simplified conceptual model of the effects of the four treatment components on the hypothesized change mechanisms and primary and secondary outcomes.
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would be a small effect size of Cohen’s d = 0.2 for the main effect of an
individual treatment component or interaction between components on
pre-to-post change on social anxiety symptoms. Smaller effect sizes
would be of little clinical interest and value. At an « level of 0.05, a
statistical power (1-Beta) of 0.80, and a correlation between measure-
ments with around 4- and 8-weeks interval of r=0.50, based on our
experience with clinical trials for SAD, we need a total of 384 partici-
pants (G*Power; Faul et al., 2007). Based on the finding that in 15 out of
17 studies, dropout rates (i.e., not providing assessment data at post-
treatment) for ICBT for SAD were below 13% (Boettcher et al., 2013),
we conservatively estimate a dropout rate of 20% for our study (n=77
participants). Thus, we aim for a sample size of 464 participants, which
results in 29 individuals per treatment condition.

As mentioned above, the logic behind how an experiment is powered
differs between RCTs and factorial experiments. An RCT would compare
the 16 conditions to each other, and power would be reflected in the per-
condition sample size. If an RCT has a small per-condition sample size,
such as 29 individuals per treatment condition, it does not have enough
power to detect small effect sizes. By contrast, in factorial experiments,
all participants receiving a specific component (e.g., cognitive restruc-
turing, which is present in half of the conditions, i.e., in eight conditions)
can be compared to participants who do not receive that component
(also eight conditions, with 29 participants per condition). That yields a
sample size of n =232 per component (Collins, 2018). Since our study
contains only components with two levels (absent vs present), the
sample size to maintain the power to detect main effects and interactions
is the same (Collins, 2018). For a detailed explanation of how factorial
experiments maintain power to estimate main effects and interactions,
see Collins (2018).

2.9. Statistical analyses

Reporting will follow CONSORT E-Health standards (Eysenbach and
Consort-Ehealth Group, 2011). The primary outcome is the change in
the composite score of SPS & SIAS from baseline to eight weeks (post-
treatment). The analyses are carried out on the basis of the intention-to-
treat approach (ITT; i.e., using all randomized participants). Our pri-
mary interest is in testing the main effects and interactions. For that, we
will use linear mixed models repeated measures analysis of variance
(ANOVA). This approach uses all available data on each subject and does
not require the imputation of missing values but estimates parameters
about missing values. Furthermore, mixed models account for the cor-
relation between the repeated measurements. Main effects and in-
teractions are calculated based on aggregates across experimental
conditions. The levels of the factors will be represented numerically by
—1 (absence of a component in a condition) and +1 (presence of a
component in a condition), as recommended by Collins (2018). Signif-
icance testing of dichotomous data such as diagnostic status will be
conducted with chi-square tests. Sensitivity analysis will be conducted to
analyze the impact of dropouts on our results.

We will test mediation of the hypothesized change mechanisms (i.e.,
knowledge gain of SAD, decrease of dysfunctional social cognitions,
decrease of self-focused attention, decrease of avoidance and safety
behaviors) of the effect of the treatment components on primary and
secondary outcomes (see Fig. 2 above). We will test mediation of the
hypothesized change mechanisms by using an approach that allows
multiple mediators in one model, as set out by Kraemer et al. (2002).

In addition, we will explore potential moderation of the treatment
components by various measured variables (i.e., age, gender, country of
origin, nationality, country of parents, mother tongue, relationship
status, educational level, employment status, presence of comorbid
disorder, use of medication, the severity of SAD). For the analysis of
potential moderators, factorial ANOVA and multiple regression analysis
will be used.
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3. Discussion

Far from all individuals suffering from SAD seek and eventually find
help, and far from all SAD patients respond fully to current evidence-
based treatments. Low-threshold and cost-effective internet-based in-
terventions can easily be distributed and flexibly used, representing a
promising alternative to face-to-face therapy. With an optimized
internet-based intervention, a broader population of people suffering
from SAD can be reached at even lower costs and more effectiveness.
The results of this trial are expected to improve current evidence-based
treatments for SAD and increase the number of SAD patients fully
responding to ICBT. If we know more about the active ingredients of CBT
for SAD, we can probably identify better and briefer strategies that
trigger change processes. Thus, understanding active ingredients and
change mechanisms can optimize change and “build more potent,
scalable, and efficient treatments” (Watkins et al., 2016, p. 2) of SAD.

We understand the use of the factorial trial as an appropriate
approach to understand the differential effects of each component of
SAD. Although other sophisticated approaches exist, for instance,
component individual patient data meta-analysis (e.g., Furukawa et al.,
2021), the component meta-analyses are based on the indirect com-
parisons between different trials. Thus, there is a higher likelihood that
the observed differences can be attributed not to the various components
but to the differences in the settings. Furthermore, the OPTIMIZE trial is
planned to have a reasonably high sample size and sufficient power to
detect even small changes.

Some potential limitations of this study should be addressed. The
treatment dosage may vary across conditions and be lower in those
conditions with fewer components. To prevent high variations in
treatment dosage, the participants are encouraged by the program and
by the guides to repeat the exercise. To address this potential limitation,
we will control the overall treatment dosage of each participant by
assessing adherence to the program. Also, there might be a spillover
effect from the psychoeducation component once we briefly explain
broad change principles used in established CBT treatment (i.e., cogni-
tive restructuring, attention training and exposure). However, we do not
offer any practical indication of implementing those techniques, and we
do not provide any access to the exercises introduced in the relevant
components.

Finally, the measure of knowledge gain (KSAD; Andersson et al.,
2012; Berg et al., 2020a) might represent a limitation since the original
authors have not found satisfactory reliability. We will replicate the
reliability and test-retest analysis with our sample using all time points
available to re-evaluate the ability of this scale to capture change in
knowledge gain.

We aim to perform mediation analyses to test the hypothesized
mechanisms of change. The mere statistical mediation is not enough to
ascertain a mechanism of change (Kazdin, 2007). The field needs to
show a solid theoretical foundation for a specific mediator and also
strong statistical association, temporality (i.e. timeline shows that
intervention leads to change in mediator which leads to change in
outcome, not the other way around), specificity (i.e., to prove that one
particular mediator is responsible for change), gradient (i.e., dose-
response relationship between mediator and outcome), consistency
(across studies with different samples) and coherence with other evi-
dence, for instance, results coming from experimental studies (Kazdin,
2007). In our study, we will be able to assess temporality, specificity and
the gradient of theoretically founded mechanisms of change. Although
other studies will be needed to evaluate consistency and coherence with
other experimental evidence, our results might move forward theoret-
ical debates regarding the mechanisms involved in the maintenance of
SAD and what works in treatments. We estimate that this trial’s results
will inform the treatment of social anxiety via internet interventions and
inform face-to-face treatments. At a societal level, optimizing treatment
and expanding the knowledge about mechanisms of change is essential
because SAD is very common and one of the costliest psychiatric
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conditions (e.g., Fehm et al., 2005). By determining the importance of
each component to the overall efficacy of CBT treatment for SAD, we
will be able to inform mental health policy decisions that would prob-
ably decrease its costs and increase its effectiveness.
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Abstract

Introduction: Many studies have demonstrated that social
anxiety disorder (SAD) can be effectively treated with psy-
chotherapy, particularly cognitive-behavioral therapy (CBT),
including internet-based CBT (ICBT). Despite evidence-
based treatments, many individuals do not sufficiently
benefit from them. Identifying the active components could
help improve the effectiveness of SAD treatment. This study
tested the effects of four treatment components (psycho-
education, cognitive restructuring, attention training, and
exposure) within ICBT for SAD to investigate its active
components. Methods: This randomized full factorial trial
consisted of four factors (i.e., treatment components) and 16
conditions. A total of 464 adults with a diagnosed SAD were
recruited from the community. The primary outcome was
SAD symptoms at 8 weeks (post-assessment). Secondary
outcomes included SAD diagnosis, SAD symptoms at follow-
up (4 months after post), depression and anxiety symptoms,
quality of life, client satisfaction, and adverse effects. Results:
Conditions including psychoeducation and exposure were

significantly more effective in reducing SAD symptoms at
post compared to conditions without these components.
Conditions including cognitive restructuring and attention
training did not show superiority over conditions without
them at post. However, all treatment conditions significantly
reduced symptoms compared to the condition without a
treatment component. At follow-up, the superiority of
psychoeducation and exposure was not significant anymore
due to the version without the respective components
catching up. Conclusion: The findings suggest that while all
treatment components of ICBT for SAD are beneficial
compared to no treatment, psychoeducation and exposure
include specific active components that significantly im-
prove treatment outcomes more quickly in ICBT for SAD.

© 2025 The Author(s).
Published by S. Karger AG, Basel

Introduction

Social anxiety disorder (SAD) is characterized by a
marked and persistent fear of negative evaluation in social
situations [1]. Although the prevalences of SAD vary
across the globe [2], it is one of the most common mental
disorders, with an estimated 12-month prevalence of
7-8% in large-scale community-based studies [3, 4]. SAD
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tends to have a chronic course and is associated with high
levels of impairment in various areas of life [5].

Numerous trials have shown that SAD can be treated
effectively with pharmacotherapy and psychotherapy [6].
Among psychological treatments, cognitive-behavioral
therapy (CBT) has received consistent research support
in meta-analyses [6-10] and is considered one of the first-
line treatments [11]. However, despite evidence-based
treatments for SAD, many affected people do not seek
help. Only about 20-40% consult a mental health spe-
cialist [12-14]. This low rate is partly due to common
barriers like geographical location, lack of trained ther-
apists, stigma, treatment costs, lack of awareness, not
knowing where to seek help, and difficulties scheduling
an appointment [15-17]. Furthermore, the fear of social
situations, which is characteristic of SAD, can result in a
delay in seeking professional help of up to two decades
[16, 18, 19]. Internet-based cognitive-behavioral therapy
(ICBT) offers several advantages, including broader and
easier access to empirically supported, affordable, and
convenient treatment. Over the past decade, research on
ICBT has increased rapidly, demonstrating the efficacy of
this novel format for various mental disorders through
numerous randomized controlled trials (RCTs) and
meta-analyses [20, 21]. Research on internet-based
treatments for SAD has been particularly extensive in
the last two decades [20, 22-24].

Despite the positive results of CBT and ICBT for SAD,
a significant number of patients do not recover after
undergoing empirically based treatments [6, 22, 25]. One
of the reasons for limited efficacy may be the lack of
understanding of how these treatments work. Various
authors convincingly argued that the active components
(i.e., therapy components that significantly contribute to
symptom improvement) of CBT need to be identified so
that therapy can be made more efficacious and possibly
briefer as well [26-28]. This requires the implementation
of specific and meticulous study designs that evaluate the
contribution of specific therapeutic elements. While
RCTs represent the gold standard for determining the
efficacy of an intervention package in comparison to a
control group, they are constrained in their capacity to
identify active components as they typically compare the
overall effects of treatment packages [28]. Factorial de-
signs, which allow the study of the individual and
combined effects of multiple factors [29], are rare in
psychotherapy research due to difficulties in clearly de-
marcating treatment components while maintaining
protocol integrity. The emergence of internet-delivered
treatments allows for standardized intervention content
and better control over treatment integrity, making

2 Psychother Psychosom
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factorial designs more feasible. Consequently, several
research groups have begun using factorial trials to
identify active components of ICBT [30-34].

CBT for SAD comprises multiple components, in-
cluding psychoeducation, cognitive restructuring, atten-
tion training, and exposure [35]. Each of these treatment
components can contribute to the efficacy of the treat-
ment package to some extent. Most evidence for the
differential efficacy of specific treatment components
comes from underpowered clinical trials that lack rig-
orous control over treatment integrity [36-40]. The most
reliable evidence concerning different components and
their combinations to date comes from meta-analyses,
but the conclusions are inconsistent. Powers et al. [41],
for example, found that combined cognitive and be-
havioral treatments were not significantly more effective
than cognitive treatments or exposure treatments alone
and reported few differences between standard CBT and
its various components. The same results were found by
Podina et al. [42] where no significant difference between
exposure and cognitive therapy was found. However,
these findings are at odds with other meta-analytic evi-
dence indicating that exposure-based interventions
yielded the largest effect sizes, whether administered
alone [43] or in conjunction with cognitive restructuring
[44]. In conclusion, research has not yet sufficiently
examined the active components of SAD treatment
separately [7].

The current OPTIMIZE study aimed to test the main
effects of the four main treatment components according
to the Clark and Wells [35] model as well as Stangier et al.
[45] in ICBT for SAD using a factorial design. To the best
of our knowledge, this is the first factorial trial testing the
effects of CBT treatment components on symptoms of
SAD and other outcomes.

Methods

Study Design

The study was a randomized full factorial trial with
four factors, each representing one of the components of
ICBT for SAD (i.e, psychoeducation, cognitive re-
structuring, attention training, and exposure). Each
component was either absent (-1) or present (+1), re-
sulting in 16 (2x2x2x2) conditions. The full version (FV)
of the program consists of all four main components, 14
conditions contained all possible permutations out of the
four components with at least one active component, and
one condition contained no treatment component
(waitlist control group, WL; see our published study
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protocol [46]). The study was approved by the Ethics
Committee of the canton of Bern on the 26th of April
2021 (BASEC-ID: 2020-02952). Written informed con-
sent was obtained from all participants, and no reim-
bursement for participation was provided. The trial is
registered with ClinicalTrials.gov (NCT04879641).

Participants

See Figure 1 for the study flowchart. A total of 464
participants with a SAD diagnosis were recruited from
the 11th of August 2021 until the 27th of July 2023 in
Switzerland, Germany, and Austria through social media
accounts (i.e., Instagram, Facebook, TikTok), Google
Ads, interviews on the radio and magazines, paper fliers,
SAD-related websites as well as forums, and the Uni-
versity of Bern website. Interested people could download
the informed consent form (ICF) via our study website.
Upon return of the signed ICF, participants were invited
to complete online questionnaires using the REDCap
software (Research Electronic Data Capture; [47, 48]).
The first selection of participants was completed by
evaluating the two social anxiety measures. Only par-
ticipants whose scores exceeded cut-off values on the
Social Phobia Scale (SPS; cut-off >22) or the Social In-
teraction Anxiety Scale (SIAS; cut-off >33; [49], German
version: [50]) were contacted for a structured diagnostic
interview (i.e., International Neuropsychiatric Interview
for DSM-IV 6.0.0 (M.I.N.L.), see relevant section below
for more information) conducted by phone. The inter-
views were conducted by the study coordinator (D.S.) and
trained advanced master’s students in clinical psychology
and psychotherapy. The students underwent training on
administering the M.LN.L. over the course of approxi-
mately 1 month, which included multiple half-day ses-
sions, exercises, and homework assignments. The training
was led by RL, a licensed psychotherapist, and D.S., a
psychotherapist in training. Throughout the project, D.S.
and R.L. provided constant supervision to ensure the
quality of the students” work.

Criteria for inclusion were (a) being at least 18 years
old, (b) having access to the Internet, (c) having access to
a tablet, PC, or smartphone, (d) sufficient German
knowledge, (e) exceeding either the SPS or SIAS cut-off,
(f) receiving a SAD diagnosis from the diagnostic in-
terview, and (g) if psychopharmaceutic intake was
present, having a stable dosage since at least 1 month.

Out of 685 individuals who signed the ICF, 464 per-
sons met all inclusion criteria and were randomized to
one of the 16 conditions (see flowchart in Fig. 1). Table 1
shows the baseline characteristics of the randomized
participants. Across all conditions, the mean age of the

Components in a Social Anxiety Disorder
Psychotherapy

sample was 31.35 years (SD = 10.58), with the majority
being female (75%), single (42%), fully employed or
students (35% and 36%, respectively), and having a high-
school diploma as the highest educational degree (33%).

Randomization

The eligible participants were block-randomized
(block sizes: 16 and 32) to ensure an equal distribution
of different characteristics across all participants. The
randomization schedule was produced with a self-written
R code and concealed from the study team. After the
participants were included in the study, the random al-
location based on the randomization schedule was carried
out automatically within the REDCap software.

Interventions: The Self-Help Program Shyne

The ICBT program Shyne, which is based on the well-
established CBT treatment developed by Clark and Wells
[35], Stangier et al. [45], and a self-help book by Rapee
[51], has been shown efficacious in various versions,
settings, and countries [22, 52-58]. The four main
components of Shyne are psychoeducation, cognitive
restructuring, attention training, and exposure.

All participants received guidance from pre-to post-
treatment from trained and supervised advanced
master students in clinical psychology and psycho-
therapy. The master students were trained by D.S. and
R.L. on how to provide guidance using material and a
handout developed in previous studies conducted by
our research group (e.g. [31]). The handout included
numerous examples of situations (e.g., how to react if a
participant is inactive for a week). The guides were also
required to submit homework, where they practiced
using examples from previous participants, focusing on
how to provide feedback for different usage profiles and
respond to messages. Throughout the process, all
guides were constantly supervised by D.S. and R.L., who
were, in turn, supervised by T.B. Guidance was pro-
vided via a secure text-based messaging system inte-
grated with the Shyne program. The role of the guides
was to reinforce program use and adherence to treat-
ment as well as the attempt to hold the dose that the
participants receive constantly (each participant was
advised to work 50-60 min a week on the program).
Each week, the participants received a message from
their assigned guide, commenting on their progress,
suggesting exercises, and encouraging further en-
gagement with the program. Additionally, participants
could contact their guide and ask questions at any
time. Guides were instructed to respond within three
working days.
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self-referred to
study website
(n'=4362)

i - Participant did not return ICF (n = 3677)

ICFs received
(n =685)

i ——» | Participant did ot retur pre-questionnaire (n = 35)

baseline (10),
pre-questionnaires

(n =650)

Do not fullfil inclusion criteria:

- below SPS/ SIAS cut-off (n = 56)

- did not answer interview request (n= 39)
- - PHQ-9, ltem921(n=17)

- excluded due to finished recruitment (n = 5)
- already in psychotherapy (n = 2)

- wrongfully excluded (n = 1)

baseline (0),
pre-interviews MINI

(n =530) i
Excluded after interview
- no SAD diagnosis (n = 49)
- bipolar / psychotic disorder diagnosis (n = 7)
B —

- ICF withdrawn (n = 4)
- in/about to start psychotherapy (n = 3)

- no stable medication (n = 3)

464 people were randomized

1 ———  incorrect randomization (n = 1)

condition 1 condition 2 condion 3 condiond  condiion 5 condition 6 condition 7 condition 8
W0 (n=29) (n=29) (n=29) 29) 29) (n=29) (n=29) (n=130)

condition 8 condition 10 condition 11 condition 12 condition 13 condition 14 condition 15~ condition 16
(n=29) (n=29) 29) (n=29) (n=29) (n=28) (=29 (FV)(n=29)

l

| 4 main components |

| l | |

cognitive attention training exposure
with, n =231 with, n =232 with, n =233 with, n =232
without, n = 233 without, n = 232 without, n = 231 without, n = 232

l

| 4 weeks mid-treatment measurement (t1), mid-questionnaires |

| ! ! |

cognitive attention training exposure
with, n = 174 with, n =172 with, 7 with, n =169
without, n = 176 without, n =178 ‘without, n =179 ‘without, n = 181

| 8 weeks post-treatment measurement (12), post-questionnaires | I 8 weeks post-treatment measurement (t2), post MINI interview I

! | | ! ! ! |

|

cognitive attention training exposure cognitive i attention training exposure
with, n = 149 with, with, n =142 with, n =140 with, n = 125 with, n =122 ith, 12 110
without, n = 155 without, n = 162 without, n = 162 without, n = 164 without, n = 125 without, n = 128 without, n = 138 =14
l 6 months follow-up-treatment measurement (3), follow-up-questionnaires | | 6 months follow-up-treatment measurement (t3), follow-up MINI interview |
psychoeducation | |cognitive restructuring| | attention training exposure i cognitive attention training exposure
with, n =116 with, n =106 with, n =98 05 wiith, n = 99 with, n = 90 . n=83 with, n = 85
without, n = 87 without, n = 97 without, n = 105 without, n = 67 without, n = 76 without, n = 83 without, n = 81

condition 1 (WL) (n = 29)
receive FV and are done with
the study

condition 2+ 15
receive FV and are done with
the study

Fig. 1. Study flow. WL, waitlist control group; FV, full version.
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Treatment Components

Psychoeducation. This component provided information
on SAD, emphasizing the maintenance processes according
to the Clark and Wells [35] model (e.g., the vicious cycle of
negative thoughts, self-focused attention, anxiety, safety, and
avoidance behavior) (see online suppl. material A, Fig. Al
for the model; for all online suppl. material, see https://doi.
0rg/10.1159/000542425). Participants were asked questions
about the content and their examples and experiences to
provide more individualized education and boost memo-
rization. Based on the psychoeducation, they were asked to
create their personal SAD model. Additionally, participants
were asked to fill out an anxiety protocol (see online suppl.
material A, Fig. A2 for the anxiety protocol) in which they
documented anxiety-inducing situations, along with asso-
ciated thoughts, emotions, and behaviors.

Cognitive Restructuring. In this component, partici-
pants practiced cognitive restructuring for negative and
dysfunctional thoughts and assumptions. They were first
provided with information on the connection between
cognitions, emotions, and behavior, as well as dysfunc-
tional cognitions in people with SAD and the principle of
cognitive restructuring. Then, they were asked to practice
identifying and restructuring dysfunctional thoughts and
assumptions in an online protocol. The content and
materials were adopted from Berger et al. [52], based on
the German therapy manual by Stangier et al. [45], which
is itself based on the Clark and Wells [35] model, and a
self-help book by Rapee [51].

Attention Training. This treatment component in-
formed about the importance of self-focused attention in
the maintenance of SAD. Participants were instructed to
practice shifting away from self-focused attention and
biased attention in general. Audio, video, and text-based
exercises were provided, wherein participants were in-
structed to direct their attention away from themselves and
to become less alert in social situations. For instance, a brief
film showing an audience from a presenter’s perspective
was displayed on the computer screen, and participants
were asked to summarize a brief story that was shown just
before the audience appeared. They performed this task
twice: first, by increasing self-focused attention, and second,
by focusing on the task itself. After completing the exercise,
participants were asked to report the location of their at-
tention and the intensity of their anxiety. Finally, they
received feedback on the association between self-focused
attention and anxiety intensity. The concrete materials
were originally developed by Berger et al. [52], based on
Clark and Wells [35], Stangier et al. [45], and Rapee [51].

Exposure. Participants were informed of the impor-
tance of confronting oneself with social situations in

6 Psychother Psychosom
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reality and were encouraged and supported in planning
and engaging in in vivo exposures. They were provided
with information on safety and avoidance behavior, pre-
and post-processing, and the effect of exposure. Fur-
thermore, participants were asked to develop an anxiety
hierarchy as the basis for the exposure. It was suggested to
start with the easiest situation and, after mastering the
situation, to gradually work through the anxiety hierar-
chy. Finally, an online diary for behavioral experiments
was introduced, in which participants could record their
planned exposures, including their expectations about
anxiety levels, physical symptoms, potential safety be-
haviors, and other relevant variables. After completing
the exposure, participants were encouraged to document
their observations about the outcome (e.g., the actual
intensity of anxiety experienced) and compare these with
their initial expectations (see online suppl. material A,
Fig. A3 for the exposure protocol).

Primary Outcomes

Social Phobia Scale & Social Interaction Anxiety Scale

The Social Phobia Scale (SPS) and Social Interaction
Anxiety Scale (SIAS) ([49], German version: [50]) are
self-report questionnaires that assess SAD symptoms.
The questionnaires are often presented together. While
SPS refers to performance-related situations (e.g., writing,
holding a presentation), SIAS refers to interaction-related
situations (meeting new people, maintaining eye contact).
Each questionnaire comprises 20 items that can be rated
from 0 (“not at all”) to 4 (“extremely”). Internal con-
sistency for both German versions was a = 0.94 in the
original validation study [50]. The internal consistencies
for the baseline sample in this study were somewhat lower
but still good, with a = 0.88 for SPS, and a = 0.85 for SIAS.

A composite score (CS) of SPS and SIAS was calculated
as the primary outcome according to Song et al. [59]. The
SPS and SIAS data were z-standardized based on the pre-
mean and pre-standard deviation values and then
summed up. Additionally, all calculations were also made
for SPS and SIAS separately.

Secondary Outcomes

Generalized Anxiety Disorder Scale

The Generalized Anxiety Disorder Scale (GAD-7)
([60], German version: [61]) is a self-report questionnaire
that assesses general anxiety symptoms in the last 2
weeks. The questionnaire consists of 7 items that can be
rated from 0 (“not at all”) to 3 (“almost every day”). The
internal consistency for the German version was o = 0.89
[61]. The internal consistency for the baseline sample in
this study is lower but still good, with a = 0.81.
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Patient Health Questionnaire

The Patient Health Questionnaire (PHQ-9) ([62], Ger-
man version: [63]) is a self-report questionnaire that assesses
depressive symptoms according to the Diagnostic and
Statistical Manual of Mental Disorders 4th edition (DSM-IV;
[64]) criteria in the last 2 weeks. The questionnaire consists
of 9 items that can be rated from 0 (“not at all”) to 3 (“almost
every day”). The internal consistency for the German version
is a = 0.88 [65]. The internal consistency for the baseline
sample in this study is lower but still good, with o = 0.82.

Short Form Health Survey

The Short Form Health Survey (SF-12) (German
version: [66]) is a self-report questionnaire that assesses
the impact of health on a person’s everyday life and their
quality of life (QoL). The results can be calculated into 2
scores that evaluate the physical and mental health im-
pact. The internal consistencies, which Gandek et al. [66]
reported as correlations, range from r = 0.94 to r = 0.96.
The scores are T-standardized (M = 50, SD = 10). The R
code that was used for the calculation of the subscales in
this study is provided in online supplementary material B.

International Neuropsychiatric Interview for

DSM-1IV 6.0.0

The International Neuropsychiatric Interview for DSM-
IV 6.0.0 (M.LN.L) ([67], German version: [68]) is a short-
structured diagnostic interview based on the DSM-IV cri-
teria. The version 6.0.0. was chosen since no German version
was sufficiently validated for the DSM-5 criteria at the be-
ginning of the study. For this study, only the SAD diagnosis is
relevant; the other diagnoses (i.e., comorbidities) were only
reported as the sum of all current comorbidities (see Table 1).

Client Satisfaction Questionnaire-8

The Client Satisfaction Questionnaire-8 (CSQ-8)
([69], German version: [70]) is a self-report questionnaire
that assesses the patient’s or participant’s satisfaction with
a treatment they received. The questionnaire consists of 8
items rated from 1 (implying a negative occurrence) to 4
(implying a positive occurrence). In this study, the
questionnaire was slightly adapted for the internet-based
treatment, and the mean was calculated as the outcome
variable. Internal consistency for the German version is
a=0.92 [70]. The internal consistency for the sample (n =
303) in this study is excellent, with a = 0.92.

Negative Effects of the Treatment

The Negative Effects of the Treatment (INEP) [71] is a
self-report questionnaire that measures the negative ef-
fects of psychotherapy. The participants rated 15 items of

Components in a Social Anxiety Disorder
Psychotherapy

negative effects, first whether they occurred and, if so,
whether they were due to the treatment. The question-
naire was slightly adapted for the internet-based treat-
ment. Only items relevant to this study were examined
and reported.

Time Spent on the Program

In this factorial trial, participants received a varying
number of treatment components, ranging from no
components at all (WL) to all four components (FV).
Participants who received at least one component were
asked to repeat the exercises for the entire treatment
period from pre-to post-treatment. To estimate the
actual dose of the intervention, we assessed the time
spent on the program. Time spent on the program was
estimated based on each user’s click in the program,
which is recorded with time stamps. Only activities that
occurred between pre- and post-treatment were
counted. Usage time windows under 1 min or no ac-
tivity in the program for more than 24 min were not
considered (since the user gets automatically logged out
of Shyne after 24 min).

Power Analysis

For the power analysis, the smallest clinically relevant
effect size was assumed to be Cohen’s d = 0.2 for the main
effect of an individual treatment component. Furthermore,
an a error level of 0.05, a statistical power (i.e., 1 — ) of 0.80,
and a correlation of r = 0.50 between measures of the 4- and
8-week interval was chosen. Calculated with G*Power 3
[72], this resulted in a total of 384 participants needed.
Considering a review on ICBT for SAD [22], a dropout rate
of 20% was conservatively assumed for this study, resulting
in a total of N = 464 participants, respectively, n = 29
participants per condition.

Statistical Analyses

All calculations were done with jamovi (Version:
2.4.14.0; [73]) and R Studio (Version: 2024.04.2+764; [74]).
The codes of the calculations can be provided upon request.

For the baseline evaluation of the pre-sample, t tests for
independent samples were used to test the between-group
differences for continuous variables for each main com-
ponent. The x* tests were used to test the between-group
differences for nominal variables for each main component.

The main analyses were carried out based on the
intention-to-treat approach (ITT; ie., using all randomized
participants). We evaluated differential outcomes with
linear mixed models. Time was a within-subject factor
(ie., pre, mid, post, and follow-up), and the four main
components were between-subject factors (i.e., each factor is

Psychother Psychosom 7
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either present [1] or absent [—1]). The fixed effects were the
main component, time point, and their interaction term; the
random effect was the intercept of each participant
(ie., every participant is expected to have a different pre-
score). The means in the ITT sample were estimated with
the restricted maximum likelihood. A separate model was
estimated for each comparison/factor and outcome mea-
sure. Calculations of within- and between-group effect sizes
(Cohen’s d) were based on estimated means and the pooled
standard deviations. Additionally, we exploratorily exam-
ined the effect of the number of components. For that, the
conditions were first divided into categories based on the
number of components they contain, ranging from 1 to 4
(e.g., the FV contains 4 components), and then the time
effect within each category and the interaction effect be-
tween time and the category was calculated, using the CS.

Results

Results are presented for the ITT sample. The findings
based on observed data can be found in online supple-
mentary material C, Tables C1 and C2.

Baseline Evaluation

Independent t tests did not show any significant
between-group differences (e.g., with vs. without psy-
choeducation) for age and number of current co-
morbidities as well as for all primary outcomes (i.e., CS,
SPS, SIAS). For the secondary outcomes, there was a
significant difference for GAD-7 in psychoeducation
(t(462) = 2.10, p = 0.036), where the version without
psychoeducation had a lower GAD-7 mean (d = 0.20
[0.01, 0.38]). For the other secondary outcomes
(i.e., PHQ-9, GAD-7, SF-12 mental, SF-12 physical),
there were no significant differences found (for all
comparisons ps > 0.10). Furthermore, there were no
significant between-group differences for sex, relation-
ship status, employment status, or educational level,
except for relationship status regarding the component
cognitive restructuring (x*(4, N = 464) = 11.67, p = 0.020).
The group without cognitive restructuring had double the
number of married participants as the group with cog-
nitive restructuring (48 vs. 24).

Dropouts from the Study

Concerning the primary outcome, out of the 464
participants, 304 participants (66%) filled out the post-
questionnaires, and 203 (44%) filled out the follow-up
questionnaires. Participants who did not fill out the SPS
and SIAS at post, respectively, at follow-up, were con-
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sidered dropouts. Concerning the dropouts at post, no
between-group differences were found for psycho-
education (XZ(I, N = 464) = 0.34, p = 0.558), cognitive
restructuring (x*(1, N = 464) = 3.82, p = 0.051), and
attention training (x*(1, N = 464) = 3.82, p = 0.051). There
was, however, a significant between-group difference for
exposure, where participants with the component ex-
posure were more likely to dropout (x*(1, N = 464) = 5.49,
p =0.019). There was a significant difference for the CS,
where participants with higher SAD symptom scores
were more likely to dropout (#(462) = —1.98, p = 0.049).

Concerning the dropouts at follow-up, there was a
significant between-group effect for psychoeducation,
where participants without psychoeducation were more
likely to dropout (x*(1, N = 464) = 7.37, p = 0.007). No
other between-group differences were found (ps > 0.400).
In comparison to the post-dropouts, there was no sig-
nificant difference for the CS (#(462) = —-1.91, p = 0.057)
anymore.

Primary Outcomes

Table 2 shows estimated means, standard deviations,
and Cohen’s d effect sizes for the primary outcome (CS),
SPS, and SIAS separately, divided according to the main
factors (i.e., groups that have or have not received a main
component). Time effects showed significant within-
group effects (Fscs (2, df(res)iange [330.37, 360.11]) <
238.01, ps < 0.001; Fsgps (2, df(res) ange [326.46, 358.72]) <
195.43, ps < 0.001; Fsgias (2, df(res) range [335.79, 361.40])
< 199.40, ps < 0.001) with effect sizes ranging from
medium to large effect sizes (see Table 2 for detailed effect
sizes) for all conditions from pre-to post-treatment. Thus,
SAD symptoms decreased in all groups, independent of
the treatment component they received. However, when
looking at the results for the 16 conditions separately,
there was one exception: Participants in the WL did not
improve significantly from pre to post (F(2, 55.06) = 0.02,
p=0.98,d=-0.01,Cl 95% [-0.53, 0.50]) (see online suppl.
Table D1 in supplementary material D for the main
results across all 16 conditions). Furthermore, in the
between-group comparison of conditions 2-16 with the
WL, all active conditions were significantly superior to
the WL (Fs (2, df(res);ange [85.33, 102.71]) < 36.99, ps <
0.001), with Cohen’s ds ranging from d = 0.67, Cl 95%
[0.07, 1.26] to d = 1.56, Cl 95% [0.87, 2.25].

The main objective of this full factorial trial was to
evaluate the main effects of the four main treatment
components of ICBT for SAD in post-treatment. In the
following, we report the interaction effect between time
(i.e., pre, mid, post) and each factor. Measured with the
CS, there was a significantly higher reduction of SAD
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Table 2. Primary outcomes for all components over all time points and Cohen’s d for within-group and between-group effects

Main Pre- Mid- Post- Follow-up  Within- Within- Between- Between-group
component treatment  treatment  treatment group effect group effect group effect effect size at
size pre-post size post- size at post follow-up
follow-up
M@SD) n M(SD) n M(SD) n M(SD) n Cohen'sd Cohen’sd Cohen'sd  Cohen’s d
(95% Cl) (95% ClI) (95% Cl) (95% ClI)
SPS
Psychoed
Yes 36.64 231 2741 231 2154 231 2096 231 1.13 0.04 (-0.14  0.39 0.21
(12.46) (13.53) (14.13) (15.20) (0.93-133) to0 0.22) (0.21-0.57)  (0.03-0.39)
No 36.71 233 3034 233 27.02 233 2401 233 0.73 0.20 (-0.01
(12.52) (13.59) (14.04) (16.64) (0.54-0.92) to 0.38)
Cognition
Yes 36.87 232 2828 232 23.15 232 2204 232 1.01 0.07 (-0.11  0.16 (-0.03  0.05 (-0.14
(12.64) (13.71) (14.47) (15.69) (0.82-1.20) to 0.26) to 0.34) to 0.23)
No 3647 232 2944 232 2535 232 2279 232 0.84 0.17 (-0.01
(12.64) (15.56) (13.86) (16.15) (0.65-1.03) to 0.35)
Attention
Yes 36.14 233 27.67 233 2329 233 2200 233 0.94 0.08 (-0.10  0.14 (-0.04 0.05 (-0.13
(12.67) (13.74) (14.50) (16.18) (0.75-1.14)  to 0.27) to 0.32) to 0.24)
No 3721 231 30.04 231 2528 231 2286 231 0.90 0.16 (-0.02
(12.61) (13.53) (13.58) (15.65) (0.71-1.09)  to 0.35)
Exposure
Yes 36.21 232 2693 232 2134 232 2062 232 1.10 0.05 (-0.13 040 0.22
(12.49) (13.71) (14.47) (15.69) (0.91-1.30) to 0.23) (0.21-0.58)  (0.04-0.41)
No 37.14 232 30.69 232 2695 232 24.18 232 0.78 0.19 (-0.01
(12.49) (13.40) (13.71) (15.84) (0.59-0.97) to 0.37)
SIAS
Psychoed
Yes 50.04 231 4198 231 36.01 231 36.11 231 1.06 —-0.01 (-0.19 0.32 0.02 (-0.16
(12.46) (13.37) (13.98) (14.89) (0.87-1.25) to 0.18) (0.14-0.50)  to 0.20)
No 50.24 233 4419 233 4044 233 3646 233 0.74 0.26
(12.52) (13.43) (13.89) (16.18) (0.55-0.93)  (0.08-0.45)
Cognition
Yes 4990 232 4196 232 3712 232 3535 232 095 0.12 (-0.06  0.15 (-0.03 0.14 (-0.05
(12.49) (13.56) (14.32) (15.38) (0.76-1.14)  to 0.30) to 0.33) to 0.32)
No 50.38 232 4419 232 3931 232 3745 232 084 0.13 (-0.06
(12.49) (13.40) (13.77) (15.69) (0.65-1.03) to 0.31)
Attention
Yes 5034 233 4238 233 37.00 233 3522 233 1.00 0.12 (-0.06  0.17 (-0.01  0.15 (-0.04
(12.52) (13.59) (14.20) (15.72) (0.80-1.19)  to 0.30) to 0.35) to 0.33)
No 49.94 231 4375 231 3937 231 3748 231 0.81 0.13 (-0.05
(12.46) (13.37) (13.68) (15.35) (0.54-1.10) to 0.31)
Exposure
Yes 49.64 232 4156 232 3576 232 3517 232 1.03 0.04 (-0.14 034 0.15 (-0.03
(12.49) (13.56) (14.32) (15.38) (0.84-1.23) to -0.22) (0.15-0.52) to 0.34)
No 50.64 232 4452 232 4047 232 3755 232 078 0.20 (-0.02
(12.49) (13.25) (13.71) (15.69) (0.59-0.96) to 0.38)
cs
Psychoed
Yes 0.52 231 -0.10 231 -0.53 231 -0.54 231 1.25 0.01 (-0.17 039 0.12 (-0.06
(0.76) (0.91) (0.91) (0.91) (1.05-145) to 0.19) (0.21-0.58)  to 0.30)
No 0.53 233 0.09 233 -0.17 233 -042 233 0383 0.25 (-0.07
(0.76) (0.92) (0.92) (1.07) (0.64-1.02) to 0.43)
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Table 2 (continued)

Main Pre- Mid- Post- Follow-up  Within- Within- Between- Between-group
component treatment  treatment  treatment group effect group effect group effect effect size at
size pre-post size post- size at post follow-up
follow-up
M@SD) n M(ESD) n M(SD) n M(SD) n Cohen'sd Cohen’sd Cohen'sd  Cohen’s d
(95% Cl) (95% ClI) (95% Cl) (95% ClI)
Cognition
Yes 0.52 232 -0.07 232 -043 232 -053 232 1.13 0.10 (-0.16  0.18 0.09 (-0.09
(0.76) (0.91) (0.91) (1.07) (0.94-133) to 0.36) (0.01-0.36) to 0.28)
No 0.53 232 0.05 232 -0.27 232 -043 232 0.95 0.16 (-0.02
(0.76) (0.91) (0.91) (1.07) (0.76-1.15)  to 0.34)
Attention
Yes 0.51 233 -0.08 233 -043 233 -054 233 1.1 0.11 (-0.07  0.18 (-0.01 0.11 (-0.07
(0.76) (0.91) (0.91) (1.06) (0.92-131) to 0.29) to 0.36) to 0.30)
No 0.54 231 0.06 231 -0.27 231 -042 231 0.97 0.15 (-0.03
(0.76) (0.92) (0.92) (1.07) (0.77-1.16)  to 0.33)
Exposure
Yes 0.49 232 -0.13 232 -054 232 -059 232 1.23 0.05 (-0.13 041 0.20
(0.76) (0.91) (0.91) (1.07) (1.03-143) to 0.23) (0.22-0.59)  (0.01-0.38)
No 0.56 232 0.1 232 -0.17 232 -038 232 0.87 0.21 (-0.03
(0.76) (0.91) (0.91) (1.07) (0.68-1.06) to 0.39)

Psychoed, psychoeducation; cognition, cognitive restructuring; attention, attention training.

symptoms for the conditions with psychoeducation in
comparison to the conditions without psychoeducation
(F(2, 690.39) = 12.56, p < 0.001). The between-group
effect size for this difference was small to medium, d =
0.39, 95% CI [0.21, 0.58]. A statistically significant dif-
ference was also found for exposure, favoring conditions
with exposure (F(2, 691.50) = 9.60, p < 0.001), with a
small to medium between-group effect size, d = 0.41, 95%
CI [0.22, 0.59] over conditions without exposure. There
were no other significant interaction effects between time
and a factor. Similar results were found for the SPS and
SIAS, with significant and small to medium effect sizes in
favor of conditions including psychoeducation and ex-
posure (see Table 2).

As participants received different numbers of com-
ponents, ranging from 0 (i.e, WL) to 4, we also ex-
ploratorily examined how the number of components
affected the primary outcome. Figure 2 shows the CS
depending on the number of components from pre to
post. Time effects showed significant within-group effects
for conditions with at least one component
(Fs(2, df(res)pange [177.12, 1,027.98]) < 1,034.93, p <
0.001). There were significant interaction effects between
time and the number of components for 0 vs. 1 (F(2,
227.63) = 26.63, p < 0.001), 0 vs. 2 (F(2, 282.41) = 30.63,
p <0.001), 0 vs. 3 (F(2,221.58) =29.55, p < 0.001), and 0

10 Psychother Psychosom
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vs. 4 (F(2, 92.84) = 32.32, p < 0.001), meaning that it is
better to give any number of components than none.
Comparing the versions with at least one component,
there were no significant interaction effects between time
and the number of components for any of the versions (1
vs. 2 (F(2, 414.77) = 0.70, p = 0.50), 1 vs. 3 (F(2, 350.45) =
2.69,p=0.07), 1vs.4 (F(2,217.11) = 1.60, p = 0.21), 2 vs. 3
(F(2,412.87) = 1.24, p = 0.29), 2 vs. 4 (F(2, 276.82) = 1.03,
p=0.36),3vs. 4 (F(2,214.19) = 0.19, p = 0.83)). Thus, the
quantity of treatment assigned does not appear to be a
pivotal factor.

Secondary Outcomes

Table 3 shows the results for the secondary outcome
variables PHQ-9, GAD-7, SF-12 (with the 2 scores mental
and physical QoL), SAD diagnosis (i.e., the number of
SAD diagnoses, conducted with the M.ILN.I., across all
participants), CSQ-8, and their corresponding Cohen’s d
effect sizes. Within-group analyses showed significant
time effects (pre, mid, post) for PHQ-9, GAD-7, and SF-
12 mental. This means that participants improved in
regard to depressive and anxiety symptoms as well as
mental QoL over time, independent of which treatment
component they received. Online supplementary material
E, Table E1, shows the fixed effects omnibus tests. There
was only one significant time effect for the PHQ-9 for the
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Fig. 2. Number of components over time for
the primary outcome (social anxiety CS).

1 2 3

time point

1 = pre; 2 = mid; 3 = post.

WL group: participants got less depressed from pre to
post (F(2, 55.18) = 4.25, p = 0.02). There were no other
significant time effects within the WL (ps > 0.56). No
significant interaction effect between time (pre, mid, post)
and group for PHQ-9, GAD-7, SF-12 mental or SF-12
physical was found.

The number of SAD diagnoses was the same at pre and
post for the WL. For the main components, there was a
significantly lower number of SAD diagnoses at post for
the versions with psychoeducation in comparison to the
versions without (psychoeducation: x*(1, n = 250) =
10.03, p = 0.002, OR = 1.08; cognitive restructuring: x*(1,
n = 250) = 0.39, p = 0.53, OR = 0.85; attention training:
X2(1, n = 250) = 0.22, p = 0.64, OR = 0.89; exposure: (1,
n = 250) = 1.84, p = 0.18, OR = 0.71).

Concerning treatment satisfaction with the mean
overall versions, participants were overall satisfied with
the treatment with a mean and standard deviation
ranging from 3.02 (0.52) to 3.23 (0.49). The only sig-
nificant difference was found for psychoeducation, where
satisfaction was higher for the conditions with psycho-
education in comparison to the conditions without
psychoeducation (#272) = —-3.40, p < 0.001).

The INEP, measuring negative effects, showed that 18
participants (6%) suffered from having more experiences
from the past, 4 participants (1.3%) experienced more
conflicts in their romantic relationships, 4 participants

Components in a Social Anxiety Disorder
Psychotherapy

(1.3%) perceived their relationship with their family and 3
participants (1%) with their friends as worse, 2 partici-
pants (0.7%) felt worse than before the treatment, and 1
participant (0.3%) had more difficulties trusting others.
These results indicate that only a small percentage ex-
perienced deterioration from Shyne. There were no
significant between-group differences (ps > 0.35).

Long-Term Effects

The estimated means at follow-up for primary and
secondary outcomes are shown in Tables 2 and 3.
Concerning the primary outcomes, there was a sig-
nificant time (post, follow-up) effect for psycho-
education, respectively, exposure measured for the CS,
in favor of the versions without psychoeducation (F(1,
88.77) = 10.06, p = 0.002), respectively, without ex-
posure (F(1, 100.40) = 6.48, p = 0.01). Additionally,
there was a significant time effect for cognitive re-
structuring (F(1, 105.26) = 10.35, p = 0.002) and at-
tention training (F(1, 95.68) = 9.05, p = 0.003), in favor
of the versions with the respective component. Upon
further examination of the post hoc tests of the psy-
choeducation and exposure model with all-time points
included (pre, mid, post, follow-up), the post to follow-
up effect with the respective component was not sig-
nificant (psychoeducation: #(916.57) = -1.36, p = 0.175;
exposure: £(917.62) = —1.74, p = 0.082). This means that
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Table 3. Secondary outcomes for all components over all time points and Cohen’s d for within-group and between-group effects

Main Pre- Mid- Post- Follow-up  Within- Within- Between- Between-group
component treatment treatment  treatment group effect group effect group effect effect size at
size pre- size post- size at post  follow-up
post follow-up
M(@SD) n M(SD) n M(SD) n M(SD) n Cohen'sd Cohen’sd Cohen'sd Cohen'’s d
(95% ClI) (95% Cl) (95% ClI) (95% ClI)
PHQ-9
Psychoed
Yes 979 231 7.39 231 6.24 231 6.81 231 0.73 —-0.11 (-0.29 0.28 0.14 (-0.05
(4.56) (5.02) (5.17) (5.62) (0.54-0.92) to 0.08) (0.10-047)  to 0.32)
No 10.29 233 837 233 7.71 233 7.61 233 053 0.02 (-0.16
(4.58) (4.88) (5.19) (6.11) (0.34-0.71)  to 0.20)
Cognition
Yes 10.19 232 8.12 232 7.07 232 7.11 232 0.63 —0.01 (-0.19 —-0.03 (-0.22 0.04 (-0.14
(4.57) (5.03) (5.33) (5.79) (0.44-0.82) t0 0.18) to 0.15) to 0.22)
No 9.89 232 7.64 232 6.9 232 7.34 232 0.62 —-0.08 (-0.26
(4.57) (5.03) (5.03) (5.94) (0.44-0.81) to 0.10)
Attention
Yes 9.78 233 7.38 233 6.73 233 6.94 233 0.61 —0.04 (-0.22 0.10 (-0.08  0.09 (-0.09
(4.58) (5.04) (5.34) (5.95) (0.43-0.80) to 0.15) to 0.28) to 0.27)
No 10.29 231 836 231 7.24 231 7.48 231 0.64 —-0.04 (-0.23
(4.56) (4.86) (5.02) (5.78) (0.45-0.82) to 0.14)
Exposure
Yes 997 232 752 232 6.94 232 7.14 232 0.61 —0.04 (-0.23 0.02 (-0.16  0.02 (-0.16
(4.57) (5.03) (5.33) (5.79) (0.42-0.80) to 0.15) to 0.20) to 0.02)
No 10.11 232 8.22 232 7.04 232 7.27 232 0.64 —0.04 (-0.22
(4.57) (4.87) (5.03) (5.94) (0.45-0.83) to 0.14)
GAD-7
Psychoed
Yes 889 231 6.92 231 574 231 6.32 231 0.71 —-0.12 (-0.30 0.32 0.02 (-0.16
(4.10) (4.56) (4.71) (5.02) (0.53-0.90) to 0.06) (014-0.50)  to 0.20)
No 9.72 233 7.71 233 7.24 233 6.44 233 0.56 0.15 (-0.03
(4.12) (4.43) (4.73) (5.65) (0.37-0.75)  to 0.34)
Cognition
Yes 952 232 749 232 6.61 232 6.64 232 0.65 —-0.01 (-0.19 —-0.05 (-0.23 -0.11 (-0.29
(4.11) (4.57) (4.87) (5.33) (0.46-0.83) to 0.18) to 0.14) to 0.07)
No 9.09 232 7.14 232 6.39 232 6.22 232 0.62 0.03 (-0.15
(4.11) (4.57) (4.57) (5.48) (0.44-0.81) to 0.22)
Attention
Yes 945 233 7.05 233 6.6 233 6.19 233 0.63 0.08 (-0.10 —0.05 (-0.23 -0.08 (-0.26
(4.12) (4.58) (4.88) (5.50) (0.45-0.82) to 0.26) to 0.13) to 0.10)
No 916 231 7.57 231 641 231 6.66 231 0.63 —0.05 (-0.23
(4.10) (4.41) (4.56) (5.32) (0.45-0.82) to 0.13)
Exposure
Yes 928 232 6.82 232 6.2 232 6.09 232 0.68 0.02 (-0.16 0.12 (-0.06  0.13 (-0.06
(4.11) (4.57) (4.87) (5.33) (0.50-0.87)  to 0.20) to 0.30) to 0.31)
No 933 232 7.77 232 6.77 232 6.76 232 0.59 0.002 (-0.18
(4.11) (4.42) (4.57) (5.33) (0.40-0.78)  to 0.18)
SF-12, mental
Psychoed
Yes 3446 231 40.57 231 4253 231 4187 231 0.76 —0.06 (-0.24 0.28 0.07 (-0.12
(9.73) (10.79) (11.40) (12.46) (0.57-0.95)  to 0.13) (0.10-0.46)  to 0.25)
No 3329 233 3763 233 3937 233 4099 233 0.58 0.13 (-0.05
(9.77) (10.84) (11.30) (13.89) (0.39-0.76)  to 0.31)
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Table 3 (continued)
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Main Pre- Mid- Post- Follow-up  Within- Within- Between- Between-group
component treatment treatment  treatment group effect group effect group effect effect size at
size pre- size post- size at post  follow-up
post follow-up
M(@SD) n M(SD) n M(SD) n M(SD) n Cohen'sd Cohen’sd Cohen'sd Cohen'’s d
(95% ClI) (95% Cl) (95% ClI) (95% ClI)
Cognition
Yes 3378 232 3847 232 40.71 232 41.82 232 0.64 0.09 (-0.09 -0.04 (-0.22 0.08 (-0.11
(9.75) (10.97) (11.73) (12.95) (0.46-0.83) to 0.27) to 0.14) to 0.26)
No 33.98 232 397 232 4115 232 4081 232 0.69 —-0.03 (-0.21
(9.75) (10.81) (11.12) (13.40) (0.50-0.87) to 0.15)
Attention
Yes 3401 233 3952 233 4096 233 4259 233 0.64 0.13 (-0.05 0.01 (-0.18 0.18 (0-0.36)
(9.77) (10.99) (11.75) (13.43) (0.46-0.83) to 0.31) to 0.19)
No 3375 231 3869 231 40.89 231 40.19 231 0.68 —-0.06 (-0.24
(9.73) (10.79) (11.10) (12.92) (0.50-0.87) to 0.12)
Exposure
Yes 33.21 232 40.07 232 41.02 232 4142 232 0.72 0.03 (-0.15 0.01 (-0.17  0.01 (-0.17
(9.75) (10.97) (11.73) (12.95) (0.54-091) to 0.21) to 0.20) to 0.19)
No 3454 232 3821 232 4087 232 4132 232 0.61 0.04 (-0.15
(9.75) (10.66) (11.12) (13.25) (0.42-0.79) to 0.22)
SF-12, physical
Psychoed
Yes 5295 231 53.2 231 5255 231 5354 231 -0.05(-0.23 0.11 (-0.07 0.07 (-0.11 0.21
(7.14) (7.90) (8.36) (8.97) to 0.13) to 0.30) to 0.25) (0.03-0.39)
No 5236 233 5228 233 51.98 233 51.54 233 -0.05(-0.23 -0.05(-0.23
(7.17) (7.94) (8.24) (10.07) to 0.13) to 0.13)
Cognition
Yes 5298 232 53.11 232 5255 232 52,01 232 -0.06 (-0.24 —-0.06 (—0.24 0.07 (-0.12 -0.14 (-0.33
(7.16) (7.92) (8.53) (9.29) to 0.13) to 0.12) to 0.25) to —0.04)
No 5233 232 5238 232 5199 232 5336 232 -0.05(-0.23 0.15 (-0.03
(7.16) (7.92) (8.07) (9.60) to 0.14) to 0.34)
Attention
Yes 5226 233 5229 233 5201 233 5149 233 -0.03 (-0.21 -0.06 (-0.24 -0.06 (-0.25 -0.24 (—0.42
(7.17) (7.94) (8.55) (9.62) to 0.15) to 0.13) to 0.12) to —0.06)
No 53.05 231 53.18 231 5253 231 5374 231 —0.07 (-0.25 0.14 (-0.04
(7.14) (7.75) (8.06) (9.27) to 0.11) to 0.32)
Exposure
Yes 5280 232 53.06 232 5244 232 5277 232 -0.05(-0.23 0.04 (-0.15 0.04 (-0.14 0.03 (-0.16
(7.16) (8.07) (8.53) (9.44) to 0.14) to 0.22) to 0.22) to 0.21)
No 5252 232 5243 232 5111 232 5253 232 —0.05 (-0.24 0.05 (-0.14
(7.16) (7.77) (8.07) (9.60) to 0.13) to 0.23)
Main component Pre-treatment Mid-treatment  Post-treatment Follow-up
n n (SAD =yes) n n (SAD =yes) n n (SAD =yes) n n (SAD = yes)
SAD diagnosis
Psychoed
Yes 231 231 (100%) - - 125 52 (42%) 99 32 (32%)
No 233 233 (100%) - - 125 76 (61%) 67 20 (30%)
Cognition
Yes 232 232 (100%) - - 122 60 (49%) 90 25 (28%)
No 232 232 (100%) - - 128 68 (53%) 76 27 (36%)
Components in a Social Anxiety Disorder Psychother Psychosom 13

Psychotherapy DOI: 10.1159/000542425


https://doi.org/10.1159/000542425

Table 3 (continued)

Main component Pre-treatment Mid-treatment Post-treatment Follow-up
n n (SAD =yes) n n (SAD =yes) n n (SAD = yes) n n (SAD = yes)

Attention

Yes 233 233 (100%) - - 112 55 (49%) 83 21 (25%)

No 231 231 (100%) - - 138 73 (53%) 83 31 (37%)
Exposure

Yes 232 232 (100%) - - 110 51 (46%) 85 24 (28%)

No 232 232 (100%) - - 140 77 (55%) 81 28 (35%)

n total per time point (%) 464 (100) 464 (100) - -

250 (100) 128 (51) 166 (100) 52 (31)

Psychoed, psychoeducation; cognition, cognitive restructuring; attention, attention training; PHQ-9, Patient Health Ques-
tionnaire; GAD-7, Generalized Anxiety Disorder Scale; SF-12, Short Form Health Questionnaire.

4 months after post, the initial advantages of the ver-
sions with psychoeducation and with exposure con-
cerning the SA symptoms reduction measured with the
CS disappeared (see online suppl. Fig. F1, supple-
mentary material F for the development of psycho-
education and exposure measured with the CS over
time).

Concerning the number of components (i.e., 1, 2, 3, 4),
there was neither a significant time effect within each
number of components (Fs(1, df(res) ange [8.39, 84.59]) <
4.30, ps > 0.07) nor a significant interaction effect between
any of 2 components (Fs(1, df(res) ange [59.32, 181.99]) <
3.11, ps > 0.08). Concerning other secondary outcomes,
there was a significant time effect for the versions with
psychoeducation for the GAD-7 (F(1, 121.45) =3.98,p =
0.048) with increased anxiety symptoms, for the version
without cognitive restructuring for the SF-12 physical
(F(1, 113.60) = 4.80, p = 0.03) with increased physical
QoL, and for the version without attention training for
the PHQ-9 (F(1, 652.42) = 6.11, p = 0.01), GAD-7 (F(1,
649.32) = 16.49, p < 0.001), SF-12 physical (F(1, 664.78) =
15.64, p < 0.001), and SF-12 mental (F(1, 656.27) = 6.93,
p = 0.01) with increased depressive and anxiety symp-
toms, increased physical, but decreased mental QoL.

Furthermore, there was a significant interaction
effect between time and GAD-7 for the component
psychoeducation (F(1, 219.89) = 7.02, p = 0.01), with the
conditions including psychoeducation showing more
anxiety symptoms. Another significant effect between
time and component for the SF-12 physical was found for
the component cognitive restructuring (F(1, 238.63) =
4.07, p = 0.045) and attention training (F(1, 238.80) =
4.07, p = 0.045), with the version without cognitive re-
structuring, respectively, without attention training

14 Psychother Psychosom
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showing a higher physical QoL, and between time and
attention training, was found. There were no other sig-
nificant time or interaction effects on any secondary
outcomes.

There were no significant differences in the number of
SAD diagnoses at follow-up time point between a version
with the main component in comparison to the version
without (psychoeducation: x*(1, n = 166) = 0.05, p < 0.82,
OR = 1.08; cognitive restructuring (x*(1, n = 166) = 1.15,
p =0.28), OR = 0.70; attention training: x*(1, n = 166) =
2.64, p = 0.12, OR = 0.59; exposure: x*(1, n = 166) = 0.77,
p = 0.38, OR = 0.74).

Time Spent on the Program

Table 4 shows the time spent on the program broken
down by the main components. It should be noted that
the WL was not included in the calculation of the time
spent on the program as this group did not use the
program from pre to post. On average, participants spent
around 266 min on the program. The only significant
difference within each main component was found in
psychoeducation, where the versions with psycho-
education showed higher use of the program than the
versions without (#(426) = —4.78, p > 0.001). The effect
size for this difference was small to medium, d = 0.46, 95%
CI [0.27, 0.66].

Discussion

The main goal of this full factorial trial with 464 adults
diagnosed with SAD was to investigate the main effects of
the four treatment components (psychoeducation, cog-
nitive restructuring, attention training, exposure) of ICBT
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Table 4. Adherence in minutes for

each main component Main component M adherence, min SD adherence, min n
Psychoeducation
Yes 311.21 216.00 228
No 216.76 189.14 200
Cognition
Yes 266.59 213.81 230
No 267.64 203.92 198
Attention
Yes 281.57 214.29 228
No 250.55 202.18 200
Exposure
Yes 269.23 199.56 228
No 264.52 220.40 200

Cognition, cognitive restructuring; attention, attention training.

for SAD on SAD symptoms at 8 weeks post-treatment.
Regarding our main research question, we found a sta-
tistically significant superiority for the versions con-
taining psychoeducation in comparison to versions
without psychoeducation, and for versions containing
exposure in comparison to versions without exposure. In
contrast, we found no superiority regarding SAD
symptom reduction for the versions that included cog-
nitive restructuring or attention training compared to
versions that did not include these two components.
Considering our aim to identify the active components of
the comprehensive ICBT treatment package for SAD,
psychoeducation and exposure, in contrast to cognitive
restructuring and attention training, seem to include
specific contents that actively contribute to a better
treatment outcome.

Although previous findings have indicated that psy-
choeducation and exposure are important and possibly
sufficient components in the treatment of SAD [39,
75-77], to our knowledge, the present study is the first to
find a significant superiority of interventions containing
exposure or psychoeducation compared to interventions
without these components. This may be due to the
scarcity of research investigating the effects of individual
treatment components, as well as the limited research
comparing “pure” uncontaminated versions of different
treatment components and their insufficient power. In
face-to-face psychotherapy, it is challenging to demarcate
treatment components from each other clearly and to
avoid unwanted deviations from the treatment protocol
by therapists. In this regard, a notable advantage of
internet-based interventions is that the intervention
content can be truly standardized, and treatment integrity

Components in a Social Anxiety Disorder
Psychotherapy

(i.e., the degree to which an intervention is implemented
as intended, can be effectively controlled). However, it is
important to emphasize that such findings in studies on
internet-based interventions may not necessarily gener-
alize to face-to-face psychotherapy. Psychoeducation and
exposure may be particularly well-suited for im-
plementation in internet-based treatments and within a
self-management framework. In contrast, successful
cognitive restructuring may require more intensive
therapist contact as given in a face-to-face setting. In the
same vein, successful attention training may require
environments where social anxiety is sufficiently acti-
vated [78], which may be difficult to achieve in an
internet-based treatment conducted at home.

The number of treatment components did not impact
treatment outcome. Interventions that included at least
one treatment component were superior to the WL, and
interventions comprising a single component were
comparable to those comprising two or three components
and the full treatment. It is important to note that par-
ticipants were asked to repeat and practice the content
and exercises taught for a period of 8 weeks indepen-
dently of how many components they received (e.g.,
practicing cognitive restructuring for 8 weeks). A one-
component treatment was, therefore, not necessarily a
shortened treatment but a treatment that focused on just
one method. The finding thus suggests that focusing on
one method could be as effective as introducing several
methods. However, the results may also indicate that the
interventions could be shortened, aligning with the recent
increased interest in internet-based brief interventions
and single-session interventions [79, 80]. The present
study could inform the development of brief or single-
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session interventions for SAD as they are designed to
deliver the active components of evidence-based treat-
ments in a concentrated manner.

Regarding secondary outcomes, the only statistically
significant interaction effect at post-treatment was found
for SAD diagnosis, where the version with psycho-
education showed a significantly lower number of SAD
diagnoses, again demonstrating the benefit of psycho-
education. Furthermore, we found statistically significant
time effects regarding depressive, general anxiety
symptoms, and mental QoL, independently of which
treatment components participants received. Psycho-
education and exposure, therefore, showed no specific
effect concerning most secondary outcomes. This may be
because the psychoeducation and exposure treatment
modules directly address SAD symptoms and not de-
pressive or general anxiety symptoms. It may be that
through the reception of any treatment, participants
received hope for improvement as a general [81]. This
would also be in line with the significant reduction of
depressive symptoms in the WL since they knew in
advance that they would receive the already tested FV
after 8 weeks. Furthermore, participants were generally
satisfied with the treatment independent of the version,
and only a small percentage of the participants experi-
enced a deterioration from the treatment. We found a
statistically significant higher satisfaction in participants
receiving psychoeducation compared to participants not
receiving this treatment component. Participants who
received the psychoeducation component also utilized the
program for a longer duration than those who did not
receive the component. This indicates that psycho-
education is not only a specifically efficacious component
in reducing SAD symptoms but also meets the needs of
the participants, as evidenced by the CSQ-8 and the time
spent with this intervention component.

Follow-up results show that the superiority of treat-
ments, including psychoeducation or exposure, compared
to treatments in which they were absent, disappears by
4 months after treatment. The pattern of change between
post-treatment and follow-up shows that this is not due to
participants who have received psychoeducation and ex-
posure deteriorating again since the effects of psycho-
education and exposure are maintained. Rather, the su-
periority of the treatments with psychoeducation and ex-
posure disappears because treatments with cognitive
restructuring and attention training catch up. Specifically,
the treatment conditions with cognitive restructuring and
attention training show a significant improvement from
post-treatment to follow-up, which is not the case for the
treatment conditions with psychoeducation and exposure.

16 Psychother Psychosom
DOI: 10.1159/000542425

Despite an ongoing debate in the cognitive-behavioral
literature about whether cognitive-based methods yield
more lasting positive outcomes than exposure-based
treatments for anxiety disorders, a longitudinal multilevel
meta-analysis [42] found no evidence to support this effect,
often referred to as a “sleeper effect.” However, the pattern
of change could also be understood in light of Fava et al.
[82], who propose a sequential treatment model for mood
and anxiety disorders. According to their framework, dif-
ferent treatment components serve distinct roles at various
phases of recovery. Psychoeducation and exposure may be
highly effective in the early phases of treatment by pro-
viding immediate symptom relief, but cognitive re-
structuring and attention training could be more beneficial
in the long term by addressing deeper cognitive processes
that sustain recovery. Overall, it is important to note that
although the effects of the four components are similar at
follow-up, psychoeducation and exposure accelerated the
reduction of SAD symptoms, given their superiority in
post-treatment. Accelerating the reduction of SAD symp-
toms is clearly an improvement in treatment, especially
given the burden and chronic course of SAD symptoms.

The study has several limitations. Firstly, our partici-
pants received human guidance while using Shyne from
pre to post, which could have had an effect on its own and,
therefore, might have reduced potential differences be-
tween the effects of the treatment components. However,
guidance aimed to ensure that participants engaged with
the individual treatment components they were receiving
and did not add new treatment content. Additionally, the
guidance might have added a therapeutic effect (cf. [20]).
Secondly, we had noteworthy dropout rates both from pre
to post (34%) and from post to follow-up (56%). The
rather high dropout rates are a common problem in ICBT
studies [83]. The significantly higher dropout rate for
exposure and more severe SAD symptoms at post could
indicate that although exposure is effective, it might also be
difficult for participants to expose themselves on their own
and that some participants might need more support. On
the other hand, the significantly higher dropout rate for
psychoeducation at follow-up might stem from partici-
pants being satisfied with their treatment results and
feeling no need to continue [84]. This would also be in line
with the significantly higher treatment satisfaction with
psychoeducation at post. In general, to ensure confiden-
tiality, we asked participants to use anonymous email
addresses for communication. However, this measure may
have inadvertently contributed to participant attrition as
some individuals might not have regularly monitored this
email account. Thirdly, the sample was self-referred by
the community, which limits the generalizability of our
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findings to clinical samples. Fourthly, our sample consisted
of German-speaking participants only. While the study by
Thew et al. [85] and Yoshinaga et al. [86] showed that the
results from ICBT, based on Clark and Wells [35], could be
replicated cross-culturally with clinical samples, it would
be necessary to actively outrule possible cultural biases.
Despite these limitations, this is the first randomized
tull factorial trial to test the effects of the main treat-
ment components of ICBT for SAD. The findings
suggest that while all treatment components of ICBT
for SAD are beneficial compared to no treatment,
psychoeducation and exposure include specific active
components that accelerate the improvement of SAD
symptoms. As a next step, potentially shorter treat-
ments for SAD consisting of psychoeducation, expo-
sure, and both components should be tested in con-
firmatory randomized controlled trials. Additionally,
future research should explore other intervention com-
ponents, such as imagery rescript, which has shown
promise in addressing the emotional aspects of social
anxiety by modifying aversive social memories [87].
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