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1 Introduction 

Mentalizing and perspective taking have both been discussed as key difficulties in autism, 

contributing to problems in social interaction and social communication. Perception of 

language, amongst other faculties, requires an understanding of what is specifically highlighted 

by a speaker or writer to indicate what is in the current focus of attention. In other words, 

listeners or readers need to infer from speech or text which linguistic element (e.g. a particular 

word) the speaker or writer is marking out as important. It has not been understood 

comprehensively which aspects of mentalizing and perspective taking are challenging for 

autistic people when encoding or decoding the importance – also referred to as prominence – 

of entities in language. The aim of this thesis is to investigate mentalizing and perspective taking 

in the perception of language in autism – in particular in the perception of prominence – by  

(i) establishing a paradigm to investigate mentalizing drawing on perception of nonverbal 

information, namely gaze and intonation (study 1a and study 1b), (ii) investigating mentalizing 

abilities in autistic adults based on nonverbal information using the established paradigm 

(study 1c) and (iii) investigating perspective taking in autistic adults in a written verbal task 

(study 2). Study 1a, 1b and 1c investigate the perception of audio-visual stimuli in conversation-

like videos. Study 2 makes first steps into examining free indirect discourse perception in 

autistic people while reading short stories. 

The introduction will focus on mentalizing and perspective taking in autism. In this context, 

perception of language in autism will be introduced, especially the perception of speech 

intonation and deictic eye gaze. The main part of this thesis comprising studies 1a–c and study 2 

is followed by a general discussion. 

1.1 Autism and Language 

Autism spectrum disorder1 is defined as a neurodevelopmental disorder characterized by 

difficulties in social communication and interaction (American Psychiatric Association, 2013). 

It affects approximately 1 % of the population (Zeidan et al., 2022). The latest clinical 

classification subsumes autistic conditions of different degrees of severity under the diagnosis 

“autism spectrum disorder” (American Psychiatric Association, 2013; World Health 

Organization, 2019). At the time the studies comprising the current thesis were carried out, this 

diagnosis was not yet in practice. Participants with autism spectrum conditions taking part in 

 
1 The terms “autism spectrum disorder”, “autism spectrum condition”, “autism spectrum” and “autism” are used 
interchangeably in this thesis. 
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study 1c and study 2 were mostly diagnosed with Asperger’s (ICD-10 identifier: F.84.5), few 

with childhood autism (ICD-10 identifier: F.84.0) and all had normal intelligence. 

Difficulties in social communication and interaction in autism can manifest in various ways 

(American Psychiatric Association, 2013): Language deficits or abnormalities across the autism 

spectrum range from a complete lack of speech in more severe autism to language delays, poor 

comprehension of speech and stilted or overly literal language in less severe autism. In the 

absence of intellectual impairment and language delays, autistic adults may nevertheless show 

difficulties processing and responding to complex social cues such as when and how to join a 

conversation or what not to say in a certain situation. Language characteristics in autism further 

include impairments in normal back-and-forth conversation, poorly integrated verbal and 

nonverbal communication, problems understanding the different ways that language may be 

used to communicate (e.g. irony; sarcasm; metaphors; white lies) as well as stereotyped or 

repetitive use of speech (e.g. echolalia, i.e. repeating speech; repetitive questioning; 

idiosyncratic phrases; stereotyped use of words, phrases, or prosodic patterns). Additionally, 

communicative body language such as eye contact, gestures or speech intonation can be absent, 

reduced or atypical: For example, early signs of autism include an impaired initiation of joint 

attention and impaired following of another person’s deictic gestures such as via eye gaze or 

hand gestures. 

1.2 Perspective Taking 

With researchers trying to pin down an underlying core impairment in autism that can 

comprehensively explain autistic characteristics, cognitive theories of autism have emerged in 

the 80’s. One of these is the Theory of Mind (ToM) theory (Baron-Cohen et al., 1985), which 

has continued to influence studies on autism throughout the past decades. According to the 

ToM theory, perspective taking in autism is impaired or hampered – in particular the act of 

reading other people’s thoughts and emotions. Although the ToM theory cannot account for the 

entirety of autistic characteristics, it continues to inspire research in autism, e.g. the current 

thesis. 

Perspective taking has been described with different terminology – depending on the context 

and the investigated aspects of the process. It may be roughly divided into two forms of 

perspective taking: Perceptual and conceptual perspective taking (Marvin et al., 1976). 

Perceptional perspective taking such as visual perspective taking (Flavell, 1977) is required 

when trying to comprehend what another person is physically perceiving, e.g. when we try to 
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figure out what another person can see from their view point or what a certain object looks like 

from their perspective. On the other hand, conceptual perspective taking refers to the act of 

inferring inner mental states of others (or sometimes of oneself) such as thoughts, desires, 

attitudes and plans (Marvin et al., 1976). This ability is also referred to as having a “Theory of 

Mind” (ToM; Premack and Woodruff, 1978) or as “mentalizing” (Fonagy et al., 2004; Frith  

& Frith, 2006). 

On another dimension, perspective taking can further be distinguished into implicit – or 

automatic – and explicit – or willful – perspective taking. This differentiation is based on the 

idea of two perspective taking processes: an implicit one allowing for fast automatic inferences 

and a slower, cognitively more effortful, explicit one (Apperly & Butterfill, 2009). For example, 

while a person can explicitly be instructed to take the perspective of another, implicit 

perspective taking happens spontaneously without an explicit instruction and sometimes 

without the requirement to take the other’s perspective (e.g. Samson et al., 2010). 

1.2.1 Conceptual Perspective Taking in Autism 

Social difficulties of autistic people may in part be explained by impaired mentalizing abilities 

(Baron-Cohen et al., 1985; Frith et al., 1991). Such an impairment has often been demonstrated 

in language-based tasks with autistic children (Baron-Cohen, 1989; Baron-Cohen et al., 1985; 

Begeer et al., 2014; Hutchins et al., 2012; Leslie & Thaiss, 1992; Swettenham, 1996).  

For investigating ToM abilities, explicit cognitive-linguistic tasks such as false belief tasks are 

often used. In these tasks, participants are required to answer questions referring to one or more 

protagonists’ mental states. Depending on the level of ToM abilities, the observer is required 

to infer a character’s believes (first-order ToM), or a character’s believes about the believes of 

another character (second-order ToM). For example, a scenario in a false-belief task (Perner  

& Wimmer, 1985) probing first- and second-order ToM abilities may look as follows: John and 

Mary are in a park where an ice-cream vendor is selling ice-cream from his ice-cream van. 

When Mary goes home to fetch money to buy ice-cream, the ice-cream vendor tells John, who 

is staying in the park, that he will drive to the church as there are no customers left in the park. 

At this point in the story, a question probing first-order ToM may look as follows: Where is 

Mary going to go to buy ice-cream after she has fetched the money? The observer would be 

expected to answer “To the park” as Mary has not witnessed the ice-cream vendor change 

locations. However, the story continues, as we are also interested in probing the observer’s 

second-order ToM. As the ice-cream vendor coincidentally passes Mary on his way to the 

church, he tells her that he will sell ice-cream at the church next. Mary therefore makes her way 
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to the church – not the park – to buy ice-cream. In the meantime, John has gone home to his 

house to have lunch and afterwards makes his way to Mary’s house. Mary’s mother tells him, 

Mary has gone out to buy ice-cream. The question probing second-order ToM would be the 

following: Where does John think Mary has gone? The observer is expected to answer “To the 

park”, because John has not witnessed the ice-cream vendor tell Mary that he is driving to the 

church.  

Tasks like these are based on verbal information (Gernsbacher & Yergeau, 2019) and 

participants need to make explicit use of cognitive reasoning to make sense of the given 

situation (Chung et al., 2014). In some of these tasks the material itself is presented verbally – 

such as in the Strange Stories task (e.g. Happé, 1994) and Faux Pas task (e.g. Baron-Cohen et 

al., 1999). In others, the material itself is visual, but explanations, instructions and the 

experimenter’s questions are communicated via spoken language and require a verbal 

response – such as in the false belief task (e.g. Perner and Wimmer, 1985). In various types of 

tasks probing ToM abilities, participants’ language abilities have a great impact on task 

performance in autistic people (Bennett et al., 2013; Loukusa et al., 2014; Norbury, 2005; 

Velloso et al., 2013) as well as in non-autistic people (Capage & Watson, 2001; Lawrence et 

al., 2004; Peterson et al., 2012; Shaked et al., 2006; Steele et al., 2003).  

1.2.1.1 ToM in Adolescents and Adults with Autism 

Adolescents or adults on the autism spectrum with normal intelligence – unlike children – 

usually pass these explicit cognitive-linguistic tasks successfully (Bowler, 1992; Gernsbacher 

& Yergeau, 2019; Happé, 1994; Ponnet et al., 2004; Scheeren et al., 2013), or with minor 

difficulties (Lever & Geurts, 2016).  

Although autistic adults perform similarly to non-autistic participants when inferring a 

protagonist’s mental state in stories presented verbally or in written form, they perform worse 

than non-autistic participants when providing reasons for their attributions (Bowler, 1992; 

Callenmark et al., 2014; Dziobek et al., 2006; Happé, 1994; Ozonoff et al., 1991). Despite 

explicit instructions, accessing the required information may exceed the capacity of a cognitive-

linguistic approach in these types of tasks. 

Likewise, tasks based on material that is even less accessible cognitive-linguistically reveal 

difficulties, e.g. when autistic participants are explicitly asked to infer a protagonist’s mental 

state based not on primarily verbal information but on photo, image or video material depicting 

people (Baron‐Cohen et al., 2001; Brewer et al., 2017; David et al., 2010; Dziobek et al., 2006; 
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Heavey et al., 2000; Murray et al., 2017; Ponnet et al., 2004; Wilson et al., 2014) or animated 

triangles (White et al., 2011; Wilson et al., 2014; Zwickel et al., 2011).  

Similarly, tasks that require an implicit type of perspective taking, i.e. tasks in which 

participants are not explicitly asked to take the perspective of another, appear to be difficult or 

be processed differently by autistic adolescents or adults. This has for example been observed 

when eye movement was measured to assess overt attention in false belief tasks (Schneider et 

al., 2013; Schuwerk et al., 2015; Senju et al., 2009). Autistic observers in these studies did not 

exhibit the same anticipatory gaze towards the target location as non-autistic observers who 

tended to direct their gaze towards the location indicated by a character’s false belief. 

1.2.2 Perspective Taking and Language in Autism 

In conversations, but really in every type of verbal or nonverbal language production and 

perception of language, perspective taking is an important skill: On the one side, speakers tend 

to adjust their speech to the listener, and stories are usually written with a reader in mind. On 

the other side, listeners and readers can better follow spoken speech or written stories if they 

are able to take into account the perspective of the speaker or of a protagonist in the story.  

Effective communication is usually facilitated if communicators establish what is called 

“common ground” together – a pool of knowledge shared by all communicators involved 

(Stalnaker, 2002). The use of a pronoun, for instance, requires knowledge about the so-called 

referent, i.e. the entity the pronoun refers to: If person A told person B “I will paint him”, 

Person B can know who will be painted only if they know who “him” refers to. If “he” is not 

part of the “common ground”, person B will likely be confused.  

The general population tends to adjust their choice of referential expressions to the listener or 

reader (i.e., depending on the context, they choose to substitute names with pronouns; Achim 

et al., 2017). While a study including autistic children and adolescents (Arnold et al., 2009) 

reported that only some of the younger autistic participants (but not the older ones) chose over-

specific references more often than needed, a study with autistic adults (Colle et al., 2008) 

showed more pronounced group differences: When asked to tell a story based on an illustrated 

book, autistic participants used more full noun phrases when they could instead have used 

pronouns, which resulted in a pedantic narrating style. On the other side, they used more 

pronouns when full noun phrases would have been less ambiguous and would therefore have 

made it easier to understand the narration. The authors interpret this as a lack of ToM and thus 

the inability to account for common ground information (Colle et al., 2008).  
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1.2.3 Perspective Taking in Written Text in Free Indirect Discourse 

Study 2 investigates the perception of written text. In written text, perspective taking is not only 

relevant for understanding what mental or emotional state a protagonist is in or why they behave 

a certain way. Perspective taking may further help processing so-called free indirect discourse 

(FID; Banfield, 1982), i.e. utterances or thoughts that are not directly anchored to one specific 

protagonist. Processing of FID has been proposed (Zeman, 2017) to share an important aspect 

with perspective taking involved in ToM as operationalized in many false belief tasks: the 

ability to identify and differentiate between different viewpoints at the same time.  

Unlike direct speech, which is marked by apostrophes (e.g.: “‘I am a dancer’, Sally said.”), or 

indirect speech, which is likewise unambiguously linked to a protagonist (e.g.: “Sally said she 

needed money.”), FID (also: free indirect speech) is not always linked to a protagonist 

unambiguously, i.e. the protagonist is not explicitly identifiable as the source of the utterance 

or thought. Consider the last sentence in FID in the following story:  

“Sally was a dancer. One day, she was booked to dance in a well-funded musical 

and was thrilled as she desperately needed the money. However, when she heard 

about the inadequate payment for the role, she got into a fight with her posh 

producer. That greedy jerk.”  

As the FID in the last sentence is not directly linked to any of the two protagonists in particular, 

it could be understood either as Sally’s thoughts, as the producer’s thoughts or as the narrator’s 

thoughts. That the thought is most likely Sally’s can only be understood within the context. When 

processing FID, readers are not explicitly instructed to take the perspective of a protagonist. 

Instead, the anchor for the utterance or thought expressed in FID needs to implicitly be identified.  

In autism, FID perception has not been investigated so far. In other implicit perspective taking 

tasks, namely implicit false-belief tasks, it has been demonstrated that autistic participants do 

not, by default, exhibit anticipatory looking towards the target location, i.e. towards the location 

as indicated by a character’s false belief (Schneider et al., 2013; Schuwerk et al., 2015; Senju 

et al., 2009). This has been interpreted as impaired implicit perspective taking in autism. FID 

perception may draw on implicit perspective taking and, similarly, be challenging or be 

processed differently in autistic people. Moreover, findings from studies on the production of 

referential expressions (Colle et al., 2008) and the perception of pronoun-induced perspective 

shift (Mizuno et al., 2011) suggest that autistic participants may have difficulties when shifting 

perspectival centers.  



Introduction 

 
 12 

1.2.3.1 The Role of Prominence in Free Indirect Discourse Anchoring 

Prominence plays an important role in identifying the perspectival center of a story, 

(Hinterwimmer, 2019). “Prominence” literally describes the property of jutting, standing or 

projecting out. Accordingly, it has been defined as “the property by which linguistic units are 

perceived as standing out from their environment” (Terken, 1991, p. 1768; see Himmelmann 

& Primus, 2015, for a cross-linguistic working definition of prominence). 

Prominence is a relevant notion with respect to information structure (Halliday, 1967) – “the 

division of sentences into focus and background” (Roettger et al., 2019). Concepts linked to 

information structure – and prominence – are e.g. givenness (e.g. Halliday, 1967) and focus 

(Rooth, 1992). They connect to prominence by highlighting linguistic entities in their respective 

dimensions: A linguistic element may be prominent because it is new in a context of a 

conversation, or because it is already known, i.e. “given”. It may also stand out because it is in 

focus. These attributes are typically manifested through syntactic and semantic properties as 

well as phonetic features (in speech). 

Syntactic and semantic properties play an important role in the perception of prominence, such 

as subjecthood and animacy. They contribute to so-called discourse prominence, which can be 

described as a linguistic entity’s likelihood of being referred to (Jasinskaja et al., 2015). For 

example, a person referred to in subject position is usually perceived more prominent than a 

person referred to in object position (Arnold, 2010). Likewise, an animate entity is usually 

perceived as more prominent than an inanimate entity (Lockwood & Macaulay, 2012). 

Concepts similar to discourse prominence are givenness (Chafe, 1976), accessibility (Ariel, 

1990) or activation (Gundel et al., 1993). Prominent, given, accessible or activated entities all 

have in common, that they are the most likely candidates for further (linguistic) operations such 

as FID anchoring. Taken together, prominence encompasses a range of attentional processes 

that roughly cover two phenomena, namely (i) the (pre-)activation of an entity (before it is 

encountered), and (ii) the redirecting of attention towards an entity based on its features.  

Prominence in the case of FID anchoring refers to discourse prominence and as such can be 

understood as the (pre-)activation of an entity. In the FID example above (see section 1.2.3: 

“That greedy jerk.”), Sally is the most likely candidate for FID anchoring as she is more 

prominent than the producer both due to subjecthood (Himmelmann & Primus, 2015) and 

familiarity (Jasinskaja et al., 2015). Amongst others, grammatical function (e.g. subject or 

object) and the type of referential expression (e.g. “Sally”, “her”) (Hinterwimmer & Meuser, 

2019) are aspects that contribute to prominence in the context of FID anchoring.  
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1.2.4 Speech Perception (Prosody) 

Studies 1a–c investigate the perception of speech. Beyond the lexical content, meaning can 

nonverbally be conveyed and extracted in conversation, such as for example via prosody 

(O’Connor & Arnold, 1973). Opposed to lexicality, prosody does not refer to what is being 

said, but how it is said. Thus, prosodic measures include fundamental frequency (F0, perceived 

as pitch), intensity (perceived as loudness), duration (perceived as length, e.g. of a vowel), and 

the distribution of audible frequencies (perceived as vowel quality and timbre).   

Prosody plays an important role when inferring information on different levels. Grammatical 

prosody helps a listener understand syntactic aspects e.g. the correct partitioning of a sentence 

or whether an utterance is a statement or a question: The sentence “You told me to bring coffee, 

beans and milk?” needs to be realized by the speaker appropriately to avoid confusion, i.e. the 

intonation at the end of the sentence needs to rise to indicate a question as opposed to a 

statement, and the word “coffee” needs to be followed by a pause to avoid a mix-up with “coffee 

beans”. In contrast, affective prosody can help a listener infer the feelings and emotional states 

of the speaker and can be interpreted accordingly. For instance, an utterance produced with 

joyful surprise is associated with higher mean and maximum pitch than an utterance produced 

with contempt (Hammerschmidt & Jürgens, 2007). Pragmatic prosody, on the other hand, helps 

the listener to infer the speaker’s thoughts and intentions in the context of an utterance, e.g. 

which linguistic element they want to highlight to convey its importance: “I told you to bring 

coffee, beans and OAT milk!” If we as listeners correctly identify that “OAT” is prosodically 

highlighted in the speaker’s utterance, we can infer that it was important to the speaker that the 

addressee would bring oat milk as opposed to other types of milk.  

1.2.4.1 The Role of Prominence in Prosody 

Resembling discourse prominence, which is relevant for FID anchoring (see above), prosodic 

prominence refers to the quality of standing out and can thus indicate that something is 

important, new or in the focus of attention. In German, this can be achieved by means of pitch 

accent placement and type, cued primarily by F0, which is perceived as pitch height (Féry & 

Kügler, 2008; Grice & Baumann, 2007). Speakers usually take into account what the listener 

already knows and adjust intonation appropriately (Breen et al., 2010).  

Correspondingly, raise of pitch is read out by listeners from the general population as prosodic 

prominence and importance (Arnold et al., 2013; Baumann and Winter, 2018). Amongst all 

prosodic means to communicate prominence, F0 is a particularly important one for listeners 

(Arnold et al., 2013).  
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1.2.4.2 Prosody and Mentalizing 

Inferring the speaker’s focus of attention from their use of pitch accents allows the listener to 

mentalize (Kaland et al., 2014). In the general population, greater sensitivity to pitch accent 

types has been shown to be linked to better performance on the AQ communication subscale 

(Bishop, 2016; Bishop et al., 2020; Hurley & Bishop, 2016) which, as suggested by the authors 

(cf. Bishop et al., 2020, p. 3), may roughly indicate an individual’s pragmatic skills, or more 

precisely in the context of prosody their “sensitivity to the relation between prosody and 

meaning-in-context”.  

Findings regarding prosody perception in autism do not paint a clear picture. A narrative review 

found that intuitive, less rule-based aspects of prosody such as affective and pragmatic prosody 

have more often been reported as impaired in autism than more formal, less flexible aspects of 

prosody such as grammatical prosody (Grice et al., 2023).  

Regarding more formal aspects of prosody, performance in autistic and non-autistic listeners has 

been reported to be similar, for example when judging lexical tone placement in Cantonese 

(Cheng et al., 2017). Likewise, lexical stress perception (e.g. when perceiving the different stress 

patterns in the noun PREsent and the verb preSENT) has been reported to be similar (Paul et al., 

2005), whereas another study reported reduced sensitivity to lexical stress placement in autistic 

listeners (Kargas et al., 2016). Because in the latter study, stress perception was correlated with 

speech abnormalities, reduced sensitivity cannot, however, be generalized to the entire autistic 

group. When resolving syntactic ambiguities with the help of prosodic boundaries (Paul et al., 

2005), and when discriminating prosodically indicated questions and statements (Wang et al., 

2022) autistic listeners have been reported to perform comparably to non-autistic listeners. 

Prosodically expressed basic emotions are recognized well by autistic listeners (Ben-David et 

al., 2020; O’Connor, 2012; Stewart et al., 2013; Zhang et al., 2022), although performance has 

been reported to depend on the emotion at hand: While recognizing happiness in speech seems 

to be particularly difficult for autistic listeners, differences between the autistic and non-autistic 

group regarding the recognition of other basic emotions were not robustly demonstrated across 

studies (Zhang et al., 2022). Moreover, autistic listeners show impaired recognition of 

prosodically expressed emotions that are more complex (Golan et al., 2007; Kleinman et al., 

2001; Rosenblau et al., 2017; Rutherford et al., 2002) or produced with low intensity 

(Globerson et al., 2015). Difficulties regarding the perception and interpretation of vocal pitch 

modulation during speech may be an underlying cause (Schelinski et al., 2017; Schelinski and 

von Kriegstein, 2019, see Grice et al., 2023 for a review). 
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With regard to pragmatic prosody, autistic adults – comparable to non-autistic adults – have 

been reported to be able to detect contrastive focus (Globerson et al., 2015), whereas another 

study reported that in most focus-detection or -discrimination tasks included in the study, 

autistic listeners performed worse than non-autistic listeners (Zaidenberg, 2015). In a different 

study, pitch accents have been reported to be taken into account to a lesser extent by autistic 

listeners compared to non-autistic listeners when judging whether a word refers to an object 

that is already known to the communicating partners or whether it is newly introduced into a 

conversation (Grice et al., 2016). The results with respect to the perception of prosodically 

prominent words are thus inconsistent. 

1.2.4.3 The Influence of Pitch on Observers’ Attentional Focus and Memory 

Pitch accents not only guide attention towards linguistic elements (Kristensen et al., 2013), they 

can also direct our attention towards objects in the environment, as studied in participants’ gaze 

behavior in visual world paradigms in the general population (Dahan et al., 2002; Ito & Speer, 

2008; Kurumada et al., 2014; Roettger et al., 2020; Watson et al., 2008; Weber et al., 2006). In 

the aforementioned studies, audio recordings of another person uttering instructions or 

descriptions affected participants’ proportions of gaze fixations towards a target object.  

In a study in children, pitch accents also had an effect on reactions to later joint attention bids 

both in an autistic and a non-autistic group: they looked at the object longer if the respective 

utterance had previously received a pitch accent (Ito et al., 2022). 

Not only do prominent linguistic elements stand out and affect the observer’s gaze behavior, 

they are also better remembered in the general population: Words produced with greater 

prosodic prominence are more easily recognized later than words produced with less prosodic 

prominence (Fraundorf et al., 2010, 2012; Kember et al., 2021; Kushch et al., 2018; Morett  

& Fraundorf, 2019). This relationship is yet to be investigated in autism. 

1.2.5 Gaze Perception 

Studies 1a–c investigate the perception of gaze. Like other body movements, gaze behavior 

corresponds with speech production (Brône et al., 2017; Kendon, 1967; Kendrick et al., 2023; 

Spaniol et al., 2023). Moreover, eye gaze is closely linked to attention: people from the 

general population tend to look at objects (Buswell, 1935; DeAngelus & Pelz, 2009; Yarbus, 

1967) or locations they pay attention to (Ferreira et al., 2008; Theeuwes et al., 2009). Faces 

or face-like compositions are particularly attention-grabbing stimuli for newborns (Johnson 

et al., 1991). They are, however, also of interest to the adult observer as indicated, for 



Introduction 

 
 16 

example, by longer fixation durations for faces than for objects (Zhang et al., 2018). 

Particularly interesting for the current thesis, an object is fixated longer the more relevant it 

is (Klami, 2010; Klami et al., 2008) and the more it is preferred by the observer (Chuk et al., 

2016; Shimojo et al., 2003).  

1.2.5.1 Gaze and Mentalizing  

Another person’s gaze behavior can help us infer their intentions or their attentional state 

(Baron‐Cohen et al., 1995; Einav & Hood, 2006; Freire et al., 2004; Jording, Engemann, et al., 

2019; Jording, Hartz, et al., 2019; Lee et al., 1998). Especially in situations, in which other 

information is ambiguous, observers rely on gaze cues to make sense of a situation (Macdonald 

& Tatler, 2013). Considering the importance of eye gaze for understanding others’ minds, it is 

not surprising that when a person – regardless whether they are autistic (Auyeung et al., 2015; 

Dalton et al., 2005; Fedor et al., 2018; Freeth et al., 2010; Hernandez et al., 2009) or not (Fedor 

et al., 2018; Frischen et al., 2007; Henderson et al., 2005; Itier & Batty, 2009) – observes 

another person’s or a virtual character’s face, they predominantly fixate their eye region.  

Especially in free-viewing tasks, however, autistic participants exhibit shorter fixation 

durations for the eye region compared to non-autistic participants (Setien-Ramos et al., 2022). 

Moreover, autistic participants are less accurate than non-autistic participants in judging gaze 

directions of others (Forgeot d’Arc et al., 2017; Pantelis & Kennedy, 2017) and perform worse 

when asked to infer feelings, thoughts and intentions based on eye gaze (Baron-Cohen et al., 

1997; Baron‐Cohen et al., 2001; Hobson et al., 1988). 

1.2.5.2 The Influence of Gaze on Observers’ Attentional Focus and Memory 

Eye gaze can influence a perceiver’s focus of attention, e.g. towards an indicated object: In 

studies investigating the gaze cueing effect on an implicit level, participants from the general 

population usually respond faster in reaction to objects that appear in a position previously 

gazed at by a virtual character (Driver et al., 1999; Friesen & Kingstone, 1998; Mazzarella et 

al., 2012), suggesting that their attention has shifted towards the indicated objects’ position. 

Additionally, participants are more likely to look at the object that is being looked at by the 

other person (Ricciardelli et al., 2002). Correspondingly, gaze-cueing can enhance item 

memory (Dodd et al., 2012; Frischen & Tipper, 2006; Gregory & Jackson, 2017; Gregory & 

Kessler, 2022). As opposed to other directional cues such as arrows, eye gaze has a special 

impact on attention allocation which has been demonstrated in gaze-cueing paradigms in the 

general population (Cañadas & Lupiáñez, 2012; Friesen et al., 2004; Quadflieg et al., 2004). 
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In adolescents and adults on the autism spectrum, this gaze cueing effect has also been 

demonstrated, both in settings in which participants know that the eyes carry important 

information (Ristic et al., 2005) as well as in settings in which attending to the gaze cue can be 

understood to be more intuitive, i.e. in which participants have no information about gaze cue 

informativeness (Kuhn et al., 2010) or know that gaze cues are not informative (Vlamings et 

al., 2005). In the latter study, the authors further reported effects specific to the non-autistic 

comparison group, most importantly longer visual orienting in response to eye gaze – as 

opposed to arrow cues – suggesting that deictic eye gaze is processed differently compared to 

other deictic cues. In the autistic group, arrows and eye gaze produced comparable results 

suggesting they were both processed as deictic cues of similar quality (Vlamings et al., 2005). 

Not only can eye gaze increase the likelihood and speed of orienting towards the indicated 

direction, but it also influences sustained attention towards that direction: Observers tend to 

look longer towards an object another person is looking at (Adil et al., 2018; Castelhano et al., 

2007; Hutton & Nolte, 2011; Theuring et al., 2007). Moreover, the longer an observer perceives 

another person looking at an object, the longer they tend to look at the object themselves (Freeth 

et al., 2010). Correspondingly, observing another person directing their gaze towards an item 

can increase item memory (Adil et al., 2018; Sajjacholapunt & Ball, 2014). 

Compared to non-autistic participants, autistic participants less often look at objects gazed at 

by another person (Wang et al., 2015) and tend to spend less time fixating those objects 

(Fletcher-Watson et al., 2009; Freeth et al., 2010).  

1.2.6 Multimodal Perception 

Verbal and nonverbal language are closely related. Spoken language such as in conversation is 

not only enhanced by prosody, but usually accompanied by movements of the eyes and by other 

body movements (see e.g. Brône et al., 2017; Cantalini & Moneglia, 2020; Kendon, 1967, 1972; 

Wagner et al., 2014). Moreover, nonverbal aspects of language correspond with one another: 

For example, production of pitch accents has been shown to be linked to gestures of the hands 

(Krahmer & Swerts, 2007; Rohrer et al., 2023), eyebrows (Ambrazaitis & House, 2017; 

Krahmer & Swerts, 2007) and the head (Alexanderson et al., 2013; Ambrazaitis & House, 2017; 

Esteve-Gibert et al., 2017; Krahmer & Swerts, 2007) as well as deictic gestures such as pointing 

with the index finger (Esteve-Gibert & Prieto, 2013). 

In what way and under which circumstances visual and auditory information is integrated 

during the perception of prosodic prominence has not been elucidated comprehensively. In 
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some situations, visual and auditory information can add to a common percept: For instance, a 

speaker’s movements in the mouth region (Scarborough et al., 2009) as well as a speaker’s 

eyebrow and head movements can facilitate prominence processing (Biau & Soto-Faraco, 2013; 

Wang & Chu, 2013) and can add to the listeners’ perception of prosodic prominence as 

conveyed via intonation (Ambrazaitis et al., 2020; House et al., 2001; Krahmer et al., 2002a; 

Krahmer & Swerts, 2007; Mixdorff et al., 2013; Prieto et al., 2015). 

1.3 Prominence and Salience 

In this thesis, prominence and salience are considered conceptually equivalent phenomena. 

Irrespective of terminology, both share similar attentional processes. In psychological terms, 

prominence can most suitably be compared or equated to the concept of salience, which can – 

analogous to prominence – roughly be divided into two categories: (i) bottom-up salience, and 

(ii) top-down salience (Zarcone, van Schijndel, Vogels, & Demberg, 2016). Bottom-up salience 

is associated with high surprisal and low predictability. Top-down salience is associated with 

low surprisal and high predictability – and is thus similar to discourse prominence.  

It is important to note that the concept of salience is used in linguistic contexts as well, such as 

in the case of top-down salience contributing to the accessibility of linguistic entities (Ariel, 

1990). Moreover, in the scope of linguistic studies, the concept of prominence has been 

extended to the visual domain (Al Moubayed et al., 2009; Swerts & Krahmer, 2010); Likewise, 

extra-linguistic factors may feed into an entity’s prominence: in a conversation, an object’s 

prominence can be increased, if it is nearby or if it is pointed at (Lewis, 1970). In which cases 

both concepts refer to the same phenomenon is not always clear as the concepts of prominence 

and salience have not systematically been compared in-depth.  

The comparability of prominence and salience is mentioned here because of the lack of a 

common terminology across and within research fields and the resulting need to 

terminologically situate this thesis’ studies’ objectives. To adhere to disciplinary conventions, 

the terms “prominence” and “salience” are used in this thesis to refer to linguistic prominence 

and visual salience, respectively. 

1.4 Aims of the Current Thesis 

This thesis investigates conceptual perspective taking in the perception of language in autism – 

in particular regarding the perception of prominence (here: the perception of elements 

highlighted by speech intonation, by gaze behavior, or by referential expressions in stories). 
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Against the backdrop of difficulties reported for autistic people in mentalizing tasks involving 

nonverbal stimuli, the first line of studies (study 1a–c) aims to investigate explicit ToM abilities 

in autism using audio-visual stimuli in conversation-like videos depicting a virtual character. 

In study 1a and study 1b, a paradigm to investigate mentalizing drawing on perception of 

nonverbal information, namely gaze and intonation, was established. These studies were carried 

out with non-autistic participants. Study 1c aimed to investigate mentalizing abilities in autistic 

adults based on nonverbal information using the established paradigm. The manipulation in 

studies 1a–c includes an auditory stimulus, i.e. F0 variation – to influence what linguistically is 

most commonly referred to as prosodic prominence perception –, and a visual stimulus, i.e. 

gaze duration – as a means to influence what psychologically is most commonly referred to as 

visual salience. Thus, in the context of study 1a–c, cues arguably manipulate bottom-up salience 

since they are presented without a broader context that would allow for the anticipation of a 

more prominent auditory or a more salient visual cue. 

Study 2 investigates implicit perspective taking, similar to ToM, in autistic adults reading short 

stories. Implicit perspective taking in these stories is operationalized as FID anchoring. FID 

perception in autism has not been investigated so far. However, aberrant use of pronouns and 

difficulties in implicit perspective taking suggest that FID may be processed differently by 

autistic readers compared to non-autistic readers. Potential targets for FID anchoring vary by 

prominence status in study 2, more precisely: discourse-prominence – or top-down salience. 

Taken together, these studies aim to enhance the understanding of perspective-taking in autistic 

adults, as well as the role of prominence in language perception and general communication. 
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Abstract 
Pitch height and gaze duration are used to infer other people’s 
mental states, e.g. their attentional focus, attitudes or emotions. 
To shed light on the interplay of these two cues we varied pitch 
height in German utterances and gaze duration in a paradigm 
including a virtual character and different objects. At a group 
level, greater pitch height and longer gaze duration on a given 
object similarly increased participants’ ratings of the perceived 
importance of that object to the virtual character. At the indi-
vidual level, most participants showed a tendency to be influ-
enced predominantly by only one of the two channels (pitch  
or gaze). The data suggest a high interindividual variability  
in the employment of the different, potentially competing  
nonverbal cues used in estimating the thoughts and judgment of 
another person. 
Index Terms: pitch height, gaze duration, mental state, indi-
vidual behavior, prominence 

1. Introduction 
Interaction substantially relies on complex and multimodal non-
verbal communication [1]. Meaning can be conveyed and ex-
tracted in speech material beyond lexical content on the basis 
of prosody [2]. In the visual domain, gaze behavior plays a cru-
cial part in conveying and inferring information in social com-
munication [3]. Both of these types of nonverbal cues, prosody 
and eye gaze, provide us with important information in their 
respective domain. We can make use of them to infer others’ 
mental states, e.g. their attentional focus, attitudes or emotions. 
In complex social encounters, most often a combination of 
more than one channel is involved.  

1.1. Intonation as a key to inferring mental states 

Prosody can be used to indicate that something is important, 
new or in the focus of attention, be it an aspect of conversation, 
or an object in the environment. In German this is achieved 
through pitch accent placement and type, cued primarily by fun-
damental frequency, perceived as pitch [4]. For successful com-
munication, speakers take into account what the listener already 
knows (‘givenness’) and then apply prosody appropriately [5]. 
For listeners, pitch is especially relevant to the perception of 
prosodic prominence [6], indicating how far something is 
marked as important [7]. Even without speakers intentionally 
conveying this information, they may inadvertently transmit in-
ferable prosodic cues to what is important in the current situa-
tion or to the speakers themselves [8]. Thus, not only ‘face-
value-importance’ is communicated prosodically. Rather, by 
successfully decoding prosodic information, listeners can infer 

a speaker’s intentions, thoughts and feelings; emotional states  
can also be encoded and decoded prosodically [9], [10].  

1.2. Gaze as a key to inferring mental states 

Gaze behavior is a very strong signal by which we express our 
inner experience. We direct our eyes towards objects we pay 
attention to and inform others about whether these objects are 
of general interest or importance in a specific situation [11], 
[12]. From an early age, our gaze is drawn towards new objects 
[13], which are likely to be more interesting and informative. 
We are also able to interpret observed gaze behavior. Another 
person’s directed gaze can lead the observer to attend to the 
same direction [14]. Gaze directed towards objects can help us 
understand which object might be especially important in a 
given situation [15]. Moreover, gaze direction and duration are 
indicative of preferences [16], [17]: we tend to look longer and 
more often at preferred stimuli compared to non-preferred stim-
uli. Crucially, observers are able to interpret gaze duration [18] 
and direction [19], [20] towards preferred or desired objects. 

1.3. Integrating visual and auditory cues 

In real life, we are forced to make sense of complex stimuli 
from many different sources of information and to integrate 
them into a coherent representation of what is being communi-
cated. A combination of auditory and visual information can be 
helpful in the interpretation of a message if the incoming infor-
mation is difficult to understand (e.g. due to noise [21]), but can 
also be detrimental if both channels provide conflicting infor-
mation [22]. Likewise, acoustic and visual information are in-
tegrated to infer how important a particular object might be for 
another person. Visual information, such as head nods or eye-
brow raises, can increase prosodic prominence perception if it 
is already present, thus indicating an additive effect of visual 
and auditory information for prominence ratings [23]. When 
asked to identify prominent elements of spoken sentences pre-
sented in video sequences, the upper half of the head including 
the eye region is particularly informative [24]. However, it is 
unclear how exactly prosodic prominence and gaze are used to 
infer another person’s mental states, e.g. importance ratings. 

1.4. Study Design and Hypotheses 

In the current study, we systematically compare the effect of the 
two information channels, prosodic prominence and gaze be-
havior, on the perceived attitude of an agent, i.e. a virtual char-
acter towards objects in her environment (importance judge-
ment). More precisely, we manipulate pitch height and gaze du-
ration, both allegedly attributable to the virtual character.  
Participants are asked to rate how important the object present 
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in the current situation is to the ‘person’ represented by the vir-
tual character. We expected participants’ perception of the vir-
tual character’s mental state to be affected by both a higher 
pitch excursion on the word referring to an object (suggesting a 
more prominent pitch accent type) and longer gaze duration of 
the virtual character towards that object. Specifically, we ex-
pected to find an increase of participants’ ratings of importance 
of the object for the virtual character if the object was presented 
with a more prominent accent type and/or longer gaze duration 
compared to a less prominent accent type and shorter gaze du-
ration. As it has been reported that less frequent words elicit 
greater prominence perception [25], [26], we also expected 
word frequency to have a general influence on ratings.  

2. Material and Methods 
We tested both the individual and combined influence of pitch 
height and gaze duration on participants’ ratings of the im-
portance of objects for a virtual character. We presented 106 
different video sequences of a virtual character’s face posi-
tioned above an object with a duration of 6.6 s. Depicted objects 
were different in each trial and each object was presented only 
once. One female virtual character was presented, correspond-
ing to recordings from one female speaker. The movements per-
formed by the agent were limited to the eyes. The agent’s atten-
tion towards the object suggesting high importance was opera-
tionalized as an auditorily presented utterance with a higher 
pitch excursion and a longer gaze duration directed towards  
the object.  

2.1. Experimental design 

We systematically varied the factors ‘pitch height’ and ‘gaze 
duration towards the object’ on two levels. Pitch height on the 
accented syllable was either comparatively low or high.  
Gaze duration towards the object was either comparatively 
short (0.6 s) or long (1.8 s). Thus, we effectively created four 
conditions establishing a 2 x 2 experimental design: low pitch 
and long gaze, low pitch and short gaze, high pitch and short 
gaze, high pitch and long gaze.  

2.2. Selection of objects 

We selected 106 different images of objects from a pre-estab-
lished and well-characterized set of images [27] based on their 
referential expressions. To reduce any possible influence of the 
number of syllables on the perception of word prominence, we 
only selected words with two syllables and penultimate stress. 
These were most frequent in the set and allowed us to avoid any 
interference effects due to word boundary effects. Additionally, 
we partly excluded well-known and often used homonyms.  

2.3. Auditory stimulus material 

Auditory stimuli comprising the German two-syllable words 
denoting the 106 different objects including the definite article 
(e.g. “der Toaster”: “the toaster”) were created from an H*- 
accented rendition of each of the 106 target phrases produced 
by a trained female speaker. An analysis of H* and L+H* on a 
subset of target words by this speaker indicated that she mainly 
modulated F0-peak height in differentiating between these two 
categories. Recordings took place in a soundproof booth, using 
an AKG C420L headset microphone connected to a computer 
running Adobe Audition via a USB audio interface (PreSonus 
AudioBox 22VSL). Stimuli were recorded with a sampling rate 
of 44100 Hz, 16 bit. We subsequently edited F0-peak height on 

the target words, so as to obtain a lower and a higher pitch peak 
(henceforth low and high), with a difference of 45 Hz. As other 
parts of the pitch contour were unchanged, higher peaks led to 
greater pitch excursions. Stimuli were tested for ‘naturalness’ 
and accent type by six trained phoneticians. Stimuli produced 
for the ‘low’ and ‘high’ condition were rated as sounding natu-
ral in 92.14 % and 74.37 % of cases, respectively, and were 
rated as H* and L+H*, respectively, in 83.65 % and 78.46 % of 
cases. The resulting speech stimuli were normalized to equal 
loudness. F0 was edited using smoothing [28], stylisation and 
resynthesis [29]. Examples are provided in the online multime-
dia files. 

2.4. Visual stimulus material 

Video sequences were created by arranging a picture of the fe-
male virtual character and an image of one of the 106 different 
objects in a vertical fashion (Figure 1). At the beginning and the 
end of the video, the agent exhibited idle gaze behavior, i.e. she 
performed gaze movements directed towards random locations 
in the environment. The agent fixated neither the object nor the 
participant during these phases.  
 

 

Figure 1: Still of an example video. 

After 2.0 s, the virtual character looked at the participant for 
1.0 s. This gaze was included to induce the experience of mutual 
interaction between virtual character and participant [30]. Sub-
sequently, the virtual character directed her gaze towards the 
object (Fig. 1). This fixation lasted either 0.6 s (short gaze con-
ditions) or 1.8 s (long gaze conditions). These durations are 
based on findings from human-robot interaction regarding  
different gaze durations and their perception [31]. Afterwards, 
the agent looked at the participant again. This gaze sequence 
(participant, object, participant) was preceded and followed by 
a blink, i.e. the agent’s eyes closing for 0.1 s to simulate natu-
ralistic blinking behavior. In addition, some video animations 
included an additional blink during one or both of the first and 
second idle, non-communicative phases. After the described 
gaze sequence, the virtual character continued gazing at random 
locations until the end of the video, lasting for either 2.0 or  
0.8 s depending on short or long gaze conditions, so as to keep 
the total presentation duration of the object image of 6.6 s con-
stant across videos. All images of the agent’s face were taken 
from a study investigating the perception of gaze direction [32]. 

Video creation and integration of auditory stimuli was car-
ried out using Python [33] and the FFmpeg module [34]. We 
created a total of 424 videos (106 per condition). Example  
videos are provided in the online multimedia files. 
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2.5. Participants and procedure 

We recruited 64 monolingual native German speakers aged be-
tween 18 and 65 via an online platform (www.prolific.ac). They 
were reimbursed with 3.25 Euro for their participation. The 
study was performed in SoSci Survey [35]. Participants were 
instructed to imagine that the utterances they perceived were 
produced by the character on screen. They were informed that 
the character can convey the importance of the object. Partici-
pants were then instructed to answer the same question after 
each trial: “How important is the object to the virtual charac-
ter?” (German: “Wie wichtig findet die Figur das abgebildete 
Objekt?”). Participants were presented with half of the stimuli 
to keep the task short. Each trial consisted of a video and its 
subsequent rating. Items were presented in randomized fashion. 
Each video sequence was followed by a screen asking for the 
rating on a scale from 1 to 4: 1=“not important at all”, 2=“rather 
unimportant”, 3=“rather important”, 4=“very important”.  

2.6. Analysis  

Data was analysed with R [36] in RStudio [37]. A Bayesian or-
dinal model (r package ‘brms’ [38]) was fitted to the data. Fixed 
effects for participants’ ratings were ‘gaze duration’, ‘pitch 
height’, their statistical interaction and the logarithmized and  
z-transformed values for word frequency of the objects in Ger-
man [39]. As random effects, we included random intercepts 
and slopes for the ‘subject’ effect, and random intercepts for the 
‘object’ effect. A weakly informative prior was used (intercept 
prior: normal distribution, M = 2.5, SD = 1.5; slope priors: nor-
mal distribution, M = 0, SD = 2; SD prior: normal distribution, 
M = 0, SD = 2). The model ran with four sampling chains of 
12,000 iterations each and a warm-up period of 2,000 iterations. 

3. Results 
The condition characterized by low pitch height and short gaze 
duration yielded the lowest mean ratings. The condition with 
both high pitch and long gaze duration yielded the highest mean 
ratings. The conditions with either increased pitch height or 
longer gaze duration yielded mean ratings in a middle range be-
tween the two aforementioned conditions.  Mean ratings within 
the four conditions corroborated the initial hypotheses (Fig. 2). 

Overall, there is strong evidence for our model as opposed 
to the model not including the factors ‘pitch height’ and ‘gaze 
duration’ (BF10 > 1000). Higher pitch increased the ratings by 
0.56 standard deviations (SD) on the latent rating scale, 95% CI 
= [0.33, 0.79]. Likewise, longer gaze duration also increased the 
ratings (  = 0.65, 95% CI = [0.39, 0.91]. In this study, both  
effects had comparable effect sizes. Their statistical interaction 
did not affect ratings (   = 0.02, 95% CI = [-0.14, 0.18]). Higher 
word frequency increased the ratings (  = 0.06, 95% CI =  
[0.01, 0.12]). The random subject effects were considerable in 
the model (random intercepts:   = 0.57, 95% CI = [0.47, 0.70];  
random effect of pitch height:   = 0.87, 95% CI = [0.71, 1.06]; 
random effect of gaze duration:    = 1.02, 95% CI = [0.83, 1.24]), 
except for the random interaction effect (  = 0.12, 95% CI = 
[0.00, 0.35]), which was not statistically robust. The random 
object effect, however, was statistically robust ( = 0.18,  
95% CI = [0.11, 0.24]).  

3.1. Explorative analysis of individual behavior 

At the individual level, the effects of pitch height and gaze du-
ration accounted for a change of 0.87 and 1.02 SD on our rating 
scale, respectively. Therefore, we further investigated to what 

extent the factors predicted the ratings for each individual  
participant. Figure 3 shows the individual slope coefficients for 
the two factors for each subject. Participants’ ratings tended to 
be influenced by either ‘pitch height’ or ‘gaze duration’ rather 
than by both factors in combination. This was mirrored by a 
negative correlation (  = -0.48, 95% CI = [-0.68, -0.23] of the 
factors ‘pitch height’ and ‘gaze duration’ within the random 
subject effect. 

To identify possible subgroups based on cue ‘preference’, 
we applied a hierarchical cluster analysis [40] using Euclidian 
distance and Ward’s method. The resulting classification sug-
gested a two- or three-cluster solution. The clustering is in-
cluded in Fig. 3, showing the three distinct groups. Due to the 
degree to which participants took into account pitch height and 
gaze duration for their ratings, we labelled them ‘Listeners’, 
‘Lookers’ and ‘Neither’. In the two-cluster solution, ‘Listeners’ 
and ‘Neither’ clustered together.  

 

 

Figure 2: Distribution of participants’ mean ratings of 
stimuli. The range of the y-axis equals the total rating 
scale (1-4). Diamonds indicate means across subjects.  

 

 

Figure 3: Individual slope coefficients for pitch height 
(x-axis) and gaze duration (y-axis) by participant. 
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4. Discussion 
We investigated how participants’ ratings of the ascription of a 
‘person’s’ attitude, here the perception of object importance, 
were affected by pitch height (of utterances referring to target 
objects) and gaze duration (directed towards target objects by 
the virtual agent). According to our initial hypothesis, both fac-
tors substantially affect the ratings of participants. 

The condition characterized by low pitch height and short 
gaze duration towards the object resulted in the lowest mean 
ratings of importance. Highest mean ratings were registered for 
the condition characterized by high pitch and long gaze dura-
tion. The mean ratings for the two ‘mixed’ conditions in which 
only one of the two signals indicates importance were in the 
medium range between these two extremes. The effects of pitch 
height and gaze duration on participants’ ratings presented as 
similar and statistically robust in our analysis. Our findings cor-
roborate previous findings showing that acoustic and visual 
cues are relevant sources from which the mental states of others 
can be inferred [8], [9], [18], [19]. Interestingly, most partici-
pants were influenced by only one of the two cues, dividing the 
whole group into either ‘Listeners’, ‘Lookers’ or ‘Neither’.  

Our data do not provide evidence for interactional effects 
of pitch height and gaze duration in the current task. This is in 
line with previous studies investigating the interplay of prosody 
and visual body cues and showing no interaction of the two: 
Only an additive effect of eyebrow raises and pitch accents was 
shown for the perception of word prominence [23] whilst no 
interactional effect of general visual facial information and 
prosody on prosodic prominence ratings was observed [24]. In 
our study, participants tended to not take into account both at 
the same time, so that we cannot conclude that effects in our 
study add up to contribute to the perception of object im-
portance to the virtual agent. 

Higher word frequency was associated with higher impor-
tance ratings. At first glance, this seems to contradict the obser-
vation that infrequent words elicit higher prominence percep-
tion [25], [26]. However, in our dataset, word frequency was 
intertwined with other properties that also affect the perception 
of importance: the five most frequent words in our dataset were 
the German words for ‘car’, ‘key’, ‘eye’, ‘plane’ and ‘finger’. 
The five least frequent words were the German words for ‘spin-
ning wheel’, ‘doorknob’, ‘seal’, ‘spinning top’ and ‘roller 
skate’. We assume that relevance for everyday life affected the 
ratings, so that word frequency and general importance were 
correlated in our study. Taking a look at the five ‘most im-
portant’-rated items (‘key’, ‘traffic light’, ‘spoon’, ‘brush’, 
‘sun’) and the five ‘least important’-rated items (‘desk’, ‘pea-
nut’, 'church’, ‘sandwich’, ‘seal’) corroborates this notion. 

Variance introduced by individual participants was substan-
tial. Great individual variability has been reported for influence 
of pitch on the perception of prosodic prominence, i.e. the de-
gree to which words are perceived as highlighted or important 
[7], [25]. Moreover, the perception of prosodic prominence is 
not only influenced by speaker and listener characteristics, but 
also by a combination of both [44]. Interpretation of directional 
gaze cues also depends on individuals (e.g biological sex [41]). 

We found that participants’ ratings tended to be influenced 
by either pitch height or gaze duration or by neither of the two 
cues, but never by both at the same time. This led us to the iden-
tification of groups of ‘Listeners’, ‘Lookers’ and ‘Neither’. We 
reject the two-cluster solution because it is theoretically not 
convincing to cluster participants making use of pitch height 

with participants making use of neither cue. The existence of a 
‘neither’-group in our study does simply allow for the conclu-
sion that these people did not take into account either cue. Other 
possible explanations are suggested in the following paragraph. 
As for the differentiation of participants into ‘listeners’ and 
‘lookers’, other studies have provided similar findings. In a pro-
duction study, it was shown that participants increase speaking 
efforts and change their gaze behavior to improve communica-
tion [42]. However, the authors did not find a strong correlation 
of both measures. This supports the idea that the majority of 
people focus more on one channel than the other. Another study 
reports that people tend to produce pitch accent categories ei-
ther by altering the shape of the F0-contour peak or its timing 
[43]. In perception studies, similar results have been reported: 
Persons rating prosodic prominence tend to concentrate on ei-
ther prosodic cues or visual facial information [24]. Similarly, 
studies concerned with the perception of prosodic prominence 
as well as its reproduction report a division into one group of 
subjects that relies mainly on pitch and another that relies more 
on other aspects (such as word frequency) [7], [25], [44].  

There are some limitations to the study. First of all, the find-
ings of this reductionistic design cannot be easily transferred to 
any kind of complex social situation. We created a situation de-
void of variation of other cues usually present in a comparable 
real-life situation. While the voice stimuli were derived from 
natural speech, the virtual character was not seen to move her 
mouth along with the presentation of the utterance. Moreover, 
neither the virtual agent nor the objects were photo-realistic  
depictions. Second, people were informed that the virtual char-
acter is able to convey the importance of the object. This infor-
mation might have led participants to actively search for a cue 
to make sense of the otherwise uninformative setting and stop 
searching once one valid cue (out of two possible cues) was 
identified as a reliable source of information. This might have 
led participants to not make use of both cues, which would ex-
plain why we did not find an interaction of pitch height and gaze 
duration. Third, participants were required to indicate how im-
portant the character finds the depicted object. Even with the 
information that the agent can indeed convey importance, the 
task still is rather vague and relies on subjects’ perceptual and 
mentalizing skills. This could lead to participants having trou-
ble integrating the cues as meaningful in this rather unnatural 
setting or to them being reluctant to assign mental capacities to 
a virtual agent in the first place. We did not collect participants’ 
ratings of general object importance. 

5. Conclusion 
Pitch excursion and gaze duration can be used to infer the men-
tal state of a virtual character. Persons differ in terms of the de-
gree to which they make use of these cues to infer the im-
portance of an object to the virtual character. 

The study’s limitations might be overcome by using a more 
life-like experimental environment, including variation of other 
cues, along with a more engaging task. Future studies could 
benefit from further investigation into the individual factors ac-
counting for the substantial amount of variability found in the 
present study. 
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3 Study 1b 

Listeners and Lookers Investigated Further – Their Use of Pitch 
Height and Gaze Duration for Inferring Mental States is Mirrored  
by Gaze Behavior 

 
Supplementary material for study 1b can be found in appendix 9.1. 
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3.1 Background and Aim of the Study 

In preparation for study 1c which includes autistic participants, study 1b was carried out to 

establish the paradigm presented in study 1a (Zimmermann et al., 2020) in a controlled 

laboratory setting. Participants of study 1b include those that entered the comparison group in 

study 1c. A further aim of study 1b was to assess attention during the rating task allowing for 

further characterization of the different subgroups’ behavior by means of eye-tracking. 

Subsequently, memory performance was assessed to detect potential traces of different 

attentional stances during encoding.  

Study 1b was expected to replicate the main results of study 1a regarding participants’ rating 

behavior (Zimmermann et al., 2020), i.e. both higher pitch (as opposed to lower pitch) of an 

utterance referring to the object and longer gaze duration of the virtual character (as opposed to 

shorter gaze duration) were expected to lead to higher ratings of importance of the object for 

the virtual character. Moreover, participants were expected to cluster into the three subgroups 

identified in study 1a: (i) “Listeners” based their ratings exclusively on pitch height,  

(ii) “Lookers” based their ratings exclusively on gaze duration, and (iii) a group of “Neithers” 

did not base their ratings on either cue. Regarding eye-tracking, “Lookers” were expected to 

look at the virtual character’s eyes for longer and fixate the object for a shorter duration when 

compared to “Listeners” and “Neithers”. 

3.2 Material and Methods 

The same paradigm reported on in study 1a (Zimmermann et al., 2020) was used: The individual 

and combined influence of pitch height and gaze duration on participants’ ratings of the 

importance of objects for a virtual character were tested. To this end, 92 different video 

sequences of a virtual character’s face positioned above an object were presented. Depicted 

objects were different in each trial. The movements performed by the virtual character were 

limited to the eyes. The character’s attention towards the object suggesting high importance 

was operationalized as an auditorily presented utterance with a higher pitch excursion and a 

longer gaze duration directed towards the object. The factors pitch height and gaze duration 

towards the object’ were varied on two levels. Pitch height on the accented syllable was either 

comparatively low or high. Gaze duration towards the object was either comparatively short 

(0.6 s) or long (1.8 s). Thus, four conditions were created establishing a 2 x 2 experimental 

design: low pitch and long gaze, low pitch and short gaze, high pitch and short gaze, high pitch 

and long gaze. Materials and procedures were adjusted to adhere to the laboratory setting and 
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are identical to those reported in study 1c (Zimmermann et al., 2024). Likewise, inclusion 

criteria for participants were identical to those described for the comparison group in study 1c 

(Zimmermann et al., 2024). Analytic methods differ slightly, since no participants with an ASD 

diagnosis were included in the current study. 

3.2.1 Participants 

42 monolingual German native speakers within an age range of 18 and 65 that had normal or 

corrected-to-normal vision as well as hearing were recruited. The study was conducted in 

accordance with the Declaration of Helsinki (World Medical Association, 2013) and approved 

by the Ethics Committee of the University Clinic of Cologne. To ensure that results were not 

influenced by lower cognitive performance, only participants with verbal and total intelligence 

scores of at least 85, as measured with the WIE-III (Aster et al., 2006), with attentional scores 

greater 80, as measured with the D2 (Brickenkamp, 2002), and with maximally moderate 

depressive symptoms as measured with the Beck Depression Inventory (BDI-II; Beck et al., 

1996) (i.e. with BDI-II scores < 18) were included. Sample characteristics are provided in  

table 1. 

Sex Age WIE IQ  
verbal 

WIE IQ 
performance 

WIE IQ 
total 

D2 total  
error 

corrected 
BDI-II 

21 men 
21 women 

19–62 years  
M = 38.4  

(SD = 15.1) 

M = 112.0  
(SD = 13.0) 

M = 106.0  
(SD = 13.5) 

M = 110.0 
(SD = 12.4) 

M = 102.0 
(SD = 9.81) 

M = 4.81 
(SD = 4.42) 

Table 1: Sample characteristics (N = 42). WIE IQ = Hamburg-Wechsler-Intelligenz-Test für Erwach-
sene III (intelligence test for adults); D2 = d2 Aufmerksamkeits-Belastungs-Test (attention load test); 
BDI-II = Beck Depression Inventory, 2nd Version (questionnaire on depressive symptom severity). 
 

3.2.2 Eye-Tracking 

Eye-tracking data of four participants had to be discarded due to technical problems and did not 

enter the relevant analyses, i.e. the analysis of fixation durations and the Bayesian models for 

object recognition rates.  

3.2.3 Analysis 

The data was analyzed using R (R Core Team, 2019) in RStudio (RStudio Team, 2016). When 

reporting significance of t-tests and correlations, a 95%-confidence interval was assumed. 

Bayesian models (package brms; Bürkner, 2017; Bürkner & Vuorre, 2019) were fitted to the 

data of the rating task (i.e. ratings of importance), the corresponding eye-tracking data, and the 
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recognition task (i.e. the correctness of the responses). If not otherwise stated, dichotomous 

factors were deviation-coded, and continuous factors were z-transformed. In each model, 

random intercepts and slopes for subject as well as random intercepts for object were included. 

Estimated parameters are reported in terms of posterior means and 95% credibility intervals. 

The emmeans package (Lenth et al., 2021) was used to extract contrast coefficients. To 

investigate the evidence for or against the investigated effects, models were compared by 

calculating Bayes factors applying the bayesfactor_models function from the bayestestR 

package (Makowski et al., 2019) which uses bridge sampling (Gronau et al., 2020). Respective 

Bayes factors of model comparisons are reported. Interpretation of Bayes factors adheres to Lee 

and Wagenmakers (2014). All models ran with four sampling chains of 12,000 iterations each 

including a warm-up period of 2,000 iterations.  

Fixed effects used in the Bayesian ordinal model for participants’ ratings were pitch height, 

gaze duration and the logarithmized values for word frequency. A weakly informative prior 

was used to fit the described model as well as the models used for comparison (intercept prior: 

normal distribution, M = 2.5, SD = 1; slope priors for pitch height and gaze duration: normal 

distribution, M = 0.5, SD = 1; slope prior for their interaction: normal distribution, M = 0,  

SD = 1; slope prior for word frequency: normal distribution, M = 0.05, SD = 0.2; SD prior: 

normal distribution, M = 0, SD = 2; LKJ prior: 1).  

In study 1a, three subgroups were identified by hierarchical cluster analysis (Müllner, 2013) 

using Euclidian distance and Ward’s method on the individual slope coefficients for pitch 

height and gaze duration from the Bayesian ordinal model for participants’ ratings. This 

analysis was repeated with the current dataset, this time clustering the sample into three 

subgroups deliberately. 

For the analysis of the influence of cluster and gaze duration on the duration of fixations within 

the three regions of interest, eye-tracking data starting at the onset of the gaze cue (= onset of 

the auditory stimulus) was included. A proportional value for fixation duration, namely fixation 

duration directed towards the region of interest divided by the video duration starting at cue 

onset, was modelled separately for each region. Bayesian linear zero-inflated beta models  

(r package brms; Bürkner, 2017; Bürkner & Vuorre, 2019) were fitted to the data. Fixed effects 

were cluster and gaze duration. Weakly informative priors were used (intercept prior: normal 

distribution, M = 0.5, SD = 0.5; slope priors: normal distribution, M = 0, SD = 0.5;  

SD priors: normal distribution, M = 0, SD = 0.5; phi priors: normal distribution, M = 0.5,  

SD = 0.5; zi prior: M = 0.2, SD = 0.5; LKJ prior: 1).  



Study 1b 

 
 30 

In the Bayesian logistic binomial regression model for object recognition in the memory task, 

the following fixed effects were included: untransformed proportional values for participants’ 

gaze duration towards the object region during the rating task; the logarithmized values of word 

frequency; the number of trials that had passed since object presentation. This model was 

compared to models that additionally included pitch height and the virtual character’s gaze 

duration towards the object. Weakly informative priors were used (intercept prior: normal 

distribution, M = 0, SD = 0.5; slope priors: normal distribution, M = 0, SD = 0.5; SD priors: 

normal distribution, M = 0, SD = 0.5; LKJ prior: 1). Results are reported on the log-odds scale. 

3.3 Results 

3.3.1 Rating Behavior 

The condition characterized by low pitch height and short gaze duration yielded the lowest 

mean ratings (M = 2.12, SD = 0.36). The condition with both high pitch and long gaze yielded 

the highest mean ratings (M = 2.76, SD = 0.44). The conditions with either increased pitch 

height (M = 2.56, SD = 0.56) or longer gaze duration (M = 2.38, SD = 0.47) yielded mean 

ratings between the two aforementioned conditions. Mean ratings (see figure 1) therefore 

replicate the general pattern reported in the web-based study 1a (Zimmermann et al., 2020). 

 
Figure 1: Distribution of participants’ mean ratings of stimuli. The range of the y-axis equals the 
total rating scale (1–4). Diamonds indicate means across subjects. Horizontal lines indicate 
medians. 
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Model comparisons indicated extreme evidence (BF > 1000) for the influence of both pitch 

height and gaze duration: Higher pitch increased the ratings by 0.65 standard deviations (SD) 

on the latent rating scale, 95% CI = [0.39, 0.90]. Likewise, longer gaze duration increased the 

ratings (b = 0.39, 95% CI = [0.08, 0.70]. As expected, higher word frequency also increased 

the ratings (b = 0.08, 95% CI = [0.02, 0.14], BF = 54.89). Subjects differed with regard to rating 

baselines and the influence the factors had on their ratings (random intercepts: b = 0.44,  

95% CI = [0.34, 0.56]; random effect of pitch height: b = 0.80, 95% CI = [0.62, 1.02]; random 

effect of gaze duration: b = 1.00, 95% CI = [0.79, 1.27]). Additionally, the object had an effect 

on the ratings (b = 0.18, 95% CI = [0.13, 0.24]). Comparing the model with one including the 

interaction of pitch height and gaze duration revealed strong evidence against an interaction 

effect (BF = 0.04). Taken together, the main results from the web-based study 1a could be 

replicated in a controlled laboratory setting. 

3.3.1.1 Individuality 

Similar to the findings in study 1a, there was substantial inter-individual variability. Figure 2 

shows the individual slope coefficients for pitch height and gaze duration for each subject. 

Participants’ ratings tended to be influenced by either one or the other factor rather than by both 

factors in combination. This was mirrored by a negative correlation (b = –0.39, 95% CI =  

[–0.64, –0.09]) of the factors pitch height and gaze duration within the random subject effect. 

In study 1a, three subgroups were identified based on clustering according to cue “preference”. 

These subgroups were labelled “Listeners”, “Lookers” and “Neithers”, based on the degree to 

which they took into account pitch height and gaze duration for their ratings. Clustering the 

current sample into the three respective subgroups resulted in 26 % of participants being 

identified as “Lookers”, 31 % as “Listeners” and 43 % as “Neithers” (see figure 2). 

Some participants reported having noticed both the change in intonation as well as in gaze 

duration, e.g. two participants in the “Lookers” cluster that are located more towards the center 

of the graph (see figure 2). One of these participants reported to have decided at one point 

during the rating task to focus on gaze duration rather than intonation.  

To shed some light on the rating strategies of the “Neithers” in this study, an investigation of 

the subgroup’s feedback provided in the questionnaire after the experiment was conducted. In 

fact, some participants of the “Neithers” subgroup correctly identified that both the intonation 

as well as the virtual character’s gaze duration towards the object changed throughout the 

experiment. However, they did not make use of the cues in the expected fashion, i.e. they did 

not increase their ratings for objects presented with high pitch or long gaze duration. This may 
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in part be explained by participants additionally using other (non-informative) cues. Five 

participants (three of these in the “Neithers” subgroup) reported object-related rating behavior: 

They considered the object’s characteristics (its animacy, entertaining quality, potential benefit 

or danger, as well as the participant’s own experience with the object) and the virtual character’s 

age, sex and appearance. Some of these “Neithers” thought about the virtual character’s 

hobbies, preferences or desires. Participants in the “Neithers” subgroup that did not consider 

object- or character-specific aspects concentrated on parameters of the virtual character’s gaze 

behavior which were not systematically varied such as mutual gaze, blinking, and directionality 

of idle gaze.  

 
Figure 2: Individual slope coefficients (from Bayesian ordinal modelling used to model 
participants’ ratings) for pitch height (x-axis) and gaze duration (y-axis) by participant. The 
coefficients are combined to one coordinate for each participant. Cluster labelling is based on the 
individual’s cue-use: The data of all participants entered a hierarchical cluster analysis in which 
individuals were deliberately clustered into three groups based on their slope coefficients, using 
Euclidian distance and Ward’s method. 
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3.3.1.2 Exploratory Analysis 

Exploratory correlation analyses were carried out for the model coefficients for pitch height 

and gaze duration in combination with the AQ, EQ, SQ as well as with the SPQ visual and 

auditory scores. In sum, no statistically reliable correlations were found for the AQ and SQ, but 

two statistically noteworthy relationships for the EQ and SPQ regarding pitch height 

coefficients and gaze duration coefficients: correlations between EQ scores and pitch height 

coefficients (rS = .368, p = .016) suggested a tendency for more empathic traits to be associated 

with taking into account pitch height to a greater extent. This relationship was not found for 

gaze duration coefficients (rS = –.180, p = .255). Higher SPQ visual scores (indicating lower 

visual sensitivity) were linked to taking pitch height into account to a greater extent (rS = .312,  

p = .044), and taking gaze duration into account to a lesser extent (rS = –.340, p = .028). Such 

a relationship was not found between SPQ auditory scores and the coefficients for pitch height 

(rS = .043, p = .789) and gaze duration (rS = .019, p = .906). Correlating AQ scores with pitch 

height coefficients (rS = –.297, p = .056) revealed a tendency for autistic-like traits to be linked 

to taking into account pitch height less. Such a link was not observed for AQ scores and gaze 

duration coefficients (rS = .024, p = .881). SQ scores were not linked to pitch height coefficients 

(rS = –.029, p = .854). A tendency for SQ scores to be linked to gaze duration coefficients  

(rS = –.272, p = .081) was observed, suggesting a tendency for higher systemizing needs to be 

associated with taking into account gaze duration to a lesser degree.  

3.3.2 Gaze Fixation Durations 

Across the sample, participants spent more time looking at the eye region (M = 3.88 s,  

SD = 1.38) than at the object (M = 1.24 s, SD = 1.05) and head region (M = 1.10 s, SD = 0.61) 

(see figure 3).  

Within the three clusters, rating behavior was reflected by fixation durations within the three 

regions: Compared to the other groups, the group of “Lookers” tended to look longer at the eye 

region (“Lookers”: M = 4.70 s, SD = 1.08; “Listeners”: M = 3.41 s, SD = 1.43; “Neithers”:  

M = 3.63 s, SD = 1.36), but spent less time fixating the object region (“Lookers”: M = 0.57 s, 

SD = 0.26; “Listeners”: M = 1.66 s, SD = 1.34; “Neithers”: M = 1.41 s, SD = 1.00). Fixation 

durations within the head region (not including the eye region) were similar between clusters 

(“Lookers”: M = 1.07 s, SD = 0.74; “Listeners”: M = 1.11 s, SD = 0.69; “Neithers”: M = 1.12 s, 

SD = 0.50).  
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Figure 3: Mean fixation durations and standard deviations for the three clusters within the three 
regions of interest. The total possible per-trial fixation duration is 6.6 s. 

The influence of cluster on fixation duration beginning at gaze cue onset (which coincides with 

the onset of the auditory stimulus) was analyzed separately for each region of interest. In 

support of the above reported cluster-dependent gaze patterns, extreme evidence for an effect 

of cluster was found within the eye region (BF > 100) and the object region (BF > 100). Very 

strong evidence for an effect of cluster (BF = 49.95) was also found in the head region, which 

was mainly driven by a tendency of “Neithers” to fixate the head region for a longer duration 

after stimulus onset than the other two clusters. Additionally including the factor gaze duration 

of the virtual character towards the object did not improve model fit: strong evidence against 

an effect of gaze duration was found in the eyes (BF = 0.09) and object region (BF = 0.03), 

moderate evidence against an effect of gaze duration was found in the head region (BF = 0.28). 

Moreover, strong evidence against an interaction effect of cluster and gaze duration was found 

in all three regions (eye region: BF = 0.04; object region: BF = 0.05; head region: BF = 0.10). 
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3.3.3 Effect of Memory on Object Recognition 

Recognition rates of target words were similar for all four conditions (see table 2). 

 Low pitch High pitch 

Short gaze duration M = 64.2 % (SD = 20.0) M = 65.2 % (SD = 21.6) 

Long gaze duration M = 64.7 % (SD = 19.0) M = 63.7 % (SD = 20.6) 
 
Table 2: Object recognition rates 

Extreme evidence for an effect of the participant’s fixation duration towards the object on their 

memory performance was found, with longer fixation of an object increasing recognition  

(b = 0.36; 95% CI = [–0.15, 0.86], BF > 1000). The number of trials that had passed since 

object presentation had a statistically robust effect on memory performance: The fewer trials 

passed since object presentation, the greater the likelihood the respective word was recognized 

correctly in the memory task (b = –0.18, 95% CI = [–0.28, –0.08]; BF > 1000). Additionally, 

strong evidence was found for an effect of word frequency: more frequent words tended to lead 

to better recognition (b = 0.06, 95% CI = [–0.10, 0.23]; BF > 100). The factors cluster  

(BF = 0.47), pitch height (BF = 0.16) and gaze duration (BF = 0.05) did not improve model fit. 

3.4 Discussion 

3.4.1 Rating Behavior 

The importance of the object to the virtual character was rated higher when gaze duration was 

long (as opposed to short) or the pitch accent was high (as opposed to low). Study 1b thus 

replicates the main finding of web-based study 1a in a controlled laboratory setting.  

In study 1a, mean ratings for the “mixed” conditions were similar. In study 1b, however, 

higher mean ratings for the “mixed” condition characterized by high pitch and short gaze in 

comparison to the other “mixed” condition characterized by low pitch and long gaze were 

found. In accordance with this, the effect of pitch height on participants’ ratings was slightly 

bigger than the one of gaze duration. This suggests that the manipulation of the pitch accent 

had a greater impact on participants’ importance ratings than the manipulation of the virtual 

character’s gaze duration. One explanation for this may be the different experimental setting. 

As study 1a was a web-based study, confounding factors may have affected the outcome, such 

as different screen sizes and different levels of loudness. The laboratory setting in study 1b 

allowed for controlled visual and acoustic conditions. Further controlled studies are necessary 

to support the notion of a greater effect of pitch height as opposed to gaze duration. In 
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accordance with the current findings, studies investigating the perception of prosodic 

prominence, i.e. of prosodically highlighted elements in speech, have reported greater effects 

of pitch accents as opposed to eye-brow movements (Krahmer et al., 2002b; Mixdorff et al., 

2013) and other facial movements (Swerts & Krahmer, 2008). However, these studies did not 

systematically examine different cue intensities. A study investigating effects on memory 

(Morett & Fraundorf, 2019) demonstrated that the effect of pitch accents on memory can be 

eradicated if salient visual cues – in this case beat gestures – are presented alongside the 

auditory stimulus to highlight certain speech elements. Weighting of cue effects may 

therefore be better understood if different alterations of the current paradigm were tested,  

e.g. by varying the strength of the manipulation for each cue separately or by manipulating 

only one factor.  

Comparable to study 1a, higher word frequency increased importance ratings, which seems to 

contradict the notion that infrequent words elicit higher prominence perception (Cole et al., 

2010; Roy et al., 2017). However, as stated in study 1a and 1c, word frequency in the stimulus 

set is possibly confounded with other object properties such as everyday-life importance or 

general object importance: The five most frequent words were the German words for “car”, 

“airplane”, “window”, “sun” and “church” (i.e. “Auto”, “Flugzeug”, “Fenster”, “Sonne” and 

“Kirche”). The five least frequent words were the German words for “spinning wheel”, 

“doorknob”, “spinning top”, “chisel” and “roller skate” (i.e. “Spinnrad”, “Türgriff”, “Kreisel”, 

“Meißel” and “Rollschuh”). The five objects receiving the highest importance ratings were 

“bicycle”, “traffic light”, “coat”, “bird” and “sun” (i.e. “Fahrrad”, “Ampel”, “Mantel”, “Vogel” 

and “Sonne”). The five objects with the lowest importance ratings were “zebra”, “pipe”, 

“hammer”, “ladder” and “caterpillar” (i.e. “Zebra”, “Pfeife”, “Hammer”, “Leiter” and 

“Raupe”). See appendix 9.1.2 for a complete list of object names used in studies 1b and 1c and 

their English translations. 

3.4.1.1 Individuality  

The three behaviorally different clusters “Listeners”, “Lookers” and “Neithers” identified in 

study 1a were replicated in study 1b. People perceiving prosodic prominence differ with 

regard to their use of visual facial information and prosodic information (Swerts & Krahmer, 

2008), as well as different prosodic and non-prosodic factors such as word frequency 

(Baumann & Winter, 2018; Roy et al., 2017). As was the case in study 1a, no interaction 

effect and no additive effect of the factors pitch height and gaze duration was observed in 

study 1b suggesting that individuals did not integrate auditory information from speech and 
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visual information from the virtual character’s gaze but rather made their judgements based 

on unimodal cues. 

Considering that cognitive load can hinder audio-visual integration (Ren et al., 2023) and impair 

performance in tasks that require simultaneously keeping track of auditory and visual 

information (Fougnie et al., 2018), one possible reason for a lack of interactional and additive 

effects in the rating task of the current paradigm is that cognitive load was quite high. In 

experimental settings that require participants to merely report auditory perception, audio-

visual integration can occur (Krahmer et al., 2002a) and happen automatically (Dohen & 

Lœvenbruck, 2009; McGurk & Macdonald, 1976; Thézé et al., 2020). However, if the task is 

more demanding but highly structured, additional audio- or visual information has been shown 

to only be used if necessary (Macdonald & Tatler, 2013). Likewise, in the current rating 

paradigm, auditory and visual information may be used strategically in isolation by most 

participants to solve the task as efficiently as possible, resulting in a lack of additive and 

interactional effects. The behavior of some participants that noticed the variation in both the 

visual and the auditory cue but made a conscious decision to focus exclusively on one of these 

cues, may serve to support this notion. Since one cue is sufficient to perform the task, 

participants where likely not motivated to actively pay attention to both channels.  

Another participant, despite having noticed the difference of the virtual character’s gaze 

duration towards the object, reported deliberately not having taken it into account for their 

ratings, because it did not affect their perception of object importance for the virtual character. 

While this may be a perception specific to that participant, it is also possible that the use of a 

virtual character who moved only the eyes when an utterance was presented auditorily 

hampered audio-visual integration. The degree to which a virtual character is perceived as a 

sentient character with thoughts and agency can influence the tendency to mentalize: not only 

gaze direction can influence an observer’s interpretation, but also what the gazer is allegedly 

perceiving themselves (Mayrand et al., 2024) and whether the virtual character is perceived as 

an agent or not (Terrizzi & Beier, 2016).  

A different explanation may be that the perceptual link between pitch height and gaze duration 

is not as strong as the perceptual link between other actions of speech and their visual  

by-products. As argued by Prieto and colleagues (Prieto et al., 2015), in cases in which 

articulatory gestures are unavoidably part of production (such as during the production of 

syllables in which the movements of the lips are unavoidable), audio-visual integration during 

perception may be more likely to occur (McGurk & Macdonald, 1976; Thézé et al., 2020). On 
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the other hand, the production of pitch accents is not necessarily accompanied by articulatory 

gestures. However, while articulation required to produce prosodic prominence does not 

unavoidably elicit a visual by-product, pitch accents are nevertheless often accompanied by 

perceivably greater jaw and lip opening (Cvejic et al., 2010; Dohen et al., 2006; Scarborough 

et al., 2009) as well as by movements that are not directly linked to pitch accent production 

such as eyebrow or head movement (Ambrazaitis & House, 2017; Cvejic et al., 2010). The 

weaker perceptual link may lead to less automatic integration of these visual by-products with 

the auditory information. But they may equip the listener/observer with an additional source of 

information they may use if necessary.  

The feedback of participants in the “Neithers” group suggests that some did, in fact, notice 

variation in the virtual character’s gaze duration towards the object and in the tone of voice of the 

presented utterance. The reason this did not show in their ratings may be that they weighed other 

cues more strongly, such as object properties and characteristics of the virtual character as well 

as participants’ own experience with the object. Some participants took into account the virtual 

character’s gaze behavior as well as the voice stimuli but focused on information other than gaze 

duration towards the object or intonation – such as mutual gaze and blinking. With regard to the 

auditory stimulus, participants may have focused on information other than pitch height on the 

accented syllable: Because the auditory stimuli were derived from natural speech, they introduced 

a source of variance. Although voice-associated noise was kept to a minimum, stimuli naturally 

differed with regard to the length of the utterance itself as well as to the accented syllable and 

other prosodic parameters that influence the perception of prominence or preference.  

3.4.1.2 Exploratory Analysis 

The exploratory analyses in part corroborate participants’ behavioral patterns: The more 

visually sensitive a participant, (i) the more they made use of the gaze cue, and (ii) the less they 

made use of the pitch cue. Importantly, participants filled in the information on sensory 

perception before entering the rating task. It remains unclear, if participants were “Listeners”, 

“Lookers” and “Neithers” before entering the experiment. However, these relationships support 

the idea that participants brought a prior disposition to the laboratory instead of developing a 

“Listeners”-, ”Lookers”- or “Neithers”-behavior throughout the experiment. This notion of 

default or preferred individual decoding types is supported by a study investigating perception 

of pitch accents in speech: Participants’ cue preference was shown to coincide with their general 

perceptual abilities, i.e. participants with worse pitch perception abilities prioritized pitch less 

compared to other cues such as duration (Jasmin et al., 2019). 
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In the current study, the pitch cue was used less by participants with lower empathic abilities 

and tended to be used less by participants with higher autistic traits. Additionally, the gaze cue 

tended to be used less by participants with higher systemizing needs. Since participants on the 

autism spectrum tend to report lower empathic abilities, higher autistic traits and greater 

systemizing tendencies (Baron-Cohen et al., 2001, 2003; Baron-Cohen & Wheelwright, 2004), 

this pattern could indicate different cue use behavior in an autistic population. 

3.4.2 Fixation Durations 

Cluster membership was linked to fixation durations within the eyes region and the object 

region. In particular, compared to the cluster of “Listeners”, the cluster of “Lookers” spent more 

time fixating the eye region, less time fixating the object region and a similar amount of time 

fixating the head region. Participants’ individual behavior in the rating task was thus mirrored 

by their gaze behavior. These results along with qualitative feedback participants made after 

the experiment support the idea that participants were actively monitoring their preferred input 

modality. 

The virtual character’s eye gaze duration towards the object did not affect fixation durations in 

any of the three regions of interest, i.e. the eyes region, the object region and the head region 

(excluding the eyes region). Studies investigating joint attention have demonstrated that 

participants are more likely to look at an object that is being looked at by another person 

(Ricciardelli et al., 2002) and a person’s eye gaze directed towards an object tends to increase 

the observers’ fixation duration towards the respective object (Adil et al., 2018; Castelhano et 

al., 2007; Hutton & Nolte, 2011; Theuring et al., 2007). Moreover, the longer a person is 

observed looking at an object, the longer the observer’s gaze duration towards the respective 

object (Freeth et al., 2010). However, these studies did not require participants to make 

responses regarding the gazing person’s mental states, which was the main focus of the current 

study. The instructions of the current paradigm were not primarily created to direct attention 

towards the objects presented alongside the virtual character and are likely not optimally suited 

to do so. However, in a more natural setting with multiple cues that do not allow for such a 

strategic approach as subjects in the current paradigm could come up with, gaze duration may 

have a greater impact. 

Taken together, the analysis of the eye-tracking data highlights the importance of top-down 

attentional processes. Other studies have shown that participants’ fixation durations can be 

manipulated by instilling different strategies via task instructions (Buswell, 1935; Klami, 2010; 

Klami et al., 2008). In the current paradigm, task instructions were open with regard to which 
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rating strategy was to be applied. Therefore, participants had to come up with their own strategy 

and adjust their gaze behavior accordingly.  

3.4.3 Effect of Memory on Object Recognition 

Neither pitch height of the utterances referring to the object nor gaze duration of the virtual 

character’s gaze towards the object had an influence on memory as assessed by object 

recognition. Previous studies have reported that attention directed towards an object guided by 

prosodic prominence or gaze during encoding can have an impact on object memory (Adil et 

al., 2018; Fraundorf et al., 2010, 2012; Gregory & Jackson, 2017; Gregory & Kessler, 2022; 

Kember et al., 2021; Kushch et al., 2018; Morett & Fraundorf, 2019; Sajjacholapunt & Ball, 

2014; Wahl et al., 2019). None of these studies, however, is directly comparable to the current 

study, amongst other reasons because manipulation of prosodic prominence and gaze in these 

studies is not specifically and exclusively operationalized as pitch excursion or gaze duration. 

One explanation for a lack of an effect of pitch height and gaze duration on object recognition 

in this study could be the instructions for the rating task, which required top-down control of 

attention: Participants were asked to attribute mental states to the virtual character, thus 

withdrawing attention from the target object. Interfering processes such as higher task demands 

have been shown to eradicate or attenuate gaze-cueing effects (Bobak & Langton, 2015; Chen 

et al., 2021). Moreover, in contrast to the current study, participants in some of the studies 

mentioned above (Fraundorf et al., 2010, 2012; Kember et al., 2021; Kushch et al., 2018) were 

aware of the later memory test and could thus successfully direct attentional resources towards 

memorizing target words.  

Another explanation for the lack of an effect on object recognition may be the time lag after 

stimulus presentation. Effects that may have ensued from pitch height or gaze duration in the 

first task may have been too transient to transpire into the subsequent recognition task. Studies 

investigating the influence of gaze-cueing on item recognition (Gregory & Jackson, 2017; 

Gregory & Kessler, 2022) and item recall (Dodd et al., 2012) showed positive effects shortly 

after cue presentation: 1.0 s and approximately 1 min, respectively. Although long-term (3 min) 

gaze-cueing effects have been reported by Frischen and Tipper (Frischen & Tipper, 2006), in 

their study these arose only under certain conditions which do not apply to the current study, 

namely when the face was that of a famous person and when gaze cues were directed towards 

the left side as opposed to towards the right side. In the current study, presentation of items 

alone took at least 10.2 min (time spent making the ratings not included). Possible effects of 

gaze duration on memory may not have survived this long. 
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Moreover, analyzing response correctness in the memory task may not be an optimal task for 

detecting small cueing effects on object recognition as this measure may be too coarse. Instead 

of assessing response correctness within a relatively long time window (up to five seconds), 

effects may better be detected by for example assessing response times in a recognition task in 

which an old target item is simultaneously presented alongside a new item or a lexical decision 

task in which participants have to identify words and non-words as quickly as possible. More 

accessible words are usually identified faster in these tasks. By analyzing these response time 

differences, subtle effects may be better detectable. 

The impact of other factors relevant to object recognition previously reported in the literature 

were however also found in the current study, thus affirming general object recognition task 

validity. The more time participants spent fixating an object, the better they could later 

recognize that object as already seen before. Participants could also better recognize objects 

that had more previously been presented in comparison to objects presented earlier during the 

rating task. These finding are in line with previous studies which have shown that the longer 

participants look at an object, scene or face, the better they can later remember it (Droll  

& Eckstein, 2009; Martini & Maljkovic, 2009; Melcher, 2001, 2006) and with the literature on 

serial position effects in recognition tasks reporting that participants can better recognize 

objects they have seen more recently (Brady et al., 2008; Konkle et al., 2010). 

In the current study, higher word frequency was linked to better object recognition. Early 

studies investigating word recognition have shown that subjects are better at recognizing 

infrequent words as opposed to high-frequent words (Glanzer & Adams, 1985; Schulman, 

1967; Shepard, 1967). However, this effect is susceptible to several factors such as delay until 

test phase, serial position, number of items, response time limitation (Joordens & Hockley, 

2000), task instructions (Criss & Shiffrin, 2004; Hirshman & Arndt, 1997) and item 

presentation duration (Criss & Shiffrin, 2004; Malmberg & Nelson, 2003). The absence of a 

positive effect of infrequency on object recognition may thus be explained by the design of the 

rating paradigm. It was not aimed at solely investigating object recognition, but at probing 

mentalizing processes. The manipulation introduces different kinds of influence on memory 

performance that could easily hamper the impact of a positive effect of infrequent words. For 

example, the presence of other auditory and visual stimuli as well as the instruction to rate the 

importance of the object for the virtual character draw on attentional resources that may 

otherwise be available for word frequency processing. Additionally, the presence of a negative 

effect of infrequency on word recognition in the current study may be explained by word 
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frequency being confounded with other object properties in the set of selected words 

(Zimmermann et al., 2020) such as general object importance. As mentioned above, this may 

have led to a high-frequent word also being considered important and thus potentially 

remembered better. 

3.5 Further Limitations 

Apart from the limitations discussed above, further limitations regarding the rating paradigm 

apply to this study: (i) The findings obtained in this reductionistic paradigm including a virtual 

character have limited external validity, (ii) the task instructions may have fostered the 

systematic search for a rating strategy and hindered audio-visual integration, (iii) because the 

task instructions leave room for interpretation with regard to how to solve the task, participants’ 

ratings are affected by their individual personality, perception and behavior, thus their ratings 

are affected by multiple factors that introduce noise which could in future studies be 

investigated further. 

3.6 Conclusion 

As demonstrated in study 1a (Zimmermann et al., 2020), pitch excursion and gaze duration are 

suitable nonverbal channels to infer the mental state of a virtual character. People differ in terms 

of the degree to which they make use of these cues to infer the importance of an object to the 

virtual character. People’s cue use is mirrored by their gaze behavior.  

Under which circumstances object memory can be affected by these cues needs to be further 

investigated in future studies. These would benefit from including a rating task for general 

object importance and a different memory task which is optimized for the analysis of response 

times instead of response correctness. Furthermore, it may be interesting to investigate the 

factors that contribute to individual differences regarding rating behavior and eye gaze such as 

sensory perception or autistic traits. 
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Although mentalizing abilities in autistic adults without intelligence deficits are 
similar to those of control participants in tasks relying on verbal information, 
they are dissimilar in tasks relying on non-verbal information. The current study 
aims to investigate mentalizing behavior in autism in a paradigm involving two 
important nonverbal means to communicate mental states: eye gaze and speech 
intonation. In an eye-tracking experiment, participants with ASD and a control group 
watched videos showing a virtual character gazing at objects while an utterance 
was presented auditorily. We varied the virtual character’s gaze duration toward 
the object (600 or 1800" ms) and the height of the pitch peak on the accented 
syllable of the word denoting the object. Pitch height on the accented syllable 
was varied by 45" Hz, leading to high or low prosodic emphasis. Participants were 
asked to rate the importance of the given object for the virtual character. At the 
end of the experiment, we assessed how well participants recognized the objects 
they were presented with in a recognition task. Both longer gaze duration and 
higher pitch height increased the importance ratings of the object for the virtual 
character overall. Compared to the control group, ratings of the autistic group 
were lower for short gaze, but higher when gaze was long but pitch was low. 
Regardless of an ASD diagnosis, participants clustered into three behaviorally 
different subgroups, representing individuals whose ratings were influenced (1) 
predominantly by gaze duration, (2) predominantly by pitch height, or (3) by 
neither, accordingly labelled “Lookers,” “Listeners” and “Neithers” in our study. 
“Lookers” spent more time fixating the virtual character’s eye region than “Listeners,” 
while both “Listeners” and “Neithers” spent more time fixating the object than 
“Lookers.” Object recognition was independent of the virtual character’s gaze 
duration towards the object and pitch height. It was also independent of an ASD 
diagnosis. Our results show that gaze duration and intonation are effectively used 
by autistic persons for inferring the importance of an object for a virtual character. 
Notably, compared to the control group, autistic participants were influenced 
more strongly by gaze duration than by pitch height.
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1 Introduction

Autism spectrum disorder (ASD) is characterized by difficulties 
in social communication and interaction (American Psychiatric 
Association, 2013). These difficulties might in part be explained by 
impaired perspective-taking or mentalizing skills (Baron-Cohen et al., 
1985; Frith et al., 1991; Frith and Frith, 2006). However, adults with 
autism without intelligence deficits perform similarly to control 
participants in mentalizing tasks – inferring mental states of others 
– that strongly rely on verbal abilities (Bowler, 1992; Happé, 1994; 
Scheeren et al., 2013; Gernsbacher and Yergeau, 2019), whereas they 
show difficulties in non-verbal mentalizing tasks (cf. Baron-Cohen 
et al., 2001a; Baron-Cohen et al., 2001b; Ponnet et al., 2004; Dziobek 
et al., 2006; White et al., 2011), for example, when inferring mental 
states of people depicted in videos of social interactions (Ponnet et al., 
2004; Dziobek et al., 2006). Accordingly, autistic adults tend to rely on 
verbal information (e.g., the words spoken) more than on non-verbal 
information (e.g., the body language accompanying the words and the 
way they are spoken) (Kuzmanovic et al., 2011; Stewart et al., 2013). 
However, the interplay between non-verbal modalities has not been 
studied systematically in this context. For the current study, we will 
focus on the interplay of two powerful means to communicate 
nonverbally in face-to-face interactions: eye gaze and intonation.

In human communication as well as in the communication 
between humans and virtual characters, eye gaze can be  very 
informative, as it is closely linked to attention: people tend to look at 
objects (Buswell, 1935; Yarbus, 1967; DeAngelus and Pelz, 2009) or 
locations they attend to (Ferreira et al., 2008; Theeuwes et al., 2009). 
The relevance (Klami et al., 2008; Klami, 2010) of and the preference 
for an object (Shimojo et al., 2003; Chuk et al., 2016) is indicated by 
the time one spends looking at the object. This implies that another 
person’s gaze behavior is key to inferring their intentions or attentional 
state (Baron-Cohen et al., 1995; Lee et al., 1998; Freire et al., 2004; 
Einav and Hood, 2006; Jording et  al., 2019a, 2019b). Observing 
another person gazing towards an object in their environment can 
re-direct the observer’s attention and increase the duration the 
observer spends looking at the respective object themselves (Freeth 
et al., 2010). However, adults with autism tend to have difficulties 
inferring emotions and mental states based on another person’s eye 
region (Hobson et al., 1988; Baron-Cohen et al., 1997; Baron-Cohen 
et al., 2001a). They look at gaze-indicated objects less often (Wang 
et  al., 2015) and tend to spend less time fixating those objects 
(Fletcher-Watson et al., 2009; Freeth et al., 2010). One explanation for 
this could be reduced attention towards gaze cues in individuals on 
the autism spectrum (Itier et  al., 2007). Certainly, overt attention 
towards social stimuli in general is reduced in persons with autism 
(Chita-Tegmark, 2016), who tend to fixate the eye region for a shorter 
amount of time than control participants (Setien-Ramos et al., 2022), 
while differences for other parts of the face are less pronounced (Klin 
et al., 2002; Pelphrey et al., 2002; Dalton et al., 2005; Nakano et al., 
2010; Auyeung et al., 2015). Irrespective of an ASD diagnosis, the time 
spent fixating a person’s eyes is linked to the observer’s mentalizing 
abilities (Müller et al., 2016). In autism, a decreased fixation duration 
on the eye region is associated with impaired social functioning and 
increased autism symptom severity (Riddiford et al., 2022). However, 
attention towards social stimuli in autism is dependent on the stimulus 
at hand (Guillon et al., 2014; Chita-Tegmark, 2016), and eye gaze 
behavior is influenced by the experimental task and task instructions 

(Del Bianco et al., 2018; Setien-Ramos et al., 2022). In classical false-
belief tasks, which test the ability of an observer to understand that 
other people can believe things which the observer knows to be untrue 
(most famously the “Sally-Anne” test), eye gaze behavior can indicate 
impaired mentalizing in autism (Senju et al., 2009; Schneider et al., 
2013; Schuwerk et al., 2015). By including eye-tracking in our study, 
we  aimed to investigate the influence of an ASD diagnosis in 
combination with behavioral differences on participants’ 
gaze behavior.

Prosody—referring to the non-verbal aspects of speech—is an 
important aspect of spoken language, as it adds an additional layer of 
information to the verbal content of an utterance, and can significantly 
change the meaning, and consequently the interpretation, of what is 
being said. This is important, for example, when deciphering 
emotions. Most prosodically expressed basic emotions, such as fear or 
sadness, can be recognized well by persons with autism (O’Connor, 
2012; Stewart et al., 2013; Ben-David et al., 2020; Zhang et al., 2022). 
However, the identification of prosodically expressed emotions that 
are complex, such as curiosity or concern (Kleinman et al., 2001; 
Rutherford et  al., 2002; Golan et  al., 2007; Hesling et  al., 2010; 
Rosenblau et al., 2017), or low-intensity (Globerson et al., 2015) has 
been reported to be  impaired in autistic adults, possibly due to 
difficulties with the perception and interpretation of vocal pitch 
modulation (how the speech melody is changed) during speech 
(Schelinski et al., 2017; Schelinski and von Kriegstein, 2019; see Grice 
et al., 2023 for a review). Moreover, the imitation of vocal pitch can 
also be impaired in autistic adults (Wang et al., 2021).

Aspects of conversation that are important, new, or in focus are 
often highlighted prosodically by the speaker. In German, this can 
be achieved through pitch accent placement and type, cued inter alia 
by fundamental frequency, which is perceived as pitch height (Grice 
and Baumann, 2007; Féry and Kügler, 2008). The raising of pitch 
conveys prosodic prominence and importance for the listener (Arnold 
et al., 2013; Baumann and Winter, 2018). Autistic listeners have been 
reported to take pitch accents into account to a lesser extent than 
control persons when judging the givenness of a word, i.e., judging 
whether the object it denotes is known to the interlocutors in a given 
context or has not been previously introduced (Grice et al., 2016). 
Findings from the general population show that an attenuated 
sensitivity to pitch accent types is associated with poor pragmatic 
skills, i.e., the appropriate use of language in social situations (Bishop, 
2016; Hurley and Bishop, 2016; Bishop et al., 2020).

Analogously to gaze, prosody (and pitch accents in particular) can 
function as a deictic cue (referring or “pointing” to an entity) and 
orient a listener’s attention (Dahan et al., 2002; Weber et al., 2006; Ito 
and Speer, 2008; Watson et al., 2008). Studying overt attention in 
children with autism, Ito et al. (2022) found that, although the autistic 
group responded relatively slowly and weakly to a target word 
denoting an object, both the control group and the autistic group 
looked at the respective object longer if the referring utterance 
received an emphatic pitch accent (i.e., it was produced with longer 
duration and higher pitch). This demonstrates that autistic children 
can shift overt attention towards an important object in their 
environment. No comparable study has been performed with autistic 
adults to date.

In a previous web-based study (Zimmermann et  al., 2020), 
we showed that both gaze duration and pitch height are used as cues 
by the general population when interpreting how a virtual character 
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conveys the importance of an object being referred to. In that study, 
participants rated objects as having greater importance for the virtual 
character both when the character looked at the object for a longer 
period of time (as opposed to a shorter period of time) as well as when 
she produced the word referring to it with higher vocal pitch (as 
opposed to lower pitch). Based on the tendency of participants to take 
into account only one of the two cues, we subdivided the sample into 
three behavioral clusters: (i) “Lookers,” who based their ratings 
primarily on gaze duration, (ii) “Listeners,” who based their ratings 
primarily on pitch height, and (iii) a group of “Neithers,” who did not 
predominantly base their ratings on either cue.

Continuing this line of work on the influence of gaze duration and 
pitch height, the present study is a lab-based experiment investigating 
not only participants’ responses but also their eye gaze fixation durations 
using a desk-mounted eye-tracker. We carried out a comparative analysis 
of participants with and without a diagnosis of ASD. In particular, 
we investigated whether similar behavioral patterns can be found in both 
groups. We hypothesized that the autistic group would rely on the gaze 
and pitch cues to a lesser extent, based on reports of difficulties in autism 
with using social gaze and intonation as cues for mentalizing (as 
summarized above). We  also expected this to be  reflected in the 
participants’ own gaze behavior. Additionally, we  examined how 
participants’ gaze behavior, the character’s gaze and pitch cues, as well as 
the presence of an ASD diagnosis affected performance in a memory task 
involving recognition of the objects used as visual stimuli (i.e., 
participants had to indicate whether an object had been or had not been 
present in the previous part of the experiment).

2 Materials and methods

2.1 Participants

For the autistic group, we  recruited 24 monolingual German 
native speakers within an age range from 18 to 55 who had been 
diagnosed with Asperger syndrome (ICD-10 identifier: F.84.5) or with 
childhood autism (ICD-10 identifier: F.84.0) by the outpatient clinic 
for autism in adulthood or by the pediatric outpatient clinic for autism 
of the University Hospital Cologne. For the control group, we recruited 
24 age-matched (within a range of 5 years) native German speakers. 
All participants of both groups had normal or corrected-to-normal 
vision as well as hearing. The study was conducted in accordance with 
the Declaration of Helsinki (World Medical Association, 2013) and 
approved by the Ethics Committee of the University Hospital Cologne. 

To ensure that results were not influenced by lower cognitive 
performance, we  only included participants with verbal and total 
intelligence scores of at least 85, as measured with the WIE-III, (Aster 
et al., 2006), with attentional scores greater 80, as measured with the 
D2 (Brickenkamp, 2002), and for participants in the control group 
with maximally moderate depressive symptoms as measured with the 
Beck Depression Inventory (BDI-II, Beck et al., 1996), i.e., with BDI-II 
scores <18. Sample characteristics are provided in Table 1.

Verbal intelligence scores as measured with the WIE indicated 
average or above-average verbal intelligence for all participants 
(Table 1). Diagnostic groups did not differ significantly regarding the 
WIE verbal scores [two-samples t-test, t(46) = −1.50, p = 0.140] or the 
WIE performance scores [two-samples t-test, t(46) = −1.73, p = 0.091]. 
Scores indicating depression or depressive tendencies as measured 
with the BDI were significantly higher in participants with autism 
compared to the control group [Welch two-samples t-test, 
t(32.03) = −4.25, p < 0.001]. Attention scores measured with the D2 
tended to be somewhat higher in the autistic sample [two-samples 
t-test, t(46) = −1.88 p = 0.066].

2.2 Experimental design

We used a paradigm established in the previous web-based study 
referred to above (Zimmermann et  al., 2020). The material and 
procedures were adjusted for the laboratory setting.

We tested the individual and combined influence of gaze duration 
of a virtual character towards an object and pitch height of an utterance 
on the rating of how important the object appeared to the virtual 
character. In addition, we obtained object memory scores by assessing 
recognition rates for all objects in a subsequent recognition task. To 
create a socially “plausible” and at the same time standardized 
situation, we presented videos of a virtual character’s face positioned 
above an object. The object was different in each trial, and each object 
was only shown once. The movements performed by the virtual 
character were limited to the eyes. The character’s attention towards 
the object, suggesting greater importance, was operationalized as 
longer gaze duration directed towards the object alongside an 
auditorily presented utterance characterized by a pitch accent with a 
fundamental frequency peak located on the stressed syllable of the 
target word. We systematically varied the factors gaze duration and 
pitch height on two levels. Gaze duration towards the object was either 
comparatively short (600 ms) or long (1800 ms). Pitch height on the 
accented syllable was either low or high, characterized by f0 peak 

TABLE 1 Sample characteristics, general.

Sex Age WIE IQ 
verbal

WIE IQ 
performance

WIE IQ  
total

D2 total 
error 
corrected

BDI-II

ASD  
(N = 24)

13 men
10 women

1 not indicated

18–55 years
M = 39.4

(SD = 11.7)

M = 115.9
(SD = 14.1)

M = 110.7
(SD = 16.2)

M = 114.9
(SD = 14.6)

M = 105.6
(SD = 9.7)

M = 15.5
(SD = 10.8)

Control 
(N = 24)

14 men
10 women

21–58 years
M = 38.9

(SD = 11.9)

M = 110.1
(SD = 12.5)

M = 103.2
(SD = 13.7)

M = 107.4
(SD = 12.1)

M = 100.5
(SD = 8.8)

M = 5.3
(SD = 4.9)

WIE IQ, Hamburg-Wechsler-Intelligenz-Test für Erwachsene III (intelligence test for adults); D2, d2 Aufmerksamkeits-Belastungs-Test (attention load test); BDI-II, Beck Depression 
Inventory, 2nd Version (questionnaire on depressive symptom severity).
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FIGURE 1

Schematic time course of a video depicting the different phases of an example trial. The object in this example is a toaster, the auditory stimulus is the 
utterance “der Toaster” (English: the toaster). Total duration of each video was 6.6" s. Blinks are demarcated as either fixed (solid black) or appearing at 
random (striped). The red line indicates the simultaneous onset of the auditory stimulus and the virtual character’s gaze towards the object.

height, which was raised by 45 Hz in the respective high-pitch-height 
condition. Thus, we effectively created four conditions, establishing a 
2 × 2 experimental design (Table 2).

2.3 Video material

Videos were created by combining images and sound material 
using Python and the FFmpeg module (FFmpeg Developers, 2018). 
The videos used in the rating task showed a female character’s face 
positioned above the center of the screen (screen dimensions: 
1,920 × 1,200 px). The face and its position were always the same 
during the entire experiment. One object was presented below the 
center of the screen (see Figure 1 for image positions and the time 
course of a single trial). The background color was white. At the 
beginning and the end of the video, the virtual character exhibited idle 
gaze behavior, i.e., she performed gaze movements in the direction of 
random locations in the environment, but neither fixated the object 
nor the participant during this phase. All images of the virtual 
character’s face were taken from previous studies investigating the 
perception of gaze direction (Eckert, 2017; Jording et al., 2019a). The 
virtual character’s face was created using Poser R (Poser 8, Smith 
Micro Software, Inc., Columbia, USA) using Python 2.4. For the idle 
gaze phases, we  chose eight images of gaze directions that were 

diverted horizontally to the left or to the right as well as diverted 
slightly to the bottom. The choice of the female character was based 
on the decision to use a female speaker after pretesting for production 
of the auditory stimuli.

After 2.0 s of idle gaze, the virtual character made three fixations 
establishing a social situation: (1) looking at the participant for 1.0 s, 
(2) looking towards the object for either 0.6 (short gaze) or 1.8 s (long 
gaze), and (3) looking at the participant again for 1.0 s. The onset of 
the virtual character looking towards the object was also the onset of 
the auditory utterance. The durations of 0.6 and 1.8 s of the virtual 
character’s gaze toward the object were chosen based on a previous 
study of human–robot interaction (Pfeiffer-Lessmann et al., 2012), 
where the durations of 0.6 s and 1.8 s were associated with different 
perceptions of the robot’s intention to make the participant follow 
their gaze. Importantly, in that study, 1.8 s was the participants’ own 
preferred gaze duration towards an object with the intention of 
making the robot follow their gaze.

This set of three gazing actions (looking at the participant, looking 
towards the object, and looking at the participant again) conveying 
communicative intent was both preceded and followed by a blink 
simulated by presenting an image of the virtual character’s face with 
their eyes closed for 0.1 s to simulate naturalistic interblink-interval 
durations (Doughty, 2001). However, to make the character’s blinking 
behavior appear less mechanical, the videos were created by randomly 

TABLE 2 2" ×" 2 experimental design.

Gaze duration

Short Long

Pitch height
Low Low pitch height and short gaze Low pitch height and long gaze

High High pitch height and short gaze High pitch height and long gaze

Variation of gaze duration and pitch height resulted in four conditions.
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including either no blink or only one additional blink during the first 
and second idle (i.e., “non-communicative”) phases. Following the 
“communicative” gaze triad, the virtual character continued gazing at 
random locations until the end of the video, i.e., for 2.0 s (short gaze 
conditions) or for 0.8 s (long gaze conditions) in order to keep the total 
presentation duration of the object constant in all videos.

On the basis of our experience with the web-based study 
(Zimmermann et al., 2020), we excluded 14 problematic items from 
the previous stimulus set. These exclusions resulted in a final set of 92 
test items, with each participant observing 23 items per condition. 
Four of the discarded stimuli were used for practice trials in the 
current study, but did not enter analysis.

2.4 Object images

Object images used for video creation were selected from the set 
described in Rossion and Pourtois (2004). Images were selected based 
on the phonology of their referential German expressions (Genzel 
et  al., 1995). To reduce any possible influence of the number of 
syllables on the perception of word prominence, only words with two 
syllables and initial stress were included in the subset, such as “Toaster,” 
“Hammer,” “Meißel,” “Sofa” (respectively toaster, hammer, chisel, sofa). 
The full list of object names and their English translations can be found 
in the Supplementary material. Additionally, we  partly excluded 
homonyms if the homonym-partner was present in the image set or if 
one homonym-partner was semantically clearly more salient (e.g., the 
German homonym “Mutter” is semantically more salient when 
referring to “mother” than to “nut” as the counterpart of a screw).

2.5 Auditory stimulus material

The auditory stimuli were produced by a trained female speaker, 
who uttered each of the 92 target phrases including the definite article 
(e.g., “der Toaster”: the toaster) with an H*-accented rendition 
[following the categorization of German accent types by Grice et al., 
2005]. The H* accent type has been found to be generic, and can 
be used for different focus types in German, namely broad focus, 
narrow focus and contrastive focus (Grice et al., 2017). Recordings 
took place in a soundproof booth, using an AKG C420L headset 
microphone connected to a computer running Adobe Audition via a 
USB audio interface (PreSonus AudioBox 22VSL). Stimuli were 
recorded with a sampling rate of 44,100 Hz, 16 bit. The resulting 
speech stimuli were normalized to equal loudness using Myriad 
(Aurchitect Audio Software, LLC, 2018). The editing was performed 
using Praat (Boersma and Weenink, 2018). Sound was faded in and 
out (Winn, 2014) to avoid any salient on- and offset of noise. 
Fundamental frequency (f0) contours were extracted, manually 
corrected, and smoothed according to an established procedure 
(Cangemi, 2015). The resulting pitch contours were stylized to a 
resolution of one semitone. These stylized versions were used directly 
as the audio stimuli for the low-pitch-height condition. The pitch 
contours of utterances for the high-pitch-height condition were 
resynthesized: pitch height maxima on the accented vowels were 
raised by 45 Hz. This difference between pitch height maxima for the 
different conditions was based on the individual production 
characteristics of the speaker for a subset of 15 words. These words 

were selected due to their ability to bear pitch (i.e., the amount of 
periodic energy, typically high in vowels and low in, e.g., fricatives 
and stops such as /f/ and /d/ respectively).

The speaker was asked to produce all utterances in two versions: (1) 
applying an H*-accent and (2) applying an L + H*-accent, the latter of 
the two resulting in a perceptually more strongly accented utterance 
which expresses greater prominence. We  extracted the following 
measures for characterization of speaker-specific production parameters 
for utterances bearing an H*-accent and those bearing an L + H* 
-accent: onset and duration of the accented syllable, height of f0 contour 
peak on the accented vowel as well as the associated timepoint, height 
of f0 contour trough within the timeframe starting at voice onset and 
ending at f0 peak on the accented vowel as well as the associated 
timepoint. Timepoints for the onset of the accented syllable were set 
manually; for f0 peaks and troughs, they were set automatically and 
corrected manually. Subsequently, f0 peak alignment was calculated as 
the percentage of duration from accented syllable onset until the 
timepoint of the f0 contour peak in relation to the total duration of the 
accented syllable. F0 trough alignment was calculated analogously to f0 
peak alignment. F0 onglide was calculated as the difference between f0 
trough height and f0 peak height (Figure 2). We plotted the following 
parameters to examine to what degree they contributed to distinguishing 
between utterances bearing an H*-accent and those bearing an 
L + H*-accent in our speaker: (a) f0 peak and f0 peak alignment 
(Figure 3A), (b) f0 trough and f0 trough alignment (Figure 3B), (c) f0 
onglide and the duration of the accented syllable (Figure 3C).

Visual inspection of production parameters showed that pitch 
height most reliably separated the two stimulus conditions for the 
selected speaker (Figure  3). Pitch height was on average 205.4 Hz 
(SD = 0.65) for the utterances produced with an H*-accent, and 
251.1 Hz (SD = 1.08) for the utterances produced with an 
L + H*-accent. To mirror this difference, a positive adjustment of 
45 Hz was chosen to simulate an otherwise comparably accented 
L + H*-like version of our stylized H*-accented utterances.

The resulting auditory stimuli were submitted to a perceptual 
pretest: The original H*-accented utterances and their stylized 
versions were rated by six trained phoneticians for “similarity.” All 
stylized stimuli were rated for “naturalness” and accent type. Details 
on the pretest’s methods and results as well as auditory and video 
stimuli can be found in the Supplementary material.

FIGURE 2

Schematic illustration of acoustic measures of an utterance. 
Extracted measures were onset and offset of the accented syllable, 
f0 contour peak on the accented vowel and f0 contour trough. 
Calculated measures are depicted in gray.
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2.6 Selection of distractor words for the 
recognition task

The 92 distractor words presented alongside the 92 target words 
in the recognition task were selected by identifying words of similar 

word frequency compared to the words we used in the rating task 
(Brysbaert et al., 2011). Since animacy has been reported to lead to 
better recognition (Leding, 2020), we included an equal number of 
animals in the list of distractor words and target words.

2.7 Psychological tests

To infer mentalizing abilities, we employed the “Reading the 
Mind in the Eyes” test (Baron-Cohen et al., 2001a; Baron-Cohen 
et al., 2001b), henceforth referred to as Eyes-test. For a proxy of 
sensory perception we included a German translation of the Sensory 
Perception Quotient (SPQ, Bierlich et al., 2024). As indicators for 
autistic traits, we included the Autism Quotient (AQ, Baron-Cohen 
et  al., 2001b), the Empathy Quotient (EQ, Baron-Cohen and 
Wheelwright, 2004) and the Systemizing Quotient (SQ, Baron-Cohen 
et al., 2003).

2.8 Procedure

The study was conducted at the Department for Psychiatry of 
the University Hospital of Cologne. Participants provided informed 
consent and filled in the AQ, EQ, SQ, SPQ and a questionnaire on 
demographic data as well as information on (their history of) 
visual, auditory, psychological or speech impairments. Afterwards, 
they filled in the BDI-II and were tested with the Eyes-test and the 
D2 (as described above). For the duration of the rating task, 
participants were seated in front of a desk-mounted eye-tracker. 
Head movement was minimized with the use of a fixed chin rest. 
They were instructed to imagine that the utterances they heard 
were produced by the character on screen and were informed that 
the character could convey the importance of the object. 
Participants were then instructed to answer the same question after 
each trial: “How important does the character find the depicted 
object?” (original German instruction: “Wie wichtig findet die 
Figur das abgebildete Objekt?”). Each trial of the rating task 
consisted of a video and its subsequent rating. To ensure that each 
of the 92 videos was viewed by the same number of participants, 
they were randomly assigned to one of four experimental groups. 
Items were presented in randomized order. Before and after the 
video presentation, a fixation cross was presented in the center of 
the screen for a random duration in the range 500–1,000 ms. Each 
video sequence was followed by a screen asking for ratings on a 
scale from 1 to 4 (through keyboard presses): 1 = “not important at 
all” (German: “unwichtig”); 2 = “rather unimportant” (German: 
“eher unwichtig”); 3 = “rather important” (German: “eher wichtig”); 
4 = “very important” (“sehr wichtig”). Four items were used as 
practice trials.

The rating study was followed by a recognition task. Here the words 
from the rating task and the same number of distractor words were 
presented on screen alongside their respective definite articles in the 
nominative case. Participants were instructed to indicate whether the 
respective object had been presented during the rating task or not 
(through keyboard presses). Thus, this task was designed to test whether 
they recognized the objects used in the rating task. After the recognition 
task, participants filled in a questionnaire regarding their experience 
with the tasks and stimuli as well as possible rating strategies. Finally, 
participants were debriefed and reimbursed for their participation.

FIGURE 3

Acoustic parameters of the speaker’s utterances: (A) F0 peak and f0 
peak alignment, (B) f0 trough and f0 trough alignment, (C) f0 onglide 
and the duration of the accented syllable. Gray squares and black 
dots distinguish between the utterance produced with lesser (H*) 
and greater (L! +! H*) prominence.
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2.9 Eye-tracking

Eye-tracking was carried out using an SR Research Eyelink 1,000 
plus configured for desktop mount. The distance from the chin rest 
was 55 cm to the eye-tracker and 90 cm to the screen. The sampling 
rate was 1,000 Hz. Calibration and validation were performed before 
the rating task with a 9-point calibration procedure. During the rating 
task, we additionally included a drift check after every tenth trial to 
improve the quality of the eye-tracking data. Blinks were excluded 
from the analysis. Eye-tracking data of 3 participants (2 controls, 1 
autistic) had to be discarded due to technical problems and did not 
enter the relevant analyses, i.e., the analysis of fixation durations and 
the Bayesian models for object recognition rates.

2.10 Analysis

The permutation software was implemented in R (R Core Team, 
2023). Other analyses were implemented in R (R Core Team, 2019) 
and RStudio (RStudio Team, 2016). When reporting significance of 
t-tests, we assumed a 95% confidence interval.

For the analysis of participants’ ratings, we  performed 
non-parametric permutation tests (Odén and Wedel, 1975; Pesarin 
and Salmaso, 2010; Berry et  al., 2011; Good, 2013) to determine 
likelihoods of the effects of conditioning arising by chance. These tests 
explored the effect of the virtual character’s gaze duration and pitch 
height on the participant’s rating as to how important an object was 
considered to be for the character. The dependent variable predicted 
in these tests was the raw rating data. Corresponding to the four 
experimental groups, participants’ data sets were grouped into four 
sets of equal size, with the same number of participants with an ASD 
diagnosis and control participants. Within each experimental group, 
participants were arranged into pairs, each containing one person of 
each diagnostic group, with the pairs aligned for maximum age 
similarity. Thus, experimental group, age-pair, and diagnosis together 
served to specify a single participant. The conditions of gaze and pitch 
variation were assessed by using within-subject permutations, while 
the effect of diagnosis was assessed by permuting data between 
participants matched for group and age-pair.

For each condition, we ran 1,000,000 permutations. Permutation 
evaluations were treated as independent samples from a distribution, 
and the beta function was used to assess the extent of the 95% 
confidence interval for the likelihood p of a permutated value for the 
rating exceeding the actual value. This upper limit on the confidence 
value is reported as p below.

For the analysis of eye-tracking data three regions of interest 
were defined: The eye region was defined by a rectangle (212 × 110 px) 
containing the eyes and a small area around the eyes, including the 
eyebrows. The head region was defined by a rectangle (280 × 414 px) 
fitting the virtual character’s head and excluding the region of 
interest defined for the eye region. The object region was defined as 
a square (280 × 280 px) that included the object and a small area 
around the object to account for the slightly different objects’ 
proportions while at the same time keeping this region of interest 
constant across trials. Further, for the analysis of eye-tracking data 
and the recognition task (i.e., the correctness of the responses as to 
whether an object had appeared in the main experiment or not), 
Bayesian models (package brms; Bürkner, 2017; Bürkner and Vuorre, 

2019) were fitted to the data. If not otherwise stated, dichotomous 
factors were deviation-coded, and continuous factors were 
z-transformed. In each model, we included random intercepts and 
slopes for subject as well as random intercepts for object. Estimated 
parameters are reported in terms of posterior means and 95% 
credibility intervals. The emmeans package (Lenth et al., 2021) was 
used to extract contrast coefficients. To investigate the evidence for 
or against the investigated effects, we  compared models by 
calculating Bayes factors applying the bayesfactor_models function 
from the bayestestR package (Makowski et  al., 2019) which uses 
bridge sampling (Gronau et al., 2020). We report respective Bayes 
factors of model comparisons and follow the interpretation by Lee 
and Wagenmakers (2014). All models ran with four sampling chains 
of 12,000 iterations each including a warm-up period of 
2,000 iterations.

For the analysis of the influence of diagnosis and cluster and their 
interaction on the duration of fixations within the three regions of 
interest, we included eye-tracking data starting at the onset of the gaze 
cue (= onset of the auditory stimulus). We modelled a proportional 
value for fixation duration, namely fixation duration directed towards 
the region of interest divided by the video duration starting at cue 
onset, separately for each region. Bayesian linear zero-inflated beta 
models [r package brms; Bürkner, 2017; Bürkner and Vuorre, 2019) 
were fitted to the data. Fixed effects were diagnosis and cluster. Weakly 
informative priors were used (intercept prior: normal distribution, 
M = 0.5, SD = 0.5; slope priors: normal distribution, M = 0, SD= 0.5; SD 
priors: normal distribution, M = 0, SD = 0.5; phi priors: normal 
distribution, M = 0.5, SD = 0.5; zi prior: M = 0.2, SD= 0.5).

The Bayesian logistic binomial regression model for object 
recognition in the recognition task was fitted exclusively to data 
pertaining to stimuli presented in one of the four conditions. Thus, 
false positive responses or true rejections following the presentation 
of distractors were not analyzed. We included fixed effects previously 
identified as important in the general population: the untransformed, 
proportional values for participant’s gaze duration towards the object 
region during the rating task; the logarithmized values of word 
frequency; and the number of trials that had passed since object 
presentation. We compared this model with models that additionally 
included ASD diagnosis, the virtual character’s gaze duration towards 
the object and pitch height. Weakly informative priors were used 
(intercept prior: normal distribution, M = 0, SD = 0.5; slope priors: 
normal distribution, M = 0, SD = 0.5; SD priors: normal distribution, 
M = 0, SD = 0.5; LKJ prior: 1). Results are reported on the 
log-odds scale.

3 Results

Scores indicating autistic traits, measured with the AQ, were 
significantly higher in participants with autism compared to the 
control group [Table 3, two-samples t-test, t(46) = −20.18, p < 0.001]. 
Scores indicating empathetic traits, measured with the EQ, were 
significantly lower in autistic participants compared to the control 
group [Table 3, Welch two-samples t-test, t(37.07) = 14.42, p < 0.001]. 
Scores indicating tendencies to systemize, as measured with the SQ, 
were significantly higher in autistic participants compared to the 
control group [Table 3, two-samples t-test, t(46) = −5.64, p < 0.001]. 
Mentalizing abilities, as indicated by the Eyes-test scores, were 
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FIGURE 4

Distribution of participants’ mean ratings of stimuli: (A) ASD group, 
(B) Control group. The range of the y-axis equals the total rating 
scale (1–4). Diamonds indicate means across subjects. Horizontal 
lines indicate medians.

significantly higher in the control group than in the autistic group 
[two-samples t-test, t(46) = 2.76, p = 0.008]. These results further 
support the clinical diagnosis.

3.1 Rating behavior

The condition characterized by short gaze duration and low 
pitch height yielded the lowest mean ratings in both the autistic 
group (M = 1.90, SD = 0.53) and the control group (M = 2.14, 
SD = 0.37). The condition with both long gaze and high pitch yielded 
the highest mean ratings in both groups (ASD: M = 2.70, SD = 0.54; 
control persons: M = 2.65, SD = 0.48). The conditions with either 
longer gaze duration (ASD: M = 2.55, SD = 0.61; control persons: 
M = 2.45, SD = 0.46) or increased pitch height (ASD: M = 2.13, 
SD = 0.74; control persons: M = 2.45, SD = 0.58) yielded mean ratings 
between the two afore-mentioned conditions. Mean ratings (see 
Figure  4) therefore replicate the general pattern reported for a 
sample from the general population in our previous web-based study 
(Zimmermann et al., 2020).

We assessed the significance of the differences in ratings as a 
function of condition and diagnosis by means of permutation tests. 
Long gaze significantly increased participants’ ratings (p < 0.001). This 
held true regardless of the combination of diagnosis and pitch, i.e., 
both in the autistic and non-autistic group, ratings in conditions in 
which the virtual character looked towards the object for a long 
duration were higher than those for conditions in which the gaze was 
short, both for the high-pitch and low-pitch conditions. Pitch height 
had a slightly weaker impact on the ratings but again significantly 
increased participants’ ratings (p < 0.001) for all combinations of 
diagnosis and gaze duration, i.e., both in the autistic and non-autistic 
group, ratings in conditions in which pitch was high, were higher than 
those for conditions in which pitch was low, both for the long-gaze 
and the short-gaze conditions. The only exception from this general 
pattern were participants diagnosed with ASD looking at long gaze: 
for this latter combination, the effect was also significant (p = 0.001), 
but potentially more likely to have occurred by chance.

Finally, we  examined the impact of diagnosis on distinct 
combinations of pitch height and gaze duration. For short gaze, 
regardless of pitch height, ratings of autistic participants were 
significantly lower than those of the control group (p < 0.001). When 
gaze was long but pitch was low, ratings of autistic participants were 
significantly higher than those of the control group (p = 0.004). When 
both gaze was long and pitch was high, ratings of autistic and 
non-autistic participants did not differ significantly (p = 0.130). Rating 
differences in response to the two different gaze cue durations were 
thus greater in the autistic group than in the non-autistic group, 
indicating that different gaze durations of the virtual character towards 
the object had a greater effect in the autistic group.

These results reflect the visible differences by condition and 
diagnosis seen in Figure 4.

3.2 Individuality

Similar to the findings in our web-based study (Zimmermann 
et  al., 2020), there was substantial inter-individual variability. 
Participants’ ratings were predominantly influenced by either one or 
the other factor rather than by both factors in combination. Figure 5 
shows each participant’s individual cue use behavior regarding gaze 
duration and pitch height, indicated by the difference between their 
mean ratings for long vs. short gaze duration conditions and the 
difference between their mean ratings for high vs. low pitch height 
conditions. For each participant, we carried out two Wilcoxon rank 
sum tests—including the expectation that longer gaze and higher pitch 
would each increase ratings—on the ratings for the long- versus short-
gaze and high- versus low-pitch conditions, respectively. The resulting 

TABLE 3 Psychological screening scores.

AQ EQ SQ Eyes-test

ASD
(N = 24)

M = 42.1
(SD = 4.3)

M = 11.5
(SD = 6.0)

M = 45.0
(SD = 13.8)

M = 16.0
(SD = 4.6)

Control
(N = 24)

M = 14.2
(SD = 5.3)

M = 46.3
(SD = 10.2)

M = 23.6
(SD = 12.4)

M = 19.0
(SD = 2.8)

AQ, autism spectrum quotient; EQ, empathy quotient; SQ, systemizing quotient; Eyes-test, “Reading the mind in the Eyes” test.
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p-values indicating significant differences at the 5% level were used as 
indicators that the individual made use of the respective cue. 
Participants were subsequently categorized as “Lookers” if ratings 
were significantly higher in the long-gaze conditions than in the short-
gaze conditions, as “Listeners” if ratings were significantly higher in 
the high-pitch conditions than in the low-pitch conditions, as 
“Neithers” if ratings did not differ significantly for either factor, and as 
“Both” if ratings significantly differed for both factors. However, no 
participant was categorized as “Both” in this dataset, irrespective of 
diagnosis, mirroring results from our previous study (Zimmermann 
et al., 2020). The resulting three clusters are color-coded in Figure 5. 
Participants of both diagnostic groups can be  found across all 
three clusters.

Interestingly, three participants that clustered as “Lookers” (two 
of these autistic) reported initially having used the virtual character’s 
(tone of) voice for their ratings, but switching to concentrating on the 
character’s gaze towards the objects, once they had detected this cue. 
In the “Listeners” cluster, only one participant reported also having 
used the character’s gaze towards the object for their ratings.

Participants clustered as “Neithers” were not consistently 
influenced by either gaze duration or pitch height. However, when 
asked for their rating strategy in free-text form, some of the “Neithers” 
reported having taken into account the gaze behavior of the virtual 
character or the voice stimulus for their ratings, few specifically 
referred to the virtual character’s gaze duration towards the objects or 
the tone of voice. However, none of the participants in the “Neithers” 
cluster reported exclusively having taken into account either 
intonation or gaze duration towards the object (or both). Instead, they 
attended to more than one source of information, amongst them the 
character’s blinking behavior, the duration of the second idle gaze 
phase, gaze direction and loudness. One participant reported that the 
different durations of the character’s gaze towards the object did not 
influence their rating behavior as it did not affect their perception as 
to how important the objects appeared to be for the character. Only 
one (autistic) participant in the “Neithers” cluster reported sometimes 
having guessed. Across both autistic and non-autistic participants, 
some reported having concentrated on the object itself (its animacy, 
entertaining quality, potential benefit or danger) or their personal 
perception of the object’s importance as well as the object’s presumed 
importance for the virtual character based on her age, gender 
and appearance.

3.3 Fixation durations

Overall, both the autism group and the control group spent more 
time looking at the eye region (ASD: M = 3.88 s, SD = 1.61; control 
group: M = 4.10 s, SD = 1.26) than at the object (ASD: M = 1.01 s, 
SD = 0.74; control group: M = 1.04 s, SD = 0.74) and head region (ASD: 
M = 1.05 s, SD = 0.65; control group: M = 1.05 s, SD = 0.60) (see 
Figure 6).

Across diagnostic groups, within the three clusters, rating 
behavior was reflected by fixation durations within the three regions: 
Compared to the other groups, the group of “Lookers” looked longer 
at the eye region (“Lookers”: M = 4.85 s, SD = 1.04; “Listeners”: 
M = 3.01 s, SD = 1.36; “Neithers”: M = 3.67 s, SD = 1.30), but spent less 
time fixating the object region (“Lookers”: M = 0.55 s, SD = 0.24; 
“Listeners”: M = 1.49 s, SD = 0.85; “Neithers”: M = 1.30 s, SD = 0.69). 

Fixation durations within the head region (not including the eye 
region) were similar between clusters (“Lookers”: M = 0.92 s, SD = 0.64; 
“Listeners”: M = 1.09 s, SD = 0.61; “Neithers”: M = 1.24 s, SD = 0.59). 
Visual inspection suggested that within the “Listeners” cluster, the 
difference between mean fixation durations towards the eye region for 
participants with an ASD diagnosis and control participants tended 
to be  greater than the respective difference within the other two 

FIGURE 5

Individual differences between mean ratings for high vs. low pitch 
height conditions (x-axis) and individual differences between mean 
ratings for long vs. short gaze duration conditions (y-axis) combined 
to one coordinate for each participant. Cluster labelling is based on 
the significance of these differences at the 5% level. There are no 
participants with significant differences on both axes.

FIGURE 6

Mean fixation durations and standard deviations for the ASD and 
control group and the three clusters within the three regions of 
interest. The total possible per-trial fixation duration is 6.6" s.
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clusters. This observation was, however, not supported by 
statistical analysis.

We analyzed the influence of diagnosis and cluster on fixation 
durations beginning at gaze cue onset (which coincides with the 
onset of the auditory stimulus), separately for each region of interest. 
In sum, cluster was identified as a statistical reliable influence on total 
fixation duration within the eye region and the object region, 
however, diagnosis was not: we found only anecdotal evidence for a 
diagnosis effect for the eye region (b = −0.36; 95% CI = [−0.77, 0.05], 
BF = 1.93), but anecdotal evidence against an effect in the object 
region (b = 0.19; 95% CI = [−0.10, 0.50], BF = 0.73) and in the head 
region (b = 0.01; 95% CI = [−0.37, 0.40], BF = 0.39). In support of the 
finding of cluster-dependent gaze patterns reported above, extreme 
evidence for an effect of cluster was found in the eye region (BF > 100) 
and object region (BF > 100), while anecdotal evidence against an 
effect was found in the head region (BF = 0.57). Specifically, and 
irrespective of diagnostic group, “Lookers” spent more time fixating 
the eye region than “Listeners” (b = 0.95; 95% CI = [0.50, 1.39], 
BF > 100) and tended to also spend more time fixating this region 
than “Neithers” (b = 0.61; 95% CI = [0.09, 1.14], BF = 4.90), while 
“Listeners” tended to spend less time fixating the eye region than 
“Neithers” (b = −0.35; 95% CI = [−0.82, 0.16], BF = 1.33). In 
comparison to the “Lookers,” the “Listeners” (b = 0.63; 95% CI = [0.30, 
0.96], BF > 100) and “Neithers” (b = 0.67; 95% CI = [0.28, 1.05], 
BF = 70.42) spent more time fixating the object region, while there 
was no difference between “Listeners” and “Neithers” (b = −0.04; 95% 
CI = [−0.40, 0.33], BF = 0.38). We found anecdotal evidence against 
an interaction effect of diagnosis and cluster in the eye region 
(BF = 0.70) and object region (BF = 0.40). Moderate evidence for an 
interaction effect was found in the head region (BF = 3.71). Further 
investigation of this effect revealed that it was mainly driven by 
tendencies within the control sample: participants in the “Neither” 
cluster tended to fixate the head region for a longer duration than 
both “Lookers” (BF = 4.97) and—to a lesser extent—“Listeners” 
(BF = 3.27), while no difference was found between the “Listeners” 
and “Lookers” (BF = 0.62). Within the autism sample, no statistically 
reliable differences between clusters were found for the head region 
(0.48 < BFs < 1.0).

3.4 Object recognition

Recognition rates for target words tended to be slightly lower in 
the autistic group compared to the control group, but were similar 
within groups for all four conditions (Table 4). Correct identification 
of distractor words was comparable between groups (ASD: M = 93.0%, 
SD = 5.4; Controls: M = 93.3%, SD = 5.4).

For target words, we  found extreme evidence for an effect of 
participants’ fixation duration towards the object on their memory 

performance, with longer fixation of an object increasing recognition 
(b = 0.49; 95% CI = [−0.03, 0.98], BF > 1,000). The number of trials that 
had passed since object presentation also had a statistically robust effect 
on memory performance: The fewer trials passed since object 
presentation, the greater the likelihood the respective word was 
recognized correctly in the recognition task (b = −0.28, 95% 
CI = [−0.37, −0.19]; BF > 1,000). Additionally, very strong evidence 
was found for an effect of word frequency: more frequent words tended 
to lead to better recognition (b = 0.06, 95% CI = [−0.09, 0.22]; 
BF > 100). Anecdotal evidence was found for including the factor ASD 
diagnosis (BF = 1.44). Including the factors gaze duration or pitch 
height did not improve model fit (gaze duration: BF = 0.07; pitch 
height: BF = 0.22).

3.5 Exploratory correlation analysis

Within the two diagnostic groups, we  performed exploratory 
correlation analyses for differences between mean ratings (for high vs. 
low pitch height conditions and for long vs. short gaze duration 
conditions; see Figure 5) in combination with the SPQ visual and 
auditory scores. We found a statistically noteworthy relationship for 
the SPQ regarding gaze duration: In the control group, higher SPQ 
visual scores (indicating lower visual sensitivity) were significantly 
linked to taking gaze duration into account to lesser extent 
(rS = −0.444, p = 0.030), which was not the case in the autistic group 
(rS = −0.183, p = 0.393). No significant correlation between SPQ visual 
scores and differences between mean ratings for pitch height conditions 
was observed in the autistic and control group (ASD: rS = 0.012, 
p = 0.956; Controls: rS = 0.290, p = 0.169). No significant correlation 
was found between SPQ auditory scores and the differences between 
mean ratings for gaze duration conditions (ASD: rS = 0.165, p = 0.442; 
Controls: rS = −0.092, p = 0.669) and pitch height (ASD: rS = 0.047, 
p = 0.828; Controls: rS = 0.150, p = 0.486).

4 Discussion

4.1 Rating behavior

At the group-level, participants from both the autism group and 
the control group rated the importance of the object to the virtual 
character to be higher when any of the two deictic signals (gaze or 
pitch accent) suggested that the virtual character was more interested 
in the particular object (through longer gaze or higher pitch), 
confirming the results of our previous web-based study (Zimmermann 
et al., 2020).

Compared to the control group, autistic participants took gaze 
duration into account to a greater extent than pitch height: They 

TABLE 4 Object recognition rates.

Group Low pitch High pitch

Short gaze duration
ASD (N = 24) M = 54.2% (SD = 21.0) M = 56.6% (SD = 24.5)

Control (N = 24) M = 67.6% (SD = 19.5) M = 68.5% (SD = 21.8)

Long gaze duration
ASD (N = 24) M = 60.0% (SD = 22.3) M = 59.2% (SD = 20.3)

Control (N = 24) M = 66.0% (SD = 18.6) M = 68.5% (SD = 20.0)
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judged the object’s importance to the virtual character to be lower 
than the control group when it was gazed at for a short duration. 
They rated the importance higher than the control group when 
the object was gazed at for a long duration if presented with low 
pitch – and as high as the control group if it was presented with 
high pitch.

One explanation for the fact that participants with autism in our 
paradigm assigned more weight to the virtual character’s gaze (as 
opposed to pitch height) might be an impaired interpretation of vocal 
pitch, both in speech (Grice et al., 2016, 2023; Schelinski and von 
Kriegstein, 2019) and non-speech (Schelinski et al., 2017). The study 
by Grice et  al. (2023) suggests that the interpretation of prosody 
(amongst others intonation) is similar in autistic listeners and 
non-autistic listeners when it is used by the speaker to convey rule-
based information such as syntactic structure. However, when it is 
used to convey less rule-based and more intuitive pragmatic aspects, 
such as the importance of a certain word, the interpretation of 
prosodic information seems to be more difficult for autistic listeners. 
An example for the latter is an investigation of intonation perception 
in autism (Grice et al., 2016): In this study, autistic listeners were less 
sensitive to intonation than the non-autistic group. Instead, they used 
other information about the words themselves, such as semantic 
information (human-non-human for instance), to judge whether a 
word presented in an auditorily presented sentence was new 
information or not. If participants in our paradigm found it difficult 
to interpret pitch height, this might be a reason for them to instead 
search for other information to solve the task.

Another reason for autistic participants to more strongly weigh 
the gaze cue rather than the pitch cue could be greater auditory 
capacity in comparison to control participants (Remington and 
Fairnie, 2017). In this study, autistic listeners were able to detect 
more auditory stimuli than the non-autistic group, regardless of 
whether they were distractors to the main task or not. Perceiving a 
wealth of auditory information might be  beneficial in certain 
scenarios but could also be detrimental or exhausting in others. In 
our paradigm, the auditory information is arguably more complex 
than the visual information: The speech stimulus was a different one 
in each trial. Furthermore, since we  used natural speech, the 
intonation pattern slightly varied for each item: Even if the accented 
syllable of each high-pitch stimulus is always 45 Hz higher relative 
to its low-pitch counterpart, low-pitch stimuli exhibit small 
fluctuations in their absolute Hz values. Additionally, other prosodic 
factors might influence prominence perception, such as the length 
of the utterance. The gaze cue, on the other hand, is comparably 
simple to perceive and categorize, as it was always set to either 0.6 or 
1.8 s in a binary fashion. Therefore, a person processing the 
abundance of information presented with the auditory cue might 
find it easier to pay attention to the gaze cue instead, either because 
they do not detect the manipulated cue amongst the noise of other 
auditory information, or because this is more effortful than focusing 
on gaze duration.

The findings of the exploratory analyses showed that, in part, 
rating tendencies could plausibly be  linked to sensory perception: 
within the control group, lower visual sensitivity was linked to less 
focus on gaze. This suggests that general visual sensitivity affects 
participants’ ratings. One reason for a lack of this relationship in the 
autistic group could be  that – instead of relying on their default 
perception – they attuned to the task’s systematic structure more 

strongly than the control group did, which could also explain why 
they weighed the gaze cue more strongly than the pitch cue.

Other studies have reported that autistic participants had 
difficulties in solving mentalizing tasks that rely on nonverbal 
information (Baron-Cohen et al., 2001a; Baron-Cohen et al., 2001b; 
Ponnet et al., 2004; Dziobek et al., 2006; White et al., 2011). Those 
tasks involved more than two signals that varied in more than two 
steps, so that it was unclear which cue was informative. Additionally, 
the response required more complex mentalizing tasks than the 
current experiment (e.g., identifying different mental states from a 
selection of alternatives, or freely inferring mental states). In contrast, 
our task provides a much more structured setting, with only two cues 
varying by two different degrees. Moreover, the simple question to 
be answered is the same throughout. The most obvious strategy to 
solve the task is to identify (at least) one varying source of information 
and preferentially rely on that source.

4.2 Individuality

Gaze cues (Bayliss et al., 2007) and pitch height cues (Roy et al., 
2017; Baumann and Winter, 2018) are not perceived and processed in 
the same way by every individual. Participants’ ratings in our study 
tended to be influenced by either one or the other factor rather than 
by both factors in combination. Based on their rating behavior, 
participants clustered into three subgroups: (i) “Lookers,” who based 
their ratings primarily on gaze duration, (ii) “Listeners,” who based 
their ratings primarily on pitch height, and (iii) “Neithers,” whose 
ratings were not predominantly influenced by either of these two cues. 
Participants of both diagnostic groups were found across all three 
clusters. The observation discussed above that autistic participants 
were more strongly influenced by the gaze cue was reflected in the 
distribution of clusters as well: autistic participants were identified as 
“Lookers” twice as often as they were identified as “Listeners.” This 
pattern was not visible in control participants: six participants were 
categorized as “Lookers,” whereas nine were categorized as “Listeners” 
in the control group. Based on previous findings of the high relevance 
of verbal at the expense of nonverbal information in autism 
(Kuzmanovic et al., 2011; Stewart et al., 2013) and of a reliance on 
invariant characteristics of words at the expense of intonation (Grice 
et  al., 2016), we  expected more autistic participants to cluster as 
“Neithers.” However, this was not the case.

It is striking that none of the participants was considerably 
influenced by both gaze duration and pitch height together. Several 
studies that investigated the perception of pitch accents in combination 
with salient facial movement, head or hand gestures in the general 
population have shown that they can, in fact, lead to greater 
prominence perception compared to the presentation of only one 
modality (Krahmer et al., 2002; Swerts and Krahmer, 2008; Mixdorff 
et al., 2013; Prieto et al., 2015; Ambrazaitis et al., 2020). A possible 
explanation for the finding that, at the individual level, a combination 
of long gaze and high pitch in the current paradigm did not lead to 
higher ratings of object importance compared to when only one of the 
two cues was rendered prominent, might be that participants default 
to efficient cue use in this task. The instruction did not specify whether 
the virtual character would communicate via eye gaze, prosody or 
other behavior. Accordingly, participants had the freedom to use one, 
two, multiple or no cues at all. Increased multimodal cue use has been 
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reported in audiovisual studies in which auditory information is 
insufficient or difficult to understand (Munhall et al., 2004; Dohen and 
Lœvenbruck, 2009; Moubayed and Beskow, 2009; Macdonald and 
Tatler, 2013). For example, in a demanding, but highly structured task 
(Macdonald and Tatler, 2013), participants from the general 
population made use of the instructor’s gaze behavior only, if the 
auditory information was not informative enough. Comparably, in the 
current paradigm, there was no need for participants to identify 
additional cues, as long as they found at least one cue that helped them 
solve the task. Identifying one cue and sticking to it may be the most 
efficient way to solve this task. Participants’ feedback regarding their 
rating strategies lends anecdotal support for this idea: Four 
participants explicitly reported having focused on the virtual 
character’s gaze towards the object as well as intonation. Three of these 
participants (two of them autistic) reported having used primarily the 
gaze cue for the remainder of the experiment, which exemplifies the 
efficiency of participants’ cue use in this task.

The finding that participants in the “Neithers” cluster did not 
demonstrate a preference for either the gaze cue or the pitch cue does 
not necessarily imply that these did not affect their ratings at all, but 
that they weighed other cues more strongly. Feedback from these 
participants on their rating strategies suggests that some focused on 
the object’s properties and the virtual character’s characteristics when 
carrying out their ratings. Others did, in fact, attend to the character’s 
gaze behavior and the voice stimuli, but considered aspects of gaze and 
voice other than the manipulated cues, such as gaze directions, 
blinking or voice loudness. Those that actually took into account the 
manipulated cues, additionally paid attention to other cues that were 
not manipulated, which may have attenuated potential effects of gaze 
duration or pitch height on their ratings.

4.3 Eye-tracking

Both diagnostic groups spent more time fixating the eye region 
than the object and head region. This finding is in line with previous 
eye-tracking studies: in the general population, a tendency to fixate 
the eye region for longer than either other parts of the face or objects 
in the environment has been reported across different tasks 
(Henderson et al., 2005; Freeth et al., 2010; Fedor et al., 2018). Similar 
fixation tendencies have been reported for individuals on the autism 
spectrum (Dalton et al., 2005; Hernandez et al., 2009; Freeth et al., 
2010; Auyeung et al., 2015; Fedor et al., 2018).

We did not find reliable statistical evidence for differences between 
the autism and the control group regarding fixation durations for the 
eye region or the object region. A meta-analysis of 22 studies has 
reported shorter fixation durations for the eye region as opposed to 
objects in adult participants with autism in free viewing tasks (Setien-
Ramos et al., 2022). Our paradigm was not suited to induce gaze 
aversion in autism as it required participants to search for potentially 
informative cues. Information variation was limited to the eyes, voice 
and object, and only the eye region showed visual change within a 
given trial (eye blinks, changing gaze direction). Thus, avoiding the 
character’s gaze (and assuming the eye region is not processed via 
peripheral vision) would entail ignoring one of three relevant channels 
of information. Presenting only one rather static virtual character as 
well as a relatively long trial duration may further have shifted 
attention towards the eye region in our study.

Across both diagnostic groups, we  were able to show that 
participants’ rating behavior was in line with their gaze behavior: 
“Lookers” spent more time looking at the virtual character’s eyes than 
“Listeners” and tended to also spend more time looking at the eyes 
than “Neithers.” “Listeners” spent less time looking at the eyes than 
“Neithers.” “Lookers” spent less time looking at the object than both 
other clusters, which did not differ in this regard. This finding 
corroborates the well-established notion that attention is closely 
linked to gaze direction (Buswell, 1935; Yarbus, 1967; DeAngelus and 
Pelz, 2009), leaving the “Lookers” no choice but to fixate the eye region 
and mostly ignore the object, while “Listeners” and “Neithers” were 
free to visually explore other areas as well.

Exclusively for the eye region, visual inspection—but not the 
statistical analysis—showed a small tendency for shorter fixation 
durations in “Listeners” with an ASD diagnosis compared to 
“Listeners” from the control group. It is possible that an underlying 
trend was not detected in the analysis. If present, it could suggest 
different strategies for solving the task: “Listeners” need to pay 
attention to the acoustic signal and do not depend on gathering 
information from the eyes. Especially for people with autism, who 
may experience mutual gaze as threatening or stressful, this could 
result in avoiding mutual gaze (Tottenham et al., 2014). In our study, 
we did not ask about uneasiness while fixating the eye region. Only 
one participant in the autism group reported exhaustion due to 
looking at the virtual character’s face and the eye region in particular. 
A tendency within the autism group for the “Listeners” to look at the 
eye region for a shorter total duration could also indicate that persons 
with autism by default perceive the eyes as deictic cues but not as 
mutual gaze, which is a stronger social cue (Ristic et al., 2005; Caruana 
et al., 2018). Riby et al. (2013), who included children and adolescents 
with autism in their study, reported that the eye region was fixated for 
a shorter duration by their autistic group in comparison to a control 
group. In the autistic group, fixation duration towards the eye region, 
unsurprisingly, increased upon instruction to detect what the person 
in the photo was looking at.

In the control group, we  found a tendency towards shorter 
fixations of the head region (not including the eyes) in the “Lookers” 
and “Listeners” compared to the “Neithers.” The behavior in the rating 
task and our eye-tracking data support the idea that participants were 
actively monitoring their chosen input modality, searching for 
informativeness in these cues. Accordingly, we interpret the tendency 
of the “Neither” cluster as more strongly than the other clusters using 
the head region as a source of information. Three participants in the 
“Neither” cluster reported having taken into account virtual-character-
related characteristics such as gender and age for their rating. Only 
one subject from the “Listeners” cluster reported potentially having 
been influenced in a similar fashion.

4.4 Object recognition

To detect possible memory traces of attention directed towards 
the objects, we included an object recognition task after completion 
of the rating task. Findings regarding word or object recognition in 
autistic adults without intelligence deficits have been mixed so far, 
with some studies reporting comparable performance in autism 
(Bowler et al., 2000; Boucher et al., 2005; Ring et al., 2015) and 
others showing worse recognition rates in autism (O’Hearn et al., 
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2014). We found no reliable evidence for different recognition rates 
in participants with autism compared to the control group. Across 
groups, object recognition was better for objects that had previously 
been fixated by participants for a longer duration, which is in line 
with previous research on visual memory: the longer we look at an 
object, scene or face, the better we can later remember it (Melcher, 
2001, 2006; Droll and Eckstein, 2009; Martini and Maljkovic, 2009). 
We  also found a serial-position effect: participants could better 
recognize objects they had seen more recently, which is in line with 
previous research (Brady et  al., 2008; Konkle et  al., 2010). 
Importantly for our purposes, implicit memory in autism is 
considered comparable to that in the non-autistic population (Ring 
et  al., 2015). Our results stand in contrast to other studies that 
reported an influence of gaze and pitch on object memory 
(Fraundorf et al., 2010, 2012; Dodd et al., 2012; Adil et al., 2018; 
Wahl et al., 2019; Ito et al., 2022). However, these studies are not 
directly comparable to our study because they manipulate neither 
gaze duration nor pitch excursion specifically.

In our study, low word frequency did not improve object memory. 
Instead, participants could better recognize objects described with more 
frequent words. Our paradigm is primarily designed to probe a very 
simple mentalization task requiring a judgment of how important an 
object appears to be for the virtual “person.” Comparably, in our online 
study (Zimmermann et al., 2020), participants’ ratings for the importance 
of the object for the virtual character increased with higher word 
frequency. We  assume that word frequency in our stimulus set is 
confounded with other object properties (Zimmermann et al., 2020). 
The five most frequent words in our dataset were the German words for 
“car,” “plane,” “window,” “sun” and “church.” The five least frequent words 
were the German words for “spinning wheel,” “doorknob,” “spinning top,” 
“chisel” and “roller skate.” We assume that, among other factors, general 
object importance might have affected the ratings.

4.5 Limitations

To summarize the limitations of our paradigm discussed in previous 
work (Zimmermann et  al., 2020), the most pertinent issue is the 
reductionistic design employed and its effect on the perception of the 
virtual character’s mental state. This entails that the relevant experimental 
findings cannot be easily transferred to everyday social situations, which 
are much more complex. Additionally, the task instructions may have led 
participants to actively search for a cue and to then stop searching once 
a valid cue was found. In the following section, we will focus on issues 
specific to autism and the findings of the current study.

It could be argued that autistic participants may concentrate on gaze 
more than on intonation, because eye contact is a common target in early 
interventions in autism. However, most participants in our study were 
recruited in the outpatient clinic for autism in adulthood. This implies 
that they did not receive any autism-specific therapy before their 
diagnosis in adulthood. As we  have not systematically asked every 
participant whether he or she received any specific training in nonverbal 
communication skills including mutual gaze, it cannot be ruled out that 
they did, but it is unlikely. Assessing a potential influence of such a 
training may nevertheless be informative in future studies.

It is possible that the external validity of our results is not only 
limited, but also differs between diagnostic groups. A study including 

children and adolescents has shown that the gaze behavior of 
participants with autism in reaction to a computer screen differed 
from gaze behavior in reaction to a live interaction, which was not the 
case for the control group (Grossman et al., 2019). No difference was, 
however, reported for gaze behavior in reaction to static images of 
virtual characters’ faces as compared to photographs of real people in 
autistic adolescents and adults (Hernandez et al., 2009). In real-life 
scenarios, the problems persons with autism face when interpreting 
eye gaze do not only arise from difficulties with deciphering the 
“correct” social implications, but also from understanding when eye 
gaze may contain social implications in the first place, beyond, e.g., 
deictic information, which is itself problematic in autism (Pantelis and 
Kennedy, 2017; Griffin and Scherf, 2020). The latter was not part of 
this experiment, as the task (according to the interpretation of most 
participants) implicitly called for a social reading. Due to the limited 
stimulus variability, attending to the relevant cues was, moreover, 
easier than in real-life scenarios.

Future studies investigating the perception of gaze duration and 
intonation in a non-verbal mentalizing task in autism should aim to 
increase ecological validity by (1) using more natural social scenarios 
as stimulus material that does not only vary with respect to two 
isolated cues, and (2) by using different instructions or questions in 
each trial. We  expect that this may reduce potential strategic cue 
searching strategies.

5 Conclusion

The current study aimed to investigate mentalizing behavior based 
on eye gaze and speech intonation in autism. Comparably to control 
participants, autistic persons used both gaze duration and intonation as 
cues for inferring the importance of an object for another (virtual) 
person. Compared to the control group, autistic participants were, 
however, influenced more strongly by gaze duration than by pitch height. 
Across both diagnostic groups, participants used either gaze or 
intonation as predominant cues, while some did not show this cue 
preference but might have used other cues predominantly to make their 
decision. Further investigations are required to accurately characterize 
differences in mentalizing abilities in autism in the nonverbal domain.
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Perspective taking has been proposed to be impaired in persons with autism

spectrum disorder (ASD), especially when implicit processing is required. In narrative

texts, language perception and interpretation is fundamentally guided by taking the

perspective of a narrator. We studied perspective taking in the linguistic domain of

so-called Free Indirect Discourse (FID), during which certain text segments have to

be interpreted as the thoughts or utterances of a protagonist without explicitly being

marked as thought or speech representations of that protagonist (as in direct or indirect

discourse). Crucially, the correct interpretation of text segments as FID depends on

the ability to detect which of the protagonists “stands out” against the others and is

therefore identifiable as implicit thinker or speaker. This so-called “prominence” status

of a protagonist is based on linguistic properties (e.g., grammatical function, referential

expression), in other words, the perspective is “hidden” and has to be inferred from

the text material. In order to test whether this implicit perspective taking ability that

is required for the interpretation of FID is preserved in persons with ASD, we presented

short texts with three sentences to adults with and without ASD. In the last sentence, the

perspective was switched either to the more or the less prominent of two protagonists.

Participants were asked to rate the texts regarding their naturalness. Both diagnostic

groups rated sentences with FID anchored to the less prominent protagonist as less

natural than sentences with FID anchored to the more prominent protagonist. Our results

that the high-level perspective taking ability in written language that is required for the

interpretation of FID is well preserved in persons with ASD supports the conclusion that

language skills are highly elaborated in ASD so that even the challenging attribution of

utterances to protagonists is possible if they are only implicitly given. We discuss the

implications in the context of claims of impaired perspective taking in ASD as well as

with regard to the underlying processing of FID.

Keywords: autism spectrum disorder (ASD), perspective taking, free indirect discourse (FID), perspectival
centers, mentalizing, theory of mind (ToM)
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INTRODUCTION

One of two key symptoms of autism spectrum disorder (ASD)
refers to social communication and interaction disturbances
(American Psychiatric Association, 2013). One explanation for
these phenomena is an impaired ability to take the perspective
of others (Baron-Cohen et al., 1985; Frith et al., 1991), also
referred to as Theory of Mind (ToM; Premack and Woodru�,
1978) or mentalizing (Fonagy et al., 2004; Frith and Frith, 2006).
This impairment has often been demonstrated in language-
based tasks with children with ASD1 (Baron-Cohen et al., 1985;
Baron-Cohen, 1989; Leslie and Thaiss, 1992; Swettenham, 1996;
Hutchins et al., 2012; Begeer et al., 2014). Adolescents or adults
with ASD and normal intelligence usually pass comparable
false-belief tasks designed to probe second-order ToM tasks
as successfully as control participants (Bowler, 1992; Happé,
1994; Ponnet et al., 2004; Scheeren et al., 2013). In these tasks,
participants are prompted with explicit questions regarding the
mental state of a protagonist. These tasks probe an explicit and,
hence, better accessible type of perspective taking. On the other
hand, tasks that require a more implicit type of perspective
taking appear to be problematic for adolescents or adults with
ASD, even under conditions of normal intelligence. This is
especially revealed when participants are asked to not only infer a
protagonist’s mental state, but also to provide reasons for their
attributions (Ozono� et al., 1991; Bowler, 1992; Happé, 1994;
Dziobek et al., 2006; Callenmark et al., 2014), similarly, when
eye movement is measured to assess overt attention in false-belief
tasks (Senju et al., 2009; Schneider et al., 2013; Schuwerk et al.,
2015). Impairments are also visible when inferring a protagonist’s
mental state based on photo or video material (Baron-Cohen
et al., 2001; Ponnet et al., 2004; Dziobek et al., 2006), which might
explain why participants with ASD rely in their impressions
formation of others significantly more on verbal than on non-
verbal information (Kuzmanovic et al., 2011).

The interpretation of an utterance does not only depend on
the linguistic content and its context, but also and essentially on
the person of the speaker. An utterance of a sentence containing
a so-called predicate of personal taste (e.g., “licorice is tasty”;
Lasersohn (2005)) might be true for one, but not for another
person. Furthermore, utterances including deictic expressions
referring to persons (“I”, “you”), places (“here,” “there”) and/or
time (“now”, “then”) can only be successfully interpreted in
their context (i.e., speaker, reader/listener, location, time). In
contrast to spoken language, written text does not always allow
for an unambiguous identification of the speaker or perspectival
center. It has been proposed (Zeman, 2017) that processing of
so-called Free Indirect Discourse (FID; Banfield (1982)) shares
an important aspect with perspective taking involved in ToM
as operationalized in many false belief tasks, namely the ability
to identify and di�erentiate between separate viewpoints at the
same time. Importantly, we believe that FID processing di�ers
from false-belief tasks insofar as perspective taking in FID is

1The use of “person-first” terminology in the context of ASD is controversial
(Kenny et al., 2016; Vivanti, 2020). We apply a clinical perspective that focuses on
common symptoms (or the absence thereof), which has been argued to be adequate
depending on the context (Tepest, 2021).

implicit. While in false-belief tasks commonly mastered by adults
with ASD and normal intelligence the instruction to take a
perspective is explicit, in FID it is implicit as readers are not
instructed to take the perspective of a certain protagonist, but
rather switch perspectives automatically in order to reach a
sensible interpretation. Harris and Potts (2009) showed that
certain context-sensitive markers have the potential to alter
text interpretation so that perspective is shifted away from the
first-person narrator to a competing protagonist. Kaiser (2015)
demonstrated that FID cues increase perspectival-center-oriented
text interpretation. However, these studies do not consider
contexts in which multiple protagonists can serve as potential
anchors for the utterance in FIDmode.

In FID, utterances or thoughts are to be ascribed to a
protagonist without explicitly mentioning her/him as the source
of the utterance or thought. In the following example: “When
Thomas entered the pub a guy in a black coat punched him
right in the face with his bare hand. Ouch, how that hurt!”
the reader will most likely understand that the last sentence
expresses the experience of Thomas, whereas it is much less
likely that the punching guy complains about his hand hurting.
Without any explicit linguistic markers (e.g., quotation marks),
FID is commonly indicated by the use of more subtle signals
(Banfield, 1982; Steube, 1985), such as an exclamative (“Ouch!”)
or a judgmental statement (“that hurt”). Often, FID can only
be interpreted correctly when certain parts of the sentence such
as deictic adverbials of space and time or expressions such as
“Ouch” are anchored to the protagonist’s perspective (e.g., it is
Thomas who feels pain, not the narrator) while others such as
pronouns and tenses are anchored to the narrator’s perspective
(e.g., for Thomas, being punched does not hurt in the past,
but in the present) (Schlenker, 2004; Eckardt, 2014). In other
words, the interpretation of FID requires the identification of the
implicit anchor for a specific thought or utterance and, hence,
taking the perspective of one protagonist as opposed to another
(Example 1).

(A) On Monday morning Jaqueline was running to the
classroom in a hurry. In the hallway she bumped into her
classmatem. Now she would have to go to the nurse with that
clumsy oaf.

(B) On Monday morning Arne was running to the classroom in
a hurry. In the hallway he bumped into his classmatef. Now
she would have to go to the nurse with that clumsy oaf.

(C) On Monday morning Arne was running to the classroom in
a hurry. In the hallway he bumped into his classmatef. She
went to the nurse with him.

(D) On Monday morning Arne was running to the classroom in
a hurry. On the hallway he bumped into his classmatef. He
went to the nurse with her.

Example 1: One variation of a scenario as it appeared in our
study in the four di�erent conditions A, B, C,
and D. The last sentence of item A and B is an
instance of FID that needs to be anchored to one
of the two protagonists of the preceding sentences
to be interpreted sensibly. Items C and D do not
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contain FID. All texts were presented in German,
followed the same structure and were similar in
style. German words may denote a specific gender
(e.g., classmate, German: “Klassenkameradin,” or
“Klassenkamerad”), indicated with “f” (female),
and “m” (male).

In our study we follow a so-called prominence-based account
for FID anchoring (Hinterwimmer, 2019), according to which
the prominence status is the key for perspective ascription.
Prominence refers to the property of a linguistic element
(e.g., a syllable, a word, a sentence) as “standing out” in
contrast to a group of similar elements (Streefkerk, 2002;
Himmelmann and Primus, 2015). The protagonist who is
more prominent in terms of grammatical function and type
of referential expression (i.e., the expression we use to refer
to an object or a person, e.g., “Thomas”, “he”) is more
plausible as the anchor for FID than a competing protagonist
(Hinterwimmer and Meuser, 2019). Based on the assumption
that FID anchoring requires implicit perspective taking, these
findings indicate that FID anchored to the more prominent
protagonist is perceived as more natural and therefore receives
higher ratings on a scale indicating acceptability by test
persons, because it is easier or more common to take the
prominent protagonist’s perspective. For the purpose of our
study we systematically varied grammatical function and type
of referential expression as influential factors for a protagonist’s
prominence status. In the hierarchy of grammatical functions,
a subject is more prominent than an indirect object, which
is in turn more prominent than a direct object and so forth
(Himmelmann and Primus, 2015). With respect to referential
expression a protagonist that is familiar to the reader is more
prominent than a protagonist that is unfamiliar (Jasinskaja
et al., 2015). We make use of these prominence-lending
features by claiming that a protagonist who is introduced with
her/his first name and picked up by a pronoun in subject
position is easier identified as the perspectival center for FID
ascription than a competing protagonist who is introduced
with an indefinite noun phrase in object position, which
was already shown to be the case in an acceptability rating
study by Hinterwimmer and Meuser (2019).

So far, it has not been clarified which particular linguistic
types of perspective taking are consistently a�ected in exactly
what way in ASD during speech and language production and
perception, especially with regard to the shifting of perspectival
centers. While FID perception has not been investigated in ASD
so far, the production and perception of referential expressions
has been studied already. While people with ASD and normal
intelligence performwell in verbal perspective taking tasks, subtle
di�erences indicate problems with respect to ToM in language
production. The general population tends to adjust their choice
of referential expressions to the listener or reader (i.e., depending
on the context, we choose to substitute names with pronouns;
Achim et al. (2017)). Adults with ASD use more full noun
phrases during narratives when they could use pronouns instead,
while, on the other hand, they use more pronouns when full
noun phrases would be less ambiguous and hence would make

it easier to understand the narration (Colle et al., 2008). This
finding could indicate a reduced ToM in ASD with regard to
the listener (Colle et al., 2008). This behavior has, however, not
consistently been reported (Arnold et al., 2009). In a perception
study investigating spatial perspective taking, participants with
ASD showed unimpaired performance and neural activation
comparable to a control group during the perception of written
text referring to two people by their first names in third
person, namely the participant and another person. On the
other hand, when the task required perspective shifts induced
by references to the participant as “you”, performance decreased
and neural patterns di�ered compared to the control group
(Mizuno et al., 2011).

In our web-based study, we investigate for the first time
the perception of shifting perspectival centers by means of FID
in written language in adults with ASD. This implicit form of
perspective taking might not be as easily accomplished by adults
with ASD as by adults without ASD. Therefore, we expected
to identify di�culties in FID processing in persons with ASD.
In our study, participants judged the naturalness of sentences
including FID anchored to protagonists of di�erent prominence
status. Based on the idea that texts in which the required
perspective taking is easier to accomplish are linked to higher
naturalness ratings, and considering the reported perspective
taking di�culties in people with ASD in implicit ToM tasks,
we anticipated lower naturalness ratings in people with ASD for
texts associated with implicit perspective taking, especially if the
required perspective shift is an unusual one. More specifically, we
pursued the following hypotheses:

H1: The di�erence between naturalness ratings for texts
including FID (here: condition A) and ratings for texts not
including FID (here: condition D) will be greater in the
ASD group in comparison to the control group.

H2: The di�erence between naturalness ratings for texts
including FID anchored to the less prominent protagonist
(here: condition B) and ratings for texts including FID
anchored to the more prominent protagonist (here:
condition A) will be greater in the ASD group in
comparison to the control group. If H1 is supported,
di�erences between ratings for condition A and B might
play a minor role.

MATERIALS AND METHODS

Participants
Only participants who were monolingual native speakers of
German were included in the study. For the ASD group,
we recruited 45 adults with ASD via a mailing list of the
Outpatient Clinic for Autism in adulthood at the University
Hospital of Cologne. Of these, 41 participants had a diagnosis
of Asperger syndrome (F.84.5 according to ICD-10), four
participants indicated a diagnosis of high-functioning autism,
one of these a diagnosis of childhood autism (F.84.0). For the
control group, we recruited 45 adults without a diagnosis of
ASD via the intranet of the University Hospital Cologne, publicly
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TABLE 1 | Sample characteristics.

Gender Age WST BDI-II AQ EQ

ASD (N = 45) 25 men 20 women 20 - 82 years

men: M = 48.2 (SD = 13.9)

women: M = 42.6 (SD = 10.9)

M = 112.3

(SD = 10.00)

M = 13.8

(SD = 9.30)

M = 42.5

(SD = 4.25)

M = 13.8

(SD = 5.95)

Control (N = 45) 25 men 20 women 20 - 80 years

men: M = 47.7 (SD = 14.7)

women: M = 41.0 (SD = 12.3)

M = 111.0

(SD = 9.35)

M = 8.2

(SD = 6.27)

M = 15.5

(SD = 6.60)

M = 47.0

(SD = 12.5)

accessible notice boards and personal contacts (Table 1 for
sample characteristics).

In the group of participants with ASD, 25 of 45 participants
with ASD reported that they had experienced depressive episodes.
Participants with ASD indicated the following medication for
the treatment of psychological, psychiatric and neurological
conditions: antidepressants (15 participants), mood stabilizer (1),
neuroleptic medication (1). Control participants indicated no
history of neurological or psychiatric disorders. No psychotropic
medication was reported by any participant in the control
group. Scores for verbal intelligence as measured with the
Wortschatztest (WST, Schmidt and Metzler (1992)) indicated
average or above-average verbal intelligence in all participants
(Table 1) and did not di�er between groups (two-samples t-test,
t(88) = �0.63, p = 0.530). Depressive symptoms measured with
the Beck depression inventory II (BDI-II, Beck et al. (1996)) were
significantly higher in participants with ASD than in control
participants (Table 1, Welch two-samples t-test, t(77.1) = �3.34,
p = 0.001), with symptoms ranging from none to clinically
relevant symptoms in both groups. Scores indicating autistic
traits measured with the autism quotient (AQ, Baron-Cohen
et al. (2001)) were significantly higher in participants with ASD
compared to the control group (Table 1, Welch two-samples
t-test, t(75.2) = �23.08, p < 0.001). Scores indicating empathetic
traits measured with the empathy quotient (EQ, Baron-Cohen
and Wheelwright (2004)) were significantly lower in participants
with ASD compared to the control group (Table 1, Welch two-
samples t-test, t(63.1) = 16.15, p < 0.001).

Text Material
We presented short German narrative texts with three sentences
each. We developed 24 di�erent scenarios with a common
theme. Each scenario was varied systematically in four di�erent
conditions, resulting in a total of 96 di�erent texts. The
conditions varied with respect to utterances with FID (conditions
A and B; see example 1) or without FID in neutral story
continuation (conditions C and D; see example 1. See
Table 2 for an overview of experimental conditions and the
Supplementary Material for the complete list of texts). The
content of the utterance with FID was thematically ambiguous
with respect to two protagonists that were both potential
candidates for the perspectival center, i.e., the thought presented
as FID in the last sentence of the text could plausibly be linked
to either one of the two protagonists, if the pronoun in the
third sentence did not allow for unambiguous resolution. The
utterance with FID thus varied with respect to the pronoun

TABLE 2 | Overview of experimental conditions; “P” stands for “protagonist”.

Condition Subject in S1 Subject in S2 Subject/
Perspective in

S3

A: FID, prominent P1 P1 P1

B: FID,

non-prominent

P2 P2 P1

C: Control, subject

change

P2 P2 P1

D: Control, no

subject change

P2 P2 P2

that indicated which one of the two protagonists was the
anchor of the thought.

In the first sentence (S1) of each text, one of two protagonists
was introduced by a proper name in subject position, and an
explicit reference to the past (e.g., “Monday morning”) was
included. In the second sentence (S2) the protagonist introduced
in S1 was picked up with a personal pronoun in subject position
interacting with a second protagonist who was referred to with a
full noun phrase and who was anchored to the first protagonist
with a possessive pronoun (e.g., “her/his classmate”). Contrary
to the English equivalent, the German noun phrases used in
our stimuli were each linked to a specific gender (female/male).
Therefore, both protagonists (P1 and P2) di�ered with regard to
gender so that the FID in S3 could only reasonably be anchored
to either P1 or P2.

The target sentence (S3) in condition A and condition B
was an utterance in FID mode. It featured three indicators
of FID: (i) a temporal adverbial referring to the present (e.g.,
“now,” “today”) or an immediate or close future (e.g., “soon,”
“tomorrow”) contrasting with the temporal adverbials in S1,
(ii) a verb in subjunctive II mode (e.g., “would”), and (iii)
a colloquial term or qualitative noun (e.g. “clumsy oaf”).
Conditions C and D served as control conditions. Unlike the
target sentence S3 in FID conditions, S3 in control conditions
did not feature any markers of FID. The target sentence
continued the story in neutral narrative story mode. Control
condition D continued with P1 in subject position while
in condition C, P2 was the subject. Thus, the two neutral
conditions resembled the test conditions regarding content and
syntactic structure.

In order to investigate the anchoring of FID we manipulated
our texts with regard to the two protagonists in three
di�erent ways, with respect to (i) the grammatical function
of the first expression referring to them (subject or object),
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(ii) the number of references (two or three), and iii) the
type of referring expression (first name and pronouns or
noun phrase and colloquial term). Based on previous findings
(Hinterwimmer and Meuser, 2019) we predicted that in
control participants FID anchored to the more prominent
protagonist, i.e., the one in subject position, referred to with
their first name and picked up by an adequate personal
pronoun (condition A), would more likely be accepted as the
perspectival center of a sentence in FID than the competing
protagonist who was introduced with a noun phrase in
object position in the second sentence (condition B). Texts
in condition A should thus be rated more natural than
texts in condition B.

As our manipulation of the utterance in FID mode involved
a change or continuation of the subject with respect to one
of the two protagonists, we included two control conditions
C and D to account for the e�ect of subject change based on
di�erences in referential chains: In condition C, the pronoun
in subject position of the final sentence picked up the object of
the preceding sentence, while in condition D, it picked up the
subject. If texts of condition C would be rated comparable to
texts of condition D, we might conclude that di�erences between
the two FID conditions cannot be explained by (dis)continuity of
referential chains alone. As both story continuations were equally
coherent in terms of content, both control conditions C and D
should be equally acceptable.

We included 40 filler texts similar to the 96 target texts in
length and complexity (see Supplementary Material). In order
to mask our manipulation, some filler texts were deliberately
designed to yield low acceptability by an odd choice of pronouns,
i.e., in the last sentence, a personal pronoun was used which
referred back to an inanimate entity that occurred in object
position in the previous sentence in which a personal pronoun
was used to refer to the protagonist (“[. . .] He ate the cakem.
He was made of marzipan.”). All four conditions were equally
distributed across four lists so that every participant was
presented with only one condition (A, B, C, or D) of each of
the 24 scenarios and the total set of 40 filler texts, resulting
in 64 texts in total that were presented to each participant
in random order.

Procedure
The experiment was programmed and presented on Ibex
farm, a platform for online experiments (Drummond, 2020).
It was conducted in accordance with the Declaration of
Helsinki (World Medical Association, 2013) and approved
by the Ethics Committee of the Medical Faculty of the
University of Cologne. Informed consent was obtained from
all participants prior to participation. Demographic data and
information on clinical diagnoses and medication was collected.
In the following rating, participants were instructed to judge
the naturalness of the third sentence in the context of the
first two sentences of each presented text on a scale from
1 (labeled “very unnatural”) to 7 (labeled “very natural”).
For each text, presentation duration including response time
was limited to 25 seconds. After completing the naturalness
ratings, participants were given the opportunity to report what

they noticed about the task in an open format. Psychological
questionnaires were obtained afterward: WST, AQ, EQ, BDI-II.
The BDI-II was included due to the high incidence of depressive
symptoms in persons with ASD (Ghaziuddin et al., 2002).
Finally, participants had the opportunity to make assumptions
with regard to the aims of the study. The whole procedure
engaged participants for approximately one hour. They were
debriefed and compensated for their participation with a gift
voucher of ten Euro.

Analysis
Data was analyzed using R (R Core Team, 2019) in RStudio
(RStudio Team, 2016). We fitted Bayesian ordinal models using
the brms package (Bayesian Regression Models using Stan,
v2.10.0; Bürkner (2017); Bürkner and Vuorre (2019)). Factors
were sum-coded.Weakly informative priors were used for group-
level e�ects as well as for random intercepts (normal distribution;
mean = 0; standard deviation = 2) and fixed intercepts (normal
distribution; mean = 4, i.e., the center of the rating scale;
standard deviation = 2). Estimated parameters are reported
in terms of posterior means and 95% credibility intervals.
To investigate the evidence for or against the investigated
e�ects, we compared models by calculating Bayes factors
applying the bayesfactor_models function from the bayestestR
package (Makowski et al., 2019) which uses bridge sampling
(Gronau et al., 2020). All models ran with four sampling
chains of 12,000 iterations each including a warm-up period of
2,000 iterations.

Models
To test hypothesis 1 and thus the influence of FID and diagnosis,
i.e., to identify di�erences between the groups regarding
naturalness ratings for texts with FID and ratings for comparable
texts without FID, a Bayesian ordinal mixed model was fitted
to the ratings from conditions A and D. Fixed e�ects used in
the model were FID, group and their interaction. Additionally,
we included random intercepts and slopes for the factor subject
as well as random intercepts for text. To test hypothesis 2 and
thus the influence of protagonist prominence and diagnosis, i.e.,
to identify di�erences between the groups regarding naturalness
ratings for texts with FID anchored to the more prominent
protagonist and ratings for texts with FID anchored to the less
prominent protagonist, a Bayesian ordinal mixed model was
fitted to the data of the acceptability ratings for conditions
A and B. Fixed e�ects used in the model were prominence,
group and their interaction. Additionally, we included random
intercepts and slopes for the factor subject as well as random
intercepts for text. To demonstrate that a subject shift toward
the less prominent protagonist does not in general lead to lower
ratings, but only in FID conditions, we ran a Bayesian ordinal
mixed model for naturalness ratings of our control conditions
that did not include FID, i.e., neutral condition C including a
subject shift toward the less prominent protagonist and neutral
condition D not including a subject shift. Fixed e�ects used
in the model were subject shift, group and their interaction.
Additionally, we included random intercepts and slopes for the
factor subject as well as random intercepts for text. Because
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texts in conditions C and D are minimally di�erent, which
is not the case for texts in conditions A and B, di�erences
between C and D are not fully equivalent to di�erences in
A and B. Thus, the resulting conditions do not allow to test
our hypotheses in a single model. Therefore, we addressed our
hypotheses in separate models. To investigate evidence for or
against the presence of e�ects, we additionally ran the following
models for comparison with each of these models: the respective
null model not including the group level factors; the model
including only one of either factor; and the model including
the linear combination of both factors. We report respective
Bayes factors of model comparisons and follow the interpretation
by Je�reys (1939).

Explorative Analyses
We carried out correlational explorative analyses to identify
possible relationships between the naturalness ratings and
parameters we collected in addition to the ratings, i.e.,
psycho(patho)logical measures and age. To account for
individual rating behavior, we standardized the ratings for each
participant applying a rank-based non-linear transformation
to the ratings of all four conditions, which for each participant
results in normally distributed rating values centered around
zero. Influences due to individually di�erent scale use are
therefore minimized. We investigated correlations across
and within the two groups for the di�erence between ratings
for condition A and D with our parameters (i.e., AQ, EQ,
BDI-II, WST, AQ-scores for the subscales attention switching,
communication and imagination, age). Di�erences between
conditions were calculated by subtracting the standardized
ratings for condition D from the standardized ratings for
condition A. Likewise, correlations were investigated between
our parameters and the di�erence between the standardized
ratings for conditions A and B. We report Pearson correlation
coe�cients or Spearman’s rank correlation coe�cients reaching
significance at the 5% confidence-level.

RESULTS

In general, texts in conditions A and B including FID were
rated less natural (condition A: M = 4.34, SD = 2.23;
condition B: M = 2.85, SD = 1.91) than conditions C and
D not including FID (condition C: M = 4.96, SD = 2.00;
condition D: M = 5.17, SD = 2.04). Across the whole sample
naturalness ratings for texts in condition A were higher than
for texts in condition B. Ratings did not show any statistically
meaningful di�erence between both diagnostic groups. See
Figure 1 for an overview of mean ratings per condition for both
diagnostic groups.

Comparison of FID Condition A and
Neutral Condition D
FID a�ected the ratings by lowering the units on the latent rating
scale by 0.48 (95% CI = [�0.64, �0.32]). An ASD diagnosis
showed a general tendency to lower the ratings (b = �0.18, 95%
CI = [�0.43, 0.07]), however, the influence of a diagnosis on the
ratings was smaller than that of FID. The interaction of FID and
group hardly a�ected the ratings (b = �0.03, 95% CI = [�0.36,
0.29]). Model comparisons indicated extreme evidence only for
an influence of FID. They further revealed moderate evidence
for the absence of a group e�ect. Strong evidence was found
against an interaction e�ect. Bayes factors for the models in
comparison to the null model: full model: BF > 1000; model
with linear combination: BF > 1000; model including only
the factor group: BF = 0.16; model including only the factor
FID: BF > 1000. We further investigated rating patterns in the
two groups using the marginal_e�ects function from the brms
package. The model results and the rating behavior within the
two groups did not support the assumption of FID a�ecting rating
behavior of the two groups di�erently. Thus, hypothesis 1 is not
supported by our data.

Correlation analyses (see Table 3) showed that age was
positively correlated with the di�erence between standardized

TABLE 3 | Correlations between psycho(pathological) measures and rating differences for compared conditions.

AQ EQ BDI-II WST AQ
attention
switching

AQ
communication

AQ
imagination

age

A minus D (Difference bt.

rank-based-standardized

ratings)

Both

groups

rS = �0.07

(p = 0.531)

rS = 0.02

(p = 0.836)

rS = �0.08

(p = 0.480)

rP = �0.13

(p = 0.217)

rS = �0.08

(p = 0.431)

rS = �0.04

(p = 0.710)

rS = �0.04

(p = 0.695)

rS = 0.12

(p = 0.260)

ASC rS = �0.19

(p = 0.218)

rS = �0.11

(p = 0.489)

rP = 0.02

(p = 0.889)

rP = �0.24

(p = 0.111)

rS = �0.06

(p = 0.708)

rS = �0.15

(p = 0.314)

rS = �0.16

(p = 0.295)

rP = �0.17

(p = 0.277)

Control rP = 0.18

(p = 0.224)

rP = �0.04

(p = 0.778)

rS = �0.03

(p = 0.856)

rP = 0.00

(p = 0.980)

rS = 0.03

(p = 0.848)

rS = 0.28

(p = 0.065)

rS = 0.23

(p = 0.135)

rP = 0.39

(p = 0.008)*

A minus B (Difference bt.

rank-based-standardized

ratings)

Both

groups

rS = �0.10

(p = 0.327)

rS = 0.05

(p = 0.666)

rS = �0.01

(p = 0.943)

rP = �0.09

(p = 0.400)

rS = �0.23

(p = 0.031)*

rS = �0.11

(p = 0.297)

rS= �0.06

(p = 0.593)

rS = 0.11

(p = 0.302)

ASC rS = �0.06

(p = 0.686)

rS = �0.15

(p = 0.327)

rP = �0.09

(p = 0.577)

rP = �0.16

(p = 0.308)

rS = �0.35

(p = 0.018)*

rS = �0.18

(p = 0.235)

rS = 0.16

(p = 0.298)

rP = �0.06

(p = 0.709)

Control rP = 0.06

(p = 0.695)

rP = �0.15

(p = 0.320)

rS = 0.26

(p = 0.080)

rS = 0.01

(p = 0.958)

rS = 0.01

(p = 0.929)

rS = 0.29

(p = 0.050)

rS = 0.09

(p = 0.554)

rP = 0.30

(p = 0.045)*

P-values <0.05 are marked with an asterisk.
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FIGURE 1 | Mean naturalness ratings for the four conditions and filler texts in the ASD group (A) and the control group (B). Diamonds indicate means.

ratings for conditions A and D in the control group (rP = 0.39,
p = 0.008; ASD group: rP = �0.17, p = 0.277). This indicates
that the di�erence between ratings for sentences including FID
and ratings for sentences without FID decreases with age in
the control group.

Comparison of FID Conditions A and B
Reducing protagonist prominence generally a�ected the ratings
by lowering the units on the latent rating scale by 0.85 (95%
CI = [�1.06, �0.65]). ASD diagnosis lowered the ratings.
However, this tendency was smaller than the e�ect of protagonist
prominence (b = �0.12, 95% CI = [�0.37, 0.14]). The interaction
showed that reduced prominence tended to result in higher
ratings in the ASD group in comparison to the control group
(b = 0.17, 95% CI = [�0.23, 0.57]). Model comparisons indicated
extreme evidence for an influence of reduced protagonist
prominence. They further revealed moderate evidence for an
absence of a group e�ect as well as for an absence of an interaction
e�ect (Bayes factors for the models in comparison to the null
model: full model: BF > 1000; model with linear combination:
BF > 1000; model including only the factor group: BF = 0.1;
model including only the factor prominence: BF > 1000). The
model results and the rating behavior within the two groups
did not support the assumption of prominence a�ecting rating
behavior of the two groups di�erently. Thus, hypothesis 2 is not
supported by our data.

Comparable to the correlation analysis for the comparison of
conditions A and D, correlation analyses showed that age was
positively correlated with the di�erence between standardized
ratings for conditions A and B in the control group only
(rP = 0.30, p = 0.045; ASD group: rP = �0.06, p = 0.709).
This indicates that the di�erence between ratings for FID
anchored to the less prominent protagonist and ratings for
FID anchored to the more prominent protagonist decreases
with age in the control group. Moreover, correlations of
our psycho(patho)logical measures with the di�erence between

standardized ratings for conditions A and B showed a
statistically significant correlation across the sample (rS = �0.23,
p = 0.031), which appears to mainly be driven by the sample
with ASD: In this group, the scores of the AQ subscale
attention switching were moderately negatively correlated with
the di�erence between standardized ratings for conditions
A and B (rS = �0.35, p = 0.018). This indicates that
participants with ASD reporting more problems regarding
attention switching tend to give less divergent ratings for
conditions A and B.

Comparison of Neutral Conditions C
and D
The analysis suggests that a subject shift alongside the respective
referential expression lowered the ratings (b = �0.16, 95%
CI = [�0.30, �0.02]). The factor group showed a tendency to
also lower the ratings (b = �0.15, 95% CI = [�0.39, 0.09]).
The interaction hardly influenced the ratings (b = 0.03, 95%
CI = [�0.25, 0.32]). Model comparisons, however, showed
no reliable evidence for the presence of any of these e�ects
and tendencies in our data, as indicated by Bayes factors
favoring the null model over all other models while at the
same time lacking robustness (Bayes factors for the models in
comparison to the null model: full model: BF < 0.001; model
with linear combination: BF = 0.01; model including only the
factor group: BF = 0.13; model including only the factor subject
shift: BF = 0.08).

Further Explorative Analyses
Visual inspection of naturalness ratings distributions suggested
bimodality. To test if bimodality was present in our data, we
tested for each ratings distribution in each condition in each
group the deviance from unimodality. We used the R package
diptest (v0.75-7; Mächler, 2015) which applies Hartigan’s dip
test (Hartigan and Hartigan, 1985). The results indicated that
unimodality was not given at a 95%-confidence level in condition
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C in the ASD group as well as in condition B and C in
the control group. In the remaining conditions, unimodality
was not given at a 90%-confidence level. Therefore, the visual
impression was corroborated by the test. We performed a median
split of the data to identify if there was a di�erence between
people that tend to give higher ratings and people that tend
to give lower ratings. To this end, we split the groups into
two subgroups (high-rating subjects and low-rating subjects)
based on their ratings in condition D, which we set as the
reference condition for this analysis, because it does not contain
FID nor a subject shift. We then ran the models already
introduced above again with the additional factor subgroup
(high-rating vs low-rating) along its interaction terms with
the other factors.

The results of this analysis of subgroups showed that the
negative e�ect of FID on the ratings in condition A as opposed
to condition D seemed to be mediated mostly by participants
who rated high in condition D. Most importantly, this pattern
did not di�er statistically in the two subgroups of both the
ASD and the control group. Further, the results indicated that
FID anchoring to the less prominent protagonist lead to lower
ratings in all subgroups. Most importantly, this pattern did
not di�er statistically for the ASD subgroups and the control
subgroups, indicating that the tendency for high or low ratings
is more fundamental than the di�erential response behavior due
to diagnostic groups.

Participants’ Feedback
Most participants found the texts – at least to some degree –
confusing, stylistically clumsy, illogical, and/or grammatically
wrong. Several participants perceived a lack of coherence due
to sudden subject or perspective shifts (supposedly in the
case of neutral and FID texts) or due to the third sentence
containing ambiguous reference (supposedly in the case of
filler texts). Six participants (five with ASD) noticed and/or
found the shifts of perspective in the third sentence confusing
(supposedly with regard to FID texts), referring to this factor
as “perspective shift”, “shifting perspective” to the protagonist
that the story was not about, “shift of (emotional) narrative
perspective”, “brutal shift of the narrative perspective,” “illogical
perspective,” and “ambiguous perspective.” The markers we used
to indicate FID were partly perceived as unnatural, both by
people with ASD and control participants. Not only markers
of FID were mentioned in the feedback, but also our markers
of prominence. Three participants with ASD reported problems
with the interpretation of task instructions for the judgment
of naturalness or a di�culty to integrate naturalness regarding
the narrative style and naturalness regarding the content into
a comprehensive rating of naturalness. Some participants felt
torn between what to base their rating on, e.g., whether they
should base their rating on what would be considered natural
with regard to the behavior of the protagonists and the content
of the story, or rather on whether this was a narrative form
that could naturally be encountered. Three participants in the
ASD group reported that they found it hard to make a decision
within the time limit.

DISCUSSION

The aim of this study was to investigate the perception of
FID and prominence in the context of FID in participants
with ASD. In contrast to our hypotheses, we did not observe
any di�erence in the performance between persons with ASD
in comparison to una�ected control persons. The first focus
related to hypothesis H1 was the acceptability of FID in the
ASD group compared to the control group based on naturalness
ratings of sentences including FID (condition A) as opposed
to neutral sentences not containing FID (condition D). The
second focus related to hypothesis H2 was the study of the
di�erence between naturalness of FID anchored to a more
prominent protagonist as opposed to a less prominent one
(conditions A and B). Contrary to both hypotheses, the ratings
were comparable and did not di�er between the diagnostic
groups, neither with respect to the presence of FID (conditions
A vs. D, hypothesis H1) nor with respect to anchoring to more
or less prominent protagonists (conditions A vs. B, hypothesis
H2). Technically speaking, the factor group did not improve
the adequacy of the statistical model. Taken together, both
hypotheses had to be rejected.

FID Processing
Across the whole sample, naturalness ratings were lower for
sentences with FID (conditions A and B) compared to sentences
without FID (conditions C and D). This result is in accordance
with findings of a previous study in the general population in
which test items with FID received lower ratings in general.
Additionally, in that study test items with FID anchored to
the perspective of a more prominent protagonist yielded higher
acceptability ratings than test items with FID anchored to the
perspective of a less prominent protagonist (Hinterwimmer and
Meuser, 2019). We could replicate this e�ect in our study, further
supporting the notion of prominence as a relevant factor for
anchoring FID. In our control analysis in neutral conditions, i.e.,
non-FID sentences, we showed that a subject shift as manipulated
via grammatical function and referential expression shows a
tendency, but not a reliable decrease, to lower acceptability
ratings when pronouns need to be resolved. This indicates that
the e�ect of prominence reported above cannot be explained by
subject shift alone.

Interestingly, we found that the control sample as well as the
ASD sample could both be divided into two subgroups with
di�erent rating tendencies. Persons who generated high ratings
in condition D were more strongly a�ected by FID, whereas
the e�ect of prominence for FID anchoring was comparable
across subgroups. The explanation for these subgroups’ behavior
might be trivial: High-raters might tend to rate the acceptability
of texts with FID worse compared to low-raters, because they
have more rating variance available to indicate their perception.
However, individual factors might also play a role such as
di�erent perspective taking abilities (Kaiser and Cohen, 2012) or
language dexterity. Interestingly, this pattern was visible across
the control and the ASD sample, which further underlines that
rating patterns for FID in general and prominence-dependent
FID anchoring in particular are not a�ected in ASD.
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With respect to the processes involved, we propose that the
anchoring of FID depends both on perspective taking as well as on
linguistic markers, more specifically, on perspective taking and
the ascription of the perspectival center of a text which in turn
depends on the linguistic notion of prominence (Hinterwimmer,
2019). That leaves two strategies to anchor an utterance in FID
mode which may be both involved: (i) the reader may ascribe
an utterance in FID mode to the perspectival center of the
text and/or (ii) they may ascribe an utterance in FID mode
to a protagonist based on linguistic markers i.e., prominence-
lending cues.

Influence of Age
Another interesting observation was the correlation of the
ratings with age. In the control group, we report a relationship
of age with the naturalness-ratings for sentences with FID
as opposed to sentences without FID, in other words, both
types of sentences are rated more similar with increasing
age. The same relationship was found for age and the
naturalness-ratings for FID anchored to the less prominent
protagonist as opposed to FID anchored to the more prominent
protagonist. This might be related to a cognitive decline that
also involves language comprehension (Burke and Shafto, 2007)
as well as referential processing such as in anaphor resolution
based on problems recalling contextual information (Light
and Capps, 1986). FID processing might be a�ected in older
participants in a similar fashion, since it requires anchoring to
a protagonist previously introduced in the context. Furthermore,
tracking of protagonist prominence relations has been suggested
to be a�ected in older adulthood (Hendriks et al., 2014).
More generally, studies in older participants show that ToM
abilities decrease with age across di�erent experimental tasks
(Henry et al., 2013).

In contrast to these aforementioned aspects that putatively
explain the reduced FID sensitivity in older participants, greater
linguistic experience could on the other hand allow for easier
processing (Crocker and Keller, 2006) which could in turn lead
to an increased acceptance of sentences in FID mode in older
people, but also to easier processing of FID anchoring to less
prominent protagonists as opposed to more prominent ones.
Additionally, psycho-a�ective changes associated with higher age
might play a role, such as a more positive mindset in general
(Carstensen et al., 2010). Finally, age-associated cognitive decline
a�ecting text processing may be compensated for by other
abilities that improve with age such as crystallized abilities like
vocabulary, or change with age such as allocation of attention
during reading (Stine-Morrow et al., 2008).

Notably, we did not observe any such relationship with age
in persons with ASD. Research on aging in people with ASD is
sparse in general and often inconsistent (Happé and Charlton,
2012; Howlin and Magiati, 2017). While some cognitive abilities
seem to decline in ASD similarly to the general population
(Howlin and Magiati, 2017), others are less a�ected than in
the general population, such as working memory (Lever et al.,
2015) or align with control participants with age resulting
in comparable abilities in both groups, such as ToM abilities
(Lever and Geurts, 2016). Thus, di�erent lifetime trajectories of

cognitive abilities responsible for FID processing might explain
the di�erent rating behavior in ASD with increasing age.

Conceptual Issues
Theory of Mind (ToM)
One key capacity associated with perspective taking is ToM,
the ability to ascribe mental states to oneself and others, also
closely related to language (Gernsbacher and Yergeau, 2019).
In adolescents or adults with ASD, language abilities can partly
explain performance in ToM tasks (Peterson and Miller, 2012;
Lombardo et al., 2015) and strange stories tasks (Abell and Hare,
2005). Based on clinical diagnoses and WST performances, we
can make sure that participants with ASD did not display any
substantial language problems.

Our findings are in concordance with research showing that
text-based second-order ToM abilities in high-functioning adults
and adolescents with ASD are largely unimpaired (Bowler, 1992;
Happé, 1994; Ponnet et al., 2004; Scheeren et al., 2013; Schuwerk
et al., 2015; Murray et al., 2017). However, in contrast to our data,
second-order implicit ToM abilities have indeed been reported
to be a�ected in ASD in some studies (Ponnet et al., 2004;
Dziobek et al., 2006; Murray et al., 2017). Our data show that
persons with ASD are not compromised in this specific FID
task. Language-related ToM impairments have been argued to be
subtle (Colle et al., 2008). The most obvious interpretation seems
to be that adult persons with ASD with good verbal intelligence
are obviously able to learn the complex processes of perspective
taking that can be expressed via written language, even if implicit
perspective taking is required.

However, it is also possible that our purely behavioral
measures in this web-based study were not sensitive enough
to identify group di�erences. Previous studies have shown
di�culties associated with second-order ToM tasks despite
correct task responses, e.g., regarding the causal reasoning about
others’ mental states (Ozono� et al., 1991; Bowler, 1992; Happé,
1994; Dziobek et al., 2006), eye movements (Senju et al., 2009;
Scheeren et al., 2013; Schneider et al., 2013; Schuwerk et al.,
2015; Murray et al., 2017) as well as regarding the attribution of
belief which has been shown to not happen automatically (Senju
et al., 2009) and to be more di�cult for adults with ASD than
for control participants (Bradford et al., 2018). Future studies on
FID in ASD should therefore also include either a non-text-based
ToM task to assess if persons with ASD show second-order ToM
impairments in other domains or a FID component that requires
faster responses, possibly as a task in an ongoing interaction
with another person.

Embodiment
There is strong evidence that readers tend to create complex
mental models of the presented situation including the
protagonists’ experiences (e.g., Zwaan and Radvansky (1998))
for which also spatial grounding is a necessary prerequisite
(Beveridge and Pickering, 2013). Listeners or readers might
even embody the protagonists to re-experience their actions
(Kiefer and Pulvermüller, 2012) which possibly facilitates
empathizing with them (van Berkum, 2019). Furthermore,
participants also adopt a story’s timeline as they need more
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time to remember events if more time has passed in the story’s
timeline (Zwaan, 1996; Carreiras et al., 1997). If taking the
perspective of a protagonist is accompanied by embodiment, FID
anchoring could possibly be embodied, too. Spatial perspective
taking related to embodiment seems to play a role in FID
interpretation as indicated by its correlation with FID sensitivity
(Kaiser and Cohen, 2012). Furthermore, embodiment has been
shown to be relevant for referential expressions: In written
texts, processing of singular second person pronouns (Brunyé
et al., 2011; Gianelli et al., 2011) as well as third person
pronouns, but the latter only with spatial anchoring (Gianelli
et al., 2011), are usually accompanied by embodiment in
control participants. This e�ect seems to happen automatically
(Ditman et al., 2010).

If embodiment is indeed involved in FID anchoring, the
use of third-person pronouns such as in our texts might pose
an obstacle for identifying its influence on FID anchoring,
because embodiment seems to be limited in this case (Gianelli
et al., 2011). In a study investigating di�erent text styles on
spatial grounding, Salem et al. (2017) found that FID alongside
spatial anchors presented within the text did not increase self-
reported identification with the protagonist nor did it a�ect
spatial perspective taking of participants.

A disturbance of embodiment was proposed to o�er an
explanation for problems adults with ASD have with certain
mentalizing tasks especially in the spatial domain (Pearson
et al., 2013). But embodiment does not appear to be necessary,
depending on the task, mental rotation processes could be
employed (Pearson et al., 2013; Conson et al., 2015). In such a
spatial task, participants with ASD showed mostly unimpaired
performance when written texts referred to the participant or
the other person with first names (Mizuno et al., 2011). In our
study, we assume that participants did not make use of any such
strategies related to visual perspective taking, as we have not
systematically varied spatial information in our texts.

Executive Control
Basic abilities required for perspective taking are inhibitory
control (Brown-Schmidt, 2009; Wardlow, 2013) and working
memory capacity (Lin et al., 2010; Wardlow, 2013). Both of these
executive abilities have been reported to be impaired in persons
with ASD (Demetriou et al., 2018; Habib et al., 2019).

The ability to shift between or integrate di�erent perspectives
requires the balanced inhibition of one or more of potentially
competing perspectives (MacWhinney, 2000; Frith and de
Vignemont, 2005). Competing tasks demanding executive control
hinder the correct selection of perspectives (Qureshi et al., 2010).
Schwarzkopf et al. (2014) hypothesized for the visual domain that
persons with ASD do in fact implicitly take the perspective of
others. However, to decode behaviorally relevant interpretations
of the perspective of another person, an attentional shift away
from their own perspective toward another person’s perspective
is necessary, which might be less easily accomplished in ASD
(Schwarzkopf et al., 2014). Our explorative correlation analysis
suggests that people with ASD reporting more problems with
attention switching tend to give less divergent ratings for
conditions A and B. One related explanation could be that

impaired attention switchingmight lead to less perspective taking
and to reduced sensitivity for cognitively e�ortful FID anchoring
as opposed to e�ortless FID anchoring. However, because we did
not investigate executive functions, these claims are speculative.
Potentially, implicit methods could in principle reveal processing
di�erences in ASD while behavior is otherwise unimpaired
(e.g., Bradford et al. (2018)).

Executive control is not only relevant for the shifting of
perspective, but also for keeping track of a story or a conversation,
and thus for establishing and maintaining prominence relations,
accordingly, working memory abilities have been shown to
have a positive e�ect on the cognitive maintenance of shared
conversational information or “common ground” in ASD (Schuh
et al., 2016). Other abilities impaired in ASD such as planning
and fluency (Demetriou et al., 2018) might play a role in
predicting, updating and maintaining common ground, and
thus the tracking of prominence relations. Our results suggest
largely preserved abilities regarding inhibiting less prominent
anchors for the interpretation of FID, of storing information
in working memory to predict upcoming information and of
shifting attention toward the di�erent perspectival centers to
interpret FID. Thus, in our task, participants with ASD appear to
track prominence relations comparable to control participants.

LIMITATIONS

One limitation of the study was that we did not test any of
the capacities discussed under the umbrella terms of ToM,
embodiment or executive control. Our results therefore o�er a
first insight into how FID is processed at the behavioral level, but
cannot yet inform us about potential di�erences regarding their
underlying cognitive processes.

Our web-based study did not allow us to measure reaction
times. Considering the issue of response time, further studies
investigating persons with ASD should potentially allow for
longer time frames for the participants’ response or use
di�erent methods like self-paced reading to accommodate
di�erent needs regarding the duration of stimulus presentation.
To stimulate embodied text processing and thus increase
perspective taking, longer and more vivid texts might be helpful
(MacWhinney, 2000).

CONCLUSION

In this paper, we have shown that implicit perspective taking
based on verbal abilities in the context of FID is fully preserved
in ASD. We replicated the results of previous studies in
healthy control persons (Hinterwimmer and Meuser, 2019)
that the prominence status of protagonists in written short
stories a�ects acceptability judgments of FID anchored to these
protagonists. Our results suggest intact processing of FID in
adults with ASD. We speculate that a possible impairment
with respect to second-order ToM in ASD can possibly be
compensated or can be successfully dealt with in the verbal
domain when conventionalized linguistic operations are applied.
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Further investigations of FID interpretation in ASD will
benefit from additional measures beyond naturalness ratings,
such as implicit measures like reaction time, eye movement,
neurophysiological measures or neuroimaging that might shed
light on specific processes involved in perspective taking such
as ToM, embodiment or executive control, possibly with a focus
on discerning attention switching abilities and conventionalized
linguistic operations. With respect to treatment, this result
implies that interventions can potentially make use of these
language-based resources when focusing on impairments, such as
inferring mental states from photos or video animations (Baron-
Cohen et al., 2001; Ponnet et al., 2004; Dziobek et al., 2006) or
beliefs (Bradford et al., 2018) and intentions (Ozono� et al., 1991;
Bowler, 1992; Happé, 1994; Dziobek et al., 2006).
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6 General Discussion 

This thesis aimed at investigating mentalizing and perspective taking in the perception of 

language in autism – in particular regarding the perception of prominence – by (i) establishing 

a paradigm to investigate mentalizing drawing on the perception of nonverbal information, 

namely gaze and intonation as used for highlighting objects (study 1a and 1b), (ii) investigating 

mentalizing abilities in autistic adults based on nonverbal information using the established 

paradigm (study 1c) and (iii) investigating perspective taking in autistic adults reading short 

stories including protagonists that stand out to different degree (study 2).  

Albeit both investigating perspective taking in the perception of language, these two lines of 

studies focus on two different types of study material and tasks. Correspondingly, the 

perspective taking abilities required to perform the tasks differ.  

6.1 Inferring Mental States from Nonverbal Information 

6.1.1 Summary 

A paradigm to investigate mentalizing drawing on the perception of nonverbal information, 

namely gaze and intonation, was established in online study 1a (Zimmermann et al., 2020).  

The main findings were subsequently replicated in a controlled laboratory setting (studies 1b 

and 1c). In studies 1a and 1b, non-autistic participants were asked to infer how important a 

presented object was to a virtual character. In study 1c (Zimmermann et al., 2024), autistic 

adults participated in this paradigm along with non-autistic adults. 

At the group level, in both autistic and non-autistic participants, results of studies 1a–c showed 

an influence of the manipulated cues – gaze duration and pitch height – on mentalizing, more 

specifically on the ratings of object importance to the virtual character: The longer the virtual 

character looked at an object, and the higher the pitch excursion on the accented syllable of the 

corresponding utterance denoting the respective object, the higher participants rated its 

importance for the virtual character. The influence of gaze duration was greater in the autistic 

group compared to the non-autistic group suggesting that the autistic group paid more attention 

to the gaze cue as opposed to the pitch cue.  

At the individual level, both autistic and non-autistic participants differed regarding which cue 

they based their ratings on. Three subgroups could be identified: (i) “Lookers” based their 

ratings on gaze duration, (ii) “Listeners” based their ratings on pitch height, (iii) “Neithers” did 

not use either of the two cues. Moreover, participants’ rating behavior was linked to their gaze 
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behavior: “Lookers” spent more time looking at the virtual character’s eye region than 

“Listeners”, whereas “Listeners” spent more time fixating the object region.  

6.1.2 A Mentalizing Task amongst Others 

In line with previous studies on the general population, results from studies 1a and 1b of the 

current thesis demonstrate that non-autistic participants can infer mental states of others based 

on gaze duration (Einav & Hood, 2006; Freire et al., 2004; Klami, 2010; Klami et al., 2008) 

and intonation (Dahan et al., 2002; Ito & Speer, 2008; Kaland et al., 2014; Watson et al., 2008; 

Weber et al., 2006). Contrary to accounts of impaired mentalizing abilities in autistic adults 

based on nonverbal information (Baron‐Cohen et al., 2001; David et al., 2010; Dziobek et al., 

2006; Ponnet et al., 2004; White et al., 2011), study 1c of this thesis demonstrates similar 

mentalizing abilities in autistic and non-autistic people. However, study 1c differs from these 

studies not only regarding the stimuli investigated: The previous studies did not exclusively 

manipulate gaze duration and pitch height. Study 1c also differs from these studies with respect 

to stimulus and task complexity: The studies referred to above include moving triangles, 

naturalistic photos of the eye region showing various expressions, naturalistic video material of 

two or more people interacting with each other, virtual characters expressing preference by 

means of facial expression and body language. For example, a study on inferring a virtual 

character’s preference for one object over a second object, showed that autistic participants 

were slower and made more errors during this task than non-autistic participants (David et al., 

2010). The stimulus material in this study was arguably the most structured one of the studies 

mentioned above, manipulating object preference by varying three factors – facial expression, 

whole body rotation and hand gestures – on three levels each. In contrast, in the paradigm used 

in study 1c, which was also highly structured, complexity was even lower with only two cues 

varying on two levels. Additionally, the question participants were required to answer was the 

same in each trial. This likely led to a low level of difficulty and a good chance to identify 

informative cues by strategically using the two cues available.  

This may be an important differentiation as the task can potentially be solved by means of 

intelligence and attention instead of mentalizing faculties that are likely needed to solve less 

explicit ToM tasks based on nonverbal information. A meta-analysis including autistic 

participants from childhood to adulthood showed that within the comparison group, 

performance on the “Reading the mind in the Eyes” test – referred to as the Eyes-test in 

study 1c – improved with age and intelligence, while this was not the case in the autistic group 

(Peñuelas-Calvo et al., 2019). This finding suggests that age and intelligence cannot 
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compensate for the difficulties autistic people face when tackling the Eyes-test. In contrast, the 

paradigm in study 1c can possibly be solved by investing attention and intelligence resources, 

i.e. without mentalizing abilities required to solve the Eyes-test. The assessment of mentalizing 

abilities which go beyond strategic cue use may be limited in study 1c by the relatively high 

structuredness of the task. Therefore, enhancing the paradigm to a level of less structured, more 

life-like variability may change the study’s outcome and may lead to better insight into which 

mentalizing tasks may be particularly challenging for autistic people.  

6.1.3 Relative Impact of Gaze Duration and Intonation 

The impact of gaze duration and intonation on the ratings was not the same in the autistic and 

the non-autistic group but also differed between the web-based study and the laboratory study 

that included only non-autistic participants. 

6.1.3.1 Relative Impact of Gaze Duration and Intonation in Autism 

Compared to the non-autistic group, the autistic group took gaze duration into account to a 

greater extent than pitch height for their ratings. They rated the importance higher than the non-

autistic group when the object was gazed at for a long duration if presented with low pitch – 

and as high as the non-autistic group if it was presented with high pitch. When gazed at for a 

short duration, they judged the object’s importance to the virtual character to be lower than the 

non-autistic group. 

One possible explanation for why autistic participants in study 1c assigned more weight to the 

virtual character’s gaze, rather than pitch height, could be a difficulty in perceiving vocal pitch. 

This challenge has been observed in both speech (Grice et al., 2016, 2023; Schelinski & von 

Kriegstein, 2019) and non-speech contexts (Schelinski et al., 2017). Another factor could be an 

enhanced auditory processing capacity in autistic people compared to non-autistic people 

(Remington & Fairnie, 2017): In the paradigm used in studies 1a–c, the speech stimulus varied 

between trials due to the use of natural speech material, which resulted in slight differences in 

intonation across items. While the accented syllable in high-pitch stimuli was consistently 

45 Hz higher than in low-pitch stimuli, there were minor fluctuations in the absolute Hz values 

of low-pitch items. Furthermore, other prosodic aspects, like the length of the utterance, could 

have influenced how prominence was perceived. In contrast, the gaze cue was relatively 

straightforward to process, as it had a fixed duration of either 0.6 or 1.8 seconds, making it 

easier to categorize. Consequently, individuals managing a large amount of auditory 

information may find it easier to focus on the gaze cue. 
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Based on the premise that the task induces top-down attention allocation, the results may 

tentatively be interpreted as a focus on eye gaze as opposed to intonation in autistic people with 

regard to themselves or to autism in general. Research on gaze behavior in autism by far exceeds 

research on intonation in autism. Gaze behavior may overall be perceived as a more prominent 

characteristic feature in autism than intonation by both autistic and non-autistic people. Autistic 

participants may therefore have focused on gaze more strongly than on intonation in study 1c. 

Additionally, participants that took a systematic approach to complete the task may rightfully 

have inferred from the eye-tracking device that the experimenter was interested in their visual 

attention, and thus in their interpretation of – amongst others – the visual stimuli. Starting the 

task with a focus on visual information, as opposed to auditory information, is therefore a 

logical and strategic approach to the task. 

6.1.3.2 Relative Impact of Gaze Duration and Intonation in Non-autistic People 

Whereas in study 1a, gaze duration and pitch height had a similar effect on non-autistic 

participants’ responses, the results of study 1b suggest that the impact of pitch height on non-

autistic participants’ ratings of object importance was greater than the impact of the virtual 

character’s gaze duration. In study 1c, in which the non-autistic comparison group comprised 

participants from study 1b, a greater impact of pitch height as opposed to gaze duration was 

less pronounced than in study 1b in the non-autistic comparison group as a coincidental result 

of sample size reduction. In the autistic group, a greater impact of pitch height as opposed to 

gaze duration was not present.  

The reason for different weights of gaze duration and pitch height in the studies including non-

autistic participants may be the different conditions under which participants worked on the 

paradigm: Study 1a was a web-based study, whereas study 1b was a laboratory study with 

controlled visual and acoustic conditions. However, as results of previous studies (Krahmer et 

al., 2002b; Mixdorff et al., 2013; Srinivasan & Massaro, 2003; Swerts & Krahmer, 2008) 

suggest, prosody – and pitch accents in particular – may have a perceptual advantage compared 

to visually perceived facial movements when it comes to prominence perception, which here 

refers to prosodically highlighted elements in speech. Like studies 1a and 1b, these studies did 

not systematically aim at balancing prominence perception following pitch accents and visual 

facial movements. As for the current paradigm, this could be achieved by incorporating 

different levels of prominence, i.e. different maximum pitch excursions on the accented syllable 

as well as different gaze durations of the virtual character. Additionally, in the studies referred 

to, participants were asked to straightforwardly infer focus, prominence, or discriminate 
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questions from statements without the need to additionally infer mental states. This can – under 

normal listening conditions – arguably be done based on prosodic information alone. It is 

relatively easier than additionally inferring mental states. This renders the visual cues a mere 

add-on in these tasks. However, in natural settings, the importance of an object to a person may 

well be accompanied by signs of affection or emotion, not just displays of attentional focus. 

Considering the important role of the visual modality when inferring emotions from prosody 

and facial information (Collignon et al., 2008; de Gelder & Vroomen, 2000; Vroomen et al., 

2001), pitch height is unlikely to generally outweigh visual facial information when it comes to 

judging the importance of an object to a real-life person in a life-like scenario. Accordingly, 

while reports of greater impact of pitch height as opposed to eye gaze can explain the 

differences between findings of studies 1a and 1b, these differences may not expand to real-life 

scenarios and may be a mere result of the experimental setting.  

Another reason for the different influence of the gaze and the pitch cue in study 1a and 1b could 

be the different samples. Because the web-based study did not include an extensive set of tests 

and questionnaires, which would have allowed for screening the non-autistic participants for 

signs of autism not only in the laboratory study but also in the web-based study, it cannot be 

ruled out that autistic people or people with high autistic traits entered the web-based study. In 

study 1b, non-autistic participants tended to use pitch height more the greater their empathic 

skills and the lower their autistic traits, which aligns with a greater impact of gaze duration on 

ratings of autistic participants in study 1c. The study information of the web-based study 

excluded neurological or psychiatric disorders in general, but not autism specifically. Even if 

no person with an autism diagnosis entered the web-based study, it may still be possible that 

participants with very high autistic traits or very low empathic skills entered the study 

undetected (which was not the case in the laboratory study). These participants may have 

attenuated a possible tendency in the non-autistic sample to take into account the pitch cue to a 

greater extent. Accordingly, further investigation is required to better understand the impact of 

pitch height and gaze durations on prominence perception in this paradigm both in autistic and 

non-autistic participants. 

6.1.4 Audiovisual Interaction 

The findings further provide insights about mentalizing in settings in which both cues are 

presented in combination. In the paradigm used in these studies, both autistic and non-autistic 

participants made use of either the visual information, i.e. gaze duration, or the acoustic 

information, i.e. pitch height, or none, but not both. Studies investigating the perception of pitch 
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accents in the general population have shown that a simultaneous presentation of facial 

movement, head or hand gestures can lead to greater prominence perception compared to the 

presentation of only one modality (Ambrazaitis et al., 2020; Krahmer et al., 2002a; Mixdorff et 

al., 2013; Prieto et al., 2015; Swerts & Krahmer, 2008), while an interaction effect is not to be 

expected (Prieto et al., 2015; Swerts & Krahmer, 2008).  

The reason that, at the individual level, a combination of the auditory and the visual cue did not 

lead to higher ratings of object importance in the paradigm used in studies 1a–c may be the 

reductionistic study material and the task instruction. The latter introduced considerable 

cognitive load which can be detrimental when keeping track of simultaneously presented audio-

visual information (Fougnie et al., 2018) as well as to audio-visual integration (Ren et al., 2023). 

Most importantly, however, the instruction did not specify whether the virtual character would 

communicate via eye gaze, prosody or other behavior.  

Participants likely searched for a valid cue and stuck to it once they felt it was informative. 

Rarely, participants reported to have identified both cues, in which case this nevertheless did 

not result in them making use of both cues throughout the experiment, which exemplifies 

participants’ efficiency regarding their cue use in this task. Because participants had the 

freedom to use one, two, multiple or even no cues at all, there was no need for them to further 

identify other cues that may have added to their perception if they only found one that was 

sufficient to solve the task. Participants would arguably feel the need to search other sources of 

information in this paradigm only if their selected cue was not informative enough. 

Equivalently, in another demanding, but highly structured task (Macdonald & Tatler, 2013), in 

which auditory instructions were either ambiguous or unambiguous, participants made use of 

the instructor’s gaze behavior only, if the auditory information was not informative enough. 

Similarly, multimodal cue use has been reported in audiovisual studies in which for example 

auditory information is insufficient or difficult to understand: When trying to comprehend 

whispered speech, facial cues and head movements can help detecting focus (Dohen  

& Lœvenbruck, 2009). Likewise, intelligibility has been shown to be increased for speech in 

noise by head movements (Munhall et al., 2004) and for vocoded (i.e. synthetically distorted) 

speech by head nods and eye brow raises (Al Moubayed & Beskow, 2009).  

The paradigm as applied does not support integration of prosodic and gaze cues at a detectable 

level. It is possible, however, that integration occurred which would be detectable with other 

measures. Comparable to findings of longer reaction times for incongruent vocal and facial 

information in emotion recognition (Föcker et al., 2011) and prominence perception (Swerts  
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& Krahmer, 2008), incongruent audio-visual information may also lead to longer response 

times in the current paradigm, i.e. when the audio-visual channels suggest different levels of 

prominence,  participants may react slower than when both intonation and gaze duration suggest 

that an object is important to the virtual character, or when both signal that it is not. Detecting 

such a difference would likely require the paradigm to be changed so that response time 

variation is reduced and the informative value of response times is optimized, e.g. by reducing 

the forced-choice selection to two options (“important” and “not important”) and by more 

strongly restricting response time windows.  

6.1.5 Individual Behavior 

Participants were clustered into three behaviorally different subgroups: “Lookers”, “Listeners” 

and “Neithers”. Across both the autistic and the non-autistic group, participants were found 

across all three clusters. In the light of the previously reported importance of verbal information 

at the expense of nonverbal information in autistic people (Kuzmanovic et al., 2011; Stewart et 

al., 2013) along with a focus on word characteristics at the expense of intonation (Grice et al., 

2016), it would not have been surprising, if more autistic individuals would have been identified 

as “Neithers”, which was however not the case in this paradigm. The stronger influence of the 

gaze cue on the ratings in the autistic group was mirrored in autistic participants being identified 

as “Lookers” twice as often (14 of 24 participants, i.e. 58 % of the autistic group) as they were 

identified as “Listeners” (7 participants, i.e. 29 %, of the autistic group). In contrast, six 

participants (25 % of the non-autistic group) in the non-autistic group were categorized as 

“Lookers”, nine (38 % of the non-autistic group) as “Listeners”.  

The three behaviorally different subgroups feed into the literature on interindividual variability 

in the general population when it comes to perception of gaze in gaze cueing paradigms (Bayliss 

et al., 2005) as well as to the perception of pitch in prosodic prominence perception (Baumann 

& Winter, 2018; Roy et al., 2017; Wagner et al., 2019). Unlike these studies, studies 1a–c 

combined these factors in one paradigm and showed interindividual variability not within one 

domain, but across domains. Especially the factors contributing to the perception of prosodic 

prominence have been examined in detail (Baumann & Winter, 2018; Roy et al., 2017; Wagner 

et al., 2019). Findings indicate that pitch height is one of several factors contributing to the 

perception of prominence. Another acoustic cue to prominence is for example syllable duration 

(Baumann & Winter, 2018; Wagner et al., 2019). Studies 1a–c did not vary other acoustic 

factors besides pitch height. This clearly played to the strength of participants who were 

sensitive to pitch accents in prominence perception and likely made prominence detection in 
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the auditory cue more difficult for participants with certain perceptive prosodic profiles: For 

instance, participants who are generally less sensitive to pitch accents but more sensitive to 

other acoustic factors, such as syllable duration, likely found it harder to identify the auditorily 

presented prominence cue. Upcoming research could include different acoustic cues besides 

pitch height and take individual prosodic perceptive profiles into account to better understand 

and further dissect behavior in reaction especially to the acoustic stimuli. Likewise, including 

individual factors contributing to gaze perception, such as the perception of mutual and 

directional gaze in female and male characters, could be equally informative. 

Previous findings suggest that participants paying less attention to pitch accents in the acoustic 

stimuli may instead pay more attention to lexical, semantic-syntactic aspects (Baumann  

& Winter, 2018). While the stimuli in studies 1a–c are not embedded in an informative syntactic 

context, their lexical or semantic meaning could be controlled or manipulated in the paradigm 

to a greater extent in the future to better characterize the “Neithers” subgroup. For example, 

contributing factors such as the importance of the object to the participant, general object 

importance as well as features of the virtual character could be assessed or accounted for. 

It is unclear, to what degree the attentional preference of “Lookers”, “Listeners” and “Neithers” 

was formed in the rating paradigm and to what degree they entered the studies with a 

corresponding default attentional preference with respective auditory and visual sensitivity or 

different preferences to fixate a person’s eye region. Within the non-autistic group in studies 

1b and 1c, lower visual sensitivity – assessed via questionnaires before the experiment – was 

associated with less focus on the gaze cue as judged by rating behavior, which offers some 

support for the idea of prior attentional defaults. In the autistic group, no such relationship was 

found, which may be indicative of autistic participants attuning to the task’s systematic 

structure more strongly than the non-autistic group.  

Additionally, participants differed with regard to their perception of the virtual character as 

being the source of the utterance as well as with regard to their perception of the virtual 

character herself. As mentalizing is influenced by these perceptions, a more life-like scenario 

including a real person may increase participants’ mentalizing tendencies and thus lead to 

different results. Whereas comparable gaze behavior in autistic and non-autistic adolescents 

and adults has been reported in reaction to static images of virtual characters’ faces as compared 

to photographs of real people (Hernandez et al., 2009), different settings (computer screen as 

opposed to a real-live interaction with an experimenter) changed the gaze behavior of autistic 

children and adolescents, but not that of the non-autistic comparison group (Grossman et al., 
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2019). Equivalently, increasing external validity of the paradigm of studies 1a–c may paint a 

clearer picture of autistic (and non-autistic) behavior in more life-like settings. 

6.1.6 Gaze Fixation Durations 

With regard to gaze behavior, the results from study 1c in this thesis do not support the idea of 

generally attenuated attention towards the eye region in autistic adults, or towards gaze cues in 

particular (Itier et al., 2007). Both the autistic and the non-autistic group spent more time 

fixating the eye region than the object or the head region (excluding the eyes). Additionally, 

the time spent fixating these regions was similar in both diagnostic groups. These findings align 

with reports of longer fixations of the eye region as opposed to other parts of the face or to 

objects in the environment in autism (Auyeung et al., 2015; Dalton et al., 2005; Fedor et al., 

2018; Freeth et al., 2010; Hernandez et al., 2009). This behavior has also been shown in the 

general population (Fedor et al., 2018; Freeth et al., 2010; Henderson et al., 2005).  

Gaze behavior in autism is dependent on the stimulus (Chita-Tegmark, 2016; Guillon et al., 

2014) and the task (Setien-Ramos et al., 2022). For example, it has been suggested that the 

amount of autistic participants’ gaze towards people in the stimulus material is more likely to 

differ from a non-autistic group if the stimulus material includes more than one person (Guillon 

et al., 2014). This was not the case in study 1c and may explain why no statistical reliable 

differences were observed. Moreover, in tasks that require participants to gain information from 

other persons’ eye gaze, autistic and non-autistic adults fixate the eye region, as opposed to 

objects, for a similar amount of time (Setien-Ramos et al., 2022). On the other hand, in free 

viewing tasks, i.e. in tasks that allow for visual exploration at will, autistic adults have, 

compared to non-autistic adults, been shown to spend less time fixating the eye region (Setien-

Ramos et al., 2022). The paradigm used in study 1c was not a free viewing task as it required 

participants to search for potentially informative cues. Only if participants concentrated 

exclusively on the auditory information, they were able to visually explore freely in this 

paradigm. However, as the virtual character’s face and the object were the only visual stimuli 

in this paradigm, the expected areas of interest were nevertheless limited. Additionally, 

focusing exclusively on the auditory information in this paradigm equals discarding half of the 

available information which presumably is an unlikely behavior, at least at the beginning of the 

rating task.  

Across both the autistic and the non-autistic group, rating behavior was mirrored by 

participants’ gaze behavior: “Lookers” spent more time looking at the virtual character’s eyes 

than “Listeners” and tended to also spend more time looking at the eyes than “Neithers”. 
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“Neithers” in turn spent more time looking at the eyes than “Listeners”. “Neithers” and 

“Listeners”, who spent a similar amount of time looking at the object, both spent more time 

looking at the object than “Lookers”. As attention is closely linked to gaze direction (Buswell, 

1935; DeAngelus & Pelz, 2009; Yarbus, 1967), these findings are plausibly aligned with the 

idea that “Lookers” seek information from the eyes, while “Listeners” and “Neithers” seek 

information elsewhere. Along with qualitative feedback participants made after the experiment 

this supports the idea that participants were actively monitoring their preferred input modality. 

In the non-autistic group, “Neithers” tended to spend more time looking at the head region than 

“Lookers” and “Listeners”. This tendency is likely indicative of the “Neithers” searching for 

information not accessible in the eyes or the object region. For example, some participants from 

this subgroup reported to have taken into account the virtual character’s age and sex for their 

rating. 

In the eye region, visual inspection of the graphs from the fixation duration data – but not the 

statistical analysis – showed a small tendency for autistic “Listeners” to look at the virtual 

character’s eyes for a shorter period of time than non-autistic “Listeners”. It is possible that 

such a trend was not detected in the analysis due to e.g. great variation in fixation durations. In 

future investigations, it may be interesting to further explore this tendency as it could reveal 

different gaze behavior in the autistic and the non-autistic group. As has been demonstrated in 

different tasks, autistic participants flexibly adjust their gaze behavior to task-demands 

(Caruana et al., 2018; Riby et al., 2013; Setien-Ramos et al., 2022). As “Listeners” do not gather 

information from the eye region and are able to visually explore freely, this setting resembles a 

free-viewing task in which autistic participants are more likely to avoid looking at the eye 

region (Setien-Ramos et al., 2022). It seems plausible that autistic “Listeners” may default to 

avoiding the eye region in a situation in which a task does not require otherwise. One 

explanation for avoiding eye gaze in this situation could be an attenuated attention to social 

stimuli in general in autism (Chita-Tegmark, 2016). Autistic people may also avoid mutual gaze 

because they experience it as threatening or stressful (Tottenham et al., 2014). Moreover, it has 

been suggested that autistic participants perceive the eyes primarily as deictic cues instead of 

social cues (Caruana et al., 2018; Ristic et al., 2005), which may also explain this tendency. 

Systematically assessing uneasiness, stress or exhaustion in reaction to the virtual character’s 

gaze in the paradigm used in studies 1a–c, as well as collecting respective qualitative feedback 

may lead to better understanding of gaze perception, especially in the autistic group. 
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6.1.7 Attention (Re-)Orienting 

In the paradigm used in studies 1a–c, the duration of the virtual character’s gaze towards the 

object and the pitch height of the utterances referring to the object affected participants’ ratings 

of object importance for the virtual character. But it did not affect participants’ fixation 

durations towards the virtual character, the character’s eyes or the object. Moreover, it did not 

have an effect on later object recognition. Despite the paradigm not being aimed at producing 

these effects, participants’ gaze behavior and object memory was investigated to identify 

potential traces of attention (re-)orienting by means of the virtual character’s gaze duration 

towards the object and the intonation of the respective utterance. 

6.1.7.1 Participants’ Gaze Behavior 

No gaze cueing or gaze following effects were detected in the paradigm used in studies 1a–c. 

Comparable to other studies that demonstrated the impact of task instructions on fixation 

durations of participants from the general population (Buswell, 1935; Klami, 2010; Klami et 

al., 2008), findings of studies 1a–c suggest a strong influence of the instruction to infer the 

virtual character’s mental state on participants’ gaze behavior – possibly at the expense of 

potential gaze cueing or gaze following effects.  

In contrast, when tasks do not require participants to mentalize, a gaze following effect can be 

observed in the general population: If a person’s gaze is directed towards an object, it increases 

an observer’s gaze duration towards that object (Adil et al., 2018; Castelhano et al., 2007; Hutton 

& Nolte, 2011; Theuring et al., 2007). Most interestingly in the context of studies 1a–c: The 

longer a person is observed looking at an object, the longer the observer tends to look towards 

the respective object (Freeth et al., 2010). In the study by Freeth and colleagues (2010), autistic 

participants spent less time fixating the gaze-indicated object than non-autistic participants. 

Similarly, other studies show diminished gaze following or gaze cueing effects in autism: Autistic 

adults, for instance, look less at objects another person is looking at (Wang et al., 2015) and spend 

less time looking at such gaze-indicated objects (Fletcher-Watson et al., 2009; Freeth et al., 2010).  

Similar to gaze cues, prosody can orient a listener’s attention in the general population (Dahan 

et al., 2002; Ito & Speer, 2008; Watson et al., 2008; Weber et al., 2006). Unfortunately, 

respective studies in autistic adults have not been carried out yet. However, a study including 

autistic children suggests that pitch accents guide overt attention in autism similarly as in the 

general population: The study demonstrates that an utterance denoting an object, if highlighted 

by a pitch accent, increases the time spent looking at the indicated object both in autistic and 

non-autistic individuals (Ito et al., 2022).  
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6.1.7.2 Effect of Memory on Object Recognition 

After participants rated the importance of objects to a virtual character, they completed a 

memory task, more precisely an object recognition task. This task was implemented to detect 

possible memory traces of attention directed towards the object during the rating period. The 

object recognition task successfully measured object memory as demonstrated by effects 

generally found in recognition tasks such as an effect of participants’ fixation duration of a 

stimulus on its recognition (Droll & Eckstein, 2009; Martini & Maljkovic, 2009; Melcher, 2001, 

2006) as well as a recency effect (Brady et al., 2008; Konkle et al., 2010). 

The results of study 1c demonstrate similar performance regarding object recognition in autistic 

and non-autistic participants, which was reported by previous studies (Boucher et al., 2005; 

Bowler et al., 2000; Ring et al., 2015) – albeit not consistently (O’Hearn et al., 2014). 

An effect of the virtual character’s gaze duration or intonation on object recognition was, 

however, not found in studies 1b and 1c, neither in the autistic nor in the non-autistic group. In 

contrast, studies in autistic people (Ito et al., 2022) and in the general population (Adil et al., 

2018; Dodd et al., 2012; Fraundorf et al., 2010, 2012; Gregory & Jackson, 2017; Gregory  

& Kessler, 2022; Kember et al., 2021; Kushch et al., 2018; Morett & Fraundorf, 2019; 

Sajjacholapunt & Ball, 2014) reported effects of prosodic prominence or gaze during stimulus 

encoding on object memory. These studies are, however, not directly comparable to studies 1b 

and 1c due to different methodologies. Apart from the studies’ manipulation of prosodic 

prominence and gaze not being operationalized specifically and exclusively via pitch excursion 

or gaze duration, task instructions in the paradigm used in studies 1b and 1c arguably included 

higher task demands as they required participants to allocate attention to mental state 

attributions of the virtual character. Additionally, the later memory test, which was not 

announced before the object presentation phase, was presented more than ten minutes after 

object presentation had ended. If pitch height and gaze duration exert any cueing or gaze 

following effects in this paradigm, they may be short-lived and not be detected by merely 

collecting recognition responses, but may instead be better identified by means of implicit 

measures such as response times or pupil dilation. Further investigations of possible subtle 

effects of intonation and gaze on memory in this paradigm are necessary to understand under 

which conditions these factors may affect object memory in a task otherwise designed for 

probing mentalizing.  
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6.2 Perspective Taking in Written Text 

6.2.1 Summary 

In stories including more than one character, free indirect discourse (FID) requires the reader 

to identify the correct perspective for successful resolution. In study 2 (Zimmermann et al., 

2021), naturalness ratings for written sentences including FID anchored to one of two 

protagonists of different prominence status (i.e. of protagonists that stood out in the story to 

different degree) as well as naturalness ratings for written sentences not including FID were 

assessed in autistic adults and a comparison group. Both groups rated sentences including FID 

as less natural than sentences not including FID. Moreover, both groups rated sentences 

including FID anchored to the more prominent character as more natural than sentences 

including FID anchored to the less prominent character. Importantly, no group differences due 

to an autism diagnosis were observed. These results suggest that the identification of 

perspectival centers for prominence-dependent FID anchoring in short stories is comparable in 

autistic adults with normal intelligence and non-autistic adults. 

6.2.2 Free Indirect Discourse Perception 

The overall pattern of naturalness ratings was in accordance with previous findings 

(Hinterwimmer & Meuser, 2019): Naturalness ratings were lower for sentences including FID 

compared to sentences not including FID. Additionally, naturalness ratings were lower for 

sentences including FID anchored to the less prominent protagonist compared to sentences 

including FID anchored to the more prominent protagonist.  

In concordance with previous studies on explicit text-based second-order ToM abilities in autistic 

adults and adolescents (Bowler, 1992; Happé, 1994; Murray et al., 2017; Ponnet et al., 2004; 

Scheeren et al., 2013; Schuwerk et al., 2015), study 2 shows similar performance for the autistic 

and the non-autistic group. Arguably, the task in study 2 requires participants to implicitly take 

the perspective of a protagonist to successfully anchor FID to the most likely candidate. The 

similar rating behavior may suggest similar implicit perspective taking abilities of both groups. 

Study 2 did not include any further assessment of implicit or explicit ToM abilities. This limits 

the conclusions that can be drawn with regard to participants’ perspective taking abilities. As it 

has been shown that perspective taking following certain FID markers is correlated with spatial 

perspective taking in the general population (Kaiser & Cohen, 2012), including measures of 

perspective taking (other than FID perception) in future studies may be informative. In other 

studies, implicit perspective taking has been shown to be attenuated in autistic adults compared 
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to non-autistic adults, even if explicit task performance is comparable. For example, when autistic 

participants are asked to explain their responses within the context of a strange stories task, they 

refer less to mental states and provide less reasons that would suggest perspective taking 

(Callenmark et al., 2014; Happé, 1994). When working on false-belief tasks, anticipatory gaze of 

autistic observers suggests a lacking or decreased implicit perspective taking compared to non-

autistic observers (Schneider et al., 2013; Schuwerk et al., 2015; Senju et al., 2009).  

6.2.3 Open Research Questions 

The naturalness ratings employed in study 2 offer a first glance at FID perception in autism 

which had not been investigated before. While comparable rating patterns in the autistic and 

non-autistic group suggest similar FID processing, it must be noted that (i) FID anchoring does 

not necessarily require (implicit) perspective taking, which is particularly relevant within the 

context of the current thesis, and (ii) naturalness ratings are merely a superficial measure of 

FID anchoring processes that may still differ between autistic and non-autistic participants at 

other behavioral or non-behavioral levels.  

Given the uncertainty about whether – and to what extent – perspective-taking is required for 

FID anchoring, the following discussion will explore both possibilities: that perspective-taking 

plays a role in FID processing (Section 6.2.3.1) and that it does not (Section 6.2.3.2), in relation 

to open research questions. A deeper understanding of the factors contributing to FID anchoring 

may help future research on FID anchoring in autism decide whether to focus primarily on 

verbal abilities or perspective taking abilities. In study 2, all participants had normal verbal 

intelligence. However, future studies may benefit from including a wider range of participants 

with varying verbal abilities to better explore the relationship between verbal skills and FID 

processing, both in the general population and in autism specifically. 

Section 6.2.3.3 then examines how experimental methods beyond naturalness ratings can offer 

deeper insights into FID processing in both autistic and non-autistic participants. 

6.2.3.1 What if Free Indirect Discourse Involves Perspective Taking? 

It has been argued (Zeman, 2017) that FID processing and perspective taking required to pass 

false belief tasks, commonly used to assess ToM abilities, are similar in the sense that they draw 

on the same two fundamental components: (i) the ability to maintain different viewpoints at the 

same time, and (ii) the integration of these viewpoints from an external third viewpoint.  

Shifting and integrating different perspectives requires the inhibition of one or more potentially 

competing perspectives (Frith & de Vignemont, 2005; MacWhinney, 2000). Equivalently, the 
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prerequisite for FID processing and ToM formulated above (Zeman, 2017), i.e. the ability to 

simultaneously maintain different viewpoints and integrating these from an external viewpoint 

requires sufficient basic executive function in terms of working memory capacity (Lin et al., 

2010; Wardlow, 2013) and inhibitory control (Brown-Schmidt, 2009; Wardlow, 2013). Both 

working memory and inhibitory control have been shown to be challenging for autistic people 

(Demetriou et al., 2018; Habib et al., 2019). It has also been suggested to be particularly difficult 

for autistic participants to shift attention from one perspective to another (Schwarzkopf et al., 

2014). The exploratory analysis of data obtained in study 2 suggests that autistic participants, 

that reported more difficulties with attention switching in the AQ questionnaire, showed smaller 

differences in their naturalness ratings between sentences with FID anchored to the more 

prominent protagonist and sentences with FID anchored to the less prominent protagonist. If 

perspective taking is required for FID processing and attention switching is linked to 

perspectival shifts, why do difficulties in attentional switches lead to this decrease in ratings in 

the autistic group? May difficulties switching attention be associated with decreased sensitivity 

to different types of FID anchoring? May difficulties switching attention foster a more linguistic 

approach, which may be less or differently affected by violations of FID anchoring 

expectations? These questions cannot be answered with the results of study 2. Executive 

functions were not assessed in this study beyond the self-reported questionnaire items of the 

AQ. Assessing executive functions may, however, be an interesting idea for future studies. 

Increasing task demands with regard to executive functions may also be informative. For 

example, it may be worthwhile investigating if autistic readers may be affected differently by a 

task with higher task demands, as competing tasks demanding executive control hinder the 

correct selection of perspectives (Qureshi et al., 2010). 

It can be argued that perspective taking in FID processing not only shares similarities with ToM 

but also with embodiment and perceptual perspective taking: There is reason to believe that 

perspective taking during reading encompasses embodiment at least to a certain degree. Readers 

from the general population not only acquire a memory and a mental representation of the text 

itself, they also create mental models of the scenario described by the text (Zwaan  

& Radvansky, 1998). This can entail that readers mentally represent spatial locations of, for 

instance, things and people within a story. Such a spatial grounding has been argued to form 

the basis for embodied action simulation (Beveridge & Pickering, 2013), i.e. for embodied 

mental representations of a protagonist’s actions. A finding from neuroimaging demonstrates 

that imagining a contextual scenario while reading about motor actions performed by a 

protagonist referred to by third-person pronouns can indeed enhance embodiment, as opposed 
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to conditions preventing imagining a contextual scenario or conditions not including motor 

action (Tomasino et al., 2007). Spatial grounding seems to be particularly important for 

embodiment when reading stories including third-person protagonists (as opposed to when the 

reader is included in the story by referring to them as “you”) (Gianelli et al., 2011). Instead of 

outlining spatial relations in each story to induce embodiment it is also possible to include 

action descriptions that already contain spatial directionality (Taylor et al., 2008; Zwaan  

& Taylor, 2006). It may be interesting to investigate FID anchoring in stories that are more 

likely to enhance embodiment. Embodiment difficulties were, moreover, proposed to explain 

challenges autistic adults faced in some perspective taking tasks, particularly with regard to 

spatial perspective taking (Pearson et al., 2013). As discussed above, at least coarse-grained 

spatial relations may be necessary for embodiment during reading, and embodiment may be 

enhanced for motor action descriptions. Therefore, testing new items comparable to those of 

study 2 in autism alongside measures of embodiment such as participants’ body movements, 

brain activity or response times may be informative with respect to perspective taking processes 

during FID anchoring in autistic and non-autistic readers. Additionally, longer and more vivid 

stories may increase embodiment during reading (MacWhinney, 2000). It might help to 

understand whether or to what degree embodiment is involved in FID anchoring.  

It has been shown that – irrespective of the impact of FID – readers from the general population 

differ with regard to their tendency to take the perspective of a protagonist. Three subgroups 

have been identified that differ with regard to their perspective taking tendencies (Bimpikou, 

2023; Hartung et al., 2017; Vogels et al., 2021): (i) participants that tend to take the perspective 

of a protagonist, (ii) participants that do not tend take a protagonist’s perspective, i.e. that, 

depending on the study, maintain their own point of view, the point of view of a bystander or 

of the narrator, and (iii) participants that do not show a consistent tendency. The study by 

Bimpikou (2023) showed that participants with a tendency to take the protagonist’s perspective 

were influenced by FID markers. In this study, faster response times and mouse trajectories 

suggested that the presence of FID cues further increased the tendency of these participants 

(however not of participants without a consistent perspective taking tendency) to take the 

perspective of the protagonist. The studies mentioned above demonstrate a high 

interindividuality not only in perspective taking tendencies (Bimpikou, 2023; Hartung et al., 

2017; Vogels et al., 2021) but also with regard to the susceptibility to influences of FID 

(Bimpikou, 2023). Taking a step back and investigating individual perspective taking 

tendencies in autistic readers – irrespective of FID involvement – may be a fruitful base for 

further assessing FID perception in behaviorally different subgroups.  
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Markers of FID do likely not all induce the same type or degree of perspective taking. In a study 

with participants from the general population, Kaiser and Cohen (Kaiser & Cohen, 2012) found 

that evaluative adjectives (e.g. “Poor girl.”) in FID contexts led to stronger indications of 

perspective taking than adverbials of possibility or doubt (e.g. “He’d probably put toothpaste in 

the shampoo bottle again”). The authors suggest that the stronger influence of evaluative 

adjectives may be explained by the emotional component of this FID marker and a 

correspondingly more “empathic perspective taking”, whereas adverbials of possibility or doubt 

may rely on reasoning about other’s knowledge. They further showed a link of the former with 

spatial perspective taking abilities, i.e. participants with better spatial perspective taking 

performance showed higher sensitivity to evaluative adjectives. This link was not observed for 

adverbials of possibility or doubt. What does this entail for FID research in autism? Investigating 

FID processing as a general construct may be too coarse-grained to paint a comprehensive picture. 

Since different FID markers may be linked to different types of perspective taking, autistic readers 

might be influenced by them differently than non-autistic readers. 

In a similar fashion, it is possible that autistic readers perceive different types of prominence 

differently. Prominence-lending cues increase the likelihood of text interpretation from the 

perspective of a protagonist that is the perspectival center, i.e. the most likely anchor for any 

upcoming FID. When processing text that includes FID, readers arguably implicitly take the 

perspective of the character that is the perspectival center and anchor FID to it. Prominence 

can, however, arise from different qualities that may differ with regard to how they are 

perceived by autistic readers. Additionally, they may differ with regard to their potential 

interaction with perspective taking. For example, both a character’s agentivity as well as their 

newness are associated with comparably high levels of prominence (Himmelmann & Primus, 

2015). However, while some evidence suggests that readers or listeners (Buccino et al., 2005) 

tend to embody a protagonist’s agentivity (Tomasino et al., 2007), newness may be less likely 

to elicit embodiment or other forms of perspective taking. FID in the text material used in study 

2 was rated more natural if it was anchored to the most prominent protagonist, which here was 

always achieved by the protagonist being the subject of the sentence and being referred to by 

their name and pronouns. It may be interesting to systematically vary different prominence-

lending cues – for instance, agentivity – to investigate potential effects on embodiment or other 

types of perspective taking. 

Study 2 was the first investigation of FID perception in autism. To pave the way for systematic 

future investigations, qualitative interviews may help learn more about autistic participants’ 
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experience while processing FID, e.g. similarly to an investigation done on perspective taking 

in autism when processing story excerpts (Chapple et al., 2023). It would also be helpful to 

include measures and questionnaires that allow for the quantification of the degree of 

participants’ identification and relation with the protagonist as well as an associated spatial 

perspective taking, e.g. similarly to the measures used in a study by Salem and colleagues 

(2017) investigating FID perception in the general population. For example, with regard to 

study 2, item presentation may be followed by an identification scale, and items similar to those 

used in study 2 may be created which include specific spatial relations between the protagonists, 

enabling participants to spatially situate themselves.  

In conclusion, the processing of FID appears to involve a complex interplay of cognitive and 

perceptual factors, including executive functions and different types of perspective taking 

abilities such as mentalizing and embodiment. Future research may benefit from qualitative and 

quantitative investigations into individual differences in perspective taking tendencies, the 

influence of various FID markers, and the impact of different prominence-lending cues, in both 

autistic and non-autistic readers.  

6.2.3.2 What if Free Indirect Discourse does not Involve Perspective Taking? 

Do readers actually adopt a protagonist’s perspective when processing FID? A study examining 

text material including FID and spatial anchors (Salem et al., 2017) found that FID did not 

significantly enhance spatial perspective taking, the level of identification with the protagonist, 

or participants’ feelings of how strongly they felt themselves to be entering into a relation with 

the protagonist. However, these findings are limited, as participants in the FID condition also 

exhibited lower thematic interest in the text. Despite this, the question remains: how is FID 

processed if perspective taking is not involved and to what extent do autistic and non-autistic 

readers anchor FID to the perspectival center identified through linguistic cues? If participants 

use a cognitively conscious approach based on linguistic markers for FID anchoring, they need 

to identify indicators of FID as well as the prominent protagonist. Both require keeping track 

of common ground, i.e. the knowledge shared between two interlocutors – or between the 

narrator and the reader. Unsurprisingly, working memory has been shown to have a positive 

influence on common ground maintenance in autistic children and adolescents (Schuh et al., 

2016). Not only in this study, but also in other studies (Habib et al., 2019), lower working 

memory capacity has been observed in the autistic group. May common ground maintenance 

be associated with greater difficulty in autism in the case of FID processing? The results from 

study 2 do not suggest this idea, however, studies employing more extensive and detailed 
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measures might. In future studies, it may therefore be helpful to assess working memory 

capacity to investigate a possible influence of working memory on FID processing. 

Some evidence suggests that autistic and non-autistic participants are both proficient in tracking 

prominence relations: In autistic adolescents and adults with normal intelligence, shifting 

attention towards prominent entities seems to be intact (however, sometimes slightly delayed) 

both when anticipating information following spoken and written language (Brock et al., 2008; 

Tresh, 2016; Black et al., 2019). The study by Brock and colleagues (2008) investigated the 

perception of spoken sentences in autistic adolescents and a non-autistic group. No difference 

was found between the groups regarding anticipatory eye movements towards images of the 

denoted objects which were presented alongside distractor images. This finding suggests that 

the context is taken into account for the prediction of the following speech content as well as 

for an attentional shift towards more prominent, i.e. accessible, verbal content. This notion is 

corroborated by a study by Tresh (2016) including autistic adults, in which moreover no 

influence of mentalizing ability on the interpretation of future text content was shown. The 

identification of FID indicators may, as it follows specific rules, be arguably mastered with 

comparable ease by autistic and non-autistic participants with normal intelligence and sufficient 

language abilities. Taken together, it may be assumed that FID anchoring – both in autistic and 

non-autistic readers – may, in principle, be possible without perspective taking abilities. 

In the context of other ToM tasks (Livingston & Happé, 2017) and visual perspective taking 

(Conson et al., 2015), autistic participants have been suggested to opt for more conscious 

strategies more often than non-autistic participants. It has further been proposed that autistic 

people may in general have a more analytic style of decision making (Martino et al., 2008) and 

use more deliberate, less intuitive reasoning than non-autistic people (Brosnan et al., 2016, 

2017; Brosnan & Ashwin, 2023). Correspondingly, they may solve perspective taking tasks by 

applying learned (social) rules of cause and effect (van Tiel et al., 2021). Similarly, it is possible 

that anchoring FID may be more cognitively conscious in autistic readers compared to non-

autistic readers.  

6.2.3.3 Beyond Naturalness Ratings: Measures and Material 

Irrespective of whether FID anchoring requires perspective taking or not, it may be informative 

to include experimental methods other than naturalness ratings in future studies. Some studies 

investigating autistic and non-autistic behavior in adults in second-order ToM tasks show 

comparable performance with regard to participants’ explicit responses, but the diagnostic 

groups differ with regard to accuracy, response times (Bradford et al., 2018) or eye gaze 
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behavior (Schneider et al., 2013; Schuwerk et al., 2015; Senju et al., 2009). Both perspective 

taking and a linguistic approach to FID anchoring may be accompanied by processes not 

detectable by assessing naturalness ratings, as FID effects can be subtle and may not necessarily 

show in primary measures (cf. Bimpikou, 2023). Implicit measures such as response times, 

mouse trajectories, eye-tracking, neuroimaging or neurophysiological measures such as EEG 

(electroencephalography) may be employed with the idea of further understanding cognitive 

processing and identifying attentional differences in reaction to FID following different 

perspectival centers. This may allow for detecting possible subtle differences between 

individuals or between groups of autistic and non-autistic readers.  

In study 2, self-paced reading would not only accommodate individual reading times but may 

also reveal differences with regard to response times between groups following FID indicators 

or following the pronouns used for FID anchoring. Three of the 24 participants in the autistic 

group reported problems responding within the given time limit. It may be interesting to 

investigate whether their reading process took longer overall, or whether they spent particularly 

much time on specific parts of the text. Likewise, eye-tracking may be used to assess fixation 

durations for text parts. Longer reading times or longer fixation durations may be a sign of 

conscious or more effortful FID processing or anchoring. Further, eye-tracking or EEG may 

reveal attentional processes, for example with those associated with surprise or violation of 

expectations which may be assessed via pupil dilation or electrophysiological measures in 

response to FID in general and to FID anchored to the less prominent or more prominent 

protagonist. The greater rating differences for FID vs. non-FID conditions as well as for high 

vs. low prominence conditions found in younger participants in study 2, as opposed to older 

participants, may be linked to lifetime text exposure and be associated with less surprisal in 

higher age.  

Using more ecologically valid stimulus material, may be interesting as well. Creating text items 

including FID indicators can lead to stylistically clumsy and unnatural results. This could in 

part be avoided by using different types of FID indicators as well as potentially reducing FID 

indicators. In study 2, the three FID indicators where the same in all FID items: a temporal 

adverbial contrasting with the temporal adverbials in the first sentence (e.g. “now”), a verb in 

subjunctive II mode (e.g. “would”), and a colloquial term or qualitative noun (e.g. “clumsy 

oaf”). For instance, avoiding subjunctive II mode may yield less stylistically clumsy text 

material. 
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6.2.4 Ageing in Non-Autistic Readers: Decline of Rating Differences  

It may be informative to further investigate the effect of age found in study 2: The rating 

differences for the sentences including FID and those not including FID, as well as the rating 

differences for the sentences including FID anchored to the more prominent protagonist and 

those including FID anchored to the less prominent protagonist decreased with age in the non-

autistic group. This age effect was not observed in the autistic group. Further understanding 

this effect in non-autistic readers may not only shed light on FID processing in the general 

population but also in autism. The age effect may be mediated by other variables that could 

influence FID processing: In the general population, age is associated with a decline of 

cognitive abilities including language comprehension (Burke & Shafto, 2008), referential 

processing such as in anaphora resolution (Light & Capps, 1986), and tracking prominence 

relations (Hendriks et al., 2014). Moreover, performance in different ToM tasks decreases with 

age (Henry et al., 2013). On the other hand, a generally more positive mindset (Carstensen et 

al., 2010) in older participants, as well as changed attention allocation during reading and 

greater linguistic experience (Crocker & Keller, 2005), may lead to easier processing of FID 

and FID anchored to a less prominent protagonist in particular. Establishing whether these 

abilities and age-associated changes are directly associated with FID processing could 

putatively explain, why FID perception in study 2 was not affected by age in the autistic group, 

as opposed to the non-autistic group.  

Age-related cognitive decline in autism and the non-autistic population follows a similar pattern 

(Howlin & Magiati, 2017). Some abilities are, however, affected differently by age. For 

instance, visual memory is less affected by higher age in autistic compared to non-autistic 

people (Lever et al., 2015). One explanation for age affecting ratings in study 2 in the non-

autistic group only, could be a different lifetime trajectory of cognitive abilities responsible for 

FID processing in autistic and non-autistic readers. Another explanation could be a different 

approach for FID processing in both diagnostic groups. Further, both explanations may be at 

play at the same time. For example, ToM abilities decline with age in the general population to 

a level found in both young and old autistic people (Lever & Geurts, 2016; Zıvralı Yarar et al., 

2021). A potential association of ToM abilities with the age-related effects found in study 2 

may explain why the ratings of autistic participants were not affected by age. Additionally, as 

it has been shown that autistic children show difficulties in classic ToM tasks whereas 

adolescents and adults show similar performance to non-autistic participants, it may be 

interesting to investigate if this may also apply to FID processing, i.e. to investigate if autistic 
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children and adolescents perceive FID anchoring similar to non-autistic children and 

adolescents. 

6.3 Clinical Implications 

Study 1 demonstrates that, in both the autistic and non-autistic group, there is a high 

individuality among participants with regard to their use of the virtual character’s eye gaze 

behavior and their use of the intonation of the utterance presented alongside. Especially with 

regard to pragmatic intonation perception in autism and individual differences, research has yet 

to paint a clearer picture. When compared to research on gaze and gaze perception in autism, 

research on the production and perception of intonation in autism is sparse. A better 

understanding and quantification of individual use of intonation in autism – both for production 

and perception – may, however, be informative for diagnostics and potential speech training. 

The ICD-11 (World Health Organization, 2019) considers pragmatic language deficits one of 

the core features of autism (as opposed to other language deficits that may or may not 

accompany autism), and with respect to prosody states that speech in autism may lack “normal 

prosody and emotional tone and therefore [may] appear […] monotonous“. However, findings 

from studies investigating prosody production in autistic children and adults from different 

language contexts (Chan & To, 2016; Diehl et al., 2009; Sharda et al., 2010; Wehrle et al., 

2022) suggest this may not generally be a suitable – or specific enough – description of speech 

in autism, which in these studies has been described as being melodic rather than monotonous, 

albeit not consistently for all autistic participants. Neither the DSM-5 (American Psychiatric 

Association, 2013) nor the ICD-11 (World Health Organization, 2019) characterize intonation 

perception in autism. It may, however, be an informative autistic feature. While emotional 

prosody perception is an often-documented area of difficulty in autism, the extent of potential 

challenges in pragmatic prosody perception is not as clear-cut and subject to individual 

differences. Individuality may therefore be key for assessing impairments or unique features in 

the autistic individual. One application may be an individual chart of prosody perception fields 

of strengths and weaknesses which may not only enhance systematic assessment but may also 

help informing speech training. 

6.4 Conclusion and Outlook 

In this thesis, the perception of prominence-related perspective taking processes was 

investigated in autistic adults in two different experimental approaches: (i) audiovisual 

perception of intonation and gaze duration associated with attentional focus and respective 
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mentalizing, and (ii) perception of FID in written short stories in which protagonists vary with 

respect to their quality of standing out.  

Both study 1 and study 2 of this thesis investigated perspective taking which is a broad concept 

and subsumes different types of perspective taking. Study 1 was designed to assess conceptual 

perspective taking abilities required to infer other people’s mental states based on their gaze 

behavior and speech intonation. Study 2 investigated a type of perspective taking that does not 

require inferring others’ mental states but requires the interpretation of text from the perspective 

of one of the story’s protagonists. The former type of perspective taking may be considered an 

ability classically assessed within the scope of ToM – or mentalizing –, while the latter shares 

similarities with mentalizing, embodiment and perceptual perspective taking.  

Despite similar behavior in autistic adults compared to non-autistic adults in the studies 

constituting this thesis, the question remains whether they applied the same strategy to solve 

these tasks. As argued above, the tasks may allow for different strategies such as a more 

intuitive approach (which arguably would assess ToM and implicit perspective taking abilities) 

and a more strategic and rule-based approach. Potential perspective taking difficulties in the 

autistic group may be compensated by these latter overt and conscious strategies. The results 

of study 1 and study 2 of the current thesis do, however, not allow for the systematic 

investigation of the strategies participants applied. Establishing measures to achieve this may 

help mapping autistic behavior in these tasks. 

These studies offer a valuable starting point for future investigations that should optimally apply 

more life-like scenarios since external validity is limited for both investigated domains. 

Additionally, including measures allowing for improved assessment of processes underlying 

participants’ behavior such as neurophysiological measures could elucidate whether different 

strategies were applied by the different diagnostic groups to solve the tasks.   
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7 Summary 

Compared to non-autistic participants, autistic adults with normal intelligence show 

mentalizing and perspective taking difficulties mostly in tasks in which mental states are to be 

inferred from nonverbal information or in implicit tasks. i.e. in tasks in which perspective taking 

is not explicitly required. Research has yet failed to clearly demarcate the extent of these 

difficulties. The studies included in this thesis add to this body of literature by identifying 

important communicative competences both in the nonverbal and verbal domain that appear to 

be preserved in autistic adults. They show that mentalizing and perspective taking abilities in 

autistic adults are similar to non-autistic participants in two different domains of perception of 

language: (i) nonverbal language, i.e. body language (eye gaze) and intonation (pitch height) 

(studies 1a–c), as well as (ii) written short stories including free indirect discourse (FID) 

(study 2).  

The paradigm developed for studies 1a–c revealed robust and replicable results: The main 

findings obtained in an online study (study 1a) were successfully replicated in a controlled 

laboratory setting (studies 1b and 1c), both in an autistic and a non-autistic sample. Taken 

together, studies 1a–c demonstrate proficient use of prominence-lending cues (i.e. cues that 

help highlighting an element such as a syllable, an object or a protagonist) when perceiving 

intonation and gaze duration for mentalizing in autistic and non-autistic participants. In this 

paradigm, participants' mentalizing ability was assessed by their capacity to infer the 

importance of an object to a virtual character. Both diagnostic groups rated an object as more 

important to a virtual character if the character’s gaze towards the object was longer or if the 

pitch accent of the utterance denoting the object was higher. Across both diagnostic groups, 

three behaviorally different subgroups could be identified: “Lookers” that primarily took into 

account the gaze cue for their ratings, “Listeners” that predominantly concentrated on the 

intonation cue, and “Neithers” whose ratings were not significantly influenced by either of these 

two cues. Notably, compared to the non-autistic group, the autistic group took gaze duration 

into account to a greater extent than intonation.  

Using nonverbal cues for mentalizing has often been shown to be difficult for autistic 

participants. The design of the present study did not reveal such difficulties in the autistic group. 

However, it must be noted that the external validity is limited. Further, the reductionistic and 

highly structured task design in principle allows for different task solving strategies (or a 

mixture thereof): Either, participants rely on intuitive impressions, or they identify patterns and 

use these to solve the task. The tendency of autistic participants to attend to the gaze cue rather 



Summary 

 
 99 

than the pitch cue may be a byproduct of such a more systematic than intuitive task solving 

strategy. In upcoming studies, higher external validity could be achieved by including more 

naturalistic and less structured scenarios. 

Study 2 investigated the perception of FID in short written stories, which is suggested to be 

accompanied by implicit perspective taking. More precisely, participants rated how natural they 

found the last sentence of a short story. Autistic and non-autistic readers perceived the target 

sentences similarly: (i) Sentences including FID were perceived as less natural compared to 

sentences not including FID, and (ii) sentences including FID that needed to be anchored to the 

more prominent of two protagonists were perceived as more natural than sentences including 

FID that needed to the anchored to the less prominent protagonist. 

These results suggest similar FID processing in autistic adults compared to non-autistic adults. 

However, although the involvement of perspective taking in FID has been a subject of 

discussion, it has not yet been fully understood, nor has it been investigated extensively. 

Moreover, the conclusions drawn from this experiment are focused on naturalness ratings, 

which capture only one aspect of FID processing. Nevertheless, the findings provide an 

important foundation for exploring potential differences between autistic and non-autistic 

readers of FID at other (behavioral or physiological) levels. 

The studies in this thesis add to the body of literature on mentalizing and perspective taking in 

adults with autism as well as to research on prominence in the perception of language and 

general communication. The main findings of both investigated domains – nonverbal language 

(i.e. gaze and intonation) and FID perception – do not support the idea that autistic participants 

faced problems with perspective taking in these studies. As both tasks allowed for different 

task-solving strategies, further investigations of the behavior (in autism) in these tasks is 

necessary to understand (i) which role mentalizing and perspective taking play in these tasks, 

and (ii) to what extent autistic and non-autistic participants behave similarly in these tasks.  
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8 Zusammenfassung 

Autistische Erwachsene (ohne Intelligenzeinschränkungen) haben im Vergleich zu nicht-

autistischen Personen häufig Schwierigkeiten, mentale Zustände anderer Personen zu erfassen 

und deren Perspektive einzunehmen. Dies gilt insbesondere für Aufgaben, bei denen mentale 

Zustände aus nonverbalen Informationen ausgelesen werden sollen oder für implizite 

Aufgaben, d.h. Aufgaben, die eine Perspektivübernahme nicht explizit erfordern. Das Ausmaß 

dieser Schwierigkeiten ist in der bisherigen Forschung noch nicht klar herausgearbeitet worden. 

Die in dieser Dissertation vorgestellten Studien erweitern die bestehende Literatur, indem sie 

wichtige kommunikative Kompetenzen sowohl im nonverbalen als auch im verbalen Bereich 

identifizieren, die bei autistischen Erwachsenen unbeeinträchtigt zu sein scheinen. Insbeson-

dere verdeutlichen sie, dass das Verhalten hinsichtlich der Perspektivübernahme und der 

Zuschreibung mentaler Zustände einer anderen Person bei autistischen Erwachsenen in zwei 

verschiedenen Bereichen der Sprachwahrnehmung ähnlich wie bei nicht-autistischen 

Teilnehmenden ausfällt: (i) nonverbale Sprache, was sich hier zum einen auf Körpersprache – 

speziell auf Blickverhalten – bezieht, sowie auf Intonation (Studien 1a–c), und (ii) freie 

indirekte Rede (auch: erlebte Rede) in schriftlich präsentierten Kurzgeschichten (Studie 2).  

Das für die Studien 1a–c entwickelte Paradigma zeigte robuste und replizierbare Ergebnisse: 

Die zentralen Erkenntnisse der Online-Studie (Studie 1a) konnten in einer kontrollierten 

Laborumgebung (Studien 1b und 1c) sowohl mit autistischen als auch mit nicht-autistischen 

Teilnehmenden erfolgreich repliziert werden. Zusammengenommen zeigen die Studien 1a–c, 

dass autistische und nicht-autistische Studienteilnehmende Prominenz-Hinweisreize – also 

Signale, die ein Element wie eine Silbe, ein Objekt oder eine*n Protagonist*in hervorheben – 

gekonnt nutzten, um Intonation und Blickdauer im Hinblick auf den mentalen Zustand einer 

anderen Person zu interpretieren. Die Bedeutung eines Objekts für eine virtuelle Figur wurde 

von beiden Diagnosegruppen höher eingeschätzt, wenn der Blick der virtuellen Figur länger 

auf dem Objekt verweilte oder der Tonakzent der jeweiligen Äußerung, die das Objekt 

bezeichnete, höher war. Über beide Diagnosegruppen hinweg konnten drei verhaltens-

spezifische Untergruppen identifiziert werden: „Lookers“ (Schauende), die primär die 

Blickdauer der virtuellen Figur für ihre Bewertungen heranzogen, „Listeners“ (Hörende), die 

sich vor allem auf die Intonation fokussierten, und „Neithers“ (weder/noch), deren 

Bewertungen von keinem der beiden Faktoren signifikant beeinflusst wurden. Interessanter-

weise legte die autistische Gruppe im Vergleich zur nicht-autistischen Gruppe mehr Gewicht 

auf die Blickdauer als auf die Intonation. 
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Die Nutzung nonverbaler Informationen für das Auslesen mentaler Zustände anderer Personen 

stellt für autistische Menschen häufig eine Herausforderung dar. Das vorliegende 

Studiendesign zeigte keine derartigen Schwierigkeiten in der autistischen Gruppe. Die externe 

Validität der Ergebnisse ist jedoch begrenzt. Darüber hinaus lässt das stark strukturierte und 

reduktionistische Aufgabendesign unterschiedliche Lösungsstrategien zu (oder eine Kombi-

nation aus diesen): Die Teilnehmenden können sich entweder auf intuitive Eindrücke verlassen 

oder gezielt Muster erkennen, um diese zur Bewältigung der Aufgabe zu nutzen. Die 

Beobachtung, dass autistische Teilnehmende eher die Blickdauer als die Tonhöhe berück-

sichtigen, könnte das Ergebnis einer solchen systematischen Aufgabenlösungsstrategie sein. 

Um in zukünftigen Studien eine höhere externe Validität zu erreichen, sollten naturalistischere 

und weniger stark strukturierte Szenarien einbezogen werden. 

In Studie 2 wurde die Wahrnehmung von freier indirekter Rede in schriftlich präsentierten 

Kurzgeschichten untersucht, die mit impliziter Perspektivübernahme einhergehen soll. Konkret 

bewerteten die Teilnehmenden, wie natürlich sie den letzten Satz einer Kurzgeschichte 

empfanden. Autistische und nicht-autistische Lesende nahmen die entsprechenden Sätze in 

ähnlicher Weise wahr: (i) Sätze mit freier indirekter Rede wurden im Vergleich zu Sätzen ohne 

freie indirekte Rede als weniger natürlich empfunden, und (ii) Sätze mit freier indirekter Rede, 

die sich auf den/die prominentere/n von zwei ProtagonistInnen bezogen, wurden als natürlicher 

wahrgenommen als solche, die sich auf den/die weniger prominente/n ProtagonistIn bezogen. 

Die Ergebnisse weisen darauf hin, dass die Verarbeitung von freier indirekter Rede bei 

autistischen und nicht-autistischen Erwachsenen ähnlich verläuft. Die Rolle der Perspektiv-

übernahme bei der Verarbeitung von freier indirekter Rede ist jedoch, obwohl sie bereits in der 

Fachliteratur thematisiert wurde, bislang weder vollständig verstanden noch umfassend 

untersucht worden. Darüber hinaus konzentrieren sich die Schlussfolgerungen aus diesem 

Experiment auf die Bewertung der Natürlichkeit, die lediglich einen Aspekt der Verarbeitung 

freier indirekter Rede abbildet. Dennoch stellen die Ergebnisse eine wichtige Grundlage dar, 

um mögliche Unterschiede zwischen autistischen und nicht-autistischen Lesenden von freier 

indirekter Rede auf anderen Ebenen – sei es verhaltensbezogen oder physiologisch – weiter zu 

erforschen. 

Die in dieser Arbeit vorgestellten Studien erweitern die bestehende Literatur zur Mentali-

sierungsfähigkeit bzw. zur Perspektivübernahme bei Erwachsenen mit Autismus sowie zur 

Prominenz in der Sprachwahrnehmung und in der Kommunikation im Allgemeinen. Die 

Hauptergebnisse aus den beiden untersuchten Bereichen – nonverbale Sprache (hier: Blick und 
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Intonation) und die Wahrnehmung von freier indirekter Rede – sprechen nicht dafür, dass 

autistische Teilnehmende in diesen Studien Schwierigkeiten mit der Perspektivübernahme 

hatten. Da beide Aufgaben unterschiedliche Lösungsstrategien ermöglichen, sind weitere 

Untersuchungen erforderlich, um (i) die Rolle von Mentalisierungsprozessen und Perspektiv-

übernahme in diesen Aufgaben besser zu verstehen und (ii) die Gemeinsamkeiten und 

Unterschiede im Verhalten von autistischen und nicht-autistischen Teilnehmenden in diesen 

Aufgaben systematisch zu vergleichen. 



Appendix 

 
 103 

9 Appendix 

  



Appendix 

 
 104 

9.1 Supplementary Material for Studies 1b and 1c 

The supplementary material comprises details on the auditory stimulus pretest, the complete list of 

object names alongside their English translations as well as the complete video and audio material. 

As the video and audio material is not included in this thesis, the reader is referred to the 

supplementary material online: https://www.frontiersin.org/articles/10.3389/fcomm.2024.1483135/ 

full#supplementary-material. 

9.1.1 Perceptual Pretest of Auditory Stimuli 

Auditory stimuli were submitted to a perceptual pretest for “similarity”, “naturalness” and accent type 

by six trained phoneticians. More precisely, they rated (i) if the original utterances sounded the same 

as the stimuli produced for the “low” condition, (ii) if the stimuli produced for the “low” and “high” 

condition sounded like natural utterances, and (iii) if the stimuli exhibited an H*-accent, signaling 

broad focus, or if the stimuli exhibited an L+H*-accent, signaling contrastive focus, or neither.  

Stimuli that entered the “low” condition and the respective original utterances were rated as sounding 

the same in 86.76 % of cases. No stimulus was rated “the same” by less than 50 % of the raters. 

Stimuli produced for the “low” and “high” condition were rated as sounding natural in 92.39 % and 

75.00 % of cases, respectively. No stimulus was rated “natural” by less than 50 % of the raters. Stimuli 

produced for the “low” and “high” condition were rated as H* and L+H*, respectively, in 83.70 % 

and 78.99 % of cases. No stimulus was rated to be of the intended accent-type by less than 50 % of 

the raters. 

9.1.2 List of Object Names and their English Translations 

Trials Object Name English Translation 
Practice Trials Eule Owl 

Hocker Stool 
Puppe Doll 
Schlüssel Key 

Experimental Trials Affe Monkey 
Ampel Traffic light 
Anker Anchor 
Apfel Apple 
Auto Car 
Besen Broom 
Biene Bee 
Birne Pear 
Bleistift Pencil 
Blume Flower 
Bluse Blouse 
Brille Glasses 

https://www.frontiersin.org/articles/10.3389/fcomm.2024.1483135/full#supplementary-material
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Trials Object Name English Translation 
Experimental Trials Brunnen Well 
 Bürste Brush 
 Drachen Kite 
 Eisbär Polar bear 
 Ente Duck 
 Erdnuss Peanut 
 Esel Donkey 
 Fahne Flag 
 Fahrrad Bicycle 
 Fenster Window 
 Flasche Bottle 
 Fliege Fly 
 Flugzeug Airplane 
 Gabel Fork 
 Geige Violin 
 Glocke Bell 
 Gürtel Belt 
 Hammer Hammer 
 Handschuh Glove 
 Harfe Harp 
 Hase Rabbit 
 Hose Pants 
 Käfer Beetle 
 Katze Cat 
 Kerze Candle 
 Kette Necklace 
 Kirche Church 
 Koffer Suitcase 
 Kreisel Spinning top 
 Krone Crown 
 Kühlschrank Refrigerator 
 Kürbis Pumpkin 
 Lampe Lamp 
 Leiter Ladder 
 Löffel Spoon 
 Löwe Lion 
 Mantel Coat 
 Meißel Chisel 
 Messer Knife 
 Mütze Cap 
 Nadel Needle 
 Nagel Nail 
 Nashorn Rhinoceros 
 Pfanne Pan 
 Pfeife Pipe 
 Pfirsich Peach 
 Pinsel Paintbrush 
 Raupe Caterpillar 
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Trials Object Name English Translation 
Experimental Trials Rollschuh Roller skate 
 Säge Saw 
 Sandwich Sandwich 
 Schachtel Box 
 Schere Scissors 
 Schlange Snake 
 Schleife Bow 
 Schneemann Snowman 
 Schraube Screw 
 Schreibtisch Desk 
 Schüssel Bowl 
 Socke Sock 
 Sofa Sofa 
 Sonne Sun 
 Spargel Asparagus 
 Spinnrad Spinning wheel 
 Stiefel Boot 
 Tasse Cup 
 Tiger Tiger 
 Toaster Toaster 
 Torte Cake 
 Trommel Drum 
 Türgriff Doorknob 
 Vase Vase 
 Vogel Bird 
 Waschbär Raccoon 
 Weste Vest 
 Wolke Cloud 
 Zange Pliers 
 Zebra Zebra 
 Ziege Goat 
 Zwiebel Onion 
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9.2 Supplementary Material for Study 2 

The supplementary material comprises the complete list of items used in study 2.  

This list can also be found online: https://www.frontiersin.org/journals/psychology/articles/10.3389/ 

fpsyg.2021.675633/full#supplementary-material 

  

https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2021.675633/full#supplementary-material
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