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Abstract

Behavioural variant frontotemporal dementia (bvFTD) is one of the most common early-
onset dementia with the first symptoms occurring before the age of 65. Due to the lack of
reliable biomarkers, neuropsychological assessment plays a crucial role in bvFTD diagnosis. In
2011 revised diagnostic criteria for bvFTD showed high sensitivity to the early bvFTD
symptoms. However, bvFTD is still often misdiagnosed with other neurodegenerative and
psychiatric disorders, especially at the early stages of the disease. The aim of this dissertation
was to provide clinicians with new diagnostic tools that can increase diagnostic accuracy of
early bvFTD. The focus lay on two diagnostic domains, (1) behavioural disorders as outlined
in the current diagnostic criteria and (2) Theory of Mind, a subdomain of social cognition often
impaired in bvFTD patients even before other behavioural or cognitive symptoms occur. As a
result, two diagnostic instruments were developed. The first one is the Behavioural
Dysfunctional Questionnaire, the first behavioural scale operationalising the current diagnostic
criteria in form of a standardised informant-report questionnaire. The second one is the Basel
Version of The Awareness of Social Inference Test — Theory of Mind, a video-based test
assessing Theory of Mind ability close to real-life setting and fulfilling the requirements on
clinical tools. The implementation of the developed tools in clinical evaluations of the patients
with suspect on bvFTD can increase the diagnostic accuracy but also contribute to better
understanding of symptoms’ development and progression. This dissertation describes the
development of these tools and discusses the possible effects of their implementation for

diagnosis and therapy strategies of bvFTD.



Introduction

Worldwide, dementia is the 7th leading cause of death and one of the main diseases
associated with aging (World Health Organization, 2020). With increasing life-expectancy, the
relevance of research on aging related diseases, such as dementia, grows respectively. There
are different neurodegenerative pathologies underlying dementia (e.g., Alzheimer’s disease,
Lewy body disease, frontotemporal lobar degeneration (FTLD) and others). Some of these
pathologies manifest in different clinical syndromes (e.g., FTLD can be presented in the form
of behavioural, language or motor dysfunction (Rascovsky & Grossman, 2013)). The interest
of this dissertation is behavioural variant frontotemporal dementia (bvFTD), the most common
clinical syndrome caused by FTLD. BVFTD belongs to young-onset dementia with symptoms
occurring before the age of 65. It is characterized by prominent changes in personality,
behaviour and social cognition, with relatively stable performance in such cognitive domains
as memory or attention (Piguet et al., 2017; Rosness et al., 2016). Currently, there are no reliable
biomarkers for non-genetic bvFTD cases accounting to ~60% of all bvFTD cases (Johnen &
Bertoux, 2019), so an extensive neuropsychological assessment remains a gold-standard if
bvFTD is suspected (Younes & Miller, 2020). However, there are severe challenges in
differential diagnosis of bvFTD due to its heterogeneous cognitive profile and an overlap in
behavioural symptoms with psychiatric conditions and other neurodegenerative disorders
(Musa et al., 2020; Pose et al., 2013; Shinagawa et al., 2016). Especially at the early stages
when appropriate symptoms’ therapies would be the most efficient, bvFTD is often
misdiagnosed (Shinagawa et al., 2016; Woolley et al., 2011). Therefore, development of new
diagnostic tools increasing diagnosis accuracy at the early stages of the disease is necessary.

The aim of this dissertation is to provide clinicians with new bvFTD-specific
neuropsychological tools sensitive for the early symptoms of the disease. The focus lies on two
diagnostic domains recommended to be evaluated during a neuropsychological assessment if
bvFTD is suspected, i.e., behavioural symptoms and social cognition. As result two instruments
were developed: 1) Behavioural Dysfunctional Questionnaire (BDQ) assessing bvFTD-typical
behavioural symptoms according to the latest diagnostic criteria for bvFTD, and 2) Basel
Version of The Awareness of Social Inference Test — Theory of Mind (BASIT-ToM), a video-
based instrument assessing Theory of Mind, one of the main subdomains of the social cognition.

This manuscript is organised in three parts. The first part is a general introduction into the
clinical profile of bvFTD followed by a detailed presentation of the mentioned diagnostic
domains, namely behavioural disorders and social cognition. The second part contains three

studies introducing the new diagnostic instruments developed for the assessment of these
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domains. The first study presents development and validation of the BDQ, an other-report
questionnaire that showed good discriminating power between bvFTD and Alzheimer disease
dementia (ADD, McKhann et al. 2011), and between bvFTD and major depressive disorder
(MDD, American Psychiatric Association, 2013), respectively. The second study demonstrates
the current state of social cognition assessment in German-speaking memory clinics and the
existing gap in instruments fulfilling requirements of good diagnostic tools applicable in
clinical routine. The last study describes the development of BASIT-ToM, a performance-based
test assessing Theory of Mind, a social cognition subdomain often impaired in bvFTD. Finally,
relevance and applicability of the new tools in bvFTD diagnosis and directions of further

research are discussed.
Theoretical background
Behavioural variant frontotemporal dementia: Clinical profile and diagnostic challenges

BVFTD belongs to the spectrum of frontotemporal dementia (FTD), the second most
common young onset dementia (after ADD) with the symptoms occurring before 65 years (Loi
etal., 2021). The prevalence of FTD varies between studies and ranges from 7 to 30 per 100,000
individuals younger than 65. So, FTD accounts to about 10.2% of all young onset dementia
cases (Hogan et al., 2016). FTD also encompasses two language syndromes, i.e., non-fluent
primary progressive aphasia and semantic dementia (Gorno-Tempini et al., 2011), however,
more than the half of all FTD cases account to bvFTD (Johnson et al., 2005).

BVFTD is characterized by early progressive changes in personality, behaviour and social
conduct as well as specific cognitive deficits (Johnen & Bertoux, 2019). These symptoms
correspond to the damaged brain areas. The neurodegeneration starts mostly in frontal and
orbital paralimbic cortices involving anterior cortical and subcortical structures (Broe et al.,
2003; Seeley et al., 2008). With the disease progression the neurodegeneration extends to
temporal cortices and basal ganglia (Broe et al., 2003; Peet, Spina, et al., 2021).

To time three diagnostic criteria sets have been established in clinical practice and
research (Englund et al., 1994; Neary et al., 1998; Rascovsky et al., 2011). These criteria sets
are presented in Appendix A-C. Within this dissertation the current diagnostic criteria of
Rascovsky et al. (2011) are used. These criteria were developed by 46 members of the
International Behavioural Variant FTD Criteria Consortium (FTDC) based on the current
literature and were evaluated in a sample of 137 bvFTD patients. Similarly to the previous
diagnostic criteria, behavioural disorders received more attention than cognitive deficits
resulting in five of six diagnostic domains (Appendix A-C). The behavioural domains are

presented in more detail in the next chapter. The cognitive impairments in bvFTD are
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characterised with deficits in executive functions — the higher-order cognitive functions, like
planning or decision making — with relative sparing of memory and visuospatial functions.
Noteworthy, though severe impairments in memory are traditionally seen as signs of ADD and
therefore as an exclusion criterion for bvFTD (Piguet et al., 2011), current studies showed very
heterogeneous cognitive profile of bvFTD patients including also severe memory impairments
overlapping with the scores of ADD patients (Bertoux et al., 2018; Fernandez-Matarrubia et al.,
2017; Poos et al., 2018).

Comparing to previous diagnostic criteria, the FTDC-criteria have several advantages:

— clear operational definition (authors defined the time criterion ‘early’ and provided
behavioural examples to ensure consistent understanding of criteria),

— reduced number of diagnostic features with no distinction between core and
supportive features,

— flexibility in how patients can meet the criteria (not all described symptomatic
domains need to be presented),

— hierarchy of diagnostic certainty (possible, probable, or definitive bvFTD).

All these aspects resulted in a greater sensitivity of the FTDC-criteria (86% and 76% for
possible and probable bvFTD, respectively) compared to the Neary criteria (53%) (Rascovsky
etal., 2011). Furthermore, the current diagnostic criteria demonstrated high interrater diagnostic
agreement (.81 and .82 for possible and probable bvFTD, respectively) (LaMarre et al., 2013).

Even with the high sensitivity and standardisation of the new criteria, an accurate
diagnosis of bvFTD remains challenging, especially at the early stages of the disease. So, about
half of the bvFTD patients received first a psychiatric diagnosis (Krudop et al., 2017; Woolley
et al., 2011). Oppositely, about 60% of patients who priory received a bvFTD diagnosis were
misdiagnosed with other dementia syndromes (mostly ADD), psychiatric disorders or even
clinically normal individuals (Shinagawa et al., 2016). There are several reasons explaining so
high misdiagnosis rates:

— heterogeneous cognitive profile of bvFTD patients (e.g., memory performance can
span from relatively intact (Ranasinghe et al., 2016) to severely impaired (Bertoux et
al., 2018)),

— behavioural symptoms overlapping with other brain disorders (see chapter 1.2),

— lack of reliable biomarkers for non-genetic bvFTD (Johnen & Bertoux, 2019),

— lack of standardised guidelines on assessment methods and standardised tools

operationalising the diagnostic criteria (Johnen & Bertoux, 2019).
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The first aim of this dissertation is to provide a solution for the last described problem in
bvFTD diagnosis, namely lack of standardised tools operationalising current diagnostic criteria.
The focus was on the behavioural disorders as the most prominent symptoms in bvFTD. These

are presented in the next chapter.
Behavioural disorders in behavioural variant frontotemporal dementia

Behavioural changes belong to criteria of already prodromal bvFTD (Barker et al., 2022).
According to FTDC-criteria, typical behavioural disorders in bvFTD can be grouped into
following five diagnostic domains:

A. Early behavioural disinhibition,

B. Early apathy or inertia,

C. Early loss of sympathy or empathy,

D. Early perseverative or compulsive behaviour,
E. Hyperorality or dietary changes.

Importantly, all these behaviours need to be novel and, except for domain E, occur within
the first three years after clinical onset (Rascovsky et al., 2011).

Disinhibition is one of the most salient symptoms in bvFTD and is characterised by
personality change, withdrawal of social norms and impulsivity. These behavioural changes are
associated with pathologies in ventromedial prefrontal and medial orbitofrontal cortices, and
anterior insula (Massimo et al., 2009; Reber & Tranel, 2019) that are also involved in social
cognition processes which will be described later. Another behavioural domain also partly
explained with impairments in social cognition is loss of empathy. It partly overlaps in the areas
of neuropathology with disinhibition and is associated with damages in ventromedial prefrontal,
inferior frontal and insular cortices (Dermody et al., 2016; Shamay-Tsoory et al., 2009). Often
reported symptoms are distancing, decreased social interest and lack of concern for feelings of
others (Rascovsky et al., 2011). Apathy is one of the most common symptoms characterised by
loss of motivation and goal-directed behaviour and is associated with pathology in dorsomedial
prefrontal cortex and cingulate gyrus (Massimo et al., 2009; Reber & Tranel, 2019).
Stereotyped, ritualistic and obsessive-compulsive behaviour often presented in bvFTD is
associated with pathology in basal ganglia (particularly in striatum, left putamen and bilateral
globus pallidus) and in lateral temporal lobe (particularly the left middle and inferior temporal
gyri) (Josephs et al., 2008; Perry et al., 2012; Pickering-Brown, 2007). Lastly, dietary changes
characterised by increased food consumption or changes in food preferences are associated with

hypothalamus atrophy and changes in neuronal connection between the hypothalamus and
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reward pathways in orbitofrontal cortex (Ahmed et al., 2021; Ahmed et al., 2014; Ahmed et al.,
2015; Perry et al., 2014).

Though some of these behaviours can also be presented in other neurodegenerative
disorders, the number and the severity of presented domains is distinctively for differential
diagnosis. For example, disinhibition, stereotypic behaviour and dietary changes are shown to
differentiate reliably between bvFTD and ADD as well as between bvFTD and semantic
dementia (Ahmed et al., 2014; Bozeat et al., 2000; Luciano I Mariano, O’Callaghan, et al.,
2020; Musa et al., 2020). Apathy is reported both in ADD and bvFTD, but bvFTD patients
usually have more severe symptoms (Kumfor et al., 2018). The discrimination between bvFTD
and psychiatric disorders is more challenging due to extensive overlap in behavioural symptoms
(Peet, Castro-Suarez, et al., 2021). So, apathy and dietary changes can be mistaken for
depression, impulsivity can be interpreted as mania and stereotyped behaviour is also a main
symptom in obsessive-compulsive disorder (American Psychiatric Association, 2013). That’s
why assessment of only behavioural disorders is not always specific and other diagnostic
domains need to be additionally evaluated to increase diagnosis accuracy. According to current
literature, social cognition can be such a cognitive domain (Ducharme et al., 2020). Moreover,
some of behavioural disorders in bvFTD, such as disinhibited behaviour, apathy and loss of
empathy, can be caused and explained by impairments of social cognition and, consequently,
the disability of bvFTD patients to estimate the mental state of others and the effects of their
behaviour (Dilcher et al., 2023). The role of social cognition in bvFTD diagnosis is illustrated

in the next chapter.

Social cognition as a new diagnostic domain for behavioural variant frontotemporal

dementia

Social cognition assessment is not required by the current diagnostic criteria for bvFTD.
However, these criteria were developed over twenty years ago, when the research on social
cognition in patients with cognitive disorders just started. To date, there is extensive evidence
emphasising the importance of social cognition deficits in bvFTD diagnosis (Dilcher et al.,
2023; Kipps et al., 2009; Mendez, 2022). Indeed, the social cognition impairments often occur
already at the early stage of the disease and have been shown to be more sensitive to early
bvFTD than “traditional” cognitive tasks (Torralva et al., 2009). Moreover, social cognition
deficits in bvFTD are more profound than in most other brain disorders (for overview see

Dodich et al., 2021), so its assessment can increase the accuracy of differential diagnosis.



Social cognition: Definition, structure and neuronal correlates

Social cognition encompasses a range of cognitive processes enabling individuals to
comprehend and engage with others. Therefore, it is a crucial ability enabling humans to
function effectively in society. Although social cognition has been an interest of research in
different sciences (e.g., psychology, neuroscience, sociology), there is neither a unified
definition nor consistent structure of this concept among researchers. Yet, in consonance with
information processing theory seeing the human brain as a computer that perceives inputs,
processes these and generates outputs (Frith, 2008), social cognition can be defined as
perception, interpretation and response to social stimuli (Adolphs, 2001; Arioli et al., 2018).
Social stimuli are all information coming from other individuals during the social interaction,
e.g., facial or vocal expressions. For a proper social interaction these stimuli first need to be
perceived. So, a person should be able to detect face expressions, intonations etc. In the next
step, the perceived information needs to be interpreted according to the person’s explicit
knowledge, e.g., the meaning of a certain facial expression. Finally, the person will respond to
the perceived stimuli guiding own behaviour according to one’s knowledge about appropriate
behaviour in such situation. Therefore, social behaviour as response to social stimuli relies
strongly on the ability to perceive and to interpret these stimuli as well as the knowledge of
social norms (Desmarais et al., 2018; Magno, Canu, Agosta, et al., 2022).

The structure of social cognition is very inconsistent among researchers. Many concepts,
such as emotion processing, empathy, perspective taking, understanding of humour or lie, moral
judgment, etc. are classified as social cognition subdomains (Eddy, 2019). Considering the
various structures and the complexity of all processes included in social cognition, it is difficult
to identify a particular brain region responsible for it. The most named brain areas are medial
frontal and prefrontal cortex and temporoparietal junction (Amodio & Frith, 2006; Bzdok et al.,
2012; Magno, Canu, Filippi, et al., 2022; Van Overwalle, 2009). However, it is advisable in the
context of social cognition to speak about neuronal networks instead of brain areas (Krendl &

2

Betzel, 2022). Especially noteworthy is the “salience network™ involved in identifying
behaviour relevant stimuli (Seeley et al., 2007). Research of last decades showed that damage
in the salience network is both needed and sufficient to cause bvFTD typical behavioural
disorders (Rankin, 2021). This network involves, inter alia, anterior insula and anterior
cingulate cortex (Seeley et al., 2007) that are known to coactivate in response to emotionally
significant stimuli (Critchley, 2005; Toller et al., 2018) and overlap with in bvFTD often

damaged brain structures (Seeley et al., 2012).
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Since the aim of this dissertation is to provide clinicians with new diagnostic tools, it is
reasonable to follow the Diagnostic and Statistical Manual (DSM-5, American Psychiatric
Association, 2013) recommending to evaluate two subdomains of social cognition, i.e., emotion
recognition (Ferretti & Papaleo, 2019) and Theory of Mind (Premack & Woodruff, 1978). This
dissertation focuses only on the Theory of Mind, a more complex concept that has been often

reported to be impaired in bvFTD (Henry et al., 2014).
Theory of mind and its role in diagnosis of behavioural variant frontotemporal dementia

Theory of Mind (ToM), or mentalizing, is the ability to infer about mental state of others,
their feelings, beliefs and intentions (Premack & Woodruff, 1978). ToM is a complex concept,
including affective (mentalizing of others’ emotional state) and cognitive (mentalizing of
others’ thoughts and intentions) components (Hynes et al., 2006; Kalbe et al., 2010; Shamay-
Tsoory & Aharon-Peretz, 2007). Considering that social interaction involves often several
individuals, ToM can be additionally discriminated in orders (Perner & Wimmer, 1985; Tesar
et al., 2020). Usually, first- and second-order ToM is studied. First-order ToM is what a tested
person thinks about individual's A mental state. Second-order ToM involves additionally one
more person and asks what a tested person believes that individuum A thinks about individual's
B mental state. Each next order includes one additional person (Tesar et al., 2020). It is
important to note that differently to other cognitive skills, ToM can be impaired in two ways:
underperformed (hypomentalising) and overperformed (hypermentalising). By the latter,
patients generate additional hypotheses about someone’s mental state that cannot be supported
with the cues from the social situation (Frith, 2004). This complex structure of ToM makes its
assessment to a challenge in research and in diagnostic.

Neuroanatomical ToM is associated with typical brain areas involved in social cognition,
such as anterior cingulate cortex, medial prefrontal cortex, frontoinsular and temporoparietal
junction (Strikwerda-Brown et al., 2019). Interestingly, affective and cognitive ToM are partly
dissociable. Affective ToM is more associated with activation in inferior frontal gyrus,
orbitofrontal and ventromedial lobes, while cognitive ToM is more associated with dorsolateral
prefrontal cortex, precuneus and regions in the temporal lobes (Healey & Grossman, 2018;
Hynes et al., 2006; Kalbe et al., 2010; Molenberghs et al., 2016; Schlaftke et al., 2015; Shamay-
Tsoory & Aharon-Peretz, 2007). Thus, the in ToM involved brain areas overlap strongly with
the ones typically damaged in bvFTD.

Indeed, many studies showed that bvFTD patients perform poorly on different ToM tasks,
like perspective taking (Strikwerda-Brown et al., 2022), faux-pas stories (Delbeuck et al., 2022;
Giovagnoli et al., 2019), attribution (Van den Stock et al., 2019) or false-belief understanding
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(Fernandez-Duque et al., 2009), also if comparing with tasks involving similar cognitive
demand without social interpretations (Henry et al., 2014). Interestingly, low scores on ToM in
healthy subjects in age of 50-60 years were predictive for decline in prefrontal function in
follow-up evaluation two years later, including findings suggestive for bvFTD (Pardini et al.,
2013). More important for differential diagnosis is that bvFTD patients perform significant
worse on ToM task than most other diagnostic groups, e.g., ADD (Bora et al., 2015; Buhl et al.,
2013; Luciano Inacio Mariano, Caramelli, et al., 2020), Huntington’s disease (Snowden et al.,
2003), bipolar disorder (Baez et al., 2019; Barbosa et al., 2023), or MDD (Bertoux et al., 2012;
Lichtenstein et al., 2023). Talking about discriminating between bvFTD and ADD patients by
means of their ToM performance, it is important to mention that ADD patients also show ToM
deficits but mostly in highly performance task (e.g., second-order cognitive ToM) or at the late
stages of the disease (Setién-Suero et al., 2022). The performance on ToM tasks highly
differentiated ADD from bvFTD even in cases when memory performance of bvFTD was
comparable to the one in ADD (Bertoux et al., 2016).

Thus, assessment of ToM skills during neuropsychological evaluation can increase
diagnostic accuracy of bvFTD at the early stages of the disease and provide first cue on the risk
of development of the bvFTD later in the future. The next chapter presents the current state of
neuropsychological assessment in bvFTD with focus on ToM evaluation and assessment of

behavioural disorders.

Neuropsychological assessment in diagnosis of behavioural variant frontotemporal

dementia

Neuropsychological assessment plays a crucial role in diagnosis of patients with brain
disorders, e.g., dementia, especially in cases with absent or unreliable biomarkers, like in
sporadic bvFTD. According to the definition of the National Academy of Neuropsychology,
clinical neuropsychology is a field of psychology specialized on brain-behaviour relationships
across the lifespan (Barth et al., 2003). It aims to transform unobservable brain functioning
processes (behavioural responses) in quantitative values (scores) that can be compared to
normative values in the questioned population. Comparing these scores with the normative
values, neuropsychologists can answer the question of whether any or a certain brain function
is impaired (Russell, 2012, pp. 69-110).

The practice of neuropsychological assessments relies strongly on the accuracy of the
assessment instruments. That’s why it is important that such instruments are developed with
high accuracy and fulfil the psychometric requirements. Except the general psychometric

criteria, like reliability and validity (Moosbrugger & Kelava, 2020), neuropsychological tools
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need to fulfil additionally specific criteria, i.e., proven association between test score and
questioned brain function, provided normative values for the population of interest and
applicability in clinical setting (Russell, 2012). Ideally, the instruments need to avoid ceiling-
and floor-effects to be able to assess both deficits and overperformance in questioned functions.
Thus, the process from development of a neuropsychological tool to its use in clinical practice
usually contains several phases (e.g., theory- or data-driven development of the tool, its
validation in different samples as well as calculation of the normative values or discriminating
cut-offs) and requires several studies with different patients’ groups and healthy controls.
Next, the current state of the assessment of the described above diagnostic domains will

be discussed explaining the need for new diagnostic instruments.
Assessment of behavioural symptoms in patients with brain disorders

Information on behavioural symptoms can be collected in two ways, i.e., observation of
patients or anamnesis reports from patients or their close persons (informants). Both methods
have their advantages and disadvantages in the context of bvFTD diagnosis.

Observation of the patients’ behaviour during the clinical evaluation requires clinicians
to have extensive experiences with typical symptoms of the suspected diagnosis to be able to
make reliable observation and rating. These observations need to be transformed into scores to
be compared with normative values. This can be done by the use of standardised scales, like
the Social Observer Behavior Checklist (Rankin et al., 2021) allowing clinicians to evaluate
spontaneous behaviour of the patients during cognitive assessment. Though observational
methods belong to the objective assessment methods, they are limited by time and context
(Rascovsky & Grossman, 2013). So, clinicians can only evaluate behaviour during the clinical
evaluation when not all behaviours can be shown (e.g., eating changes or hoarding).
Furthermore, clinicians cannot evaluate whether the occurred behaviour is novel or typical for
the individual and its progression over time. As mentioned above, novelty, quantitative
difference from the previous behaviour and prominent progression of the symptoms are
important features helping to discriminate bvFTD from other disorders with similar behavioural
symptoms (Johnen & Bertoux, 2019). Since these features cannot be evaluated during an
observation, the anamnesis reports provide an essential source of information.

Anamnesis reports are probably the most used methods in the clinical routine to assess
information on symptoms in almost all diseases including behaviour disorders. This method
belongs to the subjective ones and requires awareness of and sensitivity to changes in patients’
behaviours (Johnen & Bertoux, 2019). Since bvFTD patients often lack insight in their disease

and symptoms (Eslinger et al., 2005; Rankin et al., 2005), informant reports are essential if
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bvFTD diagnosis is suspected. The information can be collected in the form of an interview or
a questionnaire. Interviews can provide more information due to direct interaction between
clinicians and informants, but they also require a trained person and additional time that is often
limited in clinical practice. Unlike, questionnaires can be filled out by informants in absence of
a clinician and enable assessment of patients’ behavioural symptoms in a standardised way
within a short time. Moreover, it is easy to provide normative values for questionnaires due to
their highly standardised form. Informants can provide information about the patients’
behaviour over a longer period of time (usually several years), in different contexts, and
comparing to previous behaviour (to ensure that behaviour is novel and not a personality trait).
However, it is important to keep in mind, that information from informants can be influenced
by subjective estimation (personal values and norms) and individual mental state (often
informants show high stress and fatigue levels (Koyama et al., 2018; Lima-Silva et al., 2015)).

Currently, several informant-report scales on patients’ behaviour exist, e.g., Clinical
Dementia Rating scale (CDR, Hughes et al., 1982), Neuropsychiatric Inventory (NPI,
Cummings et al., 1994), Frontotemporal Dementia Rating Scale (FRS, Mioshi et al., 2010) or
Frontal Behavioural Inventory (FBI, Kertesz et al., 1997). However, most of these scales are
either not focused on bvFTD-typical behaviour (e.g., NPI, CDR) or based on the outdated
diagnostic criteria (e.g., FRS, FBI). This leads to the problem that despite consensus symptoms’
definitions in the current diagnostic criteria and their high sensitivity to bvFTD symptoms, there

are still no instruments that have operationalised these criteria in the form of a diagnostic tool.
Assessment of social cognition and theory of mind in clinical routine

Social cognition has been recognised as an important cognitive domain crucial for daily
functioning and has been added as a diagnostic domain to the DSM-5 (American Psychiatric
Association, 2013) and recently to the International Classification of Diseases (ICD-11, World
Health Organization, 2022), two most common diagnostic manuals. However, it is still only
rarely tested in clinical routine. Two main reasons can be named: 1) lack of guidelines, which
subdomains and how should be tested, and 2) poor number of tools validated in clinical settings
and with available normative values (Samtani et al., 2023). The current situation with social
cognition assessment at the German-speaking memory clinics as well as the requirements of
clinicians on social cognition tools will be illustrated and discussed in the Study II.

Talking specific about the assessment of ToM, it is worth highlighting the complexity of
this concept and the variability of the paradigms (e.g., understanding of sarcasm or lie
(McDonald et al., 2003), faux pas (Stone et al., 1998), or perspective taking (Samson et al.,
2010)) and tasks (e.g., text stories (Happé, 1994), portrait photos (Baron-Cohen et al., 1997),
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films (Dziobek et al., 2006), or questionnaires (Davis, 1980)) with which ToM is currently
assessed. Interestingly, many instruments applied in ToM assessment are also applied in
assessment of other social cognition skills, like empathy or emotion recognition, raising a
question which brain function exactly they assess (Quesque & Rossetti, 2020). Moreover, most
of these instruments were developed for research purposes and do not fulfil the requirements of
practitioners. Most limitations of the existing tools are a high demand on additional cognitive
skills (e.g., working memory), task settings far from real-world situations (low ecological
validity), and lack of normative values and validations with different patients’ groups (Eddy,
2019; Quesque et al., 2022). Finally, only very few instruments consider the complex structure
of ToM (affective vs. cognitive, first- vs. second order, and hypo- vs. hypermentalising) that
could be especially useful for differential diagnoses. Thus, though tens of instruments assessing
ToM abilities exist, there is still the need for new instruments assessing ToM in reality-close

setting and fulfilling requirements of good diagnostic tools.
Summary

Summing up, though the research on bvFTD is extensive, its differential diagnosis
remains challenging especially at the early stages of the disease. The new diagnostic criteria of
Rascovsky et al. (2011) showed high sensitivity to bvFTD, however there are still no
instruments operationalising these criteria in the form of a standardised diagnostic tool.
Moreover, the behavioural symptoms representing five of six diagnostic domains for bvFTD
can be also presented in other brain disorders demanding researchers and clinicians to search
for additional diagnostic domains both sensitive for the early bvFTD symptoms and able to
discriminate bvFTD from other brain disorders already at the early stage. Social cognition, and
particularly Theory of Mind, have been recommended as such domains. Indeed, the
international diagnostic guidelines added social cognition as one of the diagnostic domains to
be evaluated during a neuropsychological assessment. However, there is still a lack of
diagnostic tools fulfilling specific requirements of clinical setting and applicable in German-
speaking patients with brain disorders.

The goal of this dissertation is to close these two gaps providing clinicians with
appropriate tools that can increase diagnosis accuracy at the early stage of bvFTD. The focus
was on (1) development of a tool operationalising the current diagnostic criteria for bvEFTD with
the focus on behavioural symptoms, and (2) development of a tool assessing Theory of Mind
close to real-life conditions and applicable in the clinical setting. The results are presented in

the three following studies and discussed afterwards.
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Abstract

Background and objectives Early-stage behavioural variant frontotemporal dementia (bvFTD) is often misdiagnosed, high-
lighting the need for new diagnostic instruments. Based on the revised diagnostic criteria for bvFTD, we developed the
Behavioural Dysfunction Questionnaire (BDQ). In this explorative study, we aimed to determine the best scoring and ana-
lytical method for the BDQ to discriminate between bvFTD and non-bvFTD patients.

Materials and methods 34 patients with early-stage bvFTD, 56 with early-stage Alzheimer's disease dementia (ADD) and
41 with major depressive disorder (MDD) were recruited. We calculated BDQ-items with or without inclusion of a time
criterion: (a) without time criterion, (b) with 10 years’ time criterion (symptom presence less than 10 years), and (c) with
3 years’ time criterion (symptom presentation within the first 3 years). Using these three differently calculated items, we
generated six variables, i.e. 3*2 [BDQ-Global Score (BDQ-GS; domains average score); BDQ-Global Domain Score (BDQ-
GDS; domains categorical score)]. Then, we performed univariate and bivariate (BDQ-GS and BDQ-GDS combined) ROC
analyses.

Results Models including BDQ-GS, BDQ-GDS or both variables combined discriminated similarly between groups. In
contrast, models without time criterion or with 10 years’ time criterion discriminated better than models including vari-
ables with 3 years’ time criterion. These models discriminated highly (AUC=85.98-87.78) between bvFTD and MDD and
bvFTD and ADD, respectively.

Conclusion BDQ-scores without any time criterion discriminated highly between early-stage bvFTD and non-bvFTD groups,
which could improve the early diagnosis of bvFTD. With its standardised procedure, the BDQ is also appropriate for repeated
assessments.

Keywords Behavioural variant frontotemporal dementia - Alzheimer’s disease - Depressive disorder - Behavioural
disorder - Questionnaire

Introduction

After Alzheimer’s disease dementia (ADD), frontotemporal
dementia (FTD) is the second most common younger-onset
dementia, with the behavioural variant (bvFTD) as its most
frequent clinical syndrome [27, 31, 35]. BVFTD is a neu-
rodegenerative disorder associated with early progressive
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changes in personality, behaviour, and social interactions
[27, 35], often with only mild and nonspecific cognitive
deficits in the early stages of the disease [24]. Currently,
no biomarkers exist that enable a reliable early diagnosis
in sporadic (i.e. non-genetic) bvFTD cases [13, 35]. Thus,
diagnoses rely strongly on clinical assessment, in which
one of the main diagnostic challenges is the clinical over-
lap of bvFTD with primary psychiatric disorders (PPD) [9,
25, 32, 36] and neurodegenerative disorders such as behav-
ioural variant Alzheimer’s disease (AD) [21, 23]. Indeed,
up to 50% of bvFTD patients are first diagnosed with PPD
and vice versa [15, 29], of which major depressive disorder
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(MDD) is probably the most common misdiagnosis [21, 29,
36]. Similarly, 7-17% of patients diagnosed with bvFTD are
found to have AD pathology post-mortem [2, 12].

In 2011, the revised diagnostic criteria for bvFTD were
published [26]. These criteria are based on six clinical
domains including five behavioural domains (i.e. early
behavioural disinhibition; early apathy/inertia; early loss
of sympathy/empathy; early perseverative, stereotyped or
compulsive/ritualistic behaviour; and hyperorality/dietary
changes) and one cognitive domain (primary executive dys-
function). The risk of examiner-biased assessment of these
domains seems quite low among bvFTD experts according
to LaMarre, et al. [16], who found moderate to high inter-
rater agreement (x =0.41-0.80) between the six domains.
However, the majority of clinicians, who are evaluating
these domains, are not bvFTD experts, which increases
the likelihood of examiner-biased assessment. Moreover,
endorsement or non-endorsement of a behavioural domain
is a crude approach, which does not capture the severity
of the behavioural disorders. Consequently, the develop-
ment of an informant questionnaire, which assesses these
five behavioural domains in a standardised and quantitative
way, is warranted.

To the best of our knowledge, two instruments are cur-
rently available to assess bvFTD-specific behavioural dis-
orders, namely the Frontal Behavioral Inventory (FBI) [14]
and DAPHNE (named for Disinhibition, Apathy, Persevera-
tions, Hyperorality, Personal neglect and Loss of Empathy)
[6]. The FBI, which exists both as an informant interview
and as an informant questionnaire, was designed to optimise
diagnostic accuracy for the Lund—Manchester criteria for
frontotemporal dementia [11], but also includes items based
on the authors” experience [14]. Accordingly, the FBI com-
prises items such as inattention or incontinence [ 14] that are
not part of the current diagnostic criteria for bvFTD [26].

Unlike the FBI, DAPHNE [6] is based on the five behav-
ioural domains of the diagnostic criteria for bvFTD [26].
It is an informant interview that is composed of 10 items
with five possible answer categories, designed as semi-
structured propositions similarly to the Clinical Dementia
Rating scale [20]. DAPHNE does not reflect completely the
structure of the behavioural domains of the bvFTD diagnos-
tic criteria. First, “personal neglect” is an addition to the five
behavioural domains. Second, the behavioural domains of
DAPHNE are weighted differently, i.e. behavioural disinhi-
bition represents 40%, hyperorality represents 20% and each
of the other four domains represent 10% of the ten items.
Third, DAPHNE does not consider the time criterion “early”
as required by the diagnostic criteria for scoring four of the
five behavioural domains [26].

In light of this evidence, we aimed to develop an instru-
ment that would operationalise the diagnostic criteria for
bvFTD more precisely. To meet this goal, we operationalised
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the five bvFTD-behavioural domains according to the
examples of behavioural disorders of the consensus paper
for bvFTD [26]. We opted for an informant questionnaire
rather than an interview instrument to facilitate its use in
clinical practice, and named it “Behavioural Dysfunction
Questionnaire” (BDQ). Information on the development of
the BDQ is provided in the Methods section and Supple-
mentary Material A.

In this study, we administered the BDQ to informants of
patients with probable bvFTD [26], probable ADD [18] and
major depressive disorder (MDD) [34].

Our aims were (1) to determine the best scoring method
for BDQ to discriminate between bvFTD and the other two
patient groups, and (2) to compare its discriminatory power
with that of the FBI [14], probably the most common inven-
tory for assessing bvFTD-specific behavioural symptoms at
present.

Methods
Participants

In total, 131 patients were recruited from several Swiss and
German medical centres with expertise in early diagnosis of
bvFTD, ADD and/or MDD. Thirty-four patients with prob-
able bvFTD [26], 56 patients with either probable ADD with
evidence of the AD pathophysiological process (n=49) or
probable ADD (n=7) [18] and 41 patients with MDD (i.e.
at least moderate depressive episode according to ICD-10
[34]) were recruited. As the BDQ should primarily help dis-
criminating early-stage bvFTD patients from other patient
groups, we included only bvFTD and ADD patients with a
major neurocognitive disorder at mild stage according to
DSM-5 [3]. An additional inclusion criterion for all patients
was availability of a reliable informant (> 18 years) who has
regular contact with the patient. Specific exclusion criteria
for bvFTD and ADD patients were a major neurocognitive
disorder at or above moderate stage according to DSM-5,
history of severe depressive episode or current depressive
episode according to ICD-10 and history of or current major
psychiatric disorders according to ICD-10. Specific exclu-
sion criteria for MDD patients were a neurocognitive disor-
der according to DSM-5 and any other major psychiatric dis-
orders according to ICD-10. Exclusion criteria for all patient
groups were history of or current drug or/and alcohol abuse
as well as drug- or/and alcohol-related disorders according
to ICD-10 and traumatic brain injuries, systemic disorders
or brain diseases that could result in behavioural changes.
To increase diagnostic certainty, we confirmed the majority
of patients’ diagnoses [86% (88% bvFTD, 88% ADD (88%
probable ADD with evidence of the AD pathophysiological
process, 86% probable ADD), 83% MDD)] by at least one
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follow-up assessment either in the institution or by a standard-
ised phone interview (mean time period of 24 + 11 months).

As some BDQ-items such as cursing are to some degree
not necessarily pathological, we also collected BDQ-data
of 414 cognitively and mentally healthy Central Euro-
pean individuals [52% women; age 69.21 +12.53 years;
14.61 +3.16 years of education] to determine the range of
behaviour as measured by the BDQ in the general popula-
tion. Inclusion and exclusion criteria for the healthy partici-
pants are outlined in Supplementary Material B.

Instruments
Behavioural Dysfunction Questionnaire (BDQ)

The BDQ is an informant questionnaire based on the five
behavioural domains of the bvFTD diagnostic criteria [26].
Items of each behavioural domain are scored for their fre-
quency or severity on a Likert-scale from 0 (none) to 5 (very
often/very severe). For each endorsed item, the informant
was also required to state its time of onset. To know whether
endorsed items fulfil the time criterion “early” as required by
Rascovsky, et al. [26], informants were asked to state both,
the time of onset of the endorsed item and the time when the
first symptoms appeared. The development and design of the
BDQ are presented in Supplementary Material A.

Frontal Behavioral Inventory (FBI)

To test the convergent validity of the BDQ, we administered
the German version of the FBI as an informant questionnaire
[14]. It contains 24 items scored on a Likert-scale from 0
(none) to 3 (severe/most of the time). The total score is the
sum of all items.

Statistical approach

Evaluating the need for adjustment of patients’scores
in relation to healthy subjects’ scores

First, we compared healthy subjects’ item scores (Supple-
mentary Material C) with bvFTD patients’ item scores using
Kendall-Tau [1] and adjusted patients’ items scores, based
on these coefficients. Comparisons between the adjusted
and not adjusted patients’ items scores using ROC analyses
revealed no significant differences between these scores. As
such, all subsequent analyses use unadjusted scores.

Exclusion of BDQ-items affirmed by less than 5% of bvFTD
patients’ informants

To omit behavioural items not related to early-stage bvFTD,
we excluded items endorsed by fewer than 5% of bvFTD

patients’ informants. In doing so, we removed 6 of the 56
items (see removed items in Supplementary Material A).

Scoring of item scores
Next, we devised three different item scoring methods (a—c):

(a) Original item scores (i.e. scores unchanged);

(b) TItem scores adjusted according to the 10 years’ time
criterion. By assuming that a patient’s behaviour that
exists over 10 years is rather a personality trait than due
to a neurodegenerative disease or another brain disease,
we set any endorsed items with a duration longer than
10 years to zero;

(c¢) Item scores of four bvFTD domains (i.e. disinhibition,
apathy/inertia, loss of empathy, stereotypic behaviour)
were adjusted for time criterion “early” as defined by
the diagnostic criteria for bvFTD [26]. “Early” refers
to symptom presentation within the first 3 years [26].
Endorsed items that did not fulfil this criterion were set
to zero.

Generating two global BDQ-scores

BDQ-Global Score (BDQ-GS) was calculated as an average
score of the mean domains” scores. By taking this approach,
we ensured that each domain score contributed equally to
the total score.

BDQ-Global Domain Score (BDQ-GDS) represents the
number of endorsed behavioural domains (0-5). According
to the diagnostic criteria, a behavioural domain is endorsed
if at least one behavioural feature (i.e. item) of this domain
is “persistent or recurrent, rather than single or rare ...” [26].
Accordingly, we considered a domain as endorsed if an item
was scored as “sometimes/moderate” or greater. As several
items were also endorsed in healthy participants, we added
“and above healthy subjects’ 99th percentile of this item” as
an additional criterion.

By applying the above-mentioned three different scor-
ing methods on these two global scores, we generated six
variables:

la. BDQ-GS without time criterion

1b. BDQ-GS with 10 years’ time criterion
1c. BDQ-GS with 3 years’ time criterion
2a. BDQ-GDS without time criterion

2b. BDQ-GDS with 10 years’ time criterion
2c. BDQ-GDS with 3 years’ time criterion

Data analysis

First, we derived a non-bvFTD group by combining ADD
and MDD patients, in order to compare the discriminatory
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power of the six variables between bvFTD and non-bvFTD
patients. To test if the merging of these two patient groups is
statistically meaningful, we compared the “BDQ-GS without
time criterion” score between the ADD and MDD groups. A
Kruskal-Wallis test, followed by pairwise Wilcoxon tests,
revealed no statistically significant group differences (data
not shown), allowing us to combine these participants into
a non-bvFTD group.

Next, we run six univariate logistic regressions, followed
by ROC analyses. As the BDQ-GS and the BDQ-GDS rep-
resent the data differently (i.e. BDQ-GS represents all items
independent of domain structure, BDQ-GDS represents
number of endorsed domains), we run as well three bivariate
(i.e. variables 1a and 2a, variables 1b and 2b, and variables
1c and 2c) logistic regressions in an effort to best separate
the groups. Using the Delong’s method [8], we compared the
discriminatory power of these nine regression models. We
aimed to select the regression model with the highest dis-
criminatory power between bvFTD and non-bvFTD patients.
Finally, by taking the best regression model, we aimed (1)
to examine its discriminatory power between bvFTD and
ADD and between bvFTD and MDD, respectively, and (2)
to compare its discriminatory power with the FBI score.

Results

Analyses of covariance followed by Tukey—Kramer post
hoc analyses for age and education and Chi-square test for
sex showed no differences among patient groups (Table 1).
BvVFTD and ADD patients were cognitively more impaired
than MDD patients as measured by the Montreal Cognitive
Assessment [22]. In addition, bvFTD patients showed higher
FBI scores than ADD and MDD patients (Table 1). Based on
the Frontotemporal Dementia Rating Scale [19], an inform-
ant questionnaire, bvFTD patients experienced on average

moderate to severe functional dependence and behavioural
disturbances (Table 1).

The internal consistencies of the five BDQ-domains
ranged from poor (a=0.54; “hyperorality and dietary
changes”), over acceptable (o =0.67; “early apathy/inertia™)
to good (a=0.76-0.86; “early behavioural disinhibition”,
“early loss of sympathy/empathy” and “early perseverative/
stereotyped behaviour”). The BDQ showed an excellent
overall internal consistency (a@=0.92). Please see Supple-
mentary Material D for more detail.

Determining the best BDQ scoring method

The nine regression models showed acceptable to excel-
lent [17] discriminatory power between bvFTD and non-
bvFTD patients (AUC ranging between 78.08 and 87.78%)
(Table 2). Neither models including BDQ-GS variables nor
models including BDQ-GDS variables turned out stronger.
Likewise, bivariate regression models did not discriminate
better than univariate regression models. To determine
whether our findings were driven by single domains, we run
post hoc univariate regression analyses with each behav-
ioural domain’s mean score and found similar discrimina-
tory accuracies (Supplementary Material E). Despite the
fact that both global scores discriminated similarly, we
favoured the BDQ-GS over the BDQ-GDS, as the BDQ-GS
is more informative, i.e. it considers the degree of each item,
whereas the BDQ-GDS is limited to the number of endorsed
behavioural domains.

Regarding the time criterion, models that included the
variables without time criterion or with 10 years’ time
criterion tended to discriminate better than the mod-
els that included variables with the 3 years’ time crite-
rion (p=0.02-0.08). Post hoc analyses in patients with
follow-up BDQ assessments (n=44; mean time period
of 16.5 +6.43 months) revealed that informants’ data on

Table 1 Demographic and

bvFTD (n=34)

clinical characteristics of study

parti'cipants. (N=131) classified Age (years) 64.76+9.78

by diagnostic group Sex (m/f) 20/14
Education (years) 13.88+2.80
MoCA (0-30) 18.6+5.49
FBI (0-72) 26.69+12.78
FRS (0-100%) 39.41+23.79

ADD (n=56) MDD (n=41) Test(df)  Posthoc

67.68+10.97 63.32+1040 2.17, 15"

22/34 17/24 3.57,°

13.14£3.53 13314334 053, 1)

17.8245.10 25214399  37.84,° MDD>bvFTD, ADD*
13.6+£8.77  12+8.52 2753, bvFTD>ADD, MDD*
n/a n/a

bvFTD behavioural variant frontotemporal dementia, MDD major depressive disorder, ADD Alzheimer’s
disease dementia, MoCA Montreal Cognitive Assessment, FBI Frontal Behavioral Inventory, FRS Fronto-
temporal Dementia Rating Scale (0-2=profound; 3—12=very severe; 13—-40=severe; 41-79 =moderate;
80-96 =mild; 97-100 = very mild), n/a not applicable

*p<0.001

*Analysis of variance
®Chi-square test
“Kruskal-Wallis test
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Table 2 Area under the curves of six univariate and three bivariate logistic regression models in bvFTD and non-bvFTD patients

Without time criterion

Ten years’ time criterion

Three years’ time criterion ~ Delong’s method

BDQ-GS models
BDQ-GDS models

BDQ-GS & BDQ-
GDS models

85.98 (C178.73-93.22)
86.43 (C179.05-93.81)
87.36 (CI1 80.18-94.53)

86.11 (CI 78.43-93.79)
86.81 (CI 79.26-94.36)
87.78 (CI 80.49-95.07)

79.52 (C1 69.98-89.05)
78.08 (CI 68.10-88.05)
79.64 (C170.11-89.17)

Model 1a, model 1b>model 1c*
Model 2a, model 2b > model 2¢**
Model 3a, model 3b>model 3¢c**

la. BDQ-GS without time criterion, 1b. BDQ-GS with 10 years’ time criterion, 1c. BDQ-GS with 3 years’ time criterion, 2a. BDQ-GDS without
time criterion, 2b. BDQ-GDS with 10 years’ time criterion, 2c. BDQ-GDS with 3 years’ time criterion, 3a. BDQ-GS without time criterion and
BDQ-GDS without time criterion, 3b. BDQ-GS with 10 years’ time criterion and BDQ-GDS with 10 years’ time criterion, 3c. BDQ-GS with

3 years’ time criterion and BDQ-GDS with 3 years’ time criterion
BDQ-GS BDQ-Global Score, BDQ-GDS BDQ-Global Domain Score
*p<0.1, #p<0.05

symptoms’ onset, on which we based the time criteria, had
low reliability. They deviated on average by 14.47 months
(0.03-145.33 months) between two time points. Given these
findings, plus the fact that the collection of time data turned
out to be elaborate, we decided to omit the time criterion in
all subsequent analyses.

In the end, we decided to select the variable “BDQ-GS
without time criterion” for further analyses.

Discriminatory power of BDQ between bvFTD
and ADD and between bvFTD and MDD, respectively

Similar discriminatory power between bvFTD and
ADD (AUC=87.84%) and between bvFTD and MDD
(AUC=83.43%) was observed based on the “BDQ-GS with-
out time criterion” variable. Applying the Youden-Index, no
single cut-off scores with sufficient sensitivity and specific-
ity were identified. Therefore, we decided to identify two

cut-off scores, that is, in each analysis, the cut-off scores
with at least 90% sensitivity or 90% specificity [10, 30].

When examining the discriminatory power between
bvFTD and ADD, we found a score of > 1.4 to be strongly
indicative for bvFTD (sensitivity 65%, specificity 91%) and
score of < 0.6 to be strongly indicative for ADD (sensitiv-
ity 91%, specificity 59%). Scores between 0.6 and 1.4 were
considered equivocal (Fig. 1).

When examining the discriminatory power between
bvFTD and MDD, we found a score of > 1.6 to be strongly
indicative for bvFTD (sensitivity 56%, specificity 90%) and
score of < 0.6 to be strongly indicative for MDD (sensitiv-
ity 91%, specificity 56%). Scores between 0.6 and 1.6 were
considered equivocal (Fig. 2).

Lastly, we compared the discriminatory power of the
“BDQ-GS without time criterion” variable with the one of
the FBI variable. We found similar discriminatory powers
of the two variables between bvFTD and ADD patients, and
between bvFTD and MDD patients, respectively.

Fig. 1 Cut-offs between bvFTD
and ADD patients. Percent-
ages of patients with bvFTD
who were correctly classified
[sensitivity, orange line with
triangles] and percentages

of correctly classified ADD
patients [specificity, blue line
with circles] in relation to the
BDQ-scores. Two cut-offs with
either sensitivity or specificity
above 90% are highlighted by >
dashed lines. The solid black s
line represents the optimal K
cut-off using the Youden-Index o®
(sensitivity =79%; specific-
ity =88%). bvFTD behavioural .
variant frontotemporal demen-

Percentages
.
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Sensitivity for bvFTD patients —#— Specificity for ADD patients ‘
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Fig.2 Cut-offs between bvFTD
and MDD patients. Percent-
ages of patients with bvFTD
who were correctly classified
[sensitivity, orange line with
triangles] and percentages

of correctly classified MDD
patients [specificity, blue line
with circles] in relation to the
BDQ-scores. Two cut-offs with
either sensitivity or specificity
above 90% are highlighted by -’
dashed lines. The solid black -
line represents the optimal
cut-off using the Youden-Index -~
(sensitivity =76%; specific-

ity =78%). bvFTD behavioural
variant frontotemporal demen-
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tia, MDD major depressive 0.0 0.5
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Discussion

We developed an informant questionnaire based on the
five behavioural domains of the revised diagnostic criteria
for bvFTD [26]. This questionnaire, named BDQ, demon-
strated excellent [17] discriminatory power between early-
stage bvFTD and early-stage ADD patients (AUC =88%)
and between early-stage bvFTD and MDD patients
(AUC =83%), respectively.

Comparison of two different global scoring methods

We examined whether scoring by a global score (i.e. aver-
age score across all domains), by a global domain score (i.e.
number of endorsed domains) or by both scores combined
would yield different discriminatory powers. These differ-
ent approaches showed similar results. Given that the global
score incorporates all item scores and the global domain
score incorporates the number of endorsed domains based
on at least one item, these results suggest that items within
a domain represent similar behaviours. Indeed, the internal
consistencies of the five behavioural domains were accept-
able to good apart from the domain “hyperorality and die-
tary changes” (¢ =0.54). In addition, given that an overall
behavioural measure, independent of domain structure, as
measured by the global score separates groups similarly to
a behavioural pattern measure, as measured by the global
domain score, suggests that each domain discriminated simi-
larly well. Indeed, we found similar discriminatory power of
the domain scores between bvFTD and non-bvFTD patients.
Taken together, we favoured the global score over the global
domain score for further use as it represents a more fine-
grained assessment of the different behavioural domains.

@ Springer

By contrast, the global domain score is useful for describing
the behavioural disorder pattern; information that the global
score lacks.

Investigating whether to include a time criterion
in the BDQ scoring

As required by the bvFTD diagnostic criteria [26], we
included the time criterion “early” in the BDQ scoring. The
time criterion “early” limits scoring to symptoms that appear
within the first 3 years in four (i.e. disinhibition, apathy/
inertia, loss of empathy and stereotypical behaviour) of the
five behavioural domains. As suggested by the diagnostic
criteria, we expected that inclusion of this time criterion
would increase the discriminatory power between bvFTD
and non-bvFTD patients. Inclusion of this strict time crite-
rion, however, resulted in a weaker discriminatory power.
Inclusion of a more lenient time criterion, namely limita-
tion of scoring to symptoms that are present for less than 10
years (for removal of any potential personality-associated
behavioural abnormalities), did not increase the discrimi-
natory power. In light of these results, we wondered about
the reliability of informants' time data on symptoms’ onset
and compared informants' time data at two different time
points. This analysis revealed large data variability, rang-
ing from 0.03 to 145.33 months. Our findings are consistent
with a previous study which showed variance in patients’
recollections of their past symptoms from one inquiry to the
next [4]. These findings show the difficulty in perceiving and
recalling the time of one’s [4] or another person’s symptom
onset, likely even more so if the symptoms develop gradually
and affect behaviour. Next to this, the collection of time data
turned out to be time-consuming as informants often forgot
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to state it. Accordingly, we decided to leave out time criteria
in future BDQ scoring.

Comparison of the discriminatory power of the BDQ
with existing instruments

The BDQ showed similar discriminatory power to the FBI
[14]. At first look, this result seems surprising, since FBI-
items represents primarily the Lund—Manchester criteria
[11], which should be less sensitive for bvEFTD than the
current diagnostic criteria for bvFTD [26] upon which the
BDQ is based. However, information on the specificity of
the revised diagnostic criteria for bvFTD is lacking [26],
which limits prediction on their diagnostic accuracy. Moreo-
ver, the FBI includes items like “loss of insight” or “per-
sonal neglect” that are typical for bvFTD [5, 28], but that
are not (i.e. loss of insight), or not prominently (i.e. personal
neglect), present in the diagnostic criteria for bvFTD. Nev-
ertheless, the BDQ provides, in contrast to the FBI, not only
a global score, but also scores of each behavioural domain,
allowing quantitative representation of a patient's pattern of
behavioural disturbances. In short, though BDQ and FBI
discriminated patient groups similarly well, we consider the
BDQ more useful for further use as it has an arranged struc-
ture of the behavioural domains and employs the current
bvFTD diagnostic criteria [26]. Furthermore, the relatively
large number of items lends itself to subsequent data-based
weighting of items depending on the comparison group to
bvFTD, which would improve the discriminatory power of
the BDQ.

The second existing instrument that captures bvFTD-spe-
cific behavioural disorders is DAPHNE [6]. In one study,
DAPHNE scores discriminated between bvFTD and ADD
patients with AUC values between 95 and 99% [6]. These
scores are higher than our AUC value (i.e. 88%). How-
ever, comparison in discriminatory power between these
two instruments should be made with caution as they were
used in different samples. Having said this, in the DAPHNE
sample, the FBI discriminated between bvFTD and ADD
patients similarly well to the DAPHNE [6]. This finding, in
turn, corresponds to our finding, i.e. BDQ and FBI separated
the two groups in our sample similarly. Accordingly, one
may imagine that BDQ and DAPHNE discriminate simi-
larly between bvFTD and ADD patients. The structure of
the two instruments, however, differs in that DAPHNE is a
semi-structured interview instrument that allows some inter-
action between informants and examiners, whereas BDQ
is a self-administered informant questionnaire that can be
completed in the absence of an examiner. Next, although
the ten items of DAPHNE are based on the bvFTD diagnos-
tic criteria [26], their compilation and structure is based on
French experts’ opinions in bvFTD [6]. Accordingly, unlike
the BDQ, DAPHNE does not fully represent the structure

of the behavioural domains of the diagnostic criteria for
bvFTD. It would be worthwhile to use both instruments in
future studies in the same sample to investigate whether they
discriminate differently between bvFTD and other patient
groups.

Limitations

Despite the acceptable to excellent discriminatory power
of the BDQ between bvFTD and the other two patient
groups, a large gap of equivocal results between the two
0.9 sensitivity/specificity thresholds (0.6—1.4 for bvFTD
vs. ADD and 0.6-1.6 for bvFTD vs. MDD, respectively)
was present. However, it should be noted that the BDQ has
only a supportive role in the diagnosis of bvFTD. It records
the report of a significant other about a patient’s bvFTD-
specific behavioural features in daily life in a standardised
way. For the final assessment of these behavioural features,
the clinical impression of the examiner on the patient needs
to be added. Of course, the assessment of bvFTD-specific
behavioural features does not suffice to diagnose bvFTD. A
comprehensive clinical assessment plus a brain MRI needs
to take place, ideally complemented by further imaging
techniques (e.g. FDG-PET, amyloid-PET or tau-PET) and/
or laboratory tests (e.g. CSF biomarkers for AD or neurofila-
ment light chain) to increase diagnostic certainty [7, 33].

Our study is limited by the absence of post-mortem path-
ological confirmations of our patients’ diagnoses. Accord-
ingly, we cannot exclude the possibility of patients’ misdi-
agnoses. To increase diagnostic certainty, we confirmed the
majority of patients’ diagnoses by follow-up assessments
(mean time period of 24 + 11 months).

Conclusion

In summary, we demonstrated that the BDQ, the first instru-
ment that operationalises the five behavioural domains of
the diagnostic criteria for bvFTD [26], discriminates well
between bvFTD and two non-bvFTD patient groups. Impor-
tantly, it allows a quantitative assessment of these domains
that is independent of the examiner’s expertise in bvFTD.
This point is significant as knowledge and expertise in
bvFTD is generally low outside of research institutions what
likely contributes to bvFTD over- and underdiagnoses [21,
29, 36]. With its standardised approach, the BDQ would
also be appropriate for assessing the severity of single and
all bvFTD-specific behavioural features together. Similarly,
it would be also appropriate for follow-up assessments. Last,
but not least, the self-administrative format of the BDQ ena-
bles time saving behavioural disorder assessment, which is
of increasing importance in clinical routine.

@ Springer
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Zusammenfassung: Die Untersuchung sozial-kognitiver Fahigkeiten kann zur Diagnostik kognitiver Storungen beitragen. In diesem Zusam-
menhang stellt sich die Frage, inwieweit sozial-kognitive Fahigkeiten in deutschsprachigen Memory-Kliniken (MK) untersucht werden. Wir
flhrten dazu eine Befragung in 87 deutschsprachigen MK in Deutschland, Osterreich und der Schweiz durch. Es zeigte sich, dass die Untersu-
chung sozial-kognitiver Fahigkeiten mehrheitlich beflrwortet wird, jedoch nur selten erfolgt. Die Mehrheit der MK konnte sich jedoch vorstel-
len, in Zukunft sozial-kognitive Diagnostik durchzufihren, vorausgesetzt, dass hierflir adaquate psychometrische Testverfahren vorliegen. Die
Forderung der MK nach psychometrischen sozial-kognitiven Tests gewinnt an Bedeutung angesichts der Tatsache, dass die kurzlich publizier-
ten ICD-11-Kriterien (International Statistical Classification of Diseases and Related Health Problems) die Untersuchung sozial-kognitiver Fa-
higkeiten bei der Abklarung einer kognitiven Storung empfehlen.

Schlisselworter: Emotionserkennung, Theory of Mind, soziale Kognition, neuropsychologische Untersuchung, neurokognitive Storung

A Gap that Needs to be Closed: The Assessment of Social-Cognitive Abilities in German-Speaking Memory Clinics

Abstract: The assessment of social-cognitive abilities can contribute to diagnosing cognitive disorders. This leads to the question of to what
extent social-cognitive abilities are examined by German-speaking memory clinics (MCs). For this purpose, we surveyed 87 German-speaking
MCs in Germany, Austria, and Switzerland and found that most MCs support the examination of social-cognitive abilities but do it only rarely.
Most MCs could imagine conducting social-cognitive diagnostics in the future, if adequate psychometric test procedures are available. This
demand by the MCs gains in importance in view of the fact that the recently published ICD-11 criteria recommend the examination of social-

cognitive abilities in the assessment of a cognitive disorder.

Keywords: emotion recognition, Theory of Mind, social cognition, neuropsychological assessment, neurocognitive disorder

Soziale Kognition ist ein multidimensionales kognitives
Konstrukt, welches uns befihigt, sozio-emotionale Stimu-
li wahrzunehmen und zu interpretieren, um unser Verhal-
ten der jeweiligen sozialen Situation anpassen zu kdnnen
(Arioli, Crespi & Canessa, 2018; Henry, von Hippel, Mo-
lenberghs, Lee & Sachdev, 2016; Pinkham et al., 2014;
Sollberger, Rankin & Miller, 2010). Sozial-kognitive Fi-
higkeiten erméglichen uns, addquat mit anderen Personen
zu interagieren (Kennedy & Adolphs, 2012), was von
grundlegender Bedeutung ist und entscheidend zu unse-
rer Lebensqualitit beitrdgt (Javed & Charles, 2018; Yoga-
rajah & Mula, 2019).
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Sozial-kognitive Fahigkeiten sind bei den meisten kog-
nitiven Storungsbildern beeintrichtigt (Cotter et al.,
2018), sei es bei Schadel-Hirn-Traumata (Babbage et al.,
2011), Entwicklungsstérungen (Fonagy & Goodyer, 2008),
Temporallappenepilepsien (Bora & Meletti, 2016), neuro-
degenerativen (Christidi, Migliaccio, Santamaria-Garcia,
Santangelo & Trojsi, 2018; Elamin, Pender, Hardiman &
Abrahams, 2012; Maresca et al., 2020), vaskuldren
(Adams, Schweitzer, Molenberghs & Henry, 2019) oder
autoimmun-entziindlichen (Cotter et al., 2016) Hirn-
krankheiten oder bei psychiatrischen Krankheiten (Bora &
Berk, 2016; Kohler, Walker, Martin, Healey & Moberg,
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2010; Savla, Vella, Armstrong, Penn & Twamley, 2013).
Entsprechend erscheint es sinnvoll, sozial-kognitive Fa-
higkeiten im Rahmen einer neuropsychologischen Tes-
tung zu untersuchen.

Abgesehen von der Héufigkeit des Auftretens sozial-ko-
gnitiver Storungen bei Hirnkrankheiten und Schidel-Hirn-
Traumata, gilt es die Bedeutung der sozial-kognitiven Tes-
tung in der Atiologiefindung kognitiver Stérungen zu
erwihnen. Die aktuell in der klinischen Routine verwende-
ten kognitiven Tests sind diesbeziiglich nur begrenzt hilf-
reich. Dies liegt daran, dass diese Tests nicht alle Hirnregi-
onen, respektive neuronalen Netzwerke, welche kognitive
Prozesse reprisentieren, erfassen. Insbesondere werden
neuronale Netzwerke wie das ,Salience Network® (Seeley
et al., 2007) oder das ,,Semantic Appraisal Network“ (Yeo
et al., 2011), welche zentrale Aspekte sozial-kognitiver Fa-
higkeiten repriasentieren (Christidi et al., 2018; Toller et al.,
2018), mit in der klinischen Routine {iblicherweise verwen-
deten Tests nicht erfasst. Diese Netzwerke wiederum sind
jedoch bei bestimmten neurodegenerativen Krankheiten
wie der Verhaltensvariante der frontotemporalen Demenz
oder bei bestimmten psychiatrischen Krankheiten wie der
Schizophrenie betroffen (Menon, 2011; Seeley, Crawford,
Zhou, Miller & Greicius, 2009).

Im deutschsprachigen Raum fiihren Memory-Kliniken
(MK) als interdisziplindre Kompetenzzentren die Diag-
nostik von Personen mit Verdacht auf eine kognitive Sto-
rung durch (Diehl-Schmid, Lautenschlager & Kurz, 2011).
In diesem Rahmen leistet die neuropsychologische Unter-
suchung, insbesondere bei klinisch komplexen Fillen, ei-
nen wesentlichen Beitrag zur Diagnosestellung (Deuschl
& Maier, 2016). Die neuropsychologische Untersuchung
beinhaltet die Testung mehrerer kognitiver Bereiche. Was
fiir Bereiche und wie viele Bereiche dabei untersucht wer-
den sollen, variiert je nach Klassifikationssystem. Das im
deutschsprachigen Raum wahrscheinlich am hiufigsten
verwendete Klassifikationssystem ist die zehnte Revision
der Internationalen Klassifikation der Krankheiten (ICD-
10; World Health Organization, 2015). Geméf§ ICD-10
sind ,Gedachtnis, Denken, Orientierung, Auffassung,
Rechnen, Lernfdhigkeit, Sprache und Urteilsvermogen
(World Health Organization, 2015), nicht jedoch soziale
Kognition, zu testen. Demgegentiber empfehlen die kiirz-
lich publizierten ICD-11-Kriterien (World Health Organi-
zation, 2022) die Testung der sozialen Kognition im Rah-
men einer neuropsychologischen Untersuchung. Die
fiinfte Auflage des Diagnostischen und Statistischen Ma-
nuals Psychischer Stérungen (DSM-5; American Psychiat-
ric Association, 2013), ein im deutschsprachigen Raum
seltener verwendetes Klassifikationssystem, setzt eben-
falls die Testung der sozialen Kognition voraus.

Es stellt sich nun die Frage, wie die Empfehlungen der
ICD-11- und DSM-5-Kriterien im klinischen Alltag umge-
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setzt werden konnen. Dazu ist zunédchst zu klaren, wie
soziale Kognition getestet werden soll. Angesichts des
multidimensionalen Konstrukts und den unterschiedli-
chen Definitionen der sozialen Kognition (American Psy-
chiatric Association, 2013; Arioli et al., 2018; Henry et al.,
2016; Pinkham et al., 2014; Sachdev et al., 2014; Sollber-
ger et al., 2010) ist dies jedoch schwierig. Beispielsweise
definiert DSM-5 soziale Kognition als eine kognitive Do-
mine, welche sich aus den Bereichen Emotionserken-
nung (EE) und Theory of Mind (ToM) zusammensetzt
(American Psychiatric Association, 2013). Wihrend EE
die Fahigkeit beschreibt, die Emotionen anderer wahrzu-
nehmen und zu benennen, beinhaltet ToM die Fahigkeit,
Gedanken, Absichten und Emotionen anderer zu verste-
hen und diese vom eigenen mentalen und/oder affekti-
ven Zustand abzugrenzen (Henry et al., 2016). Andere
Autor innen erwidhnen zusitzliche Bereiche wie bei-
spielsweise Selbstwahrnehmung (Sachdev et al., 2014),
soziales Verhalten (Henry et al., 2016) oder soziale Wahr-
nehmung, Attributionsstil und gezielter Umgang mit
wahrgenommenen Emotionen (Pinkham et al., 2014).
Den verschiedenen Definitionen ist jedoch die Erwah-
nung der Bereiche EE und ToM gemeinsam. Dazu pas-
send finden sich primér Testresultate zu EE und ToM in
Studien zu sozialer Kognition bei Patient_innen mit Hirn-
krankheiten und/oder Hirntraumata (Cotter et al., 2018;
Henry, Cowan, Lee & Sachdev, 2015). Unter Beriicksich-
tigung dieser Punkte favorisieren wir die Testung der Be-
reiche EE und ToM zur Abklarung der sozialen Kognition
in der klinischen Routine.

Was die Testung der sozialen Kognition im deutsch-
sprachigen Raum aktuell erschwert, ist der Mangel an
hierfiir addquaten Testverfahren. Im Gegensatz zu den
etablierten kognitiven Bereichen existieren im Bereich
der sozialen Kognition, abgesehen von Tests wie dem
»Geneva Emotion Recognition Test (Schlegel, Grand-
jean & Scherer, 2014), dem ,Reading the Mind in the
Eyes Test“ (Kynast et al., 2020) oder dem ,,Movie for the
Assessment of Social Cognition“ (Dziobek et al., 2006),
keine normierten und/oder validierten deutschsprachi-
gen Tests. In Bezug auf den ,,Movie for the Assessment of
Social Cognition® ist zu ergénzen, dass dieser Test priméar
fiir Patient_innen mit Autismus-Spektrum-Stérungen,
sprich fiir jiingere Patient innen mit verhéltnismafdig
leichten kognitiven Storungen, entwickelt worden ist
(Dziobek et al., 2006). Entsprechend ist davon auszuge-
hen, dass der Test nur begrenzt fiir Patient_innen hohe-
ren Alters und/oder Patient_innen mit neuropsychologi-
schen Storungen in mehreren kognitiven Bereichen
geeignet ist.

Im Rahmen dieser Studie wollten wir erfahren, i) wie
deutschsprachige MK zur Testung sozial-kognitiver Fahig-
keiten bei der Abklarung einer kognitiven Storung stehen,
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ii) ob, und falls ja, in welcher Form sie sozial-kognitive Fa-
higkeiten testen und iii) was ihre Vorstellungen hinsicht-
lich der Testung sozial-kognitiver Fihigkeiten in der ndhe-
ren Zukunft sind. Zu diesem Zweck entwickelten wir einen
explorativen Onlinefragebogen und kontaktierten MK in
Deutschland, Osterreich und der deutschsprachigen
Schweiz.

Methoden

Studienteilnehmer_innen

Wir kontaktierten 198 deutschsprachige MK (Deutsch-
land: n = 155, Osterreich: n = 15, Schweiz: n = 28), die im
Januar 2021 in Deutschland, Osterreich und der Schweiz
offiziell als deutschsprachige MK ausgewiesen waren.
Die jeweiligen Leitungspersonen erhielten per E-Mail ei-
nen Weblink, durch den sie auf den Onlinefragebogen
weitergeleitet wurden. Falls die Leitungspersonen keine
Aussagen zur sozial-kognitiven Diagnostik treffen konn-
ten, bestand die Mdglichkeit, den Fragebogen intern an
die entsprechenden Fachpersonen weiterzuleiten. Um
sicher zu sein, dass die Fragen von Fachpersonen beant-
wortet werden, erhoben wir die Berufsgruppenzuge-
horigkeit der Fragebogenteilnehmenden. Weitere Infor-
mationen liber die Auswahl- und Teilnahmebedingungen
der Studienteilnehmenden sind im elektronischen Sup-
plement (ESM) 1 einsehbar. In Absprache mit der
Ethikkommission der Nordwest- und Zentralschweiz
bedurfte es zur Durchfiihrung der Umfrage keiner
Ethikbewilligung.

Expert_innenfragebogen

Der explorative Onlinefragebogen wurde mit der webba-
sierten Umfragesoftware LimeSurvey Version 3.25.8+210118
(LimeSurvey Project Team, 2021) erstellt.

Format der Fragen

Der Fragebogen beinhaltete die Antwortformate Einfach-
auswahl, Mehrfachauswahl oder offene Antworten. Die
Teilnehmenden konnten zu bereits beantworteten Fragen
zurlickkehren, um ihre Antworten abzuindern. Es war ih-
nen jedoch nicht mdglich, Fragen zu {iberspringen, mit
Ausnahme der Fragen mit offenem Antwortformat. Zu-
satzlich konnten sie den Bearbeitungsstand des Fragebo-
gens zwischenspeichern, um zu einem spiteren Zeitpunkt
fortzufahren.
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Bereiche des Fragebogens

Diagnostische Relevanz verschiedener Bereiche der
sozialen Kognition

Die MK wurden gebeten, die Relevanz von fiinf Bereichen
der sozialen Kognition (EE, ToM, gezielter Umgang mit
wahrgenommenen Emotionen, soziale Wahrnehmung, At-
tributionsstil), welche im Rahmen der ,Social Cognition
Psychometric Evaluation (SCOPE) study® (Pinkham et al.,
2014) definiert worden waren, auf einer vierstufigen Skala
(,,nicht relevant“ bis ,relevant) zu beurteilen. Zusitzlich
bestand die Moglichkeit, in einem Freitextfeld weitere re-
levante Bereiche der sozialen Kognition zu nennen.

Relevanz sozial-kognitiver Untersuchungen in
Abhéngigkeit bestimmter Hirnkrankheiten oder
Hirntraumata

Die Institutionen wurden gebeten, anzugeben, wie rele-
vant sie sozial-kognitive Diagnostik bei bestimmten Hirn-
krankheiten, respektive bei Schidel-Hirn-Traumata, er-
achten. Folgende Krankheiten standen zur Auswahl:
neurodegenerative, vaskuldre und neuroinflammatorische
Hirnkrankheiten, Entwicklungsstorungen und psychiatri-
sche Krankheiten. Im Freitextfeld konnten zusitzliche
Krankheitsbilder, welche hinsichtlich sozial-kognitiver Di-
agnostik als relevant betrachtet wurden, genannt werden.

Durchfiihrung von Tests zur Emotionserkennung
und/oder Theory of Mind
Die MK wurden gefragt, ob sie EE- und/oder ToM-Tests
durchfiihren und, falls ja, gebeten, die Namen der Tests zu
nennen. Diejenigen MK, welche sozial-kognitive Tests be-
jaht hatten, wurden gefragt, wie zufrieden sie mit den
Tests sind. Dazu stand ihnen eine fiinfstufige Skala (,,un-
zufrieden” bis ,,zufrieden”) zur Verfligung. In einem Frei-
textfeld konnten Vor- und Nachteile der Tests genannt
werden.

Wir beschrankten uns auf Tests aus den Bereichen EE
und ToM, da wir diese Bereiche, wie eingangs erwihnt, als
Kernbereiche der sozialen Kognition betrachten.

Mégliche Griinde gegen die Durchfiihrung von Tests
zur Emotionserkennung und/oder Theory of Mind
Diejenigen MK, welche die Durchfiihrung sozial-kogniti-
ver Tests verneint hatten, wurden nach den Griinden hier-
fiir gefragt. Dafiir gab es die folgenden flinf Auswahlmog-
lichkeiten mit der Moglichkeit von Mehrfachantworten:
(1) Tests sind fiir Patient_innen mit Stérungen in mehreren
kognitiven Doménen ungeeignet, (2) Durchfithrung dau-
ert zu lange, (3) zu niedrige Testsensitivitét, (4) keine The-
rapierelevanz der Testergebnisse und (5) Durchfiihrung
wurde bis dato nicht in Erwagung gezogen. Weitere Griin-
de konnten in einem Freitextfeld genannt werden.
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Qualitative Beurteilung sozial-kognitiver Fahigkeiten
Institutionen, welche die Durchfithrung von sozial-kogni-
tiven Tests verneint hatten, wurden gefragt, ob sie alter-
native Erfassungsmethoden wie Befragungen von Pati-
ent_innen und/oder Angehorigen durchfiihren. Weitere
Erfassungsmethoden konnten in einem Freitextfeld ge-
nannt werden.

Bevorzugte Testdauer zur Messung sozial-kognitiver
Fahigkeiten fiir Screening und ausfiihrliche Testung
Wir erfragten, welche maximale Zeitdauer die MK fiir das
Screening, respektive flir eine ausfiihrliche Testung, sozi-
al-kognitiver Fahigkeiten als vertretbar erachten. Dafiir
stand den MK eine siebenstufige Skala (,,max. 10 Min.",
ymax. 20 Min.“, ,max. 30 Min.“, ,max. 40 Min.“, ,,max.
50 Min.“, ,,max. 1h“, ,iber 1h“) zur Auswahl.

Wahrscheinlichkeit des zukiinftigen Gebrauchs von
in der klinischen Routine praktikablen sozial-
kognitiven Tests mit guten psychometrischen
Eigenschaften

Wir erfragten mittels einer vierstufigen Skala (,,unwahr-
scheinlich® bis ,,wahrscheinlich”) die Wahrscheinlichkeit
des zukiinftigen Gebrauchs von in der klinischen Routine
praktikablen, validen und verldsslichen sozial-kognitiven
Tests.

Analysen
Die Datenanalyse wurde mit IBM SPSS Statistics for Ma-
cintosh, Version 27.0.1.0 (IBM Corp., 2007) durchge-

fiihrt. Die Daten wurden mittels Haufigkeitsanalysen
ausgewertet.

Ergebnisse

Anzahl teilnehmender Memory-Kliniken und
Riicklaufquote des Fragebogens

Von den insgesamt 198 angeschriebenen deutschen
(n = 155), schweizerischen (1 = 28) und Osterreichischen
(n =15) MK nahm knapp die Hilfte (43.9 %; n =87) an der
Befragung teil. Die Riicklaufquote lag bei den deutschen
MK bei 41.9 %, bei den schweizerischen MK bei 67.9 %
und bei den Osterreichischen MK bei 20.0 %. Die teilneh-
menden MK teilten sich, nach Lindern, wie folgt auf:
Deutschland (74.7 %; n = 65), Schweiz (21.8 %; n =19) und
Osterreich (3.4%; n = 3). Die iiberwiegende Mehrheit
(94.3%; n = 82) der MK fiillte den Fragebogen vollstindig
aus. 5.7 % (n =5) beantworteten ihn teilweise.
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Anzahl monatlicher Abklarungen pro
Memory-Klinik und Berufsgruppen, welche
den Fragebogen ausfiillten

Beziiglich der Anzahl monatlicher Abkldrungen teilten
sich die MK in absteigender Haufigkeit wie folgt auf: 5-20
Patient innen (36.6%), 20-40 Patient innen (25.6 %),
> 60 Patient_innen (13.4 %), 40-60 Patient_innen (13.4 %),
1-4 Patient_innen (11.0 %).

Die Mehrheit (63.6 %) der Personen, welche den Frage-
bogen ausgefiillt hatten, waren Neuropsycholog_innen,
Psycholog_innen oder Psychotherapeut_innen. Die ande-
ren Berufsgruppen, waren Psychiater_innen (17.8 %), Neu-
rolog_innen (12.7%), Arzte/Arztinnen in Weiterbildung
(2.5%) oder andere Berufsgruppen (3.4 %).

Diagnostische Relevanz verschiedener
Bereiche der sozialen Kognition

Die Mehrheit der MK bewertete die diagnostische Relevanz
der flinf zur Auswahl gestellten Bereiche der sozialen Kog-
nition als ,relevant® oder ,eher relevant” (EE: 86.2%; n =75,
ToM: 83.9 %; n = 73, soziale Wahrnehmung: 95.4 %; n = 83,
gezielter Umgang mit wahrgenommenen Emotionen:
77.0 %; n = 67, Attributionsstil: 73.6 %; n = 64; Abbildung 1).
Als zusitzliche Bereiche wurden soziale Verhaltensweisen
(Sozialverhalten, psychosoziales Funktionsniveau, Compli-
ance bei Unterstlitzungsangeboten, Delinquenz: 11.5%;
n=10) und Empathiefihigkeit (4.6 %; n = 4) genannt.

Relevanz sozial-kognitiver Diagnostik in
Abhangigkeit bestimmter Hirnkrankheiten
oder Hirntraumata

Die klare Mehrheit der MK (92.7%) befuirwortete sozial-
kognitive Testungen bei neurodegenerativen Krankhei-
ten. In absteigender Haufigkeit befiirworteten MK sozial-
kognitive Testungen bei anderen Hirnkrankheiten, res-
pektive bei Hirntraumata, wie folgt: 72.0 % bei vaskuldren
Hirnkrankheiten, 671% bei psychiatrischen Erkran-
kungen, 58.5% bei Schidel-Hirn-Traumata, 47.6% bei
Entwicklungsstorungen und 33.0% bei neuroinflam-
matorischen Krankheiten. Im Freitextfeld wurden keine
zusitzlichen Krankheiten genannt.

Untersuchung der Emotionserkennung
Die Minderheit (13.9 %; n = 12) der 86 MK, welche die Fra-
ge zur EE-Untersuchung beantwortet hatten, bejahte die

Durchfiihrung von EE-Tests (Abbildung 2a). Die Hilfte da-
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Abbildung 1. Anteile der Institutionen in Prozent, welche die von der ,Social Cognition Psychometric Evaluation Study” definierten Bereiche der

sozialen Kognition als ,relevant” oder ,eher relevant® beurteilten.

von gab an, dazu statische Stimuli zu verwenden. Die an-
dere Hilfte machte diesbeziiglich keine Angaben. Fiinf
(83.3%) der MK, welche statische Stimuli bejaht hatten,
nannten Ekman Faces (Ekman & Friesen, 1976) als Stimu-
lusmaterial. Die sechste dieser MK machte dazu keine An-
gaben. Ein Viertel (n = 3) der MK, welche die Durchfiih-
rung von EE-Tests bejaht hatten, gab an, die Tests nur in
wissenschaftlichem Rahmen durchzufiihren.

Was die Zufriedenheit mit den eingesetzten EE-Tests
betraf, waren 58.3% (n = 7) ,,zufrieden® oder ,,eher zufvie-
den“, 8.3% (n=1) ,neutral” und 33.3% (n = 4) ,,cher unzu-
frieden oder ,unzufrieden”. Befragt nach den Vor- und
Nachteilen dieser Tests, wurden primar Nachteile ge-
nannt. Als nachteilig wurden fehlende Normierung
(41.7%; n =5), hoher Zeitaufwand (25.0 %; n = 3), zu gerin-
ge Realitdtsnahe der Tests (25.0 %; n = 3), fehlende Vali-
dierung flir spezifische Patientengruppen (8.3%; n = 1),
fragwiirdige Validitit (8.3%; n = 1), zu hohe sprachliche
Komplexitit (8.3%; n = 1) und fehlendes Scoring (8.3 %;
n = 1) genannt. Als Vorteile wurden die Eignung zum
Screening von EE-Storungen (16.7%; n = 2) und zur EE-
Einschitzung (8.3%; n = 1), sowie die akzeptable Zeitdau-
er der Stimuli-Administration (8.3 %; n = 1) genannt.

Die Mehrheit (86.1%; n = 74) der MK verneinte die
Durchfithrung von EE-Tests. Zu den Griinden machten
sechs MK keine Angaben. Von den anderen MK gaben
63.2% (n = 43) an, die Durchfithrung von EE-Tests bisher
nicht erwogen zu haben und 36.8% (n = 25) hatten sich
aufgrund folgender Griinde dagegen entschieden: Durch-
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fithrung dauert zu lange (52.0 %; n = 13), verfiigbare EE-
Tests sind fiir Patient_innen mit Stérungen in mehreren
kognitiven Doménen ungeeignet (44.0 %; n = 11) und zu
niedrige Testsensitivitit (44.0 %; n = 11). Weitere Griinde,
welche jeweils nur von einer Institution genannt wurden,
sind im ESM 2 aufgefiihrt.

Von den MK, welche die Durchfithrung von EE-Tests
verneint hatten, bejahten 62.2% (n = 46) qualitative Erfas-
sungsmethoden. Davon gaben 80.4 % (n = 37) an, Angeho-
rige und Patient_innen zu befragen; 10.9% (n = 5) gaben
an, nur Angehdrige zu befragen; 4.3 % (n=2) gaben an, nur
Patient_innen zu befragen und 2.2% (n = 1) gaben an, EE
auf der Basis der klinischen Beobachtung zu beurteilen.
Eine Institution (2.2 %) machte dazu keine Angaben.

Untersuchung von Theory of Mind

Die Minderheit (15.5%; n = 13) der 84 MK, welche die Fra-
ge zur ToM-Untersuchung beantwortet hatten, bejahte die
Durchfithrung von ToM-Tests (Abbildung 2b). Eine dieser
MK auflerte sich dabei nicht zum Stimulusmaterial. Die
anderen MK gaben an, statische Stimuli in Form von Tex-
ten und/oder Bildern, respektive Bildergeschichten, ein-
zusetzen. Folgende Tests wurden genannt: ,,Faux-Pas-Ge-
schichten (nicht niher bezeichnet; 41.7%; n = 5),
»Reading the Mind in the Eyes Test“ (Baron-Cohen,
Wheelwright, Hill, Raste & Plumb, 2001; 25.0 %; n = 3),
»Sally & Anne Test“ (Baron-Cohen, Leslie & Frith, 1985;

Zeitschrift fir Neuropsychologie (2022), 33 (3),129-137



https://econtent.hogrefe.com/doi/pdf/10.1024/1016-264X/a000358 - Thursday, June 20, 2024 2:27:00 AM - Universitit Basel IP Address:145.250.209.1

134

M.Jarsch et al., Sozial-kognitive Diagnostik

A) Emotionserkennung

32.6%

53.5%

. Erfassung (Test)

Erfassung (qualitativ)

B) Theory of Mind

41.6%

42.9%

Keine Erfassung

Abbildung 2. Anteile der Institutionen in Prozent, welche A) Emotionserkennung bzw. B) Theory of Mind entweder mittels Tests oder qualitativ er-
fassen oder welche A) Emotionserkennung bzw. B) Theory of Mind nicht erfassen.

25.0%; n = 3), ,Geneva Social Cognition Scale” (Martory
et al., 2015; 8.3%; n = 1), ,,ToM Cartoons von Brine“ (Bru-
ne, 2005; 8.3%; n = 1) und Bildergeschichten (nicht ndher
bezeichnet; 8.3 %; n =1). Zwei (15.4 %) der MK, welche die
Durchfiihrung von ToM-Tests bejaht hatten, gaben an, die
Tests nur in wissenschaftlichem Rahmen einzusetzen.

Was die Zufriedenheit mit den jeweiligen ToM-Tests be-
traf, waren 30.8% (n = 4) ,,zufrieden oder ,eher zufrie-
den”,231% (n = 3) ,,neutral“ und 46.2% (n = 6) ,,unzufrie-
den“ oder ,eher unzufrieden”. Wie bei den EE-Tests
tiberwogen auch bei den ToM-Tests die Nachteile gegen-
iiber den Vorteilen. Als nachteilig wurden fehlende Vali-
dierung (46.2%; n = 6), hoher Zeitaufwand (30.8 %; n=4),
ungenaue Angaben zur Auswertung (15.4 %; n = 2) und er-
schwerte Durchfiihrung bei Patient_innen mit Sprach- und
Leseschwierigkeiten (15.4%; n = 2) genannt. Nur eine
(8.3%) MK nannte einen Vorteil, ndmlich die Vielfaltigkeit
und Durchfiihrungsdauer der Geneva Social Cognition
Scale (Martory et al., 2015).

Die Mehrheit (84.5%; n = 71) der MK verneinte die
Durchfithrung von ToM-Tests. Zu den Griinden machte
eine MK keine Angaben. Von den anderen MK gaben
52.9% (n =37) an, deren Durchfithrung bisher nicht erwo-
gen zu haben, und 47.1% (n = 33) hatten sich aufgrund fol-
gender Griinde dagegen entschieden: Durchfiihrung dau-
ert zu lange (60.6 %; n = 20), Tests sind fiir Patient_innen
mit Storungen in mehreren kognitiven Doménen ungeeig-
net (39.4%; n = 13), zu niedrige Testsensitivitit (27.3%;
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n=9), Testergebnisse sind irrelevant flir Therapie (15.2 %;
n =5) und Stimuli sind eher fiir jiingere als fiir éltere Pati-
ent_innen geeignet (3.0 %; n=1).

Von den MK, welche die Durchfithrung von ToM-Tests
verneint hatten, bejahten 50.7% (1 = 36) qualitative Erfas-
sungsmethoden. Davon gaben 77.8 % (n = 28) an, Angehdri-
ge und Patient_innen zu befragen; 16.7% (n = 6) gaben an,
nur Angehdrige zu befragen, und je eine Institution (2.8 %)
gab an, nur Patient innen zu befragen, respektive ToM auf
der Basis klinischer Beobachtung zu beurteilen.

Bevorzugte Durchfiihrungsdauer zum
Screening sozial-kognitiver Stérungen

Die Mehrheit (86.7%; n = 72) der MK favorisierte max.
10 Minuten zum Screening sozial-kognitiver Storungen.
Eine Minderheit (12.0 %; n = 10) favorisierte max. 20 Mi-
nuten und eine MK (1.2 %) favorisierte max. 30 Minuten.

Bevorzugte Durchfiihrungsdauer zur
ausfiihrlichen Testung sozial-kognitiver
Fahigkeiten

Ein gutes Drittel der MK (38.6 %; n = 32) favorisierte eine
Durchfiihrungsdauer von max. 20 Minuten zur ausfiihrli-

chen Testung sozial-kognitiver Fahigkeiten. Anndhernd

© 2022 Hogrefe
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ein Drittel (30.1%; n = 25) favorisierte max. 30 Minuten.
Die anderen Optionen zur Durchfiihrungsdauer wurden
nur selten gewéhlt: max. 10 Minuten (10.8 %; n = 9), max.
1 Stunde (10.8 %; n = 9), max. 40 Minuten (7.2%; n = 6),
max. 50 Minuten (1.2%; n = 1), und > 1 Stunde (1.2%;
n=1).

Wahrscheinlichkeit des zukiinftigen

Gebrauchs von in der klinischen Routine
praktikablen sozial-kognitiven Tests mit
guten psychometrischen Eigenschaften

Die Mehrheit der MK (89.0 %; n =73) schitzte es als ,,wahr-
scheinlich oder ,,eher wahrscheinlich” ein, zukinftig in der
klinischen Routine praktikable, sozial-kognitive Testver-
fahren mit guten psychometrischen Eigenschaften einzu-
setzen. Nur 11.0% (n = 9) der MK schitzten die Wahr-
scheinlichkeit hierfiir als ,unwahrscheinlich” oder ,,eher
unwahrscheinlich ein.

Diskussion

Unsere Studie zeigt, dass deutschsprachige MK die Tes-
tung sozial-kognitiver Fihigkeiten mehrheitlich als wich-
tig erachten. Jedoch fiihrt aktuell nur eine Minderheit
(knapp 15%) sozial-kognitive Tests durch. Die Zufrieden-
heit mit diesen Tests ist dabei begrenzt. Eine klare Mehr-
heit der befragten MK konnte sich jedoch vorstellen, in
Zukunft soziale Kognition zu testen, sofern hierfiir Tests
vorliegen, welche den Qualitatsstandards neuropsycholo-
gischer Tests gentigen.

Unsere Befragung ergab, dass ein wahrscheinlich we-
sentlicher Grund fiir die aktuell kaum stattfindende Tes-
tung der sozialen Kognition in der fehlenden Verfiigbar-
keit hierfiir adaquater Tests liegt. Ein dabei oft genannter
Kritikpunkt war die zu lange Testdauer. Weitere Kritik-
punkte, respektive Griinde fiir den Verzicht auf die Tes-
tung, waren die fehlende Normierung und/oder Validie-
rung der Tests, der fehlende Realitdtsbezug der Tests, die
zu niedrige Testsensitivitit und die fehlende Testeignung
fiir Patient_innen mit Storungen in mehreren kognitiven
Bereichen. Die erwihnten Punkte weisen darauf hin,
dass die verfiigbaren sozial-kognitiven Tests nicht den
Qualitétsstandards neuropsychologischer Tests entspre-
chen. Die von den MK eingesetzten Tests wie ,Ekman
Faces” (Ekman & Friesen, 1976), nicht naher bezeichnete
»Faux-Pas-Tests®, ,,Reading the Mind in the Eyes Test"
(Baron-Cohen et al., 2001) oder der ,,Sally & Anne Test"
(Baron-Cohen et al., 1985) sind zwar in der Forschung
etablierte Tests (Cotter et al., 2018; Henry et al., 2015),

© 2022 Hogrefe

jedoch sind deren deutschsprachige Versionen nur teil-
weise validiert und /oder normiert (Kynast et al., 2020).

Die aktuell kaum stattfindende Testung der sozialen
Kognition in deutschsprachigen MK steht sicher auch in
Zusammenhang mit ICD-10 (World Health Organization,
2015), dem im deutschsprachigen Raum mehrheitlich ver-
wendeten Klassifikationssystem fiir kognitive Stérungen.
Gemaifd ICD-10 ist soziale Kognition bei der Abkldrung ei-
ner kognitiven Storung nicht zu testen (World Health Or-
ganization, 2015). Die 2013 publizierten DSM-5-Kriterien
und die kiirzlich publizierten ICD-11-Kriterien setzen
demgegeniiber die Testung der sozialen Kognition voraus
(American Psychiatric Association, 2013; World Health
Organization, 2022). Entsprechend wichtig und dringlich
ist die Entwicklung von Tests, welche die Qualititsstan-
dards neuropsychologischer Tests erfiillen und den Anfor-
derungen der klinischen Routine gentigen.

In diesem Zusammenhang ist eine in Entwicklung be-
findliche deutschsprachige sozial-kognitive Testbatterie
zu erwahnen. Diese Testbatterie (Basel Version of the
Awareness of Social Inference Test [BASIT]) setzt sich aus
einem EE-Test (BASIT-Emotion Recognition [BASIT-ER];
Jarsch et al., 2022) und einem ToM-Test (BASIT-Theory of
Mind [BASIT-ToM]; Jarsch et al., in Revision) zusammen.
Beide Tests beinhalten kurze, realititsnahe Filmszenen, in
welchen Personen miteinander interagieren. Im Rahmen
einer préliminaren Validierungsstudie bei 240 kognitiv
und psychisch gesunden Personen unterschiedlichen Al-
ters wurden Szenen ohne Boden- und Deckeneftekte fiir
EE, respektive fir ToM, ausgewahlt (Jarsch et al., 2022;
Jarsch et al., in Revision). Die Validierung der BASIT-Test-
batterie sollte in nachster Zeit beginnen.

Die Mehrheit der befragten MK erachtete alle fiinf von
der ,Social Cognition Psychometric Evaluation study*
(Pinkham et al., 2014) genannten Bereiche der sozialen
Kognition als mindestens ,,eher relevant”. Die Mehrheit der
MK zeigte sich auch motiviert, in Zukunft soziale Kogniti-
on zu untersuchen, sofern hierfiir psychometrische Tests
vorliegen. Zur ausfiithrlichen Testung sozial-kognitiver
Funktionen wire je ein Drittel der MK bereit, max. 20 Mi-
nuten, respektive max. 30 Minuten, einzusetzen. In diesen
genannten Zeitspannen wire es jedoch unmoglich, simtli-
che oben gewihlten Bereiche der sozialen Kognition zu
testen. Es wire dann Aufgabe der MK, festzulegen - in Ab-
hingigkeit des klinischen Bildes und der Fragestellung -,
welche Bereiche der sozialen Kognition getestet werden
sollen. Alternativ konnte sich die Testung auf die beiden
Kernbereiche der sozialen Kognition, EE und ToM, be-
schrinken. Wie in der Einfiihrung erwahnt, favorisieren
wir dieses Vorgehen.

Mehr als die Halfte der MK, welche soziale Kognition
nicht testen, evaluieren soziale Kognition mittels Befra-
gung von Angehorigen und/oder Patient innen. Zahlt

Zeitschrift fir Neuropsychologie (2022), 33 (3),129-137



https://econtent.hogrefe.com/doi/pdf/10.1024/1016-264X/a000358 - Thursday, June 20, 2024 2:27:00 AM - Universitit Basel IP Address:145.250.209.1

136

M.Jarsch et al., Sozial-kognitive Diagnostik

man die Zahl der MK, welche soziale Kognition in Form
von Tests und/oder Befragungen abkliren, zusammen,
ergibt sich daraus die Mehrheit der an der Studie teilge-
nommen MK. Dieses Resultat sollte jedoch nicht genera-
lisiert werden, da unsere Daten nur auf knapp der Halfte
(43.9%) der angeschriebenen deutschsprachigen MK be-
ruhen. Es ist anzunehmen, dass diejenigen MK, welche
den Fragebogen nicht ausgefiillt haben, an der Evaluation
der sozialen Kognition kaum bis nicht interessiert sind. Es
ist deshalb eher davon auszugehen, dass die meisten
deutschsprachigen MK sozial-kognitive Fahigkeiten aktu-
ell nicht abklaren.

Beziiglich unserer Resultate gilt es einschrankend zu er-
wiéhnen, dass sie primir (75 %) auf den Angaben von deut-
schen MK beruhen. Wihrend MK der deutschsprachigen
Schweiz noch zu 22% der Daten beitrugen, waren es bei
den Osterreichischen MK nur 3%. Der sehr geringe Anteil
der Osterreichischen MK am Datensatz ist in erster Linie
durch deren sehr niedrige Riicklaufquote (20 %) begriin-
det. Die Griinde hierfiir kennen wir leider nicht.

Zusammenfassend ldsst sich festhalten, dass die
Testung sozial-kognitiver Fahigkeiten noch kein fester
Bestandteil der neuropsychologischen Diagnostik in
deutschsprachigen MK darstellt. Dieser Umstand ist
wahrscheinlich primér Ausdruck der Vorgabe des ICD-
10-Klassifikationssystems (World Health Organization,
2015), welches die Testung der sozialen Kognition nicht
voraussetzt. Die kiirzlich publizierten ICD-11-Kriterien,
respektive die bereits seit mehreren Jahren publizierten
DSM-5-Kriterien, setzen demgegentiiber die Testung der
sozialen Kognition voraus (American Psychiatric Associa-
tion, 2013; World Health Organization, 2022). Die Umset-
zung der Vorgaben dieser beiden Klassifikationssysteme
bedingt die Verfiigbarkeit von deutschsprachigen Tests,
welche den Qualitatsstandards neuropsychologischer
Tests entsprechen und den Anforderungen der klinischen
Routine gentigen. Die aktuell verfiigbaren Tests erfiillen
diese Anforderungen jedoch kaum bis nicht. Entspre-
chend dringlich ist die Entwicklung adiquater deutsch-
sprachiger sozial-kognitiver Tests.

Elektronisches Supplement

Das elektronische Supplement (ESM) ist mit der Online-
version dieses Artikels verfiigbar unter https://doi.
org/10.1024/1016-264X/a000358

ESM 1. Zusitzliche Informationen zu den Auswahl- und
Teilnahmebedingungen der Studienteilnehmenden

ESM 2. Griinde, keine Tests zur Emotionserkennung
durchzufiihren, die jeweils von nur einer Institution ge-
nannt wurden
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Abstract

Impairments of Theory of Mind (ToM) abilities occur in a
wide range of brain disorders. Therefore, reliable and eco-
logically valid examination of these abilities is a crucial part
of any comprehensive neuropsychological assessment. An
established and ecologically valid, English-language test
identifying deficits in ToM abilities is ““The Awareness of
Social Inference Test — Social Inference Minimal (TASIT-
SIM)”. However, no comparable German-language ToM
test currently exists. In this study, we aimed to develop the
first German-language adaption of TASIT-SIM in healthy
adults. We selected 13 scenes [four scenes per message type
(i.e., honesty, simple sarcasm, paradoxical sarcasm) and one
practice scene] out of the 30 TASIT-SIM scenes. In collabo-
ration with a film institute, we filmed each scene at three
different intensities. These intensity version scenes wete
then administered to 240 healthy adults, equally distributed
in sex and age, ranging from 35 to 92years. By applying
Rasch analysis, we selected intensity versions that showed
neither floor nor ceiling effects in the majority of ToM
questions in participants whose ToM abilities were in the
medium range. In conclusion, we have developed the first

German-language adaption of TASIT-SIM, i.e., the “Basel
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Version of the Awareness of Social Inference Test — Theory
of Mind (BASIT-ToM)”. The BASIT-ToM incorporates the
strengths of TASIT-SIM, while overcoming its limitations
such as inconsistencies in cinematic realization and ceiling
effects in healthy participants. Next, the BASIT-ToM needs

to be validated in healthy people and clinical populations.

KEYWORDS

dynamic stimuli, healthy subjects, social cognition, test development,
theory of mind

BACKGROUND

Theory of Mind (ToM) — the adoption of cognitive (cognitive ToM) and affective (affective ToM)
perspectives of others (Henry et al., 2016) — is a critical social cognitive skill that enables us to interact
successfully with others (Kennedy & Adolphs, 2012). Adoption of another person's perspective requires
both the ability in interpreting the other person's linguistic and paralinguistic characteristics (e.g., facial
expressions, gestures and/or prosody) and distinguishing them from one's own (Henry et al., 2016).
While cognitive ToM enables people to draw inferences about cognitive mental states such as thoughts
and beliefs of another person, affective ToM enables people to infer affective mental states such as emo-
tions from another person (Henry et al., 2016).

Apart from the distinction between cognitive and affective ToM, ToM can also be subdivided into
so-called orders. In general, first- and second-order ToM tasks are assessed in clinical studies (Amodio
& Frith, 20006; Canty et al., 2015; Castelli et al., 2011; Wang et al., 2018). First-order ToM enables a per-
son to draw social inferences about another person (e.g., first-order cognitive ToM: Person A thinks
that person B wants to quit his job; Meijering et al., 2011). Forming a second-order ToM, however, is
cognitively more complex as it requires higher-level-reasoning (Canty et al., 2017) and enables a person
to mentalize social inferences that another person draws about another person (e.g., second-order affec-
tive ToM: Person A thinks that person B feels sorry for person C as person B seems to perceive person
C as sad; Meijering et al., 2011).

Lastly, apart from content and degree of cognitive complexity within the concept of ToM, ToM can
be conceptualized as a continuum that ranges from no mentalization through to hypomentalization,
adequate mentalization and finally hypermentalization (Abu-Akel & Bailey, 2000). Whilst hypomental-
izing can be seen as reduced mentalization, hypermentalization can be described as a kind of overattri-
bution, in which additional mental hypotheses are generated, that cannot be directly deduced from the
social situation (Abu-Akel & Bailey, 2000; Frith, 2004). In other words, people with hypermentalization
mentalize, but in an excessive and inadequate way. When examining ToM in patients with neuropsy-
chological disorders, one needs to be aware of the continuum of ToM, as disturbances in ToM vary
depending on the brain disorders. For example, patients with Asperger's syndrome, euthymic bipolar
disorder, behavioural variant frontotemporal dementia or schizophrenia with negative symptoms tend
to hypomentalize (Bora et al., 2015; Canty et al., 2017; Dziobek et al., 2006; Montag et al., 2010), whereas
patients with borderline personality disorder or patients with schizophrenia with positive symptoms
tend to hypermentalize (Canty et al., 2017; Sharp et al., 2011).

Deficits in ToM occur in a wide range of brain disorders, including developmental, neurological
and psychiatric disorders (for review see Cotter et al., 2018). Given the high occurrence and clinical
relevance of ToM deficits, the Diagnostic and Statistical Manual for Mental Disorders, Fifth Edition
(DSM-5; American Psychiatric Association, 2013) requires the assessment of ToM as a subdomain of so-
cial cognition for any comprehensive diagnosis of a neurocognitive disorder. To meet this goal, sensitive
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and reliable tests with high construct validity that assess different aspects of ToM within a practicable
timeframe in clinical populations are needed. In addition, performance on tests of ToM should ideally
predict the examined person's ability to adopt cognitive and affective perspectives of others in real life.
In this regard, dynamic, realistic and socially relevant stimuli (e.g., film scenes) may meet this demand
more than static stimuli do.

In terms of tests that contain dynamic, socially relevant stimuli validated for German-speaking
patients, only the Movie for the Assessment of Social Cognition (MASC; Dziobek et al., 20006) is
available, to the best of our knowledge. In this test, a fifteen-minute long film is shown about four
adolescents who meet for a cooking and games evening. The film is interrupted 45 times. Each
time, participants are asked questions about the interactions that have just been shown, which re-
late to emotions, thoughts and intentions of the protagonists. It has been shown that the MASC
is a reliable, ecologically valid test which has proved sensitive to detect ToM deficits in different
brain disorders such as Asperget's syndrome (Dziobek et al., 2000), personality disorder (Sharp
et al., 2011) or schizophrenia (Martinez et al., 2017). However, given its quite challenging cognitive
design (Dziobek et al., 2000; Pottgen et al., 2013), the test seems little suitable for patients with
deficits in multiple cognitive domains such as patients with neurodegenerative diseases. In addition,
the topic of the protagonists' interactions seem more of interest for young adults (for whom the
test was primarily developed) than for other age groups, which limits its relevance in the general
population. Lastly, test application takes a long time in subjects with cognitive disorders, e.g., 30—
45min in patients with mild to moderate traumatic brain injuries []. Quinting, personal communi-
cation, October 29, 2021; (Quinting et al., 2020)], which precludes its regular use in clinical settings.
Therefore, a German-language test based on dynamic, multimodal stimuli in social interactions
that examines ToM in a less cognitively demanding way for the general adult population in a timely
fashion is needed.

We decided to develop a German-language adaption of “The Awareness of Social Inference Test
— Social Inference Minimal” (TASIT-SIM), an established and ecologically valid, English-language test
identifying deficits in ToM abilities (McDonald et al., 2003). TASIT-SIM consists of two test sets of 15
brief film scenes showing simple but realistic day-to-day social interactions. By use of four questions
per scene, ToM abilities can be assessed based on the comprehension of intentions, beliefs, meanings
and emotions in either sarcastic or honest conversational messages. TASIT-SIM was designed as a
criterion-based test that can identify clear deficits in ToM abilities in adults (McDonald et al., 2003).
Indeed, TASIT-SIM can discriminate between healthy individuals and patients with different brain
disorders including neurodegenerative diseases (e.g., behavioural variant frontotemporal dementia
(Kumfor et al., 2017), semantic variant primary progressive aphasia (Rankin et al., 2009), progressive
supranuclear palsy (Ghosh et al., 2012)), multiple sclerosis (Genova & McDonald, 2020), traumatic brain
injuries (McDonald et al., 2017) and psychiatric disorders such as schizophrenia or bipolar disorder
(Quidé et al., 2020). It has adequate reliability and there is evidence for construct and ecological validity
(for review see McDonald, 2012; McDonald et al., 2004).

TASIT-SIM, however, contains limitations that need to be addressed (see also Jarsch et al., 2022).
First, because of its duration, the test does not lend itself to be easily used in clinical settings (Henry
et al., 2014; Westerhof-Evers et al., 2014). Second, the social interactions often appear unrealistic due
to the high intensity of paralinguistic features and somewhat outdated appearances of actors, poten-
tially biasing participants' capacity for ToM judgements. Third, the high intensity of the paralinguistic
features result in near ceiling scores in the majority of healthy people (McDonald et al., 20006, 2015),
preventing the detection of subtle ToM deficits. Finally, questions after each scene were not explicitly
developed to evaluate different ToM concepts (i.¢., first-/second-order ToM, cognitive/affective ToM,
hypermentalization), but to evaluate overall ToM ability, which hampers the evaluation of these differ-
ent aspects of ToM.

In this study, we created an adapted German-language version of TASIT-SIM with professional
actors in collaboration with a film institute and administered it to 240 healthy participants to select the
scenes that showed neither floor nor ceiling effects in the majority of ToM questions in participants
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whose ToM abilities were in the medium range. The adapted German-language version was named the
“Basel Version of the Awareness of Social Inference Test-Theory of Mind (BASIT-ToM)”.

METHODS

The Awareness of Social Inference Test (TASIT) — Social Inference Minimal
(SIM) and Social Inference Enriched (SIE)

TASIT — Social Inference Minimal (SIM) and TASIT — Social Inference Enriched (SIE) are parts
of TASIT (McDonald et al., 2003). TASIT comprises three parts, i.e., TASIT — Emotion Evaluation
Test (TASIT-EET), TASIT-SIM and TASIT-SIE. TASIT-EET examines the ability to recognize
basic emotions in social situations, whereas TASIT-SIM and TASIT-SIE examine the ability to make
ToM judgements in social interactions (McDonald et al., 2003). The adapted German-language ver-
sion of TASIT-EET, called the “Basel Version of the Awareness of Social Inference Test — Emotion
Recognition” has been published previously (Jarsch et al., 2022).

TASIT-SIM examines the ability to make ToM judgements based on linguistic and paralinguistic
cues (e.g., gestures, facial expressions, prosody) in short, realistic, everyday dialogue interactions with
either honest or sarcastic content and minimal contextual information (i.e., no information provided
other than that presented in the short interaction). In honest exchanges, the paralinguistic features
of the speaker are congruent with the literal message allowing the meaning to be inferred directly. In
sarcastic statements, the paralinguistic features are incongruent with the spoken text. If this incongru-
ency cannot be perceived, statements might be perceived as honest, meaningless, or bizarre (McDonald
et al., 2003). In the SIM, sarcasm is subdivided into simple sarcasm (i.c., the literal message could be
misinterpreted as honest) and paradoxical sarcasm (i.c., the literal message only appears meaningful if
the sarcastic meaning is recognized).

TASIT-SIE comprises a set of scenes showing dialogue interactions with either sarcastic messages
or lies. As in the SIM, viewers have to petrceive and interpret paralinguistic featutes of the speaket/s to
identify the meaning of the literal message. In contrast to the SIM, scenes of the SIE provide additional
information to the viewer about the true belief of the speaker or the true state of affairs by presenting
visual or auditory/verbal cues before or after the interaction scene.

Two parallel test versions, i.e., form A and form B, exist for both SI-forms. The SIM comprises 15
scenes [five scenes per three different message types (i.e., honesty, simple sarcasm, and paradoxical sar-
casm)|. The SIE comprises 16 scenes [eight scenes per two different message types (i.e., sarcasm, lie)].
The scenes last 15-60s and are administered in a quasi-randomized order.

In both SI-forms, ToM ability is assessed with four questions: one about the belief (thinking ques-
tion), one about the intention (doing question), one about the message (saying question) and the last one
about the emotion (feeling question) of the main actor who behaves either honestly or sarcastically, or
who lies. Participants can answer each question with “yes”, “no”, or “do not know”.

The SIM and the SIE were developed to differentiate between cognitively healthy people “with av-
erage social skills” and individuals with clear ToM deficits (McDonald et al., 2003). Accordingly, actors
were asked to act each scene in an exaggerated fashion such that the majority of healthy people should
be able to answer the four questions correctly (McDonald et al., 2003).

Development of the BASIT-ToM scenes

We decided to choose only one of the SI-forms as they differ only in their richness of contextual informa-
tion, and both assess ToM similarly. Indeed, factor analysis conducted on data collected in patients with
acquired brain injuries and healthy individuals demonstrated the presence of a single factor underlying both
SI-forms (Honan et al., 2016). As the BASIT-ToM is aimed for use in patients with cognitive deficits, we
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favoured SIM over SIE, as it likely requires less cognitive capacities than SIE given its lower amount of con-
textual information. SIE comprises additional camera shots on the true state of affair by mean of prologues
or epilogues, whereas SIM does not. Arguably, however, by leaving out SIE, which contains more contex-
tual information than SIM, we may not assess fully the brain regions associated with contextual adjustment
in ToM (Lavoie et al., 20106). Accordingly, one may wish to consider adapting the SIE scenes in a comparable
way to the SIM scenes depending on the patient groups to be investigated and the research questions.

We named the German-language adaption of TASIT-SIM, the BASIT-ToM. In the following, we
present the development of the BASIT-ToM for which we took a similar approach as for the BASIT-ER
(Jarsch et al., 2022).

Selection of the scenes from TASIT-SIM

One test form was developed, rather than two, given negligible practice effects on TASIT-SIM scores
(McDonald et al., 2003). First, we selected 13 film scenes (4 X 3 message types for test scenes and one
practice scene) from the 30 TASIT-SIM scenes (15 form A scenes and 15 form B scenes; McDonald
et al., 2003) based on 12 evaluation criteria that focus on different aspects of cinematographic quality,
target group fit and cinematic feasibility (see Appendix Al). Three raters (M], MS, and a mastet's degree
psychology student) rated each scene independently, and then agreed on a joint rating and selected the
13 scenes in consensus (see Appendix B: Tables B1.1-B1.3). The selected TASIT-SIM scenes are de-
picted in the Appendix B: Table B2.

Conceptualization of the BASIT-ToM scenes

We developed the conceptualization of the scenes and the cinematographic realization in collaboration
with the film production company East End Film GmbH (Germany; https://www.castendfilm.de) and
adapted TASIT-SIM as follows:

Screenplay

First, the transcription of TASIT-SIM scenes (Westerhof-Evers et al., 2014) was adapted to the German
language without major changes of content. In three scenes (i.e., A9, A10, A13), we deleted text passages
that either lengthened the scene without providing additional information or made it too difficult to
understand. In two scenes (i.e., All, B15), we supplemented the script with short sentences to achieve
a more realistic conversation. Second, as in the BASIT-ER (Jarsch et al., 2022), we omitted naming the
actors to exclude any potential bias associated with naming. All scenes were cast with one woman and
one man. BASIT-ToM screenplays and description of the main changes in the text are presented in the
Appendix C.

Cast and acting of the actors

We cast the scenes with four female and four male, middle-aged, professional German-speaking actors.
Each actor portrayed a message type (i.e., honesty, simple sarcasm or paradoxical sarcasm) only once
to avoid any actor-specific associations to a message type. Each pair of actors played only one scene
together to omit any potential biases due to varying role relationships between actors. Actors' sex were
equally distributed across the different message types.

To make the scenes appear as realistic as possible, both actors in the scene acted in a realistic way.
This type of acting differs from TASIT-SIM in which the conversation partners act in a neutral way
(i.e., the conversation partner does not seem to perceive the main actor's sarcasm). In real life, however,
one would not expect another person to react in a neutral way to someone who is very sarcastic. Indeed,
the conversation partner's neutral behaviour may confuse a viewer with preserved ToM capacity. The
distribution of the actors to each of the 13 scenes is presented in the Appendix D.
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Realisn of scenes and camera work

We placed emphasis on a high degree of realism on the film scenes through realistic set designs either
at office or at home backgrounds. All scenes were filmed as medium shots. Medium shots focus on the
person in the scene while still showing some environment. Scenes were shot in 4K-resolution.

Three intensity levels of the portrayed paralinguistic cues

Actors were asked to portray the paralinguistic cues at three different levels of intensity (i.e., low,
medium, and high). Text and set design remained identical at the three intensity versions. Background
information was written for each scene and each intensity to help actors portraying the message types.
After the shooting, MJ, MS and six mastet's degree psychology students selected the best scenes for each
intensity by consensus. One exemplary scene (scene#4 of the message type paradoxical sarcasm) at low,
medium and high levels of intensity, can be found at https://figshare.com/s/5ca4f£99790£cc5866db.

Background information for each BASIT-ToM scene is described in the Appendix E.

Adaption of the questions of the BASIT-ToM

In TASIT-SIM, four kinds of questions were originally asked tapping thoughts, intentions, feelings and
meanings of the speakers. While belief and intention questions, in particular, were originally designed
to tap first-order and second-order ToM respectively, they varied in the extent to which this was suc-
cessful. This was especially the case for the intention questions, which often asked for understanding
of motives rather than beliefs. Other question types also tapped ToM to varying degrees (S. McDonald,
personal communication, November 15, 2021; McDonald et al., 2003).

We decided to categorise existing questions as to whether they explicitly referred to (1) affective or
(2) cognitive ToM and whether this was (3) first-order or (4) second-order. We also reworded several
first-order ToM questions and created additional second-order ToM questions to get a more balanced
representation of first- and second-order questions. We were able to reword these questions because
conversation partners act, in contrast to TASIT-SIM, in a realistic way in the BASI'T-ToM scenes (see
above “Cast and acting of the actors”). The generation of new second-order ToM questions resulted in
a more balanced proportion of first- and second-order ToM questions [i.e., 65% first-order ToM ques-
tions (first-order cognitive ToM: 7= 17, first-order affective ToM: # = 17), 35% second-order questions
(second-order cognitive ToM: 7= 8, second-order affective ToM: » = 10)]. First- and second-order ToM
and cognitive and affective ToM were partly balanced within and between the three message types, i.c.,
honesty: 19% first-order cognitive ToM, 13% second-order cognitive ToM, 44% first-order affective
ToM, 25% second-order affective ToM; simple sarcasm: 38% first-order cognitive ToM, 25% second-
order cognitive ToM, 25% first-order affective ToM, 12% second-order affective ToM; paradoxical sar-
casm: 38% first-order cognitive ToM, 6% second-order cognitive ToM, 31% first-order affective ToM,
25% second-order affective ToM. Importantly, the distribution of ToM types may undergo further
refinement, depending on the results of the planned validation study. We will also consider combining
simple and paradoxical sarcasm scores that may result in a more balanced distribution of ToM types
within and between message types. Taken together, we assume that separate analyses of ToM types
will be feasible in the final BASIT-ToM version. This is critical with regard to the future use of the
BASIT-ToM in clinical samples. Scores reflecting different ToM abilities, which partly reflect differ-
ent neuroanatomic substrates (Corradi-Dell'Acqua et al., 2020; Fortier et al., 2018; Poletti et al., 2012;
Ryan et al., 2017), will likely better discriminate between brain diseases (Lancaster et al., 2019; Poletti
et al., 2012; Rossetto et al., 2018) than an overall ToM score.

Unlike other ToM tests (e.g., MASC (Dziobek et al., 20006), Virtual Assessment of Mentalising Ability
(VAMA,; Canty et al., 2015)), the BASIT-ToM contains multiple mentalizing questions per scene. Using
normalization, we will be able to assess a participant's mentalization ability, ranging from no mental-
ization, to reduced mentalization (i.e., hypomentalization) to adequate mentalization. This approach,
however, says nothing about hypermentalization (i.e., overattribution of another person's cognitive and/
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or affective mental states), which is why we created a hypermentalization question (hyperToM) for
each scene. The hypermentalization question may be useful to discriminate between different clinical
populations with behavioural disorders. For example, individuals diagnosed with schizophrenia who
experience positive symptoms tend to hypermentalize (Canty et al., 2017), whereas patients with be-
havioural variant frontotemporal dementia, another syndrome associated with behavioural disorders,
but due to neurodegeneration (Rascovsky et al., 2011), hypomentalize or are even unable to mentalize
(Bora et al., 2015).

In TASIT-SIM, participants could answer each question with “yes”, “no”, or “do not know”
(McDonald et al., 2003). We reduced the three response alternatives to a forced-choice paradigm,
“yes” and “no”, as we considered the risk of people with cognitive disorders choosing the “do
not know” option due to uncertainty or little motivation to be greater than the problem of guessing
probability of 0.5 per question. Moreover, we reworded some questions to get a more balanced propor-
tion of “yes” and “no” answers per scene to avoid any content-independent tendency towards “yes” or
“no” answers, respectively. For illustration, you find the adaption of a first-order, cognitive TASIT-SIM
question into a second-order, affective BASIT-ToM question, as well as a hypermentalization question
in Table 1.

All questions of each BASIT-ToM scene and the respective TASIT-SIM scene with representation
of ToM types, ToM orders and correct answers, as well as the hypermentalization questions are found
in the Appendix I. The main differences between BASIT-ToM and TASIT-SIM scenes are described
in the Appendix G.

namely

Selection of the BASIT-ToM intensity version scenes for use in clinical
populations

Participants

Next, we administered the BASIT-ToM intensity version scenes to 240 cognitively and mentally
healthy Central European subjects (50% women) with mother language (Swiss)-German to select
scenes neither showing floor nor ceiling effects. We opted for a large age range to make the results
applicable to the general adult population. We defined five age groups (35—44, 45-54, 55-64, 65—
74, >75) to achieve an even distribution of sex by age. Each group consisted of 48 participants
(50% women; at maximum three participants were at the same age). Participants were included if
they met the following inclusion criteria: 35years of age or older, total education of seven years or
greater, German and/or Swiss German as first language, and self-report of good health. Exclusion
criteria were conditions with potential negative influence on the test results, including signs of
depressive mood (i.e., scoring =10 points on the Beck Depression Inventory (Beck et al., 1961)
for individuals below 65 years, or =5 on the Geriatric Depression Scale (Yesavage & Sheikh, 19806)
for individuals aged =065 years), cognitive deficits [i.e., Montreal Cognitive Assessment (Nasreddine

TABLE 1 Example of an adaption of a first-order, cognitive TASIT-SIM question into a second-order, affective BASIT-
ToM question as well as an example of a hypermentalization question

Question ToM type  ToM order Correct answer
TASIT-SIM Does Michael think she took it easy on the weekend?  cogn 1st no
BASIT-ToM Does he think it was okay for her working all aff 2nd yes
weekend?
Is he asking her about the report to provoke her? hyperToM no

Abbreviations: aff, affective ToM; BASIT-ToM, Basel Version of the Awareness of Social Inference Test-Theory of Mind; cogn, cognitive ToM;
hyperToM, hypermentalization; TASIT-SIM, The Awareness of Social Inference Test-Social Inference Minimal; ToM, Theory of Mind.
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et al., 2005) score below the demographically-adjusted, fifth percentile for cognitively healthy indi-
viduals (Thomann et al., 2018)], systemic or brain diseases, psychiatric disorders according to the
ICD-10 criteria, traumatic brain injury, chronic pain, history or current regular intake of any psy-
choactive drugs (except benzodiazepines for sleep), general anaesthesia within the last three months
and severe sensory and/or motor deficits. The study was approved by the local ethics committee and
all participants provided written informed consent.

Application of the BASIT-ToM scenes

BASIT-ToM scenes and the test paradigm were displayed on a monitor with a diagonal size of 24
inches, a 16:10 aspect ratio and a 1920:1200 display resolution using Python 2.7 (Peirce, 2007) and
PsychoPy 1.84.2 package (Peirce, 2009). Details of the programming and data storage are described in
the Appendix G.

Before the test started, participants were provided with standardized instructions by the exam-
iner. Then, they read the test instructions on the computer monitor. Next, one practice scene was
shown to familiarize the participant with the procedure and to clarify any potential questions. The
12 test scenes were then administered in a pseudo-randomized order (not the same message type
twice in a row). Each message type [i.e., honesty (H), simple sarcasm (sS), paradoxical sarcasm (pS)]
was shown in four scenes (3 X4). Of the four scenes of each message type, participants watched
one scene at low intensity, another scene at medium intensity, another scene at high intensity, and
another scene at either low, medium, or high intensity. For example, participant#1 watched H#1 at
low intensity, H#2 at medium intensity, H#3 at high intensity, and H#4 at low intensity, whereas
participant#2 watched H#1 at medium intensity, H#2 at high intensity, H#3 at low intensity, and
H#4 at medium intensity. As there were three intensity levels per scene, each intensity version
scene was watched by 80 participants. Each participant watched 13 intensity version scenes, i.e., one
practice scene at a given intensity +12 test scenes at given intensities [3(message types) X 4(intensity
versions)].

By taking the approach that each participant watches only one intensity per scene, we avoided po-
tential biases on responses arising from watching a scene that you have seen and rated previously at a
different intensity.

Following each scene, participants were required to answer the four ToM questions and the hyper-
ToM question with “yes” or “no.” There was no time limit for answering the questions.

If participants were uncertain about a scene's content, they could rewatch the respective scene. They
could rewatch a scene as many times as they wanted before answering. We noted the number of times a
scene was watched. By noting it, we learned, in addition to the participants' ToM responses, about po-
tential difficulties in the understanding of the respective scene content. We considered this information
critical given the fact that we had developed new scenes, albeit based on TASIT-SIM templates.

Similarly, participants could change their answers within a question block. An exemplary representa-
tion of the BASIT-ToM computer-based application process is depicted in Appendix H.

Data analysis

The aim of the data analysis of the 39 intensity version scenes [3 (message types) X 4 (scenes) X 3 (intensi-
ties) = 30 intensity versions + 3 practice scene intensity versions| was to select one intensity version per
scene that resulted in neither floor nor ceiling performance in participants whose ToM abilities were in
the medium range for as many of the respective four ToM questions as possible. We prioritized the four
ToM questions over the hyperToM question in our analysis approach as we aimed primarily for scenes
that are adequate to detect decreased ToM ability. To achieve this type of scene selection, we took the
following four-steps approach:
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Step 1

We conducted Rasch analysis (Rasch, 1960) by applying the R Itm package (Rizopoulos, 2006) with
RStudio (R Studio Team, 20106) in R version 3.5.1 (R Core Team, 2020) to analyze the relations between
the estimated participants' ToM ability parameters and the probabilities of correct answering the four
ToM questions of the respective intensity version.

In each of the three message type analyses, we included the respective twelve intensity versions (4
scenes per message type X 3 intensities). In the practice scene analysis, we included the respective three
intensity versions. Separate analyses were carried out for each message type intensity version scene and
each practice scene intensity version. In order to check the model fit of the data, we conducted the Itm
package parametric Bootstrap goodness-of-fit test using Pearson's y*, based on 201 data sets (the orig-
inal data set plus 200 simulated datasets). The scenes that showed model fit were selected for further
analysis.

Step 2

Based on the graphical assessment of the item characteristic curve (ICC) plots of the intensity ver-
sions showing model fit, we aimed to choose one intensity per message type scene and one intensity
for the practice scene that predicted a correct answering probability between 0.5 and 0.8 for the
majority of the respective four ToM questions in participants with a medium ToM ability around 0
[-0.5, 0.5].

Step 3

Next, we examined the 95% confidence intervals (Cls) of the estimated difficulties of the selected inten-
sity versions in relation to the required difficulty interval. Cls were calculated as estimate £1.96 X stand-
ard error of estimate. The required difficulty was calculated according to the scene selection criteria,
mentioned above at step 2 (i.e., probability between 0.5 and 0.8 in participants with a medium ToM abil-
ity around 0). This step allowed us to check whether the CI of the estimated difficulties of the selected
scenes covered the required difficulty interval. In addition, we evaluated whether systematic differences
in difficulty were present between first- and second-order ToM questions and between cognitive and
affective ToM questions, respectively. For this, we checked whether the estimated difficulty intervals
of these questions overlapped (i.e., equal difficulties of the questions) or not (i.e., different difficulties
of the questions).

Step 4

After completing scene selection, we ran separate Rasch analyses with each of the selected intensity ver-
sions by additionally including the respective hyperToM question to evaluate the probability of correct
answering the hyperfToM questions.

Distribution of demographic variables between the selected intensity
version scenes

As participants were randomly assigned to each intensity version scene and given the potential influence
of demographic variables on ToM performance, we compared the mean scores and standard deviations
of age and years of education as well as the sex ratio across the selected intensity version scenes.
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Transparency and openness

In accordance with the Transparency and Openness Promotion (TOP; Nosek et al., 2015) and the
Journal Article Reporting Standards-Quantitative for non-experimental designs (JARS-Quant;
Appelbaum et al., 2018), we have reported in detail how we developed the BASIT-ToM stimulus mate-
tial. The data that support the findings of this study are openly available in “figshare” at https://figsh
are.com/s/d7194f6f2f18082e623c.

RESULTS
Selection of the scenes
Step 1: Selection of intensity versions with an acceptable model fit

The parametric Bootstrap goodness-of-fit test showed an acceptable fit of the Rasch model (p>.05) for
the analyses of the four ToM questions for 22 of the 39 intensity versions. ICC of the 22 intensity ver-
sions with an acceptable model fit are shown in Appendix J.

Step 2: Selection of intensity versions based on response probabilities

We selected 10 intensity versions [i.e., 3 intensity versions per message type (i.e., 3 X 3) and 1 intensity
version for the future practice scene] from the 22 intensity versions that showed model fit of the Rasch
model and predicted probabilities of a correct response between 0.5 and 0.8 for as many of the respec-
tive four ToM questions as possible in participants with a medium ToM ability around 0 [-0.5, 0.5] (see
the H scenes in Figure la—c, the pS scenes in Figure 2a—d and the sS scenes in Figure 3a—c). All selected
intensity versions are shown in Table 2, and the ToM types and orders of the questions associated with
these intensity versions are shown in Table 3.

The number of ToM questions that met the required response probabilities varied between the se-
lected intensity versions. In 8 (80%) of the 10 selected intensity version scenes at least half of the ques-
tions met the required response probabilities, i.c., in 4 scenes (i.e., H#2_low, pS#1_low, pS#2_low,
practice(pS)_low), the response probabilities were met by all four ToM questions; in 2 scenes (i.e.,
sS#1_low, sS#3_medium), they were met by three questions and in another 2 scenes (i.c., H#1_low,
pS#4_low), they were met by two questions. In the H#4_medium and sS#2_low scenes, only one
question met the required response probability. The response probabilities of the questions that were
outside the required range were predicted higher (>0.8) apart from the affective second-order question
in sS#1_low, which was predicted lower (<0.5).

Step 3: Evaluation of the estimated difficulties of the ten selected intensity versions

Next, we examined how well the 95% CI of the estimated difficulties of the four ToM questions of the
selected intensity versions covered the required range of difficulty [i.e., —1.386,0 (minus the logits of
0.8 = —1.386, minus the logits of 0.5 = 0); see the H scenes in Figure 4, the pS scenes in Figure 5 and the
sS scenes in Figure 60]. The estimated difficulties were considered within the required range of difficulty
when at least half of the CI covered the required range. In two of the 10 selected scenes (20%; i.e., HH#2_
low, pS#1_low), all four questions were within the required range. In another two scenes (i.c., pS#2_low,
practice(pS)_low), three of the four questions were within the required range, whereas one question was
slightly above the required difficulty (too difficult). In three scenes (i.c., pSH#4_low, sS#1_low, sSH3_
low), two questions were within the required range. In pS#4_low, the other two questions wete below
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FIGURE 1 Item characteristic curves (ICC) of the theory of mind (ToM) and hypermentalization questions (hyperToM)
of the three selected BASIT-ToM scenes for message type honesty (i.c., a: Scene H#1_low, b: Scene H#2_low, c: Scene H#4_
medium). ICC of the hyperToM question is only depicted in presence of a model fit. Scene code consists of a scene number
(scene), a letter (message type, H = honesty), and the portrayed intensity (i.c., low or medium). Question code consists of
abbreviations of type (i.e., cogn = cognitive ToM, aff = affective ToM, hyperToM = hypermentalization), order (i.e., 1 = first-
order ToM, 2 =second-order ToM) of ToM, and question's identification letter (a-d = ToM questions, e = hypermentalization
question). Line with circles = ToM question of same type and order as another ToM question in the same panel; line with
squares = ToM question of same type and order as two other questions in the same panel. BASIT-ToM, Basel Version of the
Awareness of Social Inference Test — Theory of Mind

the required difficulty (too easy), whereas in sS#1_low and sS#3_low the other two questions were above
the required difficulty (too difficult). In one scene (i.e., H#1_low), one question was within the required
range, whereas the other three questions were below the required difficulty (too easy). In two scenes (i.e.,
H#4_medium, sS#2_low), all questions were below the required difficulty (too easy).

Notably, we found no systematic differences in terms of difficulty between first- and second-order
ToM questions and between cognitive and affective ToM questions, respectively (Figures 4—0).

Step 4: Evaluation of the HypefToM questions in terms of model fit and response
probabilities

Finally, we checked whether the model fit of each of the 10 selected intensity versions persisted after
inclusion of the hyperToM question in the model and if yes, how well the 95% CI of the estimated
difficulties of the hyperToM questions covered the required range of difficulty (i.e., —=1.386,0). In six
scenes (60%; i.e., H#2_low, H#4_medium, pS#1_low, pS#4_low, sS#1_low, sS#2_low), there was
still a model fit. In two [i.e., pS#1_low (Figure 2a), sS#2_low (Figure 3b)] of these scenes, the response
probability of the hyperToM question was within the required range of 0.5-0.8 (Figures 5 and 0); in
three scenes [i.c., H#4_medium (Figure 1c), pS#4_low (Figure 2¢), sS#1_low (Figure 3a)], it was above
0.8 [too easy, Figures 4—0] and in one scene [i.e., H#2_low (Figure 1b)], it was below 0.5 [too difficult,
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FIGURE 2 Item characteristic curves (ICC) of the theory of mind (ToM) and hypermentalization questions
(hyperToM) of the four selected BASIT-ToM scenes for message type paradoxical sarcasm [i.e., a: Scene pS#1_low, b:

Scene pS#2_low, c: Scene pS#4_low, d: Practice (pS)_low]. ICC of the hyperToM question is only depicted in presence

of a model fit. Scene code consists of a scene number (scene), a letter (message type, pS = paradoxical sarcasm), and the
portrayed intensity (i.e., low). Question code consists of abbreviations of type (i.e., cogn = cognitive ToM, aff = affective
ToM, hyperfToM = hypermentalization) and order (i.c., 1 = first-order ToM, 2 = second-order ToM) of ToM, and question's
identification letter (a—d = ToM questions, e = hypermentalization question). Line with circles or line with triangles = ToM
question of same type and order as another ToM question in the same panel. Practice(pS_low) will be used as a test scene
for paradoxical sarcasm in BASIT-ToM, whereas PS#4_low will be used as practice scene. BASI'T-ToM, Basel Version of the
Awareness of Social Inference Test — Theory of Mind

Figure 4]. A model fit was no longer present in four scenes (i.c., H#1_low, pS#2_low, practice(pS)_low,
sS#3_medium).

Number of times the selected intensity version scenes were watched

The majority of participants (83%) watched the selected intensity version scenes once only. Selected
intensity version scenes were watched more than once as follows: twice: 16%, three times: 1%, and four
times: <1%. None of the selected intensity version scenes was watched only once by all 80 participants.
Percentages of scenes watched once only ranged from 58% (pS#2_low) to 91% (H#1_low, sS#1_low,
sS#3_medium). For more details, please see Table K.1 in the Appendix K.

Distribution of demographic variables between the selected intensity
version scenes

We found similar distributions of the demographic variables across the selected intensity version scenes:
For years of age, means ranged from 56.58 to 62.59 with standard deviations ranging from 13.34 to
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FIGURE 3 Item characteristic curves (ICC) of the theory of mind (ToM) and hypermentalization questions (hyperToM)
of the three selected BASIT-ToM scenes for message type simple sarcasm (i.c., a: Scene sS#1_low, b: Scene sS#2_low, c:
Scene sS#3_medium). ICC of the hyperToM question is only depicted in presence of a model fit. Scene code consists of a
scene number (scene), a letter (message type, sS = simple sarcasm) and the portrayed intensity (i.e., low or medium). Question
code consists of abbreviations of type (i.e., cogn = cognitive ToM, aff = affective ToM, hyperToM = hypermentalization) and
order (i.e., 1 = first-order ToM, 2 = second-order ToM) of ToM, and question's identification letter (a—d = ToM questions,

e = hypermentalization question). Line with circles = ToM question of same type and order as another ToM question in the
same panel. BASIT-ToM, Basel Version of the Awareness of Social Inference Test — Theory of Mind

TABLE 2 Selected intensity version scenes for the BASIT-ToM for further use in clinical populations

Intensity version
Message type Scene 1 Scene 2 Scene 3 Scene 4 Scene 5
Honesty Low Low - Medium n/a
Simple sarcasm Low Low Medium — n/a
Paradoxical sarcasm Low Low - Low" Practice (pS)_lowb

Abbreviations: BASI'T-ToM, Basel Version of the Awateness of Social Inference Test-Theory of Mind; n/a, not available; pS, paradoxical
sarcasm.

"pS#4_low (scene #4 containing paradoxical sarcasm at low intensity) will be used as practice scene in BASIT-ToM.

l’Practice(pS)_low will be used as a test scene for paradoxical sarcasm in BASIT-ToM.

16.34; for years of education, means ranged from 15.09 to 16.06 with standard deviations ranging from
2.52 to 3.15 and for sex, percentage of females ranged from 41% to 59%.

DISCUSSION

In this study, we developed the BASIT-ToM, the first German-language TASIT-SIM adaption and ad-
ministered it to a sample of 240 healthy adults with a large age range. We adapted TASIT-SIM to address
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TABLE 3 Types and orders of theory of mind of each question of the ten selected scenes

ToM type and order

Scene a b ® d @

H#1 cogn_2" aff 1% aff 1% aff_2° Hyper
H#2 aff_1" aff_1" aff_1% aff_2™ Hyper
H#4 cogn_1 s aff 1" cogn_l“ cogn_an Hyper
sS#H1 aff_2™ aff 1% cogn_1* cogn_2™ Hyper
sS#H2 cogn_1* aff_1" cogn_1* cogn_2™ Hyper
sS#3 aff_2"d aff 1% cogn_1* cogn_Z“d Hyper
pS#H1 cogn_1* aff 1% cogn_1* aff_2" Hyper
pSH2 cogn_1* aff_1%" cogn_1°* aff_2" Hyper
pS#4 aff_2™ aff_1" aff_1* aff_2™ Hyper
Practice (pS) cogn_1* aff 1% cogn_1* aff_2nd Hyper

Note: ToM, Theory of Mind. Scene code consists of letters (i.e., H, honesty, pS, paradoxical sarcasm, sS, simple sarcasm) and the
respective scene numbers. Question's identification letter = a—e (a—d = ToM questions, e = hypermentalization question); aff_1%, affective
ToM first-order; aff_Z"d, affective ToM second-order; cogn_1", cognitive ToM first-order; cogn_Z"d, cognitive ToM second-order;

hyper, hypermentalization question.

some methodological and practical limitations of the original test, such as inconsistencies in cinematic
realization, ceiling effects in healthy participants, and the long-time of administration. In addition, we
created a hypermentalization question for each of the BASIT-ToM scenes.

We identified 10 scenes [1 practice item and 3 scenes apiece for the three message types (i.e., honesty,
simple sarcasm and paradoxical sarcasm) that will comprise the BASIT-ToM]. These scenes showed in
general neither floor nor ceiling effects in the majority of ToM questions. As evidence of validity, we
found that gradual changes in expressed intensities of either honest or sarcastic message types related to
difficulties in ToM as measured by participants' correct answering probabilities.

Regarding the hypermentalization question, we were able to reliably analyse its response probabilities
in six of the 10 scenes. These questions were in general easy to answer by the healthy participants, which
is unsurprising given the fact that these participants are cognitively and mentally healthy. Future studies
will show whether patients who hypermentalize such as schizophrenic patients with positive symptoms
(Canty et al.,, 2017) or patients with borderline personality disorder (Sharp et al., 2011) will fail on the
hypermentalization questions. In this regard, it is worth mentioning that BASI'T-ToM contains less con-
textual information than those tests [i.e., MASC (Dziobek et al., 2006), VAMA (Canty et al., 2015)] that
were able to detect hypermentalization in these two patient groups. It will be interesting to investigate
whether these patients do also hypermentalize when having watched BASIT-ToM scenes, which con-
tain little contextual information. If so, then the BASIT-ToM would allow assessing not only decrease
(hypomentalization) or loss (no mentalization) of ToM but also excessive ToM (hypermentalization).
This is of high clinical value in the assessment of patients with neuropsychological disorders, because as
mentioned above, some patient groups hypermentalize (Canty et al., 2017; Sharp et al., 2011), whereas
for example patients with behavioural variant frontotemporal dementia, Asperget's syndrome, euthymic
bipolar disorder, or schizophrenia with negative symptoms hypomentalize or do not mentalize at all
(Bora et al., 2015; Canty et al., 2017; Dziobek et al., 2006; Montag et al., 2010).

Notably, we found no systematic differences in difficulty either between cognitive and affective
questions or between first- and second-order ToM questions. The absence of a difference in difficulty
between first- and second-order ToM questions may seem surprising as higher order ToM questions
tend to be cognitively more demanding as shown among others by recruitment of more ToM-associated
brain regions in high-order than low-order ToM questions in cognitively healthy subjects (Lewis
et al.,, 2017). Clinically, this seems to show up primarily in the healthy subjects' reaction times, but not
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FIGURE 4 95% confidence intervals (CI) of the estimated difficulties of the theory of mind (ToM) and
hypermentalization questions (hyperToM) of the three selected BASIT-ToM scenes for message type honesty (i.e., a: Scene
H#1_low, b: Scene H#2_low, c: Scene H#4_medium). CI of the hyperToM question is only depicted in presence of a

model fit. Scene code consists of a scene number (scene), a letter (message type, H = honesty) and the portrayed intensity
(i.e., low or medium). Question code consists of abbreviations of the type (i.e., cogn = cognitive ToM, aff = affective ToM,
hyperfToM = hypermentalization) and order (i.e., 1 = first-order ToM, 2 = second-order ToM) of ToM, and question's
identification letter (a-d = ToM questions, ¢ = hypermentalization question). The dashed lines illustrate the required range of
difficulty [-1.386, 0]. BASIT-ToM, Basel Version of the Awareness of Social Inference Test — Theory of Mind

in response accuracy (Lewis et al., 2017). In our paradigm, however, we measured the accuracy of re-
sponses rather than reaction times. Nevertheless, for individuals with cognitive deficits, for whom the
test is designed for, it can be assumed that the higher cognitive load of the second-order ToM questions
will be reflected in the test scores.

Participants had the option to rewatch the scenes in case they had not understood the content of the
scene. We set this option to get an idea about participants' understanding of the scene play. Notably,
most participants did not use this option, which demonstrates the quality of the scene play and contents.
Arguably, one of the selected intensity versions was watched at least twice by 42% of the participants.
The majority of this scene's ToM questions, however, were within the required range of difficulty,
indicating adequate understanding of the scene's content by the participants. We will reanalyse the
scene's capacity in measuring ToM in the subsequent validation study with patients with neuropsycho-
logical disorders. As we speak of patients with neuropsychological disorders, who make up the target
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FIGURE 5 95% confidence intervals (CI) of the estimated difficulties of the theory of mind (ToM) and
hypermentalization questions (hyperToM) of the four selected BASIT-ToM scenes for message type paradoxical sarcasm
[i.e., a: Scene pS#1_low, b: Scene pS#2_low, c: Scene pS#4_low, d: Practice (pS)_low]. CI of the hyperToM question is only
depicted in presence of a model fit. Scene code consists of a scene number (scene), a letter (message type, pS = paradoxical
sarcasm) and the portrayed intensity (i.e., low). Question code consists of abbreviations of the type (i.e., cogn = cognitive
ToM, aff = affective ToM, hyperToM = hypermentalization) and order (i.e., 1 = first-order ToM, 2 = second-order ToM) of
ToM, and question's identification letter (a—d = ToM questions, ¢ = hypermentalization question). Practice(pS_low) will be
used as a test scene for paradoxical sarcasm in BASI'T-ToM, whereas PS#4_low will be used as practice scene. The dashed
lines illustrate the required range of difficulty [~1.386, 0]. BASIT-ToM, Basel Version of the Awareness of Social Inference
Test — Theory of Mind

population for whom we designed the BASIT-ToM, the opportunity to rewatch the scene before an-
swering the questions to be sure about the scene content is critical. This way, we minimize the risk that
low ToM test scores are due to cognitive dysfunction other than dysfunction in mentalizing. We agree
that no “rewatch button” exists in real life. However, in real life, you are experiencing the unfolding of
the scene, which likely facilities ToM ability.
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FIGURE 6  95% confidence intervals (CI) of the estimated difficulties of the theory of mind (ToM) and
hypermentalization questions (hyperToM) of the three selected BASIT-ToM scenes for message type simple sarcasm (i.c., a:
Scene sS#1_low, b: Scene sS#2_low, c: Scene sS#3_medium). CI of the hyperToM question is only depicted in presence of

a model fit. Scene code consists of a scene number (scene), a letter (message type, sS = simple sarcasm), and the portrayed
intensity (i.e., low or medium). Question code consists of abbreviations of the type (i.e., cogn = cognitive ToM, aff = affective
ToM, hyperToM = hypermentalization) and order (i.c., 1 = first-order ToM, 2 = second-order ToM) of ToM, and question's
identification letter (a-d = ToM questions, ¢ = hypermentalization question). The dashed lines illustrate the required range of
difficulty [-1.386, 0]. BASIT-ToM, Basel Version of the Awareness of Social Inference Test — Theory of Mind

Our study contains some limitations. First, in six of the selected scenes (i.e., H#1_low, H#4_me-
dium, pS#4_low, sS#1_low, sS#2_low, sS#3_medium), some ToM questions were too easy to an-
swer for participants with medium ToM abilities. Thus, these questions may not capture subtle deficits
in ToM abilities. We will examine this in the subsequent validation study in a clinical sample and, if
needed, remove scenes with too little discriminative power between patients with known ToM deficits
such as patients with behavioural variant frontotemporal dementia (Bora et al., 2015; Henry et al., 2014)
and healthy individuals.

Second, in four scenes (i.e., H#1_low, pS#2_low, practice(pS)_low, sS#3_medium), the inclu-
sion of the hyperToM question in the data analysis resulted in a loss of model fit of the Rasch model.
Likewise, these four questions seemed to be unclear to the participants, showing percentages of
correct answers between 11% and 50%. Interestingly, all four questions referred to protagonists'
affects (“Is he in love with her?)” “Can they not stand Simone?”), whereas the hyperToM questions
with an adequate model fit referred to protagonists' intentions. The scenes' paralinguistic features
and contextual information were probably insufficient to generate meaningful affective hyperToM
questions. Based on these findings, we decided to limit ourselves to cognitive hyperToM questions
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in the BASIT-ToM and, accordingly, will replace these four affective hyperToM questions by cogni-
tive hyperToM questions.

Third, first-, and second-order ToM and cognitive and affective ToM were only partly balanced
within and between the three message types. Importantly, however, the distribution of ToM types will
undergo further refinement if needed, depending on the results of the planned validation study. We will
also consider combining the simple and paradoxical sarcasm scores that may result in a more balanced
distribution of ToM types within and between message types.

Finally, the large age range of our sample may be considered a limitation, given the evidence of an
association between age and ToM (Henry et al., 2016). Similarly, sex and years of education may also
influence performance. We therefore compared the distribution of the demographic variables between
the selected intensity version scenes and found similar distributions. Accordingly, the influence of de-
mographic variables on test performance appears unlikely. A related point, however, is that given the
relatively high educational level of the participants, generalization of our findings to the general popu-
lation needs to be done with caution.

Similar to the procedure used with the already published BASIT-ER (Jarsch et al., 2022), we plan to
validate the BASIT-ToM both in a healthy population and in a clinical sample to examine its reliability,
construct and ecological validity, sensitivity in detecting ToM deficits, and the potential influence of
cognitive deficits on test performance. Thereby, we will score both, honest and sarcastic exchanges,
and the different types and orders of ToM separately to evaluate whether this scoring approach im-
proves discrimination between patients with different brain disorders compared to an overall ToM
score. Likewise, we will evaluate the utility of hypermentalization questions to discriminate between
patient groups. Based on the results of the validation study, we will set the final version of the BASIT-
ToM for later use in clinical settings.
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Discussion

The goal of this dissertation was to develop new neuropsychological tools that could
increase diagnostic accuracy of bvFTD at the early stage of the disease. The focus was on two
diagnostic domains, i.e., behavioural disorders as described in the current diagnostic criteria for
bvFTD, and social cognition, particularly its subdomain Theory of Mind (ToM), that is not
included in the current diagnostic criteria but is recommended by the latest literature to be
assessed if bvFTD diagnosis is suspected. As a result, two diagnostic tools were developed. The
first instrument is an other-report questionnaire, the Behavioural Dysfunction Questionnaire
(BDQ), operationalising current diagnostic criteria for bvFTD. In the validation study, it
showed good discriminatory power between bvFTD and two other brain disorders, i.e., ADD
and MDD, that can often be misdiagnosed with bvFTD. Before the development of new social
cognition assessment tools, the current situation of the social cognition assessment in German-
speaking memory clinics was investigated. A survey of 87 memory clinics revealed the
willingness of clinicians to assess social cognition in patients with brain disorders. However, it
is still only rarely done during clinical evaluations due to the lack of appropriate diagnostic
tools applicable in German-speaking areas and fulfilling the criteria of good neuropsychological
tools. To close this gap, the second instrument, the Basel Version of the Awareness of Social
Inference Test — Theory of Mind (BASIT-ToM), was developed. It is a video-based
performance test assessing ToM ability close to real-life setting.

In the following, the application of the developed instruments in bvFTD diagnosis, their

strengths, and limitations as well as further research directions are discussed.

Behavioural Dysfunction Questionnaire (BDQ): The first behavioural scale
operationalising the current diagnostic criteria for behavioural variant frontotemporal

dementia

The aim of the BDQ was to develop the first behavioural scale operationalising the current
diagnostic criteria for bvFTD as exactly as possible. Therefore, BDQ relies strongly on the
structure and the examples provided in FTDC-criteria (Rascovsky et al., 2011). The validation
study (Study I) was performed in a sample of patients with bvFTD and two its most common
misdiagnoses, i.e., ADD and MDD. The aim was to investigate the discriminatory power of the
BDQ between bvFTD and two named diseases, respectively. Thanks to the strong conformity
with the diagnostic criteria, the findings of the performed validation study can also provide new

insights on the current diagnostic criteria and its discriminatory ability.
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Insights on the current diagnostic criteria based on the findings in the Study 1

BDQ showed good discriminatory power between bvFTD and ADD (AUC=88%) and
between bvFTD and MDD (AUC=83%)), respectively. However, the sensitivity, based on the
Youden-index optimal cut-off scores, was lower than expected. Adjusting the cut-off scores to
reach sensitivity of at least 90% led to decrease of the specificity up to 56%. This finding points
to the overlap in behavioural symptoms between investigated diseases, especially between
bvFTD and MDD patients that is also demonstrated with misdiagnosis rate of bvFTD (Woolley
et al.,, 2011). The current diagnostic criteria were developed with the aim to increase the
sensitivity to the early bvFTD symptoms while the specificity was not in focus. Later studies
showed heterogeneous findings regarding specificity of the diagnostic criteria especially for
possible bvFTD based solely on the evaluation of the behavioural and cognitive changes
without biomarkers such as brain images. So, Harris et al. (2013) reported for possible bvFTD
the specificity of 82% at the sensitivity of 95% while Vijverberg et al. (2016) reported the
specificity of only 27% at the sensitivity of 85%. The findings of the BDQ validation study lie
in between the findings of these two studies. However, this inconsistency in reported specificity
of the current diagnostic criteria with the tendency to the low values highlights the demand on
revising the current criteria in order to increase the diagnosis accuracy of bvFTD.

Another important finding was that inclusion of the time criterion “early” (the
presentation of the behaviours within the three years after symptoms’ onset) highlighted in the
FTDC-criteria for four of the five behavioural domains did not improve the diagnostic accuracy
of'the bvFTD. In turn, the inclusion of this time criterion resulted in lower discriminatory power
of the BDQ. The reasons for that are discussed in the Study 1. Importantly, this finding queries
the relevance of the time aspect in the diagnostic criteria in general and provides a basis for
more research on this topic. Possibly, it can be enough to ensure that a behaviour is novel

without restriction to the exact time of the first occurrence.
Clinical implication

While bvFTD typical behavioural symptoms can be present also in other brain disorders,
an important discriminatory feature is whether these symptoms progress over time. That’s why
repeated clinical examination is advisable. So, the behavioural symptoms usually worsen in
bvFTD, improve in psychiatric disorders and stay stable in other neurodegenerative disorders
(Reus et al., 2018). To be able to evaluate symptoms’ development between different
assessments, standardized assessment tools are necessary. The BDQ is the first tool allowing
the comparison of the behavioural symptoms according to the FTDC-criteria over time and

among different clinicians that can change between assessment points.
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Another strength of the BDQ designed in form of an informant questionnaire is the
possibility to evaluate different behavioural symptoms over the course of and in different
contexts in a time-efficient way. However, it is important to keep in mind that the informants’
evaluations can depend on their stress level, personality and sensitivity to patients’ behavioural
changes (Rascovsky & Grossman, 2013). That’s why it would be useful to assess this
information from several informants to compare different perspectives. In this context, it can
be welcomed to provide a digital version of the questionnaire that can be filled out by
informants at any time and at any place increasing their willingness to provide information.

Lastly, though initially developed for assessment of the early bvFTD behavioural
symptoms, BDQ can be also used in evaluation of the behavioural disorders in other diseases
due to the normative values for each behavioural domain and the total score developed gender-
specific in a sample of 414 healthy controls. Indeed, it has been already successfully
implemented in the clinical routine of the Memory Clinic Basel and is occasionally used in

other clinical institutions.
Further research

To increase discriminatory power of the BDQ, a second validation study is planned. It
intends to investigate whether the discriminatory power of the BDQ can be increased if
adjusting the total score depending on the differential diagnoses since the discriminatory power
of different behaviours’ symptoms (items) might differ depending on the comparison disease.
Such an approach is reasonable for the clinical purposes since clinicians usually have two or
three suspected diagnoses and a more precise discriminating score can be helpful in such
situations. The second study will be conducted in an extended sample of the patients with
bvFTD (estimated N = 50), ADD (estimated N = 120) and MDD (estimated N = 80) diagnoses.
The two main aims of the study are: 1) to replicate the results of the first validation study, and
2) to increase the discriminatory power of the BDQ adjusting the total score by the use of a
data-driven approach. For that, the items with the best discriminatory power between bvFTD
and other differential diagnosis (ADD or MDD) will be identified and only these will be
included in the final BDQ score. It is expected that exclusion of the overlapping behavioural
symptoms will increase the diagnosis accuracy. The planned sample size is considered as
sufficient to ensure the generalisability of the calculated cut-offs to the general clinical
population. The generalisability of the results will be additionally evaluated with cross-
validation analysis. Next, similar studies with other diagnoses versus bvFTD (e.g., behavioural

variant Alzheimer disease (bvAD) (Ossenkoppele et al., 2022) or bipolar disorder (American
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Psychiatric Association, 2013)) can be performed. The results of these studies can be used as a

basis for eventually revision of the current diagnostic criteria to increase their specificity.
Lastly, filling out BDQ by patients themselves and their informants can be used as a tool

to evaluate patients’ insight into their disease and symptoms. The reliability and validity of this

method need to be evaluated in the future studies.
Assessment of social cognition at the German-speaking memory clinics

Social cognition has been acknowledged by diagnostic guidelines as a cognitive domain
that needs to be evaluated together with other brain functions in diagnosis of brain disorders.
The aim of the Study II was to evaluate whether and how these recommendations have been
implemented in the clinical routine in the German-speaking area. For that an online survey of
87 memory clinics in Germany, Switzerland and Austria was conducted. The results of this
survey showed that clinicians agree about the importance of social cognition in brain disorders
and show willingness to assess this. However, it is still only rarely measured in the clinical
routine. Similar results showed a survey with French neuropsychologists (Quesque et al., 2022).
In this study, about 93% of the participants agreed that social cognition has the same importance
in a neuropsychological evaluation as other cognitive domains, however only 8% confirmed
that they evaluate social cognition on a daily basis (Quesque et al., 2022). This situation can be
explained from several perspectives, e.g., lack of guidelines what exactly and how should be
assessed (Samtani et al., 2023), poor training of clinicians on social cognition assessment
(Quesque et al., 2022) or lack of appropriate tools (Eddy, 2019).

The last reason was closely investigated in the Study II assessing the position of
practitioners to the current social cognition tools and their requirements on the tools to use these
in the clinical evaluations. Indeed, many clinicians confirmed the lack of diagnostic tools
evaluating social cognition that is also often discussed in literature. Though tens of social
cognition tools are available, most of them were developed for research purposes and do not
fulfil the requirements for diagnostic instruments. So, many instruments lack psychometric
evaluations, proven associations with questioned brain functions and normative values (Eddy,
2019). Moreover, many of the instruments are not validated in patients with brain disorders.
The last is especially important for the tools assessing ToM since many existing tools demand
intact skills in other cognitive domains, like memory or language comprehension (Magno,
Canu, Agosta, et al., 2022) that are often impaired in patients with brain disorders and can result
in low performance on typical ToM tests. Also, stimuli often used in social cognition
assessment tasks are questioned. Most of them are unimodal (either visual or auditory), often

using static pictures or even pure texts (Henry et al., 2015). Such stimuli are far from the real-
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life social interactions and result in low ecological validity —a psychometric parameter referring
to the extent to which test scores reflect real-life skills (Osborne-Crowley, 2020). That is
especially important in clinical evaluation aiming to identify the impairments in daily
functionalities. To increase ecological validity the test setting should be as close to the real-life
situations as possible. Current research recommends using dynamic, multimodal (visual and
auditive) and context-embedded stimuli in social cognition assessment (Khosdelazad et al.,
2020; Osborne-Crowley, 2020).

Summing up, not only current literature and diagnostic guidelines but also practitioners
agree on the importance of social cognition in brain disorders. However, good diagnostic tools
fulfilling requirements of clinical practice are still lacking. Development of such instruments
can promote evaluation of social cognition during clinical assessments. In diagnosis of bvFTD
this can play a crucial role, since social cognition deficits in the patients often occur even before
other cognitive or behavioural symptoms (Torralva et al., 2009). But social cognition also plays
an important role in other disorders. A systematic review of 31 meta-analyses showed that
social cognition deficits vary a lot between different brain disorders (Cotter et al., 2018) and
can in this way provide valuable information for differential diagnosis.

Following the demand of practitioners of new diagnostic tools and the intent to promote
social cognition assessment in the clinical routine, a new assessment tool for Theory of Mind,
one of the main social cognition subdomains was developed, namely the BASIT-ToM. Its
strengths and applicability in clinical routine, and particularly in bvFTD diagnosis, are

discussed in the next chapter.

Basel Version of the Awareness of Social Inference Test — Theory of Mind (BASIT-ToM):

A reality-close assessment tool of social cognition subdomain Theory of Mind

The aim of the BASIT-ToM was to overcome the described above limitations of the
existing tools addressing specific needs of the clinical practice. The integration of the BASIT-
ToM in clinical routine consists of two phases: 1) test development, including stimuli selection,
and 2) test validation in a sample of healthy adults and patients with bvFTD and other brain
disorders (ADD, bvAD and MDD). Within this dissertation the first phase, i.e., test

development, was performed.
Development phase

The conducted development phase aimed to overcome several often criticised points on
the existing tools for ToM assessment as discussed in the Study III. One of the main aims was
to ensure the ecological validity of the stimuli. For that, short video scenes were selected as test

stimuli. Such stimuli allow perception of information on different modalities (visual and
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auditory) and in dynamic, as recommended by the latest literature (Osborne-Crowley, 2020).
Moreover, they additionally provide situational context that is especially important for the
diagnosis of disorders involving frontal lobe damages, such as bvFTD (Ibafiez & Manes, 2012).
For higher ecological validity the literature recommends using interactive tasks or at least open
answer format (Osborne-Crowley, 2020). However, such an approach is hardly applicable in
clinical routine due to high costs, time effort and difficulties in standardisation and calculation
of the normative values that is crucial for diagnosis. The used approach with videos displaying
different daily situations and following yes/no questions to the played scenes is a good balance
between ecological validity and tool’s standardisation.

Another challenge associated with increasing the ecological validity is that use of reality-
close stimuli (e.g., videos) increases the cognitive demand of the task. It is often criticized in
the literature that ToM tasks strongly rely on other cognitive skills, like memory or language
comprehension (Magno, Canu, Agosta, et al., 2022). However, any attempt to simplify the tasks
in order to decrease cognitive demand has the consequence of decreasing the ecological
validity. Since the primary aim of the BASIT-ToM is to identify the early signs of the impaired
social cognition, it is to assume that the targeted patients’ population has sufficient or only
slightly declined other cognitive skills up to that time. Therefore, high cognitive demand of the
stimuli should not be a problem in the targeted patients’ population. Nevertheless, the BASIT-
ToM Control Task was developed additionally to the main test. It contains one video scene
similar to the ones of the BASIT-ToM followed by four multiple-choice questions about scene
context and content. The aim of this task is to ensure that a tested person is able to understand
language and the situational context of the videos and can keep this information in mind long
enough to answer the following after scenes questions. Besides that, the sincere scenes can be
seen as additional control tasks since sincere communication is usually well understood also by
patients with reduced ToM skills (Kumfor et al., 2017; Rankin et al., 2009; Shany-Ur et al.,
2012).

Noteworthy is the diversity of the BASIT-ToM questions assessing different components
of the ToM, i.e., affective vs cognitive ToM, first- and second-order, and hypermentalising. If
the importance of the assessment of both the cognitive and the affective components of the ToM
separately was also acknowledged by other instruments (Henry et al., 2015), only very few
tools can additionally examine the hypermentalising (Eddy, 2019). Implementation of all ToM
components in one test enables their better comparison due to identical stimuli and test setting.
Such differential assessment of the different ToM components is beneficial both for more
accurate differential diagnosis and tracking of the progressions of different diseases (Gregory

et al., 2002; Kumfor et al., 2014; Poletti et al., 2012; Torralva et al., 2015).
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To address additional requirements of the clinical practice, i.e., psychometric
characteristics, normative values, and feasibility in patients with brain disorders, the next

validation phase is planned.
Validation phase

Currently, a validation study in a sample of 210 healthy German-speaking adults is being
conducted. The aims of this study are (1) to provide the psychometric characteristics of the
BASIT-ToM (i.e., convergent, divergent and ecological validity as well as test-retest
reliability), and (2) to calculate normative values depending on gender, age and years of
education, the demographic characteristics often shown to influence ToM performance
(Biatecka-Pikul et al., 2017; Henry et al., 2013; Li et al., 2013).

Recently, another validation study with patients has started. It includes patients with
bvFTD, ADD, bvAD and MDD. The aims of this study are (1) to examine the sensitivity of the
BASIT-ToM to reduced ToM abilities in patients with bvFTD if compare with healthy controls,
(2) to investigate its discriminatory power between different patients’ groups, and (3) to ensure
the feasibility of the test in patients with brain disorders, including once with reduced cognitive
skills. The BASIT-ToM was developed based on the Social Inference — Minimal subtest of The
Awareness of Social Inference Test (TASIT, McDonald et al., 2003) which has proven good
psychometric characteristics (McDonald et al., 2006; McDonald et al., 2004). Different
language versions of the TASIT showed good sensitivity to ToM impairments, in patients with
different brain disorders (e.g., traumatic brain injuries (McDonald & Flanagan, 2004),
schizophrenia (Sparks et al., 2010), autism spectrum disorder (Mathersul et al., 2013) and also
bvFTD (Buhl et al., 2013; Kipps et al., 2009; Kumfor et al., 2014)). Therefore, it is to assume
that the BASIT-ToM will also show good psychometric characteristics and sensitivity to ToM
impairments in the running validation studies.

After conducting the planned validation studies, the BASIT-ToM will be ready for
clinical use to evaluate ToM abilities in patients with brain disorders and particularly in ones

with bvFTD diagnosis.

Contribution of the developed tools to diagnosis of the behavioural variant

frontotemporal dementia and their critical evaluation

The presented tools were developed with the primary aim to increase diagnosis accuracy
of the bvFTD at the early stage. The instruments were developed in accordance with good
psychometric practice and considering the needs of clinical routine. Based on the results of the
Study I, the BDQ has been implemented since April 2022 in the clinical routine of the Memory

clinic Basel. The first evaluation of psychometric characteristics of the BASIT-ToM as well as
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calculation of the normative values are planned for the beginning of the year 2025. After that,
BASIT-ToM can also be implemented in clinical evaluation of the patients with brain disorders.
Indeed, it was already requested by several institutions in Switzerland and Germany for use
with research or clinical purposes.

The implementation of the developed tools in the clinical routine will:

increase diagnosis accuracy of the bvFTD at the early stage,

- build a fundament for establishment of new valid biomarkers for the bvFTD,

- allow evaluation of the changes in behavioural symptoms and social cognition,
namely its subdomain ToM, on a standardised way that could be useful to estimate
both disease progression but also success of the applied therapies,

- promote examination of the behavioural disorders and ToM in bvFTD and other brain
disorders.

Additionally, broad use of the standardised tools in assessment of the behavioural
disorders and ToM could provide more data and promote extensive research on these domains
in bvFTD but also in other disorders. This can result in revision of the current diagnostic criteria
for bvFTD in order to increase their specificity. The promoted research could also extend our
knowledge and understanding of the behavioural disorders and ToM in different diseases,
including their causes and consequences.

However, it is important to remember that though neuropsychological assessment
provides clinicians with valuable and fundamental information on patients’ symptoms,
biomarkers, such as brain imaging, are certainly needed to increase diagnosis accuracy (Dodich
et al., 2018). Another information to keep in mind is that a single test can never fully represent
the brain's functioning and pathology. That’s why a group of tests integrated in test batteries
are needed for more elaborate representations of brain functions (Russell, 2012). A single
diagnostic instrument also has its limitations. So, the BDQ is a subjective method relying
strongly on informants’ perception and interpretation of patients’ behaviours. And the BASIT-
ToM provides information about the patients’ performance only in the certain time point
without knowing their previous or typical performance on ToM. Lastly, the calculated cut-offs
and normative values should be always interpreted carefully since they are calculated in a
sample, and the entire population can never be sampled. Due to usually strict selection of study
participants during screening, the sample populations tend to be overnormal and not average
(Russell, 2012, pp. 96-97). Moreover, the motivation of the study’s participants is difficult to
control and can also influence the reliability of the data with which the cut-offs or normative
values are developed. That’s why further replication and cross-validations studies with

developed instruments are needed to ensure the generalisability of the results.
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Outlook in further research and practical implications

As mentioned above, the developed instruments can provide a good basis for further
research on behavioural disorders and social cognition impairments in bvFTD and other brain
disorders by enabling a standardised and reality-close assessment of these symptoms and
promoting their assessment in clinical routine. The first already planned studies with the BDQ
and BASIT-ToM were described above and aim mainly instruments’ validations verifying their
ability to identify bvFTD patients at the early stage and to classify them correctly if comparing
with other patients’ groups. Currently, only four patients’ groups are planned, i.e., bvFTD,
ADD, bvAD and MDD. But research with other patients’ groups is also important, especially
the ones symptomatically close to bvFTD, such as late-onset schizophrenia or late-life attention
deficit hyperactivity disorder (Pose et al., 2013).

Next, longitudinal studies with the patients fulfilling criteria for prodromal bvFTD
(Barker et al., 2022) could verify the sensitivity of the developed instruments to the first
symptoms even before the bvFTD diagnosis, but also help to better understand the symptoms’
progression starting from their onset. The early identification of the symptoms is important to
apply precise symptoms’ therapy as soon as possible.

Further studies including brain-images data are necessary to provide information whether
BDQ domain-specific scores and scores of the BASIT-ToM are associated with the specific
brain pathologies. As described above different behavioural domains are associated with
different brain regions. So, it needs to be investigated whether a high score in e.g., apathy as
reported by informants is associated with the atrophy of the corresponding brain area. Or
whether BASIT-ToM scores on affective and cognitive ToM are able to discriminate between
different brain pathologies associated with these skills.

The use of standardised and reality-close instruments for both behavioural symptoms and
ToM can also contribute to investigation of the association between social cognition
impairments and behavioural symptoms in bvFTD. It is often discussed in the literature that
such behavioural symptoms of bvFTD as disinhibition, loss of empathy but also apathy could
be caused (at least partly) by impairments of social cognition (Desmarais et al., 2018; Dilcher
et al., 2023; Johnen & Bertoux, 2019). However, appropriate assessment tools were lacking to
investigate these associations deeper. BDQ and BASIT-ToM can help to approach this topic.
Insights in these associations can be especially interesting for the development of new therapies
for bvFTD symptoms. So, Cotelli et al. (2018) demonstrated that stimulation of certain brain
areas can influence ToM ability in bvFTD patients. Also, medications studies, for example

including oxytocin, showed promising improvements in social cognition and behaviour in
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bvFTD patients (Finger et al., 2015; Jesso et al., 2011). The effects of social cognition therapies
on behavioural symptoms in bvFTD patients requires further research, especially in
longitudinal studies. The BDQ and the BASIT-ToM enabling standardised assessment between
different time points can be used in such studies to monitor therapies’ effects.

In addition to the extensive research on bvFTD diagnostic methods or social cognition
assessment, it is crucial to ensure the knowledge transfer to the clinical routine. So, study of
Shinagawa et al. (2016) showed that misdiagnoses of bvFTD are very often among non-bvFTD
specialists mainly due to lack of familiarity with core diagnostic symptoms. And the survey of
Quesque et al. (2022) about social cognition assessment among French neuropsychologists
revealed that only 35.7% of professionals who graduated more than five years ago received a
training on social cognition assessment. Consequently, the reported confidence when assessing
social cognition was on average 2.7 (out of 5), compared to 4.3 when assessing memory or
executive functions (Quesque et al., 2022). This illustrates the need for more training on social
cognition assessment and bvFTD diagnostic methods for not only clinicians in education, but
also for professionals with many years of practice experiences. Only ensuring that research
findings will be implemented in clinical practice can improve diagnosis accuracy of the bvFTD

and other brain disorders.
Conclusion

Within this dissertation two novel diagnostic tools for bvFTD were developed, i.e., (1)
BDQ assessing bvFTD typical behavioural symptoms reported by patients’ close persons, and
(2) BASIT-ToM, a performance-based test assessing ToM abilities close to real-life setting.
These instruments on one side operationalise the current diagnostic criteria for bvFTD and on
other side consider new recommendations on additional diagnostic domains to be evaluated in
brain disorders, and particularly in bvFTD. The implementation of the developed tools in the
clinical routine can increase diagnosis accuracy of the bvFTD and contribute to better
understanding of the development and progression of the bvFTD symptoms. The novel
knowledge can promote the revision of the current diagnostic criteria that can result in higher
diagnostic accuracy, earlier symptoms’ therapies and better well-being of the patients and their

close persons.
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Appendix A. Diagnostic criteria for frontotemporal dementia (Englund et al., 1994)
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Core diagnostic features

Behavioural disorders

Insidious onset and slow progression

Early loss of personal awareness (neglect of personal hygiene and grooming)
Early loss of social awareness (lack of social tact, misdemeanours such as
shoplifting)

Early signs of disinhibition (such as unrestrained sexuality, violent behaviour,
inappropriate jocularity, restless pacing)

Mental rigidity and inflexibility

Hyperorality (oral/dietary changes, overeating, food fads, excessive smoking and
alcohol consumption, oral exploration of objects)

Stereotyped and preservative behaviour (wandering, mannerisms such as clapping,
singing, dancing, ritualistic preoccupation such as hoarding, toileting, and dressing)
Utilisation behaviour (unrestrained exploration of objects in the environment)
Distractibility, impulsivity, and impersistence

Early loss of insight into the fact that the altered condition is due to a pathological
change of own mental state

Affective Symptoms

Depression, anxiety, excessive sentimentality, suicidal and fixed ideation, delusion
(early and evanescent)

Hypochondriasis, bizarre somatic preoccupation (early and evanescent)

Emotional unconcern (emotional indifference and remoteness, lack of empathy and
sympathy, apathy)

Amimia (inertia, aspontaneity)

Speech disorder
e Progressive reduction of speech (aspontaneity and economy of utterance)
e Stereotypy of speech (repetition of limited repertoire of words, phrases, or themes)
e Echolalia and perseveration
e Late mutism

Spatial orientation and praxis preserved (intact abilities to negotiate the environment)

Physical signs

Early primitive reflexes

Early incontinence

Late akinesia, rigidity, tremor
Low and labile blood pressure

Investigations

Normal EEG despite clinically evident dementia

Brain imaging (structural or functional, or both): predominant frontal or anterior
temporal abnormality, or both

Neuropsychology (profound failure on “frontal lobe” tests in the absence of severe
amnesia, aphasia, or perceptual spatial disorders)
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Supportive diagnostic features

Onset before 65

Positive family history of similar disorders in a first degree relative

Bulbar palsy, muscular weakness and wasting, fasciculations (motor neuron
disease)

Diagnostic exclusion feature

Abrupt onset with ictal events

Head trauma related to onset

Early severe amnesia

Early spatial disorientation, lost in surroundings, defective localisation of objects
Early severe apraxia

Logoclonic speech with rapid loss of train of thought

Myoclonus

Cortical bulbar and spinal deficits

Cerebellar ataxia

Choreo-athetosis

Early, severe, pathological EEG

Brain imaging (predominant post-central structural or functional deficit. Multifocal
cerebral lesions on CT or MRI)

Laboratory tests indicating brain involvement or inflammatory disorder (such as
multiple sclerosis, syphilis, AIDS and herper simplex encephalitis)

Relative diagnostic exclusion features

Typical history of chronic alcoholism
Sustained hypertension
History of vascular disease (e.g., angina, claudication)




Appendix B. Diagnostic criteria for frontotemporal dementia (Neary et al., 1998)
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I.

Core diagnostic features

A. Insidious onset and gradual progression

B. Early decline in social interpersonal conduct
C.
D
E

Early impairment in regulation of personal conduct

. Early emotional blunting

. E. Early loss of insight

I1. Supportive diagnostic features

A. Behavioural disorder

1. Decline in personal hygiene and grooming
2. Mental rigidity and inflexibility

3. Distractibility and impersistence

4. Hyperorality and dietary changes

5. Perseverative and stereotyped behaviour
6. Utilization behaviour

B. Speech and language

1. Altered speech output
a. Aspontaneity and economy of speech
b. Press of speech

2. Stereotypy of speech

3. Echolalia

4. Perseveration

5. Mutism

C. Physical signs

1. Primitive reflexes

2. Incontinence

3. Akinesia, rigidity, and tremor
4. Low and labile blood pressure

D. Investigations

1. Neuropsychology: significant impairment on frontal lobe tests in the absence of severe

amnesia, aphasia, or perceptuospatial disorder

2. Electroencephalography: normal on conventional EEG despite clinically evident

dementia

3. Brain imaging (structural and/or functional): predominant frontal and/or anterior

temporal abnormality

I1I. Supportive feature

A. Onset before 65 years: positive family history of similar

B. Bulbar palsy, muscular weakness and wasting, disorder in first-degree relative
fasciculations (associated motor neuron disease present in a minority of patients)
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IV. Diagnostic exclusion features

A. Historical and clinical

1. Abrupt onset with ictal events

2. Head trauma related to onset

3. Early, severe amnesia

4. Spatial disorientation

5. Logoclonic, festinant speech with loss of train of
thought

6. Myoclonus

7. Corticospinal weakness

8. Cerebellar ataxia

9. Choreoathetosis

B. Investigations

1. Brain imaging: predominant postcentral structural or functional deficit; multifocal
lesions on CT or MRI

2. Laboratory tests indicating brain involvement of metabolic or inflammatory disorder
such as MS, syphilis, AIDS, and herpes simplex encephalitis

Relative diagnostic exclusion features

A. Typical history of chronic alcoholism
B. Sustained hypertension

C. History of vascular disease (e.g., angina, claudication)

Note. All core features must be present to fulfil the criteria for diagnosis. The diagnosis becomes
more likely when more supportive features are present. The physical features should be
regarded as “supportive” rather than as necessary conditions for diagnosis. All exclusion
features must be absent.
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Appendix C. Diagnostic criteria for behavioural variant frontotemporal dementia

(Rascovsky et al., 2011)

I. Neurodegenerative disease

The following symptom must be present to meet criteria for bvF'TD

A. Shows progressive deterioration of behaviour and/or cognition by observation or history
(as provided by a knowledgeable informant).

I1. Possible bvFTD

Three of the following behavioural/cognitive symptoms (A—F) must be present to meet
criteria. Ascertainment requires that symptoms be persistent or recurrent, rather than single
or rare events.

A. Early* behavioural disinhibition [one of the following symptoms (A.1-A.3) must be
present]:

A.1. Socially inappropriate behaviour
A.2. Loss of manners or decorum
A.3. Impulsive, rash or careless actions

B. Early apathy or inertia [one of the following symptoms (B.1-B.2) must be present]:

B.1. Apathy
B.2. Inertia

C. Early loss of sympathy or empathy [one of the following symptoms (C.1-C.2) must be
present]:

C.1. Diminished response to other people’s needs and feelings
C.2. Diminished social interest, interrelatedness or personal warmth

D. Early perseverative, stereotyped or compulsive/ritualistic behaviour [one of the following
symptoms (D.1-D.3) must be present]:

D.1. Simple repetitive movements
D.2. Complex, compulsive or ritualistic behaviours
D.3. Stereotypy of speech

E. Hyperorality and dietary changes [one of the following symptoms (E.1-E.3) must be
present]:

E.1. Altered food preferences
E.2. Binge eating, increased consumption of alcohol or cigarettes
E.3. Oral exploration or consumption of inedible objects

F. Neuropsychological profile: executive/generation deficits with relative sparing of memory
and visuospatial functions [all of the following symptoms (F.1-F.3) must be present]:

F.1. Deficits in executive tasks
F.2. Relative sparing of episodic memory
F.3. Relative sparing of visuospatial skills
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III. Probable bvFTD

All of the following symptoms (A—C) must be present to meet criteria.
A. Meets criteria for possible bvFTD

B. Exhibits significant functional decline (by caregiver report or as evidenced by Clinical
Dementia Rating Scale or Functional Activities Questionnaire scores)

C. Imaging results consistent with bvFTD [one of the following (C.1-C.2) must be present]:

C.1. Frontal and/or anterior temporal atrophy on MRI or CT
C.2. Frontal and/or anterior temporal hypoperfusion or hypometabolism on PET or
SPECT

IV. Behavioural variant FTD with definite FTLD Pathology

Criterion A and either criterion B or C must be present to meet criteria.
A. Meets criteria for possible or probable bvFTD
B. Histopathological evidence of FTLD on biopsy or at post-mortem

C. Presence of a known pathogenic mutation

V. Exclusionary criteria for bvFTD

Criteria A and B must be answered negatively for any bvF'TD diagnosis. Criterion C can be
positive for possible bvF'TD but must be negative for probable bvFTD.

A. Pattern of deficits is better accounted for by other non-degenerative nervous system or
medical disorders

B. Behavioural disturbance is better accounted for by a psychiatric diagnosis

C. Biomarkers strongly indicative of Alzheimer’s disease or other neurodegenerative process

Note. ‘Early’ refers to symptom presentation within the first 3 years.
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Supplementary A. Development of the Behavioural Dysfunctional Questionnaire

The revised diagnostic criteria for behavioural variant frontotemporal dementia
(bvFTD), involve six domains with two to three subdomains (Table A1) [7]. The first five
domains (A-E) include behavioural disorders, whereas the sixth domain (F) includes a

cognitive disorder (i.e., primary executive dysfunction).

Table A1. Domains and subdomains of the diagnostic criteria for behavioural variant

frontotemporal dementia

A. Early* behavioural disinhibition
A.1. Socially inappropriate behaviour
A.2. Loss of manners or decorum
A.3. Impulsive, rash or careless actions
B. Early* apathy or inertia
B.1. Apathy
B.2. Inertia
C. Early* loss of sympathy or empathy
C.1. Diminished response to other people’s needs and feelings
C.2. Diminished social interest, interrelatedness or personal warmth
D. Early* perseverative, stereotyped or compulsive/ritualistic behaviour
D.1. Simple repetitive movements
D.2. Complex, compulsive or ritualistic behaviours
D.3. Stereotypy of speech
E. Hyperorality and dietary changes
E.1. Altered food preferences
E.2. Binge eating, increased consumption of alcohol or cigarettes
E.3. Oral exploration or consumption of inedible objects
F. Neuropsychological profile: executive/generation deficits with relative sparing of
memory and visuospatial functions
F.1. Deficits in executive tasks
F.2. Relative sparing of episodic memory

F.3. Relative sparing of visuospatial skills

* “early” refers to symptom presentation within the first three years



A domain is considered as affirmed if at least one symptom of this domain is persistent

or recurrent [7]. Rascovsky, et al. [7] provided examples of symptoms of each subdomain.

Please see for example the subdomain “socially inappropriate behaviour” (Fig. A1).

Figure A1. Exemplary symptoms of the subdomain “socially inappropriate behaviour”

A.1. Socially inappropriate behaviour

Examples of behaviours that violate social norms
include inappropriately approaching, touching or

kissing strangers, verbal or physical aggression,

public nudity or urination, inappropriate sexual

acts and criminal behaviour (such as theft

or shoplifting).

Development of the questions

We aimed to operationalise the five behavioural domains of the diagnostic criteria for

bvFTD [7] by developing an informant questionnaire. To do this, we kept the structure of the

five domains and their subdomains and added the exemplary symptoms from the Appendix of

the consensus paper [7] as items to the respective subdomain. First, we translated and

retranslated the subdomains and symptoms by native English and German speakers,

respectively. Please see, as an example, the subdomain “socially inappropriate behaviour” in

English and German language in Table A2.

Table A2. Subdomain “socially inappropriate behaviour” according to Rascovsky, et al. [7] in

English and German

A.1. Socially inappropriate behaviour

A.1. Sozial unangebrachtes Verhalten

Examples of behaviours that violate social
norms include inappropriately approaching,

touching or kissing strangers, verbal or

Beispiele von Verhalten, das soziale

Normen verletzt, sind unpassende

Annaherungen, Berlhren oder Kiissen von




physical aggression, public nudity or Fremden, verbale oder kdrperliche
urination, inappropriate sexual acts and Aggression, offentliche Nacktheit oder
criminal behaviour (such as theft or o6ffentliches Urinieren, unpassende sexuelle
shoplifting). Handlungen und kriminelles Verhalten (wie

Diebstahl oder Ladendiebstahl).

Second, we generated questions based on each translated subdomain, e.g., “Zeigt
sie/er sozial unangebrachtes Verhalten, wie zum Beispiel ...” / “Does she/he show socially
inappropriate behaviour, such as ...” (Fig. A2, orange colour).

Third, we added the symptoms that belong to the corresponding subdomain and
named them “items”. For example, “Unangemessene Annaherungen, wie fremde Personen
anfassen oder korperlich ganz nahe kommen” / “Inappropriate approaches, such as touching

strangers or getting very close physically ” was named item 1.1 (Fig. A2, blue colour).

Figure A2. Operationalisation of the subdomain “socially inappropriate behaviour”

Zeigt sie/er sozial unangebrachtes Verhalien,
wie zum Beispiel:

1.1 Unangemessene Annaherungen, wie fremde

A.1. Sozial unangebrachtes Verhalten Personen anfassen oder kérperlich ganz nahe
kommen

Beispiele von Verhalten, das soziale i j
1.1 1.2 Berthren oder Kissen von fremden Personen

Normen  verletzt, sind unpassende - - -
. 1.2 ) i 1.3 Verbale Aggressionen, wie beschuldigen,
Annaherun%%n, Beriihren oderﬁussen von anschreien, usw.

Fremden, :;grbale oder  korperliche 1.4 Korperliche Aggressionen, wie schlagen,

Aggression, offentliche Nacktheit oder stossen, kratzen, usw.
1.6 1.7

offentiiches  Urinieren,  unpassende | 1 5 sich in der Offentlichkeit entkleiden
sexuelle Handlungen und " kriminelles

1.6 Urinieren in der Offentlichkeit
Verhalten (wie Diebstahl oder

Ladendiebstanhl).

1.7 Unangemessene sexuelle Handlungen, wie
sich in der Offentlichkeit selbst befriedigen /
masturbieren

1.8 Kriminelles Verhalten (wie z.B. Diebstahl)




Generation of item scores

We decided to use a six-point (0-5) Likert scale to score each item. Similarly to the
Frontal Behavioral Inventory (FBI) [4], we decided to use both, severity and frequency, to
measure the degree of behavioural disorders, as some disorders are represented best by
severity such as apathy or empathy and others best by frequency such as compulsive
behaviour. We described each point of the Likert scale as follows

0 - no;

1 — very mild / rare (less than once a month);

2 — mild / occasionally (approximately once a month but not weekly);

3 — moderate / sometimes (about once a week);

4 — severe / often (several times a week but not daily);

5 — very severe / very often (daily)

Four of the five behavioural domains (A-D) are marked with the time criterion “early”.
“Early” refers to symptom presentation within the first three years [7]. We operationalized this
criterion by asking the informants about both, the respective symptom onset and the clinical

onset.

Examining the clarity of the BDQ and its feasibleness in administration

To check the BDQ for its clarity and feasibleness in administration, we asked several
employees of the Memory Clinic Basel and 20 patients’ caregivers of different ages, sexes
and education to read each question carefully for its clarity and to fill out the questionnaire by
thinking of a relative’s behaviour. Afterwards, we interviewed them about the clarity of the
questionnaire’s instruction, the questions and the answer options. Their comments and
suggestions were analysed and applied, if judged as appropriate. In the following, you see the
structure of the BDQ using the example of the subdomain “socially inappropriate behaviour”

(Table A3).



Table A3 Structure of the subdomain “socially inappropriate behaviour”

1. | Zeigt sieler sozial unangebrachtes | NEIN | Wenn JA, Aktuelle Haufigkeit/Schweregrad
Verhalten, wie zum Beispiel: seitwann? [genrselten/| Selten/ | Manchmal Haufig/  |Sehr haufig/
(Anzahl Sehr leicht | Leicht I Mittel Stark Sehr stark
Wochen, | (Weniger als (Ca. (Ca. (Mehrmals (Mind.
Monate 1x/Monat) | 1x/Monat, | 1x/Woche) pro 1x/Tag)
oder Jahre) aber nicht Woche,
wochentlich) aber nicht
taglich)
1.1| Unangemessene Annaherungen, wie
fremde Personen anfassen oder 0 1 2 8 4 5
korperlich ganz nahe kommen
1.2| Beruhren oder Kiissen von fremden
0 1 2 3 4 5
Personen
1.3| Verbale Aggressionen, wie beschuldigen,
) 0 1 2 3 4 5
anschreien, usw.
1.4| Korperliche Aggressionen, wie schlagen,
P 9% 9 0 1 2 B 4 5
stossen, kratzen, usw.
1.5| Sich in der Offentlichkeit entkleiden 0 1 2 3 4 5
1.6| Urinieren in der Offentlichkeit 0 1 2 3 4 5
1.7| Unangemessene sexuelle Handlungen,
wie sich in der Offentlichkeit selbst 0 1 2 & 4 5
befriedigen / masturbieren
1.8| Kriminelles Verhalten (wie z.B. Diebstahl) 0 1 2 3 4 5

The final version of BDQ included 56 items corresponding to 15 questions (Table A4).

As the number of symptoms differs between subdomains in the diagnostic criteria [7], the

number of items between questions differs too. In addition to answering the items, informants

had the opportunity to note additional symptoms (question 16). At the end of the questionnaire,

the informants were asked about the patient’s first symptom(s) and the clinical onset (question

17).




Table A4. Structure of the Behavioural Dysfunction Questionnaire

Behavioural domains Subdomains Questions Items
A. Early* behavioural A1. Socially inappropriate behaviour 1.1-1.8
disinhibition A2. Loss of manners or decorum 21-29

A3. Impulsive, rash or careless 3.1-35

actions

B. Early* apathy or B1. Apathy 4 41-4.2
inertia B2. Inertia 51-5.2
C. Early* loss of C1. Diminished response to other 6 6.1-6.2
sympathy or empathy people’s needs and feelings

C2. Diminished social interest, 7,8 71-7.3

interrelatedness or personal warmth 8.1-8.3
D. Early* perseverative, D1. Simple repetitive movements 9.1-99
stereotyped or D2. Complex, compulsive or 10 10.1-10.7
compulsive/ritualistic ritualistic behaviours
behaviour D3. Stereotypy of speech 11 11.1
E. Hyperorality and E1. Altered food preferences 12 121 -12.2
dietary changes [one of E2. Binge eating, increased 13, 14
the following symptoms consumption of alcohol or cigarettes

E3. Oral exploration or consumption 15

of inedible objects
Additional questions Other behavioural disorders 16

First symptom(s) and time of their 17

start

* “early” refers to symptom presentation within the first three years

In the following, you find the list of questions and items of the BDQ in German (Table

A5) and in English (Table AB).



Table A5. Behavioural Dysfunction Questionnaire (German version)

1. Zeigt sie/er sozial unangebrachtes Verhalten, wie zum Beispiel:

2.

1.1. Unangemessene Annaherungen, wie fremde Personen anfassen oder
korperlich ganz nahe kommen

1.2. Berthren oder Kussen von fremden Personen

1.3. Verbale Aggressionen, wie beschuldigen, anschreien, usw.

1.4. Korperliche Aggressionen, wie schlagen, stossen, kratzen, usw.

1.5. Sich in der Offentlichkeit entkleiden *

1.6. Urinieren in der Offentlichkeit

1.7. Unangemessene sexuelle Handlungen, wie sich in der Offentlichkeit selbst
befriedigen / masturbieren *

1.8. Kriminelles Verhalten (wie z.B. Diebstahl)

Ist lhnen bei ihr/ihm der Verlust von Umgangsformen oder des Anstands

aufgefallen, wie zum Beispiel:

2.1. Unpassendes Lachen

2.2. Fluchen oder Schreien

2.3. Beleidigungen

2.4. Unhdfliche oder sexuell anzigliche Bemerkungen

2.5. Mangel an Anstand (z.B. nicht in der Warteschlange anstehen kdnnen)

2.6. Fehlende Achtung der Privatsphare

2.7. Keine angemessene Reaktion auf soziale Signale (z.B. die Person redet weiter,
obwohl ihr/ihm signalisiert wird aufzuhéren)

2.8. Mangelnde Korperpflege (z.B. sie/er tragt Ubelriechende, schmutzige,
verschlissene oder unpassende Kleidung)

2.9. Unhéfliches Benehmen in der Offentlichkeit, wie furzen, an den

Geschlechtsteilen kratzen, in den Zahnen herumstochern, spucken oder rilpsen

3. Zeigt sie/er impulsive, unbedachte oder achtlose Handlungen, wie zum Beispiel:

3.1. Rucksichtsloses (Auto-)Fahren

3.2. Neu begonnenes Gliicksspiel *

3.3. Stehlen von Nahrungsmitteln oder glénzenden Objekten *

3.4. Unbedachtes Kaufen oder Verkaufen von Objekten

3.5. Unbedachtes Preisgeben von personlichen Daten wie z.B. die Nummer der
Kreditkarte

4. Haben Sie bemerkt, dass ihr/ihm der Antrieb fehlt, wie zum Beispiel:

4.1. Mangel an Spontanitat
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4.2. Vermindertes oder fehlendes Interesse fur Tatigkeiten, die ihr/ihm friher wichtig
waren
5. Ist Ihnen bei ihr/ihm trages Verhalten aufgefallen, wie zum Beispiel:
5.1. Aufforderungen sind notwendig, damit alltdgliche Verrichtungen (wie z.B.
Zahneputzen) begonnen oder ausgefihrt werden
5.2. Gesprache werden nicht begonnen oder aufrechterhalten
6. Ist Innen aufgefallen, dass sie/er weniger auf die Bedlirfnisse und Gefiihle anderer
eingeht, wie zum Beispiel:
6.1. Gleichgultigkeit gegentber Schmerz oder Leid anderer
6.2. Verletzende Bemerkungen zum Schmerz oder Leid anderer Personen
7. Ist lhnen bei ihr/ihm ein vermindertes Interesse an sozialen Kontakten und
Beziehungen aufgefallen, wie zum Beispiel:
7.1. Vermindertes Interesse an der Gesellschaft anderer
7.2. Vermeiden von Blickkontakt
7.3. Abnahme von sozialem Engagement
8. Ist Ihnen bei ihr/ihm eine Abnahme von Warme im zwischenmenschlichen Umgang
aufgefallen, wie zum Beispiel:
8.1. Vermeiden von koérperlichem Kontakt wie z.B. Bertihrung oder Umarmung von
Freunden und Verwandten
8.2. Emotionale Distanziertheit, d. h. nicht mehr auf dussere Einfllisse positiver oder
negativer Art emotional reagieren
8.3. Gefuhlskalte
9. Haben Sie beobachtet, dass sie/er wiederholt die gleichen Bewegungen ausfiihrt,
wie zum Beispiel:
9.1. Reiben der Hande
9.2. Klopfen mit Handen oder Flssen
9.3. Klatschen der Hande
9.4. Sich kratzen
9.5. Sich an Haut oder Kleidern zupfen
9.6. Summen
9.7. Mit dem Stuhl schaukeln *
9.8. Rauspern
9.9. Mit den Lippen schmatzen
10. Ist Ihnen bei ihr/ihm ein zwanghaftes oder ritualisiertes Verhalten aufgefallen, wie
zum Beispiel:

10.1. Zwanghaftes Zahlen
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10.2. Zwanghafte Reinigungsrituale

10.3. Zwanghaftes Sammeln oder Horten

10.4. Zwanghaftes Kontrollieren

10.5. Zwanghaftes Auf-die-Toilette-Gehen

10.6. Zwanghaftes Anordnen von Gegenstanden

10.7. Zwanghaftes Gehen bestimmter Strecken
11. Haben Sie bei ihr/ihm wiederholt sprachliche Auffalligkeiten bemerkt, wie zum
Beispiel:

11.1. Zwanghaftes Wiederholen von Wortern, Satzen oder Erzéhlungen
12. Sind lhnen bei ihr/ihm verédnderte Vorlieben fiir Nahrungsmittel aufgefallen, wie
zum Beispiel:

12.1. Verstéarktes Verlangen nach Sissigkeiten

12.2. Einschrankung auf den Konsum bestimmter Nahrungsmittel
13. Sind lhnen bei ihr/ihm Essanfille aufgefallen?
14. Hat sie/er neu mit dem Konsum von Zigaretten oder Alkohol begonnen, oder den
Konsum von Zigaretten oder Alkohol erhéht?
15. Haben Sie bei ihr/ihm beobachtet, dass sie/er nicht essbare Gegenstande in den
Mund nimmt oder isst? *
16. Falls lhnen Verhaltensauffalligkeiten bei lhrer/lhrem Angehoérigen aufgefallen
sind, die wir nicht erfragt haben, bitten wir Sie, diese hier anzugeben
17. Seit wann besteht eine Veranderung — sei es in der Kraft/Motorik (z.B. Gehen oder
Koordination), im Denken oder Sprechen, in der Stimmung, im Verhalten oder
anderweitig — bei Ihrer/lhrem Angehérigen?

Welche Form der Veranderung war dies?

* excluded items (affirmed by less than 5% of the informants of patients with behavioural variant frontotemporal

dementia)

Table A6. Behavioural Dysfunction Questionnaire (English version)

1. Does she/he show socially inappropriate behaviour, such as:
1.1. Inappropriate approaches, such as touching strangers or getting very close
physically
1.2. Touching or kissing strangers
1.3. Verbal aggression, such as blaming, yelling at, etc.
1.4. Physical aggression, such as hitting, pushing, scratching, etc.

1.5. Undressing in public *

12



1.6. Urinating in public
1.7. Inappropriate sexual acts, such as pleasuring oneself / masturbating in public *
1.8. Criminal behaviour (such as stealing)
2. Have you noticed in her/him a loss of manners or etiquette, such as:
2.1. Inappropriate laughter
2.2. Swearing or yelling
2.3. Offensive comments
2.4. Rude or sexually suggestive comments
2.5. Lack of etiquette (e.g., not being able to wait in line)
2.6. Lack of respect for privacy
2.7. Failure to respond appropriately to social cues (e.g., continuing to talk even
though it was signalled to stop)
2.8. Lack of personal hygiene (e.g., she/he wears malodorous, stained, torn or
inappropriate clothing)
2.9. Rude behaviour in public, such as farting, scratching private parts, picking teeth,
spitting, or belching
3. Does she/he show impulsive, thoughtless, or careless actions, such as:
3.1. Reckless (car-)driving
3.2. Newly started gambling *
3.3. Stealing food or shiny objects *
3.4. Unwise buying or selling of objects
3.5. Careless disclosure of personal data such as credit card number
4. Have you noticed that she/he lacks drive, such as:
4.1. Lack of spontaneity
4.2. Decreased or lack of interest in activities that used to be important to her/him
5. Have you noticed any sluggish behaviour in her/him, such as:
5.1. Prompts are necessary for everyday tasks (such as brushing teeth) to be started
or performed
5.2. Conversations are not initiated or maintained
6. Have you noticed that she/he is less responsive to the needs and feelings of others,
such as:
6.1. Ignorance of pain or suffering of others
6.2. Making hurtful comments leading to other person’s pain or suffering
7. Have you noticed in her/him a decreased interest in social contacts and
relationships, such as:

7.1. Decreased interest in the company of others
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7.2. Avoiding eye contact
7.3. Decrease in social engagement
8. Have you noticed in her/him a decreased warmth in interpersonal interactions,
such as:
8.1. Avoiding physical contact, such as touching or hugging friends and relatives
8.2. Emotional detachment, i.e. no longer reacting emotionally to external stimuli of
a positive or negative nature
8.3. Emotional coldness
9. Have you observed that she/he repeatedly performs the same movements, such
as:
9.1. Rubbing hands
9.2. Tapping with hands or feet
9.3. Clapping hands
9.4. Scratching oneself
9.5. Tugging at skin or clothes
9.6. Humming
9.7. Rocking with chair *
9.8. Clearing throat
9.9. Smacking of lips
10. Have you noticed any compulsive or ritualistic behaviours in her/him, such as:
10.1. Compulsive counting
10.2. Compulsive cleaning rituals
10.3. Compulsive collecting or hoarding
10.4. Compulsive controlling
10.5. Compulsive going to the toilet
10.6. Compulsive arrangement of objects
10.7. Compulsive walking of certain routes
11. Have you noticed any repeatedly language abnormalities in her/him, such as:
11.1. Compulsive repetition of words, phrases, or narratives
12. Have you noticed any changes in her/his food preferences, such as:
12.1. Increased craving for sweets
12.2. Restriction on consumption of certain foods
13. Have you noticed her/him having any binge eating episodes?
14. Has she/he newly started consuming cigarettes or alcohol, or increased the usual

consumption of cigarettes or alcohol?
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15. Have you observed her/him putting non-edible items in the mouth or eating
them?*

16. If you have noticed behavioural abnormalities in your loved one that we have not
asked about, please indicate them here

17. When have the first changes in your loved one started (whether in strength / motor
function [e.g., walking or coordination], thinking or speaking, mood, behaviour, or
otherwise)?

What kind of changes did you observe?

* excluded items (affirmed by less than 5% of the informants of patients with behavioural variant frontotemporal

dementia)
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Supplementary B. Inclusion and exclusion criteria of patients and healthy participants

Patients with behavioural variant frontotemporal dementia (bvFTD) and Alzheimer's
disease dementia (ADD) were recruited from two Swiss (i.e., Memory Clinic, University
Department of Geriatric Medicine FELIX PLATTER, Basel; Clinic of Neurology and
Neurophysiology, Canton Hospital St. Gallen) and three German (i.e., Clinic for Neurology,
Munster University Hospital; Clinic for Cognitive Neurology, University Hospital Leipzig;
Department of Neurology, University of UIm) memory clinics. The diagnosis was established
by a multidisciplinary team consisting of neurologists, neuropsychologists, and psychiatrists,
who performed comprehensive neuropsychological and neuroimaging assessments. Inclusion
criteria were the diagnosis of at least probable bvFTD [7] or probable ADD [5], and availability
of a reliable informant, who has regular contact with the patient. Exclusion criteria were major
neurocognitive disorder at moderate or severe stage according to DSM-5, history of or current
drug and/or alcohol abuse as well as drug- and/or alcohol-related disorder according to ICD-
10, history of severe depressive episode or current depressive episode according to ICD-10,
history of or current major psychiatric disorders according to ICD-10, traumatic brain injury,
systemic disorders or brain diseases that could result in behavioural changes.

Patients with major depressive disorder (MDD) were recruited from three Swiss
institutions (i.e., Memory Clinic, University Department of Geriatric Medicine FELIX PLATTER,
Basel; Clienia Schilossli AG, Clinic of Psychiatry and Psychotherapy, Oetwil am See;
University Psychiatric Clinic, Basel). The inclusion criterion was the diagnosis of an at least
moderate depressive episode according to ICD-10. Exclusion criteria were a neurocognitive
disorder according to DSM-5, history of or current drug or/and alcohol abuse as well as drug-
and alcohol-related disorder according to ICD-10, any other major psychiatric disorders
according to ICD-10, traumatic brain injury, systemic disorders or brain diseases that could
result in behavioural changes.

Healthy participants were recruited from the participant pool of the Memory Clinic,

University Department of Geriatric Medicine FELIX PLATTER Basel, Switzerland. Inclusion
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criteria were at least seven years of education, German and/or Swiss German as mother
tongue and self-report of good health. Exclusion criteria were conditions with potential
negative influence on the behaviour, including cognitive deficits [i.e., Montreal Cognitive
Assessment [6] score below the demographically-adjusted fifth percentile for cognitively
healthy individuals [8]], systemic or brain diseases, psychiatric disorders according the ICD-
10, traumatic brain injury, chronic pain, history of or regular intake of any psychoactive drugs
(except benzodiazepines for sleep) and severe sensory and/or motor deficits. Additionally,
participants were checked for signs of depressive mood by use of the Beck Depression

Inventory (score = ten points) [1] or the Geriatric Depression Scale (score 2 five points) [9].
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Supplementary C. Iltem scores of the Behavioural Dysfunction Questionnaire of

healthy participants

We analysed the item scores of the 414 healthy subjects (Table C1). Of the 56 items,
four items (1.5, 1.7, 3.2, and 3.3) were never affirmed by healthy participants’ informants.
Items were generally (95.2%) negated. ltems were affirmed in 3% as “very mild” or “rare”, in
0.9% as “mild” or “occasionally”; in 0.5% as “moderate” or “sometimes”; in 0.3% as “severe”

or “often” and in 0.1% as “very severe” or “very often”.

Table C1. Answer pattern (in percentages) of informants of healthy participants

Item score
0 1 2 3 4 5 99-%*

Domain A. Early behavioural disinhibition

Item 1.1 98.79 0.97 0 0 0.24 0 1
Item 1.2 98.06 1.94 0 0 0 0 1
Item 1.3 85.23 10.65 1.94 1.45 0.73 0 3
Item 1.4 99.27 0.48 0 0.24 0 0 0
Item 1.5 100 0 0 0 0 0 0
Item 1.6 99.76 0.24 0 0 0 0 0
Item 1.7 100 0 0 0 0 0 0
Item 1.8 98.79 1.21 0 0 0 0 1
Item 2.1 94.19 5.57 0.24 0 0 0 1
Item 2.2 88.35 7.28 2.91 0.49 0.73 0.24 3
Item 2.3 91.77 5.57 1.21 0.48 0.97 0 3
Item 2.4 97.82 1.21 0.73 0.24 0 0 1
Item 2.5 92.98 5.33 1.21 0.24 0.24 0 2
Item 2.6 96.13 3.63 0.24 0 0 0 1
Item 2.7 87.62 8.74 1.21 1.7 0.73 0 3
Item 2.8 97.82 1.7 0.24 0.24 0 0 1
Item 2.9 97.09 1.94 0.24 0.24 0 0.49 1
Item 3.1 94 .4 4.14 0.73 0.49 0.24 0 2
Item 3.2 100 0 0 0 0 0 0
Item 3.3 100 0 0 0 0 0 0
Item 3.4 95.41 3.62 0.97 0 0 0 1
Item 3.5 99.03 0.97 0 0 0 0 0

Domain B. Early apathy or inertia
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Item 4.1
Item 4.2
Item 5.1
Item 5.2

Domain C. Early loss of sympathy or empathy

Item 6.1
Item 6.2
Item 7.1
Item 7.2
Item 7.3
Item 8.1
Item 8.2
Item 8.3

Item 9.1
Item 9.2
Item 9.3
Item 9.4
Item 9.5
Item 9.6
Item 9.7
Item 9.8
Item 9.9
Item 10.1
Item 10.2
Item 10.3
Item 10.4
Item 10.5
Item 10.6
Item 10.7
Item 11.1

Domain E. Hyperorality and dietary changes

Item 12.1
Item 12.2
Item 13
Item 14
Item 15

8155 995 5.58 2.91 0 0
86.96 9.18 2.66 1.21 0 0
97.58 1.69 0.24 0.48 0 0
90.58 6.04 1.69 0.97 0.24 0.48
94.19 3.87 1.69 0.24 0 0
95.64 3.39 0.73 0.24 0 0
87.68 7.25 3.86 0.48 0.72 0
94.2 4.35 0.97 0.24 0 0.24
92.27 5.56 1.69 0.48 0 0
94.9 3.16 0.24 1.21 0 0.49
94.43 3.39 1.45 0.48 0.24 0
93.69 4.61 0.97 0.49 0.24 0
Domain D. Early perseverative, stereotyped or compulsive/ritualistic behaviour
96.36 1.21 0 1.21 0.73 0.49
96.36  2.18 0 0.49 0.73 0.24
98.54 0.73 0.24 0.49 0 0
94.9 2.18 0.49 1.21 0.49 0.73
97.57 1.21 0.24 0.49 0.24 0.24
95.87 243 0.97 0.24 0.24 0.24
98.79  0.97 0 0.24 0 0
93.19 3.16 0.97 0.97 1.22 0.49
99.27 0.24 0 0.24 0.24 0
98.31 0.48 0.72 0.48 0 0
97.34 1.21 0.48 0.24 0.72 0
93.72 29 0.97 1.45 0.72 0.24
93.24 3.14 1.69 1.45 0.48 0
98.31 0.72 0.24 0.48 0 0.24
96.38 1.93 0.72 0.72 0.24 0
99.52 0.24 0 0.24 0 0
95.41 1.69 1.21 0.72 0.72 0.24
87.44 3.62 242 2.42 2.42 1.69
93.24 2.66 0.97 0.97 0.97 1.21
93.95 4.6 1.45 0 0 0
96.13 1.94 0.48 0.48 0.73 0.24
99.27 048 0.24 0 0 0

W =2 W w

NN WDNDNW-2DN
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0

*99-% refers to the 99-percentile of the respective item score. 0 — no; 1 — very mild / rare (less than once a month);

2 — mild / occasionally (approximately once a month but not weekly); 3 — moderate / sometimes (about once a

week); 4 — severe / often (several times a week but not daily); 5 — very severe / very often (daily).
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We analysed the answer pattern of healthy participants’ informants to calculate the
BDQ-Global Domain Score (BDQ-GDS). BDQ-GDS represents the number of affirmed
behavioural domains (0-5). According to Rascovsky, et al. [7], a domain can be considered as
present if at least one of the behavioural symptoms (i.e., items) is “persistent or recurrent
rather than single or rare event”. In the BDQ, this corresponds to an item score = 3 (moderate
/ sometimes). However, as several items were affirmed with the scores greater than three also
for healthy participants, we decided to add “greater than the 99-percentile in healthy subjects”
as an additional criterion for domain affirmation. This later criterion was applied in 19 of the 50
items (38%). For example, item 1.3 is only considered as pathological in case of a score 24
(Table C1). Notably, 99-percentile of two items (i.e., 12.1, 12.2), both from the domain

“Hyperorality and dietary changes”, reached a score of five.
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Supplementary D. Internal consistency of the Behavioural Dysfunctional Questionnaire

We analysed the internal consistency of the BDQ in the patients’ sample (N = 131) by
use of the Kuder-Richardson Formula 20 (KR-20). We used KR-20, because items scores
showed a strong positive skewness.

The five domains overall showed an excellent internal consistency of .92 (Table D1).

Three of the five domains (“early behavioural disinhibition”, “early loss of sympathy/empathy”
and “early perseverative/stereotyped behaviour”) showed good internal consistency (a = .76
to .86). Domain “early apathy/inertia” had an acceptable (a = .67) and domain “hyperorality
and dietary changes” had a poor internal consistency (a = .54). A major reason for the low
internal consistencies of the last two domains is their small number of items (i.e., four items).
In addition, the poor internal consistency of domain “hyperorality and dietary changes” reflects

its different behavioural disorders [altered food preferences (2 items); binge eating (1 item);

increased consumption of alcohol or cigarettes (1 item)].

Table D1. Internal consistencies of the Behavioural Dysfunctional Questionnaire at domain

and global level in the patients’ sample

Domains KR-20 Number of items
Early behavioural disinhibition .86 18
Early apathy / inertia .67 4
Early loss of sympathy / empathy .84 8
Early perseverative, stereotyped or compulsive behaviour .76 16
Hyperorality and dietary changes .54 4
Global (all domains) .92 50

KR-20 = Kuder-Richardson Formula 20
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Supplementary E. Discriminatory power of the domain scores and the BDQ-Global

Score between bvFTD and Non-bvFTD patients

To examine whether behavioural domain scores differ in their discriminatory power
between bvFTD and Non-bvFTD patients, we run univariate logistic regression with each
domain mean score, followed by ROC analyses. All domain mean scores separated the two
groups acceptable to excellent [3] with AUC ranging between 77.27% (early loss of
sympathy/empathy) and 84.46% (early behavioural disinhibition) (Table E1). Using the
Delong’'s method [2], we found similar discriminatory power across the domain scores.
Likewise, the BDQ-Global Score separated the two groups similarly to three of the five domain
scores (i.e., early behavioural disinhibition, early perseverative, stereotyped or compulsive
behaviour, and hyperorality/dietary changes). In contrast, the BDQ-Global Score separated
the two groups better than the domain score of “early apathy/inertia” and the domain score of

“early loss of sympathy/empathy” (p<.05).

Table E1. Discriminatory power of each domain score and the BDQ-Global Score between

bvFTD and Non-bvFTD patients

Domains Area under the curve

Early behavioural disinhibition 84.46 (Cl: 77.07-91.85)
Early apathy / inertia 79.61 (Cl: 70.47-88.75)
Early loss of sympathy / empathy 77.27 (Cl: 67.72-86.83)

Early perseverative, stereotyped or compulsive behaviour 80.91 (ClI: 71.42-90.4)
Hyperorality and dietary changes 81.5 (Cl: 72.78-90.23)

BDQ-Global Score 85.98 (Cl: 78.73-93.22)

Cl = 95% confidence interval
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Elektronisches Supplement

ESM 1. Zusatzliche Informationen zu den Auswahl- und Teilnahmebedingungen der

Studienteilnehmenden

Fir Deutschland wurden die Kontaktdaten tUber die Webseite der Deutschen Alzheimer
Gesellschaft e. V. (DAIzG; https://www.deutsche-alzheimer.de/unser-
service/gedaechtnissprechstunden.html) ermittelt. Die Kontaktdaten der schweizerischen
Memory-Kliniken (MK) wurden iber die Webseite des Vereins Swiss Memory Clinics
(https://www.swissmemoryclinics.ch/de/home/mitglieder) akquiriert; diejenigen der
Osterreichischen MK Uber die Webseite des Bundesministeriums fiir Soziales, Gesundheit,
Pflege und Konsumentenschutz (BMSGPK)
(https://www.gesundheit.gv.at/krankheiten/gehirn-
nerven/demenz/gedaechtnisambulanzen). Die gesammelten Adressen wurden anschlieRend
um Institutionen, die in den Auflistungen mehrfach aufgefiihrt wurden, zusammengehorten
oder keine, respektive fehlerhafte E-Mail-Kontaktdaten aufwiesen, bereinigt. Alle
Teilnehmenden gaben im Vorfeld eine informierte Einwilligung zur freiwilligen Teilnahme an

der Umfrage. Die Institutionen erhielten keine Aufwandsentschadigung.

https://doi.org/10.1024/1016-264X/a000358



Elektronisches Supplement

ESM 2. Griinde, keine Tests zur Emotionserkennung durchzufiihren, die jeweils von nur einer

Institution genannt wurden

Aus dem Optionsfeld:

- Die Testergebnisse haben keine Relevanz fiir die Therapie

Aus dem Freitextfeld:

Fehlende Validierung

- Fehlende Normierung und Validierung

- Zu wenig diagnostische Informationen

- Zu wenige Tests und fehlende Bezugsadressen

- Standardisierte Testverfahren sind nicht notwendig; subjektive Beurteilung ist
genauer

- Untersuchung der Emotionserkennung spielt in der Demenzdiagnostik eine

untergeordnete Rolle

- Schwerpunkt der Institution liegt auf psychosozialen Interventionen

https://doi.org/10.1024/1016-264X/a000358
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Supplemental Material

Development of the Basel Version of the Awareness of Social Inference Test — Theory of

Mind (BASIT-ToM) in Healthy Adults
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Appendix A

Table A1

Evaluation criteria of the TASIT-SIM scenes for scene selection

The topic of the film scene is suitable for the age groups over 60

The topic of the film scene is suitable for people from the German-speaking cultural area
The film scene appears realistic and comprehensible

The content of the film scene is contemporary

Set design appears realistic

The message type portrayed appears appropriate for the story of the scene

The message type is portrayed by different modalities (e.g. gestures, facial expressions,
linguistic characteristics)

Office or living room setting is possible

A change of location is not necessary during the scene

Gender ratio in the cast is unimportant

Number of actors

Duration of the scene is not too short

Note. TASIT - SIM = The Awareness of Social Inference Test - Social Inference Minimal.



Appendix B

Table B1.1

Evaluation and Selection of the Honesty Scenes from TASIT-SIM Form A and Form B

Scene ID

Evaluation criteria Al A4 A7 A1 A14 B1

B4

B7

B11

B14

The topic of the film 1 1 1 1 1
scene is suitable for the
age groups over 60

The topic of the film 1 1 1 1 1
scene is suitable for
people from German-

speaking cultural area

The film scene appears 1 1 1 1 1
realistic and
comprehensible

The content of the film 1 1 1 1 1

scene is contemporary

Set design appears 1 1 1 1 0
realistic

The message type 0 0 0 1 0
portrayed appears

appropriate for the story

of the scene

The message type is 1 1 1 1 1
portrayed by different

modalities (e.qg.

gestures, facial

expressions, linguistic

characteristics)

Office or living room 1 1 1 1 1

setting is possible

1




Scene ID

Evaluation criteria Al A4 A7 A1 Al4 B1 B4 B7 B1i1 B14
A change of location is 1 1 1 1 1 1 1 1 1
not necessary during the

scene

Gender ratio in the cast 1 1 1 1 1 1 1 1 1 1

is unimportant®

Number of actorst 2 1 2 2 2 2 2 2 2 2
Duration of the sceneis 1 1 1 1 1 1 1 1 1 1
not too shortt

Total score 89 89 89 9/9 7/9 8/9 89 99 8/9 7/9

Note. TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal; A = TASIT-SIM form A,
B = TASIT-SIM form B. Scoring: 0 = criterion was not fulfilled; 1 = criterion was fulfilled. Selected scenes are in

bold. TCriterion is not part of the total score.



Table B1.2

Evaluation and Selection of the Simple Sarcasm Scenes from TASIT-SIM Form A and

Form B

Scene ID

Evaluation criteria A2 A6 A9 A10 A13

B2

B6

B9

B10

B13

The topic of the film 1 1 1 1 1
scene is suitable for the
age groups over 60

The topic of the film 1 1 1 1 1
scene is suitable for
people from German-

speaking cultural area

The film scene appears 1 1 0 1 1
realistic and
comprehensible

The content of the film 1 1 1 1 1

scene is contemporary

Set design appears 1 1 1 0 1
realistic

The message type 0 1 0 0 1
portrayed appears

appropriate for the story

of the scene

The message type is
portrayed by different
modalities (e.qg.
gestures, facial
expressions, linguistic

characteristics)

Office or living room 1 1 1 1 1

setting is possible

1
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Scene ID
Evaluation criteria A2 A6 A9 A10 A13 B2 B6 B9 B10 B13
A change of location is 1 1 1 1 1 1 1 1 1
not necessary during the
scene
Gender ratio in the cast 1 1 1 1 1 1 1 1 0 0
is unimportant®
Number of actorst 2 2 2 2 2 2 1 2 2 2
Duration of the sceneis 1 1 1 1 1 1 1 1 1 1
not too shortt
Total score 89 89 89 9/9 7/9 8/9 89 99 8/9 7/9

Note. TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal; A = TASIT-SIM form A,
B = TASIT-SIM form B. Scoring: 0 = criterion was not fulfilled; 1 = criterion was fulfilled. Selected scenes are in

bold. TCriterion is not part of the total score.



Table B1.3

11

Evaluation and Selection of the Paradoxical Sarcasm Scenes from TASIT-SIM Form A and

Form B

Scene ID

Evaluation criteria A3 A5 A8 A12 A15

B3

B5

B8

B12

B15

The topic of the film 1 1 1 1 1
scene is suitable for the

age groups over 60

The topic of the film 1 1 1 1 1
scene is suitable for

people from German-

speaking cultural area

The film scene appears 1 1 1 1 1
realistic and

comprehensible

The content of the film 1 1 1 1 1

scene is contemporary

Set design appears 1 1 0 1 1
realistic

The message type 0 0 1 1 1
portrayed appears

appropriate for the story

of the scene

The message type is 1 1 1 1 1
portrayed by different

modalities (e.g.

gestures, facial

expressions, linguistic

characteristics)

Office or living room 1 1 1 1 1

setting is possible

1
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Scene ID
Evaluation criteria A3 A5 A8 A12 A15 B3 B5 B8 Bi2 B15
A change of location is 1 1 1 1 1 1 1 1 1
not necessary during the
scene
Gender ratio in the cast 1 1 1 1 1 0 1 0 1 1
is unimportant®
Number of actorst 2 2 2 2 2 2 2 2 2 2
Duration of the sceneis 1 0 1 0 1 0 1 1 1 1
not too shortt
Total score 89 89 89 9/9 7/9 8/9 89 99 8/9 7/9

Note. TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal; A = TASIT-SIM form A,
B = TASIT-SIM form B. Scoring: 0 = criterion was not fulfilled; 1 = criterion was fulfilled. Selected scenes are in

bold. TCriterion is not part of the total score.



13

Table B2

Selected Scenes for the BASIT-ToM Film Project

Message type Scene 1 Scene 2 Scene 3 Scene 4 Scene 5
Honesty B11 A1 B1 B7

Simple Sarcasm A6 B2 B10 B13

Paradoxical Sarcasm A3 A15 B5 B8 B15

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind. The scene code
consists of a letter indicating the form of The Awareness of Social Inference Test — Social Inference Minimal (i.e.

form A or form B) and a number indicating the respective scene number.



Appendix C
Document C1

Screenplays of the BASIT-ToM Scenes

23.

23 UBUNGSZENE 2 (NEUES HAUS, B2-PS-15) - WOHN-/ESSZIMMER 23

Beide Personen sitzen am Tisch. Die Frau sitzt an einem
Kreuzwortrdtsel, der Mann liest Zeitung und schaut hin und
wieder zu seiner Frau auf. Dabei besteht kein direkter
Blickkontakt zwischen den beiden.

Fl
Hast du schon Simones neues Haus
gesehen?

F1l (CONT’D)

Hat sie es nicht in einer
wunderschonen Farbe streichen
lassen?

M2 schaut unbeteiligt weiter in seine Zeitung.

M2
Also ich hab wirklich keine
Ahnung warum sie diese Farbe fir
die Wande ausgesucht hat.

Fl
Die Wdnde sind wirklich schon,
aber nicht anndhernd so schdn wie
das Griin der Haustiire.

M2
Vielleicht ist sie ja
farbenblind.

Fl
Hmm.



24.

EINFACHER SAKRASMUS 1 (SEMINAR, A2-ES-6) - BURO 24

Die Schreibtische sind leicht auf die Seite geschoben, an
der Riickwand des Zimmers ist ein Whiteboard angebracht.
Die Frau steht am Whiteboard und ist dabei, etwas
aufzuzeichnen, als der Mann den Raum betritt. Er spricht
F1l vorsichtig an.

M3
Hey! Es tut mir leid, ich kann
das Seminar am Freitag nicht
ibernehmen.

Fl
Was?

M3 ndhert sich vorsichtig.

M3
Du hast mich doch gefragt, ob ich
dein Seminar am Freitag
ibernehmen kann. Es tut mir sehr
leid, ich kann es doch nicht
machen.

Fl arbeitet am Whiteboard weiter und schaut den Mann nur
einaml kurz an.

F1
Ach, sei nicht albern. Du musst
dich deshalb nicht schlecht
fihlen. Ich habe dich ja erst
letzte Woche gefragt.

M3
Ja, 1ich weiss, dass ich gesagt
habe, dass ich es machen kénnte.
Aber als ich heute noch mal in
meinen Kalender gesehen habe,
habe ich gemerkt, dass ich es
nicht einrichten kann.

Fl dreht sich vom Whiteboard weg und schaut den Mann
direkt an.

Fl
Oh, ich weiss. Du bist schwer
beschédftigt. Es war nicht fair
von mir zu erwarten, dass du das
Seminar ibernehmen kannst.

Sie dreht sich wieder weg und arbeitet weiter am
Whiteboard.

M3

Ich hatte das wirklich gerne fir
dich gemacht.

(CONTINUED)




CONTINUED: 25.

F1l schreibt weiterhin an das Whiteboard, kurzer Blick zu
M3.

Fl
Schon gut. Es war ein bisschen zu
viel verlangt.

M3
In einer anderen Woche mache ich
das gerne. Nur diese Woche geht
es leider nicht. Ich hoffe es
macht dir nichts aus.

F1l schaut den Mann direkt an.

Fl
Oh nein, das macht mir natirlich
nichts aus. Ich habe ja reichlich
Zeit Jjemand anderen zu finden.
Ich kann es auch immer noch
selbst machen. Ich habe jede
Menge Zeit!

16



26.

25 EINFACHER SARKASMUS 2 (WOCHENENDAUSFLUG, B2-ES-2) - WOZI

25

F3 und M1

F3 schaut

M1 schaut

F3 schaut

decken gemeinsam den Esstisch.

M1
Wirde es dir etwas
ausmachen, wenn meine
Schwester dieses Wochenende
mit in die Berge f&hrt? Es
geht ihr wirklich nicht gut
zur Zeit.

den Mann kurz an.

F3
Ich verstehe nicht warum du
liberhaupt fragst? Du weisst ja
wie ich zu deiner Schwester
stehe.

die Frau an.

M1
Sie muss wirklich mal weg.

ihn nicht an.

F3
Missen wir das nicht alle...?
Warum laden wir nicht auch noch
ein paar andere Leute ein? Was
macht denn deine Mutter dieses
Wochenende?

M1
Nein. Ich will nur, dass meine
Schwester kommt.

F3
Komm schon! Wir kdnnten ein
richtiges Familienwochenende
draus machen! Warum laden wir
nicht auch noch deinen Bruder und
seine Freundin ein?

M1
Jetzt ibertreibst du aber!

17



27.

26 EINFACHER SARKASMUNS 3 (AUSGEHEN, B2-ES-10) - WOZI 26

F4 zieht sich gerade eine Jacke an und nimmt ihre Tasche
vom Tisch. M2 betritt das Zimmer.

M2
Wohin gehst du?

F4
Zum Essen.

M2
Frag mich nicht, ob ich mitkommen
will!

F4
Mach dir keine Sorgen, das werde
ich nicht! Wie sehe ich aus?

M2
Schrecklich.

F4
Vielen Dank.

F4 (CONT’D)
Ich komme nicht all zu spét
zuriick.

M2
Du kommst also zuriick?

F4
Natlirlich.

M2
Wenn du nach 22 Uhr heimkommst,
stehst du vor einer geschlossenen
Haustir.

F4
Ok, vielleicht sollte ich dann
gar nicht nach Hause kommen.
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28.

EINFACHER SARKASMUS 4 (HEMD, B2-ES-13) - WOZI

M4 hat ein neues Hemd an und bindet sich wdhrend des
Gesprdchs eine Krawatte um. F2 macht sich ausgehbereit.

M4
Was denkst du, soll ich das Hemd
anziehen, das meine Mutter mir
geschenkt hat?
F2 hdlt kurz inne.

F2
Natiirlich. Wenn du mochtest.

M4 schaut zu F2.

M4
Nein, komm schon. Was denkst du?

F2 unterbricht ihre Aktion nicht.

F2
Trag es ruhig, wenn Du es tragen
willst.

M4

Ich weiss nicht, warum dir das
Hemd nicht gef&allt.

F2 atmet horbar aus.

F2
Ich habe nicht gesagt, dass es
mir nicht gefdllt.

M4
Aber du willst nicht, dass ich es
anziehe. In Ordnung, dann werde
ich es nicht anziehen.

F2
Nein, nein. Es ist doch ein
wunderschénes Hemd und du siehst
darin sehr attraktiv aus.

27

19



28

PARADOXER

29.

SARKASMUS 1 (BERICHT, A2-PS-3) - BURO 28

F3 sitzt am Schreibtisch im Biiro und arbeitet am Computer.
Der Mann betritt das Bliro und bringt ihr einige
Unterlagen.

F3 blickt

M2
Das war ja ein wahnsinnig langer
Bericht, den du geschrieben hast.
Der war tonnenschwer.

nicht von ihrer Arbeit auf.

F3
Ja, nur ein paar kurze N&chte.

M2
Das muss dich das ganze
Wochenende gekostet haben.

F3 unterbricht ihre Arbeit, schaut M2 an.

F3
Nein, nein! Ich hatte ein total
entspanntes Wochenende!

20



30.

29 PARADOXER SARKASMUS 2 (OHRRINGE, A2-PS-15) - WOZI 29

M3 steht am Tisch und biigelt sein Hemd auf. F2 macht sich
ausgehfertig.

F2
Hast du die Ohrringe gesehen, die
mir meine Schwester geschenkt
hat?

M3
Ich hdtte wetten konnen, dass Sie
dafliir ein Vermdgen ausgegeben
hat!

F2 richtet sich weiterhin.

F2
Ja, mindestens!

M3
Die kannst du nur zu einem ganz
besonderen Anlass tragen.

21
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22

31.

PARADOXER SARKASMUS 3 (ESSEN, B2-PS-5) - WOHN-/ESSZIMMER
30

F1l und M4 sitzen am Esstisch. Die Teller sind leer
gegessen. M4 legt das Besteck auf den Teller und lehnt
sich auf dem Stuhl zurfiick.

Fl
Wie hat es dir geschmeckt?

M4
Furchtbar! Ich glaube, ich wurde
gerade vergiftet.

Fl
Dir muss es wirklich geschmeckt
haben. Normalerweise nimmst du
dir keine zweite Portion.

M4
Ich glaube, das war das
Schlimmste, was ich je gegessen
habe.
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32.

PARADOXER SARKASMUS 4 (NACHTSCHICHT, B2-PS-8) - WOZI

F4 deckt den Esstisch. M1l kommt ins Zimmer und hilft
seiner Frau den Tisch zu decken.

M1
Ach Ubrigens, ich habe schlechte
Neuigkeiten. Mein Chef hat mich
gebeten, am Samstag die
Nachtschicht zu iibernehmen.

F4 unterbricht das Tischdecken kurz, schaut M1 an.

F4
Oh ok, das ist in Ordnung. Gerade
noch rechtzeitig. Ich rufe
einfach im Restaurant an und sage
die Reservierung ab.

M1 hilft nicht weiter den Tisch zu decken.

M1
Ich hdtte nicht gedacht, dass
dich das so drgert.

F4
Ich bin nicht verdrgert. Ich bin
froh dariiber, einen Abend lang
dem gesellschaftlichen Trubel
entgehen zu kdnnen.

31

23
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33.

EHRLICHKEIT 1 (THEATERSTUCK, B2-E-11) - WOHN-/ESSZIMMER
32

F1l und M1 sitzen auf dem Sofa. Sie unterhalten sich iber
ein Theaterstiick, das sie gesehen haben.

Fl
War das nicht ein tolles
Theaterstiick?

M1
Ja, es war grossartig.

Fl
Ich fand, es war hervorragend. Es
hat mich total gefesselt.

M1
Ja, mich auch.
Fl
Hat Dich das Ende auch
Uberrascht?
M1
Oh ja!
Fl

Ich fand die Schauspieler sehr
gut. Vor allem die
Hauptdarstellerin.

M1
Ja, sie war unglaublich. Und ihr
Partner... Was flir eine Leistung!
Fl

Hmmm, schade, dass das die letzte
Vorstellung war. Ich hdtte das
Stlick gerne noch mal gesehen.

M1
(bestdtigend)
Ja, wirklich schade.

24
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34.

EHRLICHKEIT 2 (EINTRITTSKARTEN, A2-E-11) - BURO 33

F2 steht vor dem Schreibtisch und reicht M2 Formulare. Der
Mann lehnt am Schreibtisch und unterschreibt sie.

F2
Ach, {ibrigens: ich habe euch die
Eintrittskarten filir Samstagabend
organisiert.

M2
(erstaunt)
Ah danke.

F2
(neutral)
Deine Frau hat mir gesagt, dass
ihr hingehen md&chtet.

M2
Absolut! Vielen Dank!

F2
Es war ganz schén schwierig die
Eintrittskarten zu kriegen.

M2 schaut von den Formularen auf.

M2
Ich weif§ das zu schéatzen.

25



35.

EHRLICHKEIT 3 (ANSTRENGENDER TAG, B2-E-1) - BURO

Beide Protagonisten stehen erschépft im Biiro. F3 hilt
Unterlagen in der Hand.

M3
Puh, bin ich erschopft.

F3
Oh, das wundert mich nicht. Du
hast so hart gearbeitet.

M3
Wir beide sind ja seit heute
Morgen um 8 Uhr am Schuften.

F3
Ja ich weiss. Ich weiss auch all
das zu schédtzen, was du geleistet
hast.. und zwischendurch hast du
auch noch Anrufe beantwortet und
Kaffee gekocht.

M3
Ich bin froh, dass du das zu
schdtzen weisst.

F3
Absolut! Du warst eine grosse
Hilfe.

M3
Willst du, dass ich morgen wieder
komme?

F3

Oh, das wdre grossartig.

M3
Ok. Dann bis morgen.

F3
Danke.
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36.

EHRLICHKEIT 4 (BEFORDERUNG, B2-E-7) - BURO

M4 und F4 teilen sich ein gemeinsames Biliro. Ihre
Schreibtische stehen so, dass sie wahrend der Arbeit ab
und zu ganz gut miteinander reden k&nnen.

M4
Ich wlisste zu gerne ob der Chef
dieses Jahr mit meiner Arbeit
zufrieden war.

F4
Keine Bange! Jeder weiss, dass du
viel geleistet hast!

M4
Meinst du? Ich hdtte diese
Befdrderung wirklich gerne.

F4
Oh, daran zweifle ich nicht. Ich
wdre nicht liberrascht, wenn du
schon seit langem auf der Liste
stehen wiirdest.

M4
Sicher?

F4
Warum nicht? Du hast dich so
engagiert, hast so viel
gearbeitet und so viele gute
Entscheidungen getroffen.

M4
Nun ja, ich habe mir Mihe
gegeben.

F4

Ohne dich wdre die Firma sicher
den Bach runter gegangen. Die
Firma braucht dich!

35

27
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Table C1

Main Changes of the Script (TASIT-SIM — BASIT-ToM)

Scene Text removed Text added

H#1 (B11) Actor repeats what another actor says The deleted repetitions
several times in TASIT-SIM. These were replaced by "oh
repetitions have been deleted. yeah".

M: " | feel as if | can see it another thousand

times”

H#2 (A11) F: "l need another

signature here."

H#3 (B1) F: “...in between making coffee and
answering telephone calls”

H#4 (B7) F: “...you're indispensable”

Practice scene F: “...and these window
H '!!

(B15) sills!

Note. TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal; BASIT-ToM = Basel
Version of the Awareness of Social Inference Test — Theory of Mind. Scene code consists of a BASIT-ToM scene
number (scene) and a letter (message type, H = Honesty). Scene code in the brackets denotes a TASIT-SIM scene

consisting of form A or form B and a scene number. M = male actor, F = female actor.
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Appendix D
Table D1

Distribution of the Actors to the BASIT-ToM and Corresponding TASIT-SIM Scenes

Scene BASIT-ToM TASIT-SIM
Honesty

B11 M1+F1 M+F

A1 M2+F2 M+M

B1 F3+M3 M+F

B7 F4+M4 M+F

Simple Sarcasm

A6 F1+M3 M+F
B2 M1+F3 M+F
B10 M2+F4 M+F
B13 F2+M4 M+F

Paradoxical Sarcasm

A3 F3+M2 M+F
A15 M3+F2 M+F
B5 M4+F1 M+F
B8 F4+M1 M+F
B15 (practice scene) F1+M2 M+F

Note. The four female actors are labelled F1 to F4 and the four male actors are labelled M1 to M4. The actors who
communicate the respective message type (i.e., Honesty, Simple Sarcasm, or Paradoxical Sarcasm) are printed in
bold. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The

Awareness of Social Inference Test — Social Inference Minimal.
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Appendix E

Document E1

Background Information of each BASIT-ToM Intensity Version Scene for the Actors

Honesty 1 (B11) — Theatre

Main Actor: M1 Communication Partner: F1

Background Information

M1 and F1 are married. In their free time, they do a lot together and like to chat about
what they have experienced together.

M1 and F1 are teachers

Intensities

Low intensity: M1 and F1 have seen a play the week before. M1 and F1 are sitting on
the sofa. M1 is reading a book and F1 is reading a magazine that has something written
about the play. They casually talk about the play. M1 concentrates on his book during

the conversation.

Medium intensity: M1 and F1 have seen a play the night before. They are sitting on
the sofa, drinking wine and talking. They rarely go to the theatre, but found the play
good.

High intensity: M1 and F1 have just returned home from a visit to the theatre, are
sitting on the sofa and drinking wine. Both are theatre lovers and overwhelmed by the

play. They reminisce and talk animatedly.
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Honesty 2 (A11) — Tickets

Main Actor: M2 Communication Partner: F2

Background Information
— M2 is the boss of a company.
— F2 is M2's secretary. She supports his work in the company and takes on private

organizational tasks, such as booking tickets.

Intensities
— Low intensity: F2 has organized tickets for M2 and his wife for an almost sold-out
play. F2 gives him the tickets and casually clarifies to him that it was very difficult to get
the tickets. He also casually thanks her while signing forms that F2 hands him.
M2 likes to watch a play from time to time, but is not a fan of it. However, he is glad to

be able to make his wife happy by going to the theatre.

— Medium intensity: F2 has organized tickets for a gala dinner for M2 and his wife. F2
is pleased and relieved that she was able to organize seats for M2 and his wife. M2 is

very much looking forward to the evening and thanks F2 for her efforts.

— High intensity: M2 and his wife are big Rolling Stones fans. F2 was able to organize

tickets for the last Rolling Stones concert. Now, she proudly shows them to her
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husband. M2 feels excited anticipation and is full of gratitude that F2 organized the

tickets for him.

Honesty 3 (B1) — Hard Day

Main Actor: F3 Communication Partner: M3

Background Information
— F3is the head of a small law firm with few employees.

— MS3is a lawyer.

Intensities
— Low intensity: In the law firm, old files have to be sorted out and destroyed once a
year. This work has to be done in addition to the daily work tasks. M3 works as a
freelancer in the law office. F3 has asked him to support her in this annual cleanup.
While she concentrates on sorting out the last files, M3 says goodbye. It is actually a
matter of course for both of them that M3 will help again the next day. Hence, the

conversation is held casually.

— Medium intensity: The law firm is preparing for a difficult trial that will take place in
three days. M3, as a part-time worker, only works 3 days a week. F3 has asked him to
come to work on extra days so they can manage the workload. F3 is very happy that
M3 helps. For M3 it is a matter of course that he supports his colleagues. Nevertheless,

he is happy that his efforts are appreciated.
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— High intensity: The law firm has to move this week. The employee who should have
helped organize the move has called in sick at short notice. M3 has come back from
his holiday to help. F3 is very relieved that M3 is willing to do this and thanks him
profusely for his help. For M3 it is a matter of course that he supports his colleagues.

Nevertheless, he is pleased that his efforts are appreciated.

Honesty 4 (B7) — Promotion

Main Actor: F4 Communication Partner: M4

Background information
— M4 is ateam leader and wants to be promoted to head of department.
— F4is a member of M4's team.

— They work in the district office.

Intensities
— Low intensity: The conversation takes place while they are working together.
Meanwhile, M4 wants to talk to F4 for a bit and therefore brings up the subject of the
promotion. However, he is not very worried that it might not work out. In the previous
years, the boss was always satisfied with his work. F4 encourages M4 while they both
continue to concentrate on their work. The whole conversation has the character of

small talk.
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Medium intensity: M4 and F4 are friends. M4 is worried that his boss was not satisfied
with his work and someone else will be promoted. F4 wants to reassure and encourage

him. They focus on the conversation and not on their work.

High intensity: F4 is in love with M4. She thinks he is a great employee and a
promotion is long overdue. When M4 expresses concerns about the possible
promotion, she seizes the opportunity and wants to endear herself to him with her

compliments.
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Simple Sarcasm 1 (A6) — “Seminar”

Main Actor: F1 Communication Partner: M3

Background Information

F1 and M3 both work as research fellows at a university of applied sciences for
business administration. In addition to their work in research, they give seminars and
lectures to students and therefore have a lot to deal with professionally.

F1 is a single mother with two children. F1 can only reconcile work and family life with
a great deal of organization and good planning. Her children often have to take a back
seat and are frequently looked after by other people. As a result, F1 has a guilty
conscience. She often feels stressed.

M3 is single, has no children and many hobbies. He is able to balance work and leisure
time well. He feels neither stressed nor overwhelmed. M3 is ambitious and wants to
pursue a career at the university.

Situation: Two weeks before the start of a seminar, F1 asked M3 to hold the seminar

for her. M3 has agreed to her request. Two days before the seminar, M3 cancels.

Intensities

Low intensity: There was no negative history between F1 and M3. They appreciate
each other as colleagues, but are not friends in their free time. M3's cancellation annoys
her because she relied on his commitment. If she does not find a replacement, she will

have to hold the seminar herself.
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Medium intensity: F1 has the feeling that she has to perform better overall than M3.
She feels that this is unfair and is therefore annoyed by M3 in advance. His cancellation

makes her angry.

High intensity: M3 is known at university for not doing anything for his colleagues; he
does not keep to agreements and is only concerned about his own advantage. That is
why many colleagues and F1 are angry with him. F1 has promised her child to go to
his school play. That is why she asked M3 to take over the seminar for her. She has
explained the urgency and told him how important it is that she can rely on him. His

last-minute cancellation leaves her stunned and very angry.

M3 is sincere in his apology. However, F1's problems do not affect him much. Since
he wants to keep another appointment at short notice, he cancels F1 without a guilty

conscience. This remains the same across all intensities.

Simple Sarcasm 2 (B2) — Weekend away

Main Actor: M1 Communication Partner: F3

Background Information

F3 and M1 have been in a relationship for 10 years. They are not married and have no
children. Both are very busy at work and have little free time together.

M1 is a café owner. He spends a lot of time in his café and mostly has to work on
weekends. He is a family man. His family tries to solve all problems together. Being

there for the other siblings is a high priority for him. His sister very often has minor
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problems for which she asks him for advice and therefore comes over. The little free
time F3 and he have together is therefore often spent with his sister.

F3 is an estate agent. She can arrange her working hours freely, but often has to work
on weekends as well. She is not a family person. She likes her sister-in-law but thinks
she exaggerates her problems and comes over too often. She would like to spend more

of her limited free time alone with her partner.

Intensities

Low intensity: It is not a special weekend outing. M1 and F3 had a small discussion
beforehand about his sister's frequent appearances. However, F3 already expected
M3 to ask her about his sister. Nevertheless, she is now a bit annoyed when she hears

from M1 that his sister should also come along to their weekend trip.

Medium intensity: F3 and M1 had already had a small argument the day before
because F3 feels that M1's sister takes up too much space in their relationship.

Therefore, she is angry that his sister should now also come along to the weekend trip.

High intensity: Beforehand, there were almost daily arguments between F3 and M1
about the fact that they spend too little time together. In addition, F3 thinks that M1's
sister is more important than her, which annoys her more and more and puts a lot of
strain on their relationship. M1 has often promised weekend trips together and, contrary
to his promises, has always invited his sister. Because F3 was very angry about this,
M1 promised her that they would celebrate their ten-year anniversary as a couple on a
weekend trip. Now F3 is stunned and very angry that M3 is already thinking about

inviting his sister again.

M3 acts as if there has never been a discussion about his sister's frequent

appearances. He is worried about his sister and therefore seriously considers taking
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her with them. He does not understand why F3 has a problem with this. His behaviour

remains the same across all intensities.

Simple Sarcasm 3 (B10) — Going out

Main Actor: M2 Communication Partner: F4

Background Information
— M2 is an artist. He is confident, articulate and good with people.

— F4is a gallery owner. She is a confident, content person.

Intensities
— Low intensity: F4 and M2 have been a happy couple for many years. They harmonize
very well. Their conversations are usually full of small but affectionate banter. They like
to tease each other. They do not have to give their partner any linguistic or visual clues
that what they say is meant ironically. They each understand their partner's irony. Irony
has become such a part of their shared conversation that they hardly notice that they

are being ironic with each other.

— Medium intensity: F4 and M2 have only been a couple and living together for a short
time. They have a lot of fun together and flirt a lot. They often do this through an ironic
communication style. They give their partner slight linguistic and visual cues (e.g.

smiling) that what is said is meant ironically.
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High intensity: F4 and M2 have only been a couple for a short time and have been
living together for a week. They have a lot of fun together and flirt a lot. F4 came home
from work late last night, when M2 was already asleep. Today she is going out alone
to meet a friend for dinner; she has been doing this for a while. M2 now teases her
about it, although he knows why she goes out and whom she meets. Additionally, he
is also teasing her because she had already gone out yesterday and he was home
alone. Quite tough in the first week of living together! Accordingly, he gives strong
linguistic and visual indications that what is said is meant ironically. F4 understands

M4's irony and reacts with irony.

Simple Sarcasm 4 (B13) — Shirt

Main Actor: F2 Communication Partner: M4

Background Information

F2 and M4 have been married for many years. M4 gets a shirt from his mother every
year for his birthday. F2 thinks these shirts are ugly.

F2 is a team leader in a company.

M4 is a cook.

Situation: F2 and M4 get dressed to go to the Christmas party of F2’s company.

Intensities

Low intensity: F2 and M4 have no quarrel beforehand and are looking forward to the

upcoming party. He tries to choose a nice shirt and wants her to like it. She has given
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up explaining to him, which shirts can and cannot be worn. Therefore, she

"emotionlessly" to pityingly smiles at his shirt choice.

Medium intensity: F2 and M4 want to go to the Christmas party of F2's company. At
previous events, F2 has always been ashamed of her husband's poor attire. F2 has
clearly told her husband several times not to wear the shirts he got from his mother.
She has bought him new, fancy shirts and is annoyed when he wants to wear one of
his mother's shirts again. M4 cannot understand why his wife does not like the shirts
his mother regularly gives him. He wants to please his wife (F2) and therefore seriously

asks her opinion.

High intensity: Inmediately before the scene, F2 and M4 had a major argument. She
is still angry and therefore immediately goes off the deep end when M4 also wants to
wear one of his mother’s ugly shirts to her Christmas party. M4 wants to appease his
wife after the argument by approaching her and asking for her opinion. In doing so, he

also wants to signal to her that he is happy to go to the party.



Paradoxical Sarcasm 1 (A3) — Report

Main Actor: F3

Background Information
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Communication Partner: M2

— F3is a management consultant; she works efficiently and reliably and is hardworking.

— M2 is the boss of the management consultancy. As the boss, he sets clear guidelines

and has high expectations of his employees.

Intensities

— Situation: M2 is the boss of a management consultancy and is F3's superior. On Friday,

M2 asked F3 to finish a report by Monday. On Monday morning, there is a very long

report on his desk. He actually appreciates short reports, but sees the amount of work

F3 put into the report over the weekend.

— Low intensity: M2 and F3 appreciate each other and have a collegial relationship. F3

is used to writing long reports for her boss at short notice. She has no problem with

this, yet she would have liked to spend the weekend doing something else. M2 wants

to convey appreciation and thanks to her by asking.

— Medium intensity: There is a clear hierarchical separation between M2 and F3. M2

knew that F3 hardly had time to write a report on the weekend. Nevertheless, he gave

her this task because the report was urgent. Accordingly, F3 is annoyed. M2 realizes
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that the work for the report, given its length, was probably more time-consuming than

he had imagined and now wants to convey appreciation to F3 by asking.

— High intensity: M2 and F3 do not have a good relationship. M2 knew that F3 did not
have time to write a report at the weekend because F3 had planned to go to her
mother's birthday party over the weekend. F3's mother was turning 70 and F3 had been
looking forward to the party for weeks. F3 then had to write the report at night.

Accordingly, she is angry with her boss.

Paradoxical Sarcasm 2 (A15) — Earrings

Main Actor: M3 Communication Partner:F2

Background Information
— F2 and M3 are married and wealthy.
— M3 is an architect.

— F2is a fashion designer.

Intensities
— Low intensity: F2 and M3 have a good relationship with F2's sister. F2 was happy to
receive a gift from her. However, neither of them likes the earrings. F2's sister likes to

shop at the flea market. F2 and M3 amuse themselves a little about the earrings.
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— Medium intensity: F2 and M3 have a good relationship with F2's sister. However, she
is very thrifty and has a tendency to give cheap trinkets. These earrings, which were
obviously cheap, are a typical gift. Accordingly, F2 and M3 have already expected such

a gift and are very amused.

— High intensity: For F2 and M3, expensive gifts are important. They consider cheap
gifts as worthless and embarrassing. They despise F2's sister and laugh at her and her

embarrassing gift.

Paradoxical Sarcasm 3 (B5) — Meal

Main Actor: M4 Communication Partner: F1

|

Background Information
— F1is ajournalist

— M4 is a computer scientist

Intensities
— Low intensity: F1 and M4 have been a happy couple for many years. They harmonize
very well and understand each other blindly. Their conversations are usually full of
small but affectionate asides. They like to tease each other. They do not have to give
their partner any linguistic or visual clues that what they say is meant ironically. They
each understand their partner's irony. lIrony has become such a part of their shared

conversation that they hardly notice that they are being ironic with each other.
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— Medium intensity: F1 and M4 have only been a couple and living together for a short
time. They have a lot of fun together and flirt a lot. They often do this through an ironic
communication style. They give their partner slight linguistic and visual cues (e.g.

smiling) that what is said is meant ironically.

— High intensity: F1 and M4 have only been a couple for a short time and have been
living together for a week. They have a lot of fun together and flirt a lot. They often do
this through an ironic style of communication. Now F1, who is a passionate cook, has
cooked something new and is of course curious how M4 liked it. M4 knows about F3's
curiosity and wants to tease her a little in the form of strong irony. He gives
correspondingly strong linguistic and visual indications that what is said is meant

ironically. F1 also understands M4's irony and plays along.

Paradoxical Sarcasm 4 (B8) — Night Shift

Main Actor: F4 Communication Partner: M1

Background Information
— F4 and M1 are married.
— M1 is an air traffic controller and works in shifts He works a lot of overtime and very

often fills in for other colleagues. He has very little free time.
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— F4 works in a travel agency. She works normal office hours and does not have to work

overtime.

Intensities
- Low intensity: It is not a special restaurant visit. Nevertheless, F4 would have liked to
go out with her husband. She is a bit disappointed with M1 for not managing to turn

down his boss.

- Medium intensity: F4 and M1 have already had a small argument the day before
about M1 always agreeing to short-term night shifts and working overtime. Therefore,

she is angry that he is cancelling the long-planned visit to the restaurant again.

- High intensity: Beforehand, there was an almost daily argument between F4 and M1
about M1 working too much and not resisting overtime and night shifts scheduled at
short notice. The restaurant visit was planned by M1 as a reconciliation and was
supposed to take place on their wedding day. Now F3 is bewildered and very angry

that M1 is cancelling their evening together again.

Practice Scene: Paradoxical Sarcasm (B15) — New House

Main Actor: F1 Communication Partner: M2

—
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Background Information

F1 and M2 have been married for 20 years and live together in an apartment.
Simone is M2's cousin and lives in a neighbouring village. She is currently building a

single-family house with her husband.

Intensities

Low intensity: F1 generally likes Simone. She has no problem with her and is not
jealous that Simone is able to build a new house. However, F1 thinks that Simone has
questionable taste and no sense of aesthetics. Therefore, she makes fun of Simone's

choice of colour.

Medium intensity: F1 does not like Simone very much, so she ridicules Simone's new

house.

High intensity: F1 cannot stand Simone. She is jealous that Simone can afford to build
her own home. F1 thinks that Simone does not deserve to own a home. In order to

depreciate Simone, she viciously gossips about her at every opportunity.

M2 also thinks that Simone did not choose a good colour for her house. However, M2
finds his wife is gossiping excessively. He is not interested in his cousin and her house.
For this reason, he is not interested in the "gossip" with his wife and wants to end it as
quickly as possible with the sentence "maybe she is colour-blind" so that he can
continue reading the newspaper in peace. M2's reactions hardly change across all

intensities.
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Appendix F
Table F1: Scene H#1

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind

BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct Question ID
(German) (English) type order answer type  order answer
Méchte er ihr Does he want to cogn 2nd No Is Michael agreeing with Ruth about  cogn 2™ yes a
vermitteln, dass sie convey to her that the movie?
unterschiedlicher they disagree?
Meinung sind?
War er von dem Was he bored by aff 1st No Is he openly pleased that he saw the  aff 1st yes b
Theaterstlick the play? movie?
gelangweilt?
Versucht er ihr zu Is he trying to say aff 1st No Is he trying to say he thought the aff 1st yes c

sagen, dass er die
Schauspieler

schlecht findet?

he thought the

actors were bad?

actors were good?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) type order answer type  order answer
Denkt er, dass ihr Does he think she aff 2nd yes Does he think the movie was bad? aff 1st no d
das Theaterstlck enjoyed the play?
gefallen hat?
Ist er in sie verliebt? Is he in love with hyper no e

her?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.
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Table F2: Scene H#2

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind

BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct Question ID
(German) (English) type order answer type  order answer
Mdochte er ihr Is Michael tryingto  aff 1st yes Is Michael trying to show he aff 1st yes a
vermitteln, dass er show he appreciates Gary getting the tickets?
ihr fir die appreciates Gary
Organisation der getting the tickets?
Eintrittskarten
dankbar ist?
Freut er sich, dass Is he happy that aff 1st yes Is Michael annoyed Gary got him the  aff 1st no b
sie ihm die she organised the tickets?
Eintrittskarten tickets for him
organisiert hat?
Versucht er ihr zu Is he trying to say aff 1st yes Is he trying to say he’s pleased about  aff 1st yes c
sagen, dass er sich he’s pleased about the tickets?
Uber die the tickets?

Eintrittskarten freut?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct Question ID
(German) (English) type order answer type  order answer
Denkt sie, dass er Does she think that  aff 2nd no By the end of the scene, does Gary cogn 2nd yes d
kein Interesse an he is not interested think Michael wants to go?
den Eintrittskarten in the tickets?
hat?
Méchte sie sich Does he want to hyper no e

seine Freundschaft

erkaufen?

bribe him to
become friends
with him?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F3: Scene H#3

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM

Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Méchte sie, dass er Is Ruth trying to aff 2nd yes Is Ruth trying to make Michael feel aff 2nd yes a
sich geschatzt fuhlt?  make Michael feel appreciated?

appreciated?
Argert sie sich tber Is she annoyed with  aff 1st no Is she annoyed with him? aff 1st no b
ihn? him?
Versucht sie ihm zu Is she trying to tell cogn 1st no Is he trying to say that he has beena cogn 1t yes c
sagen, dass er ihr him that he has not big help?
keine Hilfe war? been a big help?
Denkt er, dass sie Does he think she cogn 2nd yes Is she annoyed with him? aff 1st no d

mochte, dass er am
nachsten Tag

wiederkommt?

wants him to come

back the next day?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) type order answer type  order answer
Bedankt sie sich bei  Does she thank him  hyper no e

ihm, damit er ihr am so that he will help
nachsten Tag erneut  her again the next
hilft? day?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F4: Scene H#4

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind

BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Méchte sie ihm Is she trying to cogn 1st no Is Ruth sending Michael up about his cogn 1t yes a
vermitteln, dass er convey to him that chances of a promotion?
kaum Chancen auf he has little chance
eine Befdérderung of being promoted?
hat?
Wirde sie ihm die Would she no Would she like him to get the aff 1st yes b
Beférderung begrudge him the promotion?
missgénnen? promotion?
Versucht sie ihm zu Is she trying to say yes Is she trying to say he has worked cogn 1t yes c

sagen, dass er gut

gearbeitet hat?

he has worked

really well?

really well?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct Question ID
(German) (English) type order answer type  order answer
Denkt er, dass sie Does he think she cogn 2nd yes Does she think he deserves a aff 1st yes d
ihre Komplimente is serious about her promotion?
ernst meint? compliments?
Lobt sie ihn, um sich  Is she praising him  hyper no e

berufliche Vorteile zu  to gain a
verschaffen? professional

advantage?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F5: Scene sS#1

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Mdochte sie, dass er Is he trying to make aff 2nd no Is Ruth trying to make Michael feel aff 2nd no a
sich trotz seiner him feel OK despite OK?
Absage gut flihlt? his cancellation?
Argert sie sich tber Is she annoyed by  aff 1st yes Is she annoyed with him? aff 1st yes b
seine Absage? his cancellation?
Versucht sie ihm zu Is she trying to tell cogn 1st yes Is she trying to say that he is causing cogn 1t yes c

sagen, dass seine
Absage ihr Probleme

verursacht?

him that his
cancellation is
causing her

problems?

a big problem?
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BASIT-ToM TASIT-SIM

Question Question ToM ToM  Correct Question ToM ToM Correct Question ID
(German) (English) type order answer type  order answer
Denkt er, dass seine  Does he think that  cogn 2nd no Does she believe he is too busy to cogn 2 no d
Absage fir sie kein his cancellation is take the class?
Problem darstellt? not a problem for

her?
Glaubt sie, dass er Does she think he hyper no e

ihr absagt, weil er ihr s cancelling on her
schaden méchte? because he wants

to harm her?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F6: Scene sS#2

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM

Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Méchte er weitere Does he want to cogn 1st no Is he seriously suggesting they inivite cogn 1St no a
Verwandte einladen? invite other other family members?

relatives?
Argert er sich (iber Is he annoyed with  aff 1st yes Is he annoyed with her? aff 1st yes b
sie? her?
Versucht er ihr zu Is he trying to say cogn 1st no Is he trying to say he doesn’t want cogn 1t yes c
sagen, dass ihre he want her her relatives to come?
Verwandten relatives to come?
mitkommen sollen?
Denkt sie, er méchte, Does she think he cogn 2nd no Does she think he wants her relatives cogn 2™ no d

dass ihre
Verwandten

mitkommen?

wants her relatives

to come?

to come?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct Question ID
(German) (English) type order answer type  order answer
Denkt er, dass sie Does he think she hyper no e
den Besuch ihrer mentioning her

Schwester anspricht,  sister's visit to
um ihn zu provoke him?

provozieren?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F7: Scene sS#3

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind

59

BASIT-ToM TASIT-SIM

Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Mdochte er, dass sie Is he trying to make aff 2nd no Is Gary trying to make Ruth feel bad? aff 2nd no a
sich schlecht fihlt? her feel bad?
Ist er witend auf sie? Is he angry with aff 1st no Is he angry with her? aff 1st no b

her?
Versucht er ihr zu Is he trying to say cogn 1st yes Is he trying to say that she looks ok? cogn  1st yes c
sagen, dass sie gut that she looks
aussieht? good?
Denkt sie, dass er Does she think he cogn 2nd yes Does she think he is joking with her? cogn 2nd yes d

scherzt?

is joking with her?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) type order answer type  order answer
Ist er in sie verliebt? Is he in love with hyper no e
her?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F8: Scene sS#4

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Méchte sie ihm Is she trying to cogn 1st yes Is Ruth reassuring Gary that the shirt  cogn 13t no a
vermitteln, dass sein  make him is nice?
Hemd schrecklich understand that his
aussieht? shirt looks awful?
Argert sie sich Is she annoyed that  aff 1st yes Is she happy for him to wear the aff 1st no b
darlber, dass er das  he is wearing the shirt?
Hemd tragt? shirt?
Versucht sie ihm zu Is she trying to say  cogn 1st no Is she trying to say the shirt is awful? cogn 13t yes c

sagen, dass sie das
Hemd schon findet?

the shirt is

beautiful?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) type order answer type  order answer
Denkt er, dass sie Does he think she cogn 2nd yes Does she think the shirt is OK? cogn 1t no d
das Hemd finds the shirt
schrecklich findet? awful?
Denkt sie, dass er Is she thinking he hyper no e

das Hemd anziehen
maochte, um sie zu

provozieren?

wants to wear the
shirt to provoke

her?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F9: Scene pS#1

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM
Question Question ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) order answer type  order answer
Méchte sie ihm Is she trying to 1st yes Is Ruth denying the report took a lot cogn 1t no a
vermitteln, dass das  convey to him that of work?
Schreiben des writing the report
Berichts aufwendig took a lot of work?
war?
Ist sie unzufrieden, Does Ruth seem 1st yes Does Ruth seem happy about aff 1st no b
weil sie am unhappy about working all weekend?
Wochenende working all
arbeiten musste? weekend?
Versucht sie ihm zu Is she trying to tell 1st yes Is she trying to say she had a lazy, cogn 1t no c

sagen, dass sie ein
anstrengendes
Wochenende hatte?

him that she had an
exhausting

weekend?

relaxing weekend?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct Question ID
(German) (English) type order answer type  order answer
Denkt er, dass es fir  Does he think it aff 2nd yes / Does Michael think she took it easy cogn 1st no d
sie in Ordnung war, was OK for her no* on the weekend?
am Wochenende zu  working all
arbeiten? weekend?
Spricht er sie auf den Is he talking to her  hyper no e

Bericht an, um sie zu

provozieren?

about the report to
provoke her?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.

*correct response = yes (low intensity), correct response = no (medium and high intensities)



Table F10: Scene pS#2

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Méchte er sich Is he commenting cogn 1st yes Is Michael being complimentary cogn 1t no a
negativ Uber die negatively on the about the dress?
Ohrringe &ussern? earrings?
Amdsiert er sich Uber Is she making fun aff 1st yes Does he like the dress? aff 1st no b
die Qualitat der of the quality of the
Ohrringe? earrings?
Versucht er ihr zu Is he trying to tell cogn 1st no Is he trying to say the dress looks cogn 1t yes c
sagen, dass die her that the cheap?
Ohrringe hochwertig  earrings look high
aussehen? quality?
Denkt er, dass ihr die  Does he think she aff 2nd no Does he think Ruth’s sister paid alot cogn  1st no d

Ohrringe gefallen?

likes the earrings?

for the dress?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) type order answer type  order answer
Kdnnen sie die Can they not stand  hyper no e
Schwester nicht the sister?

ausstehen?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F11: Scene pS#3

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Méchte er sich Is he commenting cogn 1st no Is Gary trying to compliment Ruthon  cogn 1t yes a
negativ Gber das negatively on the the meal?
Essen dussern? meal?
Hat er das Essen Did he enjoy the aff 1st yes Did he enjoy the meal? aff 1st yes b
genossen? meal?
Versucht er ihr zu Is he trying to tell cogn 1st no Is he trying to say that the meal aff 1st no c
sagen, dass das her that the meal tasted awful?
Essen schlecht tasted awful?
geschmeckt hat?
Denkt sie, dass ihm Does she think he cogn 2st no Does he think she is a good cook? cogn 18t yes d

das Essen schlecht
geschmeckt hat?

did not like the

meal?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) type order answer type  order answer
Ist er in sie verliebt? Is he in love with hyper no e
her?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F12: Scene pS#4

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct QuestionID
(German) (English) type order answer type  order answer
Méchte sie, dass er Is she trying to aff 2nd yes Is Ruth trying to make Gary feel OK aff 2nd no a
sich aufgrund seiner  make him feel bad about cancelling?
Absage schlecht about his
fahlt? cancellation?
Ist sie von seiner Is she disappointed aff 1st yes Is she happy to cancel? aff 1st no b
Absage enttauscht? by his cancellation?
Versucht sie ihm zu Is she trying to tell aff 1st no Is she trying to say she wantedto go cogn 1%t yes c

sagen, dass sie froh
ist, an diesem Abend
zu Hause bleiben zu

kdénnen?

him that she is
happy to stay at
home that night?

out that night?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) type order answer type  order answer
Denkt er, dass sie Does he think she aff 2nd no By the end of the scene: Does he aff 2nd yes d
froh ist, an diesem is happy to stay at think she’s upset about cancelling
Abend zu Hause home that night? dinner?
bleiben zu kénnen?
Glaubt sie, dass er Does she think he hyper no e

eine Affare hat und

nur vorgibt nachts zu

arbeiten?

is cheating on her
and just pretending
to work nights?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Table F13: Scene Practice(pS)

Test Questions of the BASIT-ToM and TASIT-SIM with their Corresponding Correct Answers, Types and Orders of Theory of Mind
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BASIT-ToM TASIT-SIM

Question Question ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) order answer type  order answer
Méchte sie sich Is she being 1st no Is Ruth being complementary about cogn 1t no a
positiv Gber Simones  complementary her friend’s house?
Haus dussern? about Simone’s

house?
Gefallt ihr die Does she like the 1st no Does she disapprove of the colour aff 1st yes b
Farbgebung des color scheme of the scheme?
Hauses? house?
Versucht sie zu Is she trying to say 1st yes Is she trying to say the colour cogn 1t yes c
sagen, dass sie die the color scheme of scheme is dreadful?
Farbgebung des the house is
Hauses schrecklich dreadful?
findet?
Denkt er, dass ihr Does he think she 2nd no Does she think her friend has good cogn st nein d

Simones neues Haus

gefallt?

likes Simone’s new

house?

taste?
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BASIT-ToM TASIT-SIM
Question Question ToM ToM  Correct Question ToM ToM Correct  Question ID
(German) (English) type order answer type  order answer
Kdnnen beide Can they both not hyper nein e
Simone nicht stand Simone?

ausstehen?

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test — Theory of Mind; TASIT-SIM = The Awareness of Social Inference Test — Social Inference Minimal;

cogn = cognitive Theory of Mind; aff = affective Theory of Mind, hyper = hypermentalization.



Appendix G

Table G1

Main Differences between the BASIT-ToM and TASIT-SIM
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BASIT-ToM

TASIT-SIM

Test length

Test versions

Number of scenes

Scenes

Distribution of actors

Gender distribution

Age of the actors

Interaction scenes

Script

One test form
(scenes from the TASIT-SIM
forms A and B are included)

9 (3x3) scenes and one practice

scene

Each actor portrays a message

type only once.

Evenly across message types.
Either a male actor or a female
actor portrays the message
types.

Middle-aged actors

Communication partners react
in a realistic manner

The names of the actors are
omitted and replaced as "she" /
llhe!l

Two parallel test forms, named
A and B (form A has been used
in the majority of published

studies)

Form A: 15 (5x3) scenes
Form B: 15 (5x3) scenes
In total 30 scenes

Unevenly distributed across

message types

Almost evenly across message
types of the test scenes but
across all scenes more male
actors (61%)

Quite wide range of age, but
rather actors in their

twenties/thirties

Communication partners act in

a neutral emotional state

Each actor bears a name which
he/she keeps throughout all

scenes
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BASIT-ToM

TASIT-SIM

Production design

Test questions

Consistent, realistic settings: at
home or at the office;
camera perspective and setting

dimensions convey realism

5 test questions per each scene
assigned to ToM types and
orders

(i.e., 1st order affective ToM:
n=17, 1st order cognitive ToM:
n=17, 2 order affective ToM:
n=10, 2" order cognitive ToM:

n=8, hypermentalization: n=13)

Questions refer to scene’s main
actor and his/her

communication partner

Inconsistent and partly
unrealistic settings (partly black
background, office or living
room setting); camera
perspective and setting
dimensions do not convey

realism (e.g., mostly long shots)

4 test questions per each scene
divided based on content

(i.e., 1st order affective ToM:
n=18, 1st order cognitive ToM:
n=24, 2" order affective ToM:
n=5, 2 order cognitive ToM:
n=>5)

Questions refer to the scene’s

main actor

Note. BASIT-ToM = Basel Version of the Awareness of Social Inference Test—Theory of Mind; TASIT-SIM = The
Awareness of Social Inference Test—Social Inference Minimal; ToM = Theory of Mind
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Appendix H

Document H1
Details of the Programming and Data Storage

BASIT-ToM intensity versions scenes were implemented as part of a suit of tests. The
order was as follows:

1. BASIT-ER intensity version scenes (masked)

2. BASIT-ToM intensity version scenes

3. Gender discrimination test (by use of facial stimuli)

4. Facial Emotional Intensity Recognition Test — Congruent (FEIRT-C) (Chiu et al., 2016)

5. Facial Emotion Intensity Recognition Test — Congruent and Incongruent (FEIRT-CIC)

(Chiu et al., 2018)

These five tests were included in an application written in Python 2.7 using version 1.84.2
of the PsychoPy package (Pierce, 2007, 2009). The application was installed on a workstation
running Ubuntu 16.04 LTS.

The pseudo-random selection and order of scenes shown to the participants was created
beforehand using R: First, a random sample containing message type (“Honesty”, “Simple
Sarcasm”, “Paradoxical Sarcasm”) exactly four times was created, with the constraint that no
successive message type was equal. For each participant ID the order of the four scenes per
message type was randomised. Then, the intensities were randomly distributed: The 240 first
scenes of each message type were randomly splitted in three parts of 80 scenes with low,
medium, and high intensity, respectively. For each intensity of the first scene (e.g.,
Honesty#1_low) the second scene of the given message type was then randomly splitted into
two parts of 40 scenes with the two other intensities (Honesty#2_ medium and
Honesty#2_high). The intensity of the third scene was then fixed to the intensity that was not
yet assigned to the first two scenes. For the three fourth scenes (one per message type), a
similar mechanism was used: The 240 scenes of the first message types were randomly
splitted in three parts of 80 scenes with low, medium, and high intensities. For each intensity

of the first message type, the second message type was randomly splitted into two parts of 40
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scenes with the two other intensities. The intensity of the last message type was fixed by the
intensity not yet assigned to the first two message types. Lastly, the intensity of the practice
scene shown to each participant at the beginning of the test was randomly assigned, such that
each intensity of the practice scene was shown to 80 participants.

This resulted in:

e Each participant viewed the practice scene and 12 scenes (4 per message type),

e Consecutive scenes with different message types,

o Each participant viewed at least once a low intensity, a medium intensity, and a high

intensity version scene per message type

e Each participant viewed four low intensity, four medium intensity, and four high intensity

version scenes in total.

e Each intensity version scene was shown to 80 participants.

e The first scene was the practice scene, shown in each intensity to 80 participants,

respectively.

Both, the sequence of the five questions [i.e., four types of questions, originating from The
Awareness of Social Inference Test — Social Inference Minimal, (i.e., “doing”, “saying”,
“thinking”, “feeling”) and the hypermentalization question] phrased for each scene, and the
“Yes”-“No”-answers phrased for each scene, were also pseudo-randomly fixed using R. For
each message type (“Honesty”, “Simple Sarcasm”, “Paradoxical Sarcasm”), the correct
answers for the “doing”-, “saying-”, “thinking”- and “feeling”-questions were randomly fixed to
50% “Yes”- and 50% “No”-answers over all four scenes and five types of questions per
message type. Notably, in the “Paradoxical Sarcasm” scene “Bericht” (PS#1), the correct
answer on the “thinking” question depends on the intensity of the scene (“Yes” for low intensity,
otherwise “No”). The correct answer for all “hypermentalization” questions was set to “No”. The
order of the five questions was randomly determined for each scene (independent of the

intensity).
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The results were stored in to 240 separate files containing the different sequences of
scenes shown to the individual participants, together with the five questions and correct
answers for each scene.

The sequence of the 13 scenes (1 practice scene, four scenes of three-interaction type) for
a specific participant was loaded into the application at start. The respective sequence of the
scenes was allocated to the participant’s ID.

The test started with a screen summarizing the instructions to the participant. By clicking
on the button “next”, the practice scene started. Afterwards, the participant was asked whether
anything was still unclear regarding the test procedure. If not, the participant started the test
by clicking on the button “next”. In the following, the 12 scenes were shown to the participant
in the prepared pseudo-randomized order. After each scene, the participants were asked to
answer the five Yes/No questions. The participants were shown a message that the test was
completed, before the application started the next test.

Test results were saved as .csv file and transferred to a secure cloud server provided
by the Clinical Trial Unit of the University Hospital Basel (UHBS), backed up by the IT

Department of the UHBS.
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Appendix |

Figure I1

Exemplary Representation of the BASIT-ToM Computer-Based Application Process

Is Ruth being complementary
about Simone’s hous?

Is he trying to say the color
scheme is dreadful?

Does she think Simone has
good taste?

Does she disapprove of the
color scheme?

Can they not stand Simone?

Note. The square represents the scene and the five circles the five questions. By clicking the black square,
participants could rewatch the scene. By clicking a black circle, participants could reread the respective question

and, if wanted, modify their answer.



80

Appendix J

Table J.1: ltem Characteristic Curves of the Intensity Version Scenes for the Message Type Honesty

Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model

Model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
H#1_high 1
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| K /— - - cogn_2 (a)
L7 aff_1 (b)
| . / aff 1 (c)
'_/-/ aff 2 (d)
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Theory of Mind ability

Probability of correct response
00 02 04 06 0.8
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Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the
fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Note. ToM = Theory of Mind. Scene code consists of a letter, representing the message type (i.e., H=Honesty), the scene number, and the portrayed intensity (i.e., low, medium,
high). ltem characteristic curves of the hyperToM question is only depicted in presence of a model fit. Question code consists of abbreviations of type (i.e., cogn = cognitive
ToM, aff = affective ToM, hyperToM = hypermentalization) and order (i.e., 1 = first-order ToM, 2 = second-order ToM) of ToM, and question’s identification letter (a-d = ToM

questions, e = hypermentalization question). Intensities versions selected for the BASIT-ToM are printed in bold.



Table J.2: Item Characteristic Curves of the Intensity Version Scenes for Message Type Paradoxical Sarcasm

Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity
versions fitting
the Rasch model

Number of ToM questions for which the correct
response probability is in the required range
(0.5-0.8) in subjects with medium ToM abilities

Item characteristic curves of the ToM and hyperToM questions of the
intensity version fitting the Rasch model
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Intensity
versions fitting
the Rasch model

Number of ToM questions for which the correct ltem characteristic curves of the ToM and hyperToM questions of the
response probability is in the required range intensity version fitting the Rasch model
(0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct
];:gggelthe Rasch response probability is in the required range

(0.5-0.8) in subjects with medium ToM abilities

Item characteristic curves of the ToM and hyperToM questions of
the intensity version fitting the Rasch model
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Intensity versions Number of ToM questions for which the
fitting the Rasch correct response probability is in the
model required range (0.5-0.8) in subjects with

medium ToM abilities

Item characteristic curves of the ToM and hyperToM questions of the
intensity version fitting the Rasch model
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Intensity versions Number of ToM questions for which the Item characteristic curves of the ToM and hyperToM questions of the
fitting the Rasch  correct response probability is in the intensity version fitting the Rasch model
model required range (0.5-0.8) in subjects with

medium ToM abilities
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Note. ToM = Theory of Mind. Scene code consists of a letter, representing the message type (i.e., pS = Paradoxical Sarcasm), the scene number, and the portrayed intensity
(i.e., low, medium, high). ltem characteristic curves of the hyperToM question is only depicted in presence of a model fit. Question code consists of abbreviations of type (i.e.,
cogn = cognitive ToM, aff = affective ToM, hyperToM = hypermentalization) and order (i.e., 1 = first-order ToM, 2 = second-order ToM) of ToM, and question’s identification
letter (a-d = ToM questions, e = hypermentalization question). Intensities versions selected for the BASIT-ToM are printed in bold.

TpS#4_low will be used as practice scene in the Basel Version of The Awareness of Social Inference Test - Theory of Mind (BASIT-ToM).

*Practice(pS)_low will be used as a test scene for Paradoxical Sarcasm of the BASIT-ToM



Table J.3: Item Characteristic Curves of the Intensity Version Scenes for Message Type Simple Sarcasm

Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model

model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct
fitting the Rasch  response probability is in the required range

Item characteristic curves of the ToM and hyperToM questions of the
intensity version fitting the Rasch model

model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct  ltem characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct

fitting the Rasch
model

response probability is in the required range
(0.5-0.8) in subjects with medium ToM abilities

Item characteristic curves of the ToM and hyperToM questions of the
intensity version fitting the Rasch model
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Intensity versions Number of ToM questions for which the correct  Item characteristic curves of the ToM and hyperToM questions of the
fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct ltem characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct ltem characteristic curves of the ToM and hyperToM questions of the
fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model
model (0.5-0.8) in subjects with medium ToM abilities
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Intensity versions Number of ToM questions for which the correct ltem characteristic curves of the ToM and hyperToM questions of the

fitting the Rasch  response probability is in the required range intensity version fitting the Rasch model

model (0.5-0.8) in subjects with medium ToM abilities
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Theory of Mind ability

Note. ToM = Theory of Mind. Scene code consists of a letter, representing the message type (i.e., sS = Simple Sarcasm), the scene number, and the portrayed intensity (i.e.,
low, medium, high). ltem characteristic curves of the hyperToM question is only depicted in presence of a model fit. Question code consists of abbreviations of type (i.e., cogn
= cognitive ToM, aff = affective ToM, hyperToM = hypermentalization) and order (i.e., 1 = first-order ToM, 2 = second-order ToM) of ToM, and question’s identification letter (a-

d = ToM questions, e = hypermentalization question). Intensities versions selected for the BASIT-ToM are printed in bold.



Appendix K
Table K.1: Number of times each selected intensity version scene was watched by

participants, depicted by the percentages of the respective 80 participants

Scene Number of times the scene was watched in percentages’
1 2 3 4

H#1_low 91% 9%

H#2 low 89% 11%

H#4_medium 89% 1%

sS#1 low 91% 9%

sS#2_low 88% 13%

sS#3 _medium 91% 9%

pS#1_low 88% 1% 1%

pS#2_low 58% 36% 6%

pS#4_low* 78% 23%

Practice (pS_low)$ 71% 25% 4%

Note. Scene code consists of letters (i.e., H = Honesty, pS = Paradoxical Sarcasm, sS = Simple Sarcasm),
the respective scene numbers and the intensity level.

TRounded percentages may not necessarily add up to 100%.

*pS#4_low (scene #4 containing Paradoxical Sarcasm at low intensity) will be used as practice scene.

SPractice(pS)_low will be used as a test scene for Paradoxical Sarcasm.
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