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Abstract 

In social interactions, people reason about their own mental statesñsuch as beliefs, 

desires, or intentionsñand ascribe mental states to others in order to predict or explain their 

behavior. This ability, referred to as Theory of Mind, is central to successful social interaction and 

develops in childhood. Explicit Theory of Mind, a conscious and verbally expressible 

understanding of mental states, typically emerges around age 4. In contrast, the earlier 

development of implicit Theory of Mind, an unconscious, non-verbal sensitivity to othersõ mental 

states, remains debated due to inconsistent findings across various experimental paradigms. 

Theory of Mind abilities are closely associated with both the use and understanding of mental 

state language. In mental state language understanding research, empirical evidence demonstrates 

that children verbally distinguish between epistemic verbsñsuch as know, think or, believeñ

from around the ages of 4 to 5. However, it remains unclear whether implicit mental state 

language understanding is already present earlier due to limited research. In neurodivergent social 

cognitive development, such as in autism, recent predictive coding accounts link difficulties in 

Theory of Mind reasoning to attenuations in predictive processing. Since implicit Theory of Mind 

relies on unconscious predictions about othersõ mental states, differences between autistic and 

neurotypical individuals may reflect alterations in the underlying predictive mechanisms, thereby 

offering a potential explanation for challenges in social interaction. However, neural findings 

remain elusive. Based on these considerations, the following key questions arise: How robust are 

existing paradigms for measuring implicit Theory of Mind across the lifespan? Does implicit 

mental state language understanding developmentally precede an explicit one? Does predictive 

processing in Theory of Mind brain regions differ between autistic and neurotypical individuals? 

The aim of this dissertation was to systematically investigate these questions. To this end, 

four empirical studies were conducted, each addressing different aspects of implicit Theory of 

Mind within neurotypical and/or neurodivergent social cognitive development. Study 1 validated 

a novel web-based eye-tracking method with toddlers aged 18 to 27 months (N = 125). Within an 
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anticipatory looking paradigm, goal-based action anticipation was measured and compared with 

findings from a laboratory study. The results showed that with our web-based setting goal-based 

action anticipation can be successfully measured, although the proportion of anticipatory looking 

was slightly lower, and exclusion rate was higher. Study 2 also used the anticipatory looking 

paradigm and tested whether toddlers (N = 521) and adults (N = 703) differ in their action 

anticipation based on epistemic states such as knowledge and ignorance. Adults clearly 

distinguished between knowledge and ignorance, as indicated by their anticipatory looking 

behavior. Unexpectedly, toddlers did not show this differentiation, highlighting the need for 

further research. Study 3 investigated the implicit understanding of the epistemic verbs òknowó 

and òthinkó in toddlers aged 27 (N = 199) and 36 months (N = 131). The results revealed that 

toddlers as young as 27 months were able to differentiate between these verbs, with a 

spontaneous preference for speaker certainty (i.e., òknowó). This indicates that implicit mental 

state language understanding seems to precede an explicit one. Study 4 investigated predictive 

processing in the Theory of Mind network of non-autistic (N = 61 in Experiment 1; N = 30 in 

Experiment 2) and autistic (N = 30 in Experiment 2) adults using functional magnetic resonance 

imaging. Contrary to our expectations, predictive processing was absent in the Theory of Mind 

network in either group. However, in autistic (in comparison to non-autistic) adults a reduced 

repetition suppression was observed in a specific scene involving complex Theory of Mind 

processes. This provides preliminary neural evidence for the predictive coding theory in autism. 

Together, the four studies contribute to a more differentiated understanding of implicit Theory 

of Mind abilities across development and neurodiversity. They offer methodological innovations 

for implicit measurement of early social cognitive abilities, highlight both the potential and 

limitations of current theoretical accounts and empirical paradigms, and point to directions for 

future research. 
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Deutsche Zusammenfassung 

In sozialen Interaktionen denken Menschen ¿ber ihre eigenen mentalen Zustªnde ñwie 

¦berzeugungen, W¿nsche oder Absichten ñnach und schreiben auch anderen Personen mentale 

Zustªnde zu, um deren Verhalten vorherzusagen oder zu erklªren. Diese Fªhigkeit, die als 

Theory of Mind bezeichnet wird, ist zentral f¿r gelingende soziale Interaktion und entwickelt sich 

im Kindesalter. Explizite Theory of Mind, ein bewusstes und verbal ausdr¿ckbares Verstªndnis 

mentaler Zustªnde, entwickelt sich typischerweise im Alter von etwa 4 Jahren. Im Gegensatz 

dazu ist die fr¿here Entwicklung der impliziten Theory of Mind, einem unbewussten, nicht-

verbalen Zugang zu mentalen Zustªnden anderer, weiterhin umstritten, da Befunde aus 

verschiedenen experimentellen Paradigmen inkonsistent sind. Theory of Mind-Fªhigkeiten stehen 

in engem Zusammenhang sowohl mit der Verwendung als auch mit dem Verstehen mentaler 

Zustandssprache. Die Forschung im Bereich des Verstehens mentaler Zustandssprache zeigt, 

dass Kinder ab etwa 4 bis 5 Jahren verbal zwischen epistemischen Verbenñwie wissen, glauben 

oder denkenñunterscheiden kºnnen. Es bleibt jedoch unklar, ob diese Fªhigkeit bereits fr¿her 

vorhanden ist, da Forschung in diesem Bereich bislang begrenzt ist. Bei neurodivergenter sozial-

kognitiver Entwicklung, etwa bei Autismus, bringen aktuelle Predictive Coding-Ansªtze 

Schwierigkeiten in Theory of Mind-Fªhigkeiten mit einer Abschwªchung in der prªdiktiven 

Verarbeitung in Verbindung. Da implizite Theory of Mind auf unbewussten Vorhersagen ¿ber 

mentale Zustªnde anderer beruht, kºnnten Unterschiede zwischen autistischen und 

neurotypischen Personen auf Verªnderungen in zugrunde liegenden prªdiktiven Mechanismen 

hinweisen und somit eine mºgliche Erklªrung f¿r Herausforderungen in der sozialen Interaktion 

liefern. Dennoch bleiben eindeutige neuronale Befunde bislang aus. Vor diesem Hintergrund 

ergeben sich folgende zentrale Fragen: Wie robust sind die bestehenden Paradigmen zur 

Erfassung impliziter Theory of Mind ¿ber die Lebensspanne hinweg? Entwickelt sich das 

implizite Verstªndnis epistemischer Sprache vor dem expliziten? Unterscheidet sich die prªdiktive 
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Verarbeitung in Theory of Mind-relevanten Gehirnregionen zwischen neurotypischen und 

autistischen Personen? 

Ziel dieser Dissertation war es, diese Fragen systematisch zu untersuchen. Zu diesem 

Zweck wurden vier empirische Studien durchgef¿hrt, die jeweils unterschiedliche Aspekte 

impliziter Theory of Mind im Rahmen neurotypischer und/oder neurodivergenter Entwicklung 

beleuchteten. In Studie 1 wurde ein neues web-basiertes Eye-Tracking-Verfahren bei 

Kleinkindern im Alter von 18 bis 27 Monaten (N = 125) validiert. Im Rahmen eines 

antizipatorischen Blickverhalten-Paradigmas (engl. anticipatory looking paradigm) wurde 

zielgerichtete Handlungsantizipation erfasst und mit Ergebnissen einer Laborstudie verglichen. 

Die Ergebnisse zeigten, dass zielgerichtete Handlungsantizipation in unserem web-basierten 

Setting zuverlªssig messbar ist, wenngleich der Anteil des antizipatorischen Blickverhaltens etwas 

geringer und die Ausschlussrate hºher war. Studie 2 nutzte ebenfalls das Paradigma aus Studie 1, 

das antizipatorisches Blickverhalten misst, und untersuchte, ob sich die Handlungsantizipation 

von Kleinkindern (N = 521) und Erwachsenen (N = 703) basierend auf den epistemischen 

Zustªnden Wissen und Unwissen unterscheiden. Erwachsene unterschieden klar zwischen 

Wissen und Unwissen, was sich in ihrem antizipatorischen Blickverhalten widerspiegelte. 

Unerwarteterweise zeigten Kleinkinder diese Differenzierung nicht, was die Notwendigkeit 

weiterer Forschung unterstreicht. Studie 3 untersuchte das implizite Verstehen der epistemischen 

Verben ăwissenò und ăglaubenò bei 27-monatigen (N = 199) und 36-monatigen Kindern (N = 

131). Die Ergebnisse ergaben, dass bereits 27 Monate alte Kinder zwischen diesen Verben 

differenzieren konnten und spontan das Verb ăwissenò prªferierten. Dies deutet darauf hin, dass 

ein implizites Verstªndnis epistemischer Verben dem expliziten vorauszugehen scheint. Studie 4 

untersuchte prªdiktive Prozesse im Theory of Mind-Netzwerk bei nicht-autistischen (N = 61 in 

Experiment 1; N = 30 in Experiment 2) und autistischen Erwachsenen (N = 30 in Experiment 2) 

mittels funktioneller Magnetresonanztomographie. Entgegen den Erwartungen fanden sich in 

keiner der beiden Gruppen Hinweise auf prªdiktive Verarbeitung im Theory of Mind-Netzwerk. 
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Allerdings zeigte sich bei autistischen (im Vergleich zu nicht-autistischen) Erwachsenen eine 

reduzierte Abschwªchung der neuronalen Antwort bei wiederholter Prªsentation (engl. repetition 

suppression) in einer Szene, die komplexe Theory of Mind-Prozesse erforderte. Diese ersten 

neuronale Hinweise st¿tzen die Theorie der prªdiktiven Kodierung bei Autismus. Gemeinsam 

tragen die vier Studien zu einem differenzierteren Verstªndnis impliziter Theory of Mind-

Fªhigkeiten ¿ber Entwicklungsverlªufe und Neurodiversitªt hinweg bei. Sie bieten methodische 

Innovationen zur impliziten Erfassung fr¿her sozial-kognitiver Fªhigkeiten, zeigen sowohl 

Potenziale als auch die Grenzen bestehender theoretischer Ansªtze und empirischer Paradigmen 

auf und weisen auf mºgliche Richtungen f¿r zuk¿nftige Forschung hin. 
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1. General Introduction 

Mentalizing, the ability to attribute mental states, such as beliefs, desires, and intentions, 

to oneself and others, is fundamental to social interaction (Quesque et al., 2024). In everyday 

social exchanges, individuals think about their own mental states and ascribe mental states to 

other people in order to predict and/or explain their behaviorña process known as Theory of 

Mind (Premack & Woodruff, 1978; Wimmer & Perner, 1983). Gaining insight into how 

individuals reason about mental states of others is essential for advancing social cognition 

research, especially in early development and within the context of neurodiversity. Neurodiversity 

describes the range of natural variation in neurological development and recognizes that 

conditions such as autism spectrum disorder represent one variation of human diversity 

(Pellicano & den Houting, 2022). Hence, neurotypical refers to the neurological development of 

individuals that falls within the range generally considered to be òtypicaló, while individuals 

outside this range are considered neurodivergent. Yet, because mental states are inherently 

unobservable, they pose a dual challenge: for individuals as they develop the capacity to reason 

about them, and for researchers attempting to study these internal cognitive processes. Research 

distinguishes between explicit and implicit Theory of Mind: explicit Theory of Mind refers to 

conscious, verbally expressed reasoning about othersõ mental states. It draws on explicit 

knowledge, where the inference from belief to action is guided by a consciously represented 

conditional. Implicit Theory of Mind, in contrast, refers to early, non-verbal and automatic 

sensitivity to othersõ mental states. It builds on implicit knowledge, where such conditionals 

unconsciously guide behavior without being mentally represented (cf. Perner & Roessler, 2012).  

In my dissertation, I present work investigating different aspects of implicit Theory of Mind, 

ranging from goal-based as well as epistemic state-based action anticipation to mental state 

language understanding and neural Theory of Mind processing in neurotypical and 

neurodivergent individuals, utilizing eye-tracking and functional magnetic resonance imaging 

(fMRI). First, I will introduce the current state of research on implicit Theory of Mind, 
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integrating findings from both neurotypical and neurodivergent social cognitive development. In 

addition, I will outline paradigms and methods used to measure implicit Theory of Mind. Second, 

I will summarize four empirical studies conducted to test different aspects of implicit Theory of 

Mind reasoning across two age ranges (toddlerhood and adulthood), including neurodiversity 

(neurotypical and autistic1 individuals). One aim of these studies was to shed light on when 

mental state reasoning develops and how Theory of Mind processes may differ between 

neurotypical and neurodivergent social cognitive development. The studies incorporate a variety 

of research contexts (measurement methods, lab contributions and study settings) to explore how 

implicit Theory of Mind can be measured in a way that is comfortable for participants, feasible 

for labs, and valid for research. Third, based on the results of these studies, I will discuss the 

developmental trajectory of implicit Theory of Mind reasoning across age and neurodiversity, 

taking methodological considerations into account. 

1.1. Theory of Mind 

1.1.1. Explicit False Belief Understanding 

More than 40 years ago, Theory of Mind research gained momentum when Premack and 

Woodruff (1978) published their seminal study on whether chimpanzees have a Theory of Mind 

and found that they can learn to infer a humanõs intention. This idea was further developed, 

ensuring that actions were not merely based on interpretation of anotherõs behavior but rather on 

the individualõs reasoning about the otherõs mental states (Bennett, 1978; Dennett, 1978; Harman, 

1978). These theoretical considerations led to the proposal of the first study using the location-

change task to measure false belief understanding as an indicator of Theory of Mind in children: 

ò[é] Maxi puts chocolate into a cupboard x. In his absence his mother displaces the chocolate 

from x into cupboard y. Subjects have to indicate the box where Maxi will look for the chocolate 

when he returns.ó (Wimmer & Perner, 1983, p. 106). In order to solve this task children have to 

 
1 In line with preferences within the autistic community (Kenny et al., 2016), identity-first language (e.g., 

autistic individuals) is used throughout this dissertation. 
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take into account that Maxiõs belief about the location of the chocolate differs from both their 

own mental representation and reality2. Between the ages of 4 and 6, children begin to 

demonstrate explicit Theory of Mind skills, as evidenced by their correct verbal prediction that 

Maxi will search for his chocolate in cupboard x, despite its actual location in cupboard y. This 

prediction reflects explicit knowledge in the sense that the inference from belief to action is 

guided by a consciously accessible representation of the underlying conditional (òif someone 

believes the chocolate is in x, they will look in xó; Perner & Roessler, 2012). None of the 3-year-

olds successfully passed this experiment. To test false belief understanding in younger children, 

Perner et al. (1987) developed an unexpected-contents task, in which children were shown a familiar 

Smarties box which contained a pencil rather than sweets. They were then asked about their own 

prior belief and what a friend, who hadnõt seen inside, would think is in the box, testing false 

belief understanding. However, this simpler task remained difficult for 3-year-olds, leading the 

authors to conclude that a conceptual limitation underlies their difficulty with false belief 

understanding. This interpretation informed the development of conceptual-change accounts that posit 

that explicit false belief understandingñrequiring children to provide verbal responsesñonly 

becomes possible once the conceptual capacity for belief understanding emerged.  

Numerous successful replications of explicit Theory of Mind tasks have confirmed the 

original findings, with a seminal meta-analysis by Wellman et al. (2001) showing that less than 

20% of children at 2.5 years were able to correctly solve false belief tasks. Around one year later, 

approximately half of the children provided correct responses, with performance on false belief 

tasks improving substantially with increasing age. Several studies examined potential reasons for 

the emergence of Theory of Mind abilities around the age of 4, highlighting associations with 

advanced language abilities and executive functions (Devine & Hughes, 2014; Milligan et al., 

 
2 False belief understanding is commonly distinguished into first-order (i.e., recognizing that another 
person holds a false belief about owns mental representations and reality) and second-order (i.e., 

understanding that someone holds a false belief about anotherõs belief), with the latter typically emerging 
between ages 6 and 8 (Perner & Wimmer, 1985). The framework has since been extended to higher-order 

beliefs involving recursive reasoning that develops into adulthood (Rakoczy, 2022). This dissertation 

focuses on first-order false belief understanding. 
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2007). In sum, the results of explicit (i.e., prompted by direct mental state questions) measures of 

false belief understanding are largely robust and consistent, providing evidence for developmental 

changes in explicit Theory of Mind between the ages of 3 and 4.  

Yet, studies using non-verbal tasks suggest that an understanding of false belief may 

already be present before children are able to express it explicitly. In an implicit location-change 

task, Clements and Perner (1994) contrasted results with explicit answers. They showed that 

children between 3 and 4.5 years of age correctly looked toward the location where an agent 

falsely believed an object to be. However, more than half of them failed to indicate this location 

when explicitly asked. Thus, children younger than 4 years of age may already be able to ascribe 

false beliefs to othersõ, although they cannot express this understanding verbally. In addition, 

Onishi and Baillargeon (2005) developed a way to investigate false belief understanding in pre-

verbal children using the location-change task. Through looking time measures they 

demonstrated that even infants are sensitive to othersõ false belief understanding. Based on their 

finding they proposedñin contrast to the conceptual change accountsñearly-emerging and 

gradually developing Theory of Mind abilities. In contrast to this finding further studies on false 

belief understanding in infancy report mixed results: while some support the original finding (e.g., 

Southgate et al., 2007; Surian et al., 2007), others have failed to replicate it (e.g., Kampis et al., 

2021; Kulke, ReiÇ et al., 2018; Schuwerk et al., 2018).  

Before addressing implicit false belief understanding in more detail, I summarize the 

development of precursors and more basic forms of implicit Theory of Mind. These findings are 

less debated and help to better understand what remains unresolved. 

1.1.2. Goal-Based Action Prediction 

A seminal study suggests that infants as young as 6 months of age already engage in 

simple goal-based action expectations. As evidenced by their looking behavior, they seem to form 

expectations about simple and familiar action goals, such as grasping for an object (Woodward, 

1998). In another study, 12-month-olds (and adults) ñbut not 6-month-oldsñanticipated the 
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goal of a simple manual reach-and-transport action, in which an agent reached for an object and 

placed it into a bucket (Falck-Ytter et al., 2006). In an extension of this paradigm, in which 

children observed failed goal-based reaching actions, 10-month-olds were still able to anticipate 

the actorõs goal (Brandone et al., 2014). The type of action and goal modulates infantsõ 

anticipatory gaze shifts, with greater anticipation occurring when objects are placed into 

containers rather than merely displaced (Gredebªck et al., 2009). To test the ability to predict 

more complex goal-based actions at this age, Cannon and Woodward (2012) adapted the 

paradigm of Woodward (1998): 11-month-old infants were familiarized with movie clips showing 

a hand grasping one of two objects. In the test trial, the object locations were swapped, and the 

hand made an incomplete reach between the two objects. Results revealed that infants preferred 

the familiarized object in the new location, leading the authors to conclude that infants encode 

goals behind othersõ actions. This sensitivity, however, seems limited to actions performed by 

human agents (Cannon & Woodward, 2012), unless non-human agents (e.g., mechanical claws) 

display agency cues (for a review, see Elsner & Adam, 2020). Recent studies, however, failed to 

replicate results of the Cannon and Woodward (2012) paradigm, showing that 1- to 3-year-old 

children were more likely to anticipate the action based on movement rather than the goal 

(Ganglmayer et al., 2019). Moreover, preschool children predicted the movement trajectory even 

when it led to a new goal, indicating that they expected the agent to follow a familiar path rather 

than pursue the previously established goal (Gºn¿l et al., 2024). However, when the goal location 

varied across trials, children prioritized the goal object over the movement path (e.g., Ganglmayer 

et al., 2020; Paulus et al., 2017). By the second year of life, children not only consider the 

intentions behind adultsõ actions but also begin to imitate them based on the predicted goals 

(Carpenter et al., 2005). Interestingly, children younger than 3 years of age were not yet able to 

use verbally provided (i.e., explicit) information to visually anticipate othersõ actions, indicating 

limitations in the integration of explicit and implicit goal-based action prediction at this age 

(Paulus et al., 2017). Nonetheless, a longitudinal study documented relations between the ability 



нл 
 

 

to encode the goal of an action using the Cannon and Woodward paradigm and later Theory of 

Mind abilities (Aschersleben et al., 2008), indicating a developmental link between goal-based 

action predictions and later false belief understanding. 

1.1.3. Epistemic State-Based Action Prediction 

Beyond the understanding what others want (i.e., goals and intentions), children also 

become sensitive to what others perceive, know or belief (i.e., mental states such as attention and 

knowledge). With the beginning of the second year of life children start engaging in basic forms 

of epistemic state-based action considerations. From their first birthday onwards, children engage in 

declarative joint attention by showing sensitivity to the knowledge states of others and 

communicating it non-verbally with pointing gestures. They recognize that certain objects may be 

unfamiliar to othersñeven if these objects are already familiar to themselvesñwhen they are 

actively engaged in joint attention with another person (Tomasello & Haberl, 2003). In contrast, 

they are not able to make this distinction when observing someone perceive these objects from a 

third-person perspective (Moll et al., 2007). Similarly, it has been argued that only children 

starting with the age of 2 years have the capacity to differentiate what another person does and 

does not see, the so-called Level 1 visual perspective-taking (Moll & Tomasello, 2006). This is 

followed by the more advanced Level 2 visual perspective-taking at around age 4, that is the ability to 

understand that another person can see the same object differently from oneself (Flavell et al., 

1981). Moreover, infants are able to distinguish between knowledgeable and ignorant partners 

not only when helping others, but also when seeking information for themselves. They prefer 

strangers over their caregivers, when they expect strangers and not their caregivers to possess the 

respective information (Stenberg, 2009). Additionally, they help an ignorant but not a 

knowledgeable person (Dunham et al., 2000; Liszkowski et al., 2008; see OõNeill, 1996 for similar 

findings in 2-year-olds). Thus, 1-year-old children seem to have an implicit representation of their 

communication partnerõs knowledge states and informational needs. 
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1.1.4. Implicit False Belief Understanding 

Thus, as aforementioned, the past two decades have seen a growing number of studies 

employing spontaneous-response measures to investigate whether even preverbal children 

possess an implicit Theory of Mind. In their pivotal violation of expectation study, Onishi and 

Baillargeon (2005) first familiarized infants with an agent who played with a toy and hid it in one 

of two boxes and, after a brief pause, reached into the same box in which they had previously 

placed it. This was followed by belief induction trials, during which the infants observed a change 

in the toyõs location while the agent either held a true or a false belief about its new location. In 

the test trial, the agent reached into one of the two boxes and paused. Fifteen-month-old infants 

looked longer when the agent reached toward the box where the toy really was (i.e., the agentõs 

behavior was incongruent with their false belief) than when the agent reached toward the box 

where the agent falsely believed the toy to be (i.e., the agentõs behavior was congruent with their 

false belief). This was interpreted as infantsõ sensitivity to the agentõs mental state.  

In their view, Southgate et al. (2007) considered this interpretation as possibly reflecting 

an attribution of ignorance rather than a true understanding of belief. To provide an even 

stronger test of implicit false belief understanding, they developed an anticipatory looking 

paradigm. In this paradigm, children were first familiarized with two events, in which a puppet 

bear hid a ball in one of two boxes, and then an actor (1) reached to the box to retrieve the ball 

and (2) only looked at the box with the ball in it3. In two false belief conditions, the actor 

witnessed the ball being hidden in one of the two boxes (i.e., the original box). Depending on the 

condition, the actor either saw the ball transferred from the original to the other box (i.e., false 

belief 1 condition) or got distracted and did not witness the location-change (i.e., false belief 2 

condition). In each condition, the bear took the ball away from the scene while the actor was 

facing away. When the actor turned back, anticipatory looking was measured. In both conditions, 

 
3 Only children who correctly anticipated the outcome of the second familiarization trial were included in 

the analysis. This criterion is often referred to as the òSouthgate criterionó in subsequent research. 
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twenty-five-month-old infants correctly anticipated that the actor would reach for the location 

consistent with the actorõs false-belief (i.e., original location), indicating a false belief attribution. 

These findings from non-traditional false belief understanding studies  in children in their 

second and third year of life have been supported by several subsequent studies (Surian et al., 

2007; Surian & Geraci, 2012; for results under age 1 year, see Kov§cs et al., 2010), supporting the 

early developing, full mentalistic capacity accounts. Researchers supporting this theoretical 

perspective explain young childrenõs failure in explicit Theory of Mind tasks for instance by 

processing difficulties (Carruthers, 2013; for a review see Scott & Baillargeon, 2017).  

In contrast, traditional research explains the absence of finding explicit Theory of Mind 

abilities in children under 3 to 4 years of age by their conceptual limitations. Consequently, 

findings on early false belief understanding are interpreted as reflecting simple behavioral rules: 

rather than reasoning about mental states, infants may merely link an agentõs perception to their 

subsequent behavior. Accordingly, explanations such as òpeople tend to search for objects where 

they last saw themó have been proposed (Perner & Ruffman, 2005). Additionally, these accounts 

highlight the role of infantsõ attentional processes and sensitivity to behavioral patterns (Ruffman, 

2014). 

Another theory, the dual-system theory, explains the contradictory findings on Theory of 

Mind abilities by proposing two distinct and parallel systems. On the one hand, this theory 

proposes an early-developing minimal Theory of Mind, which is cognitively efficient but 

inflexible. This system allows infants to pass spontaneous false belief tasks. On the other hand, it 

describes a later-developing full-blown Theory of Mind, which is cognitively demanding but 

flexible. This second system enables successful completion of explicit false belief tasks around 

the age of 4, supported by the development of language and executive functions (Apperly & 

Butterfill, 2009; Butterfill & Apperly, 2013). Similarly, the low-level novelty hypothesis explains 

successful false belief understanding studies in infants due to the novelty of low-level properties 

(such as color, shape, and movement) relative to earlier encoded events (Heyes, 2014). 
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Parallel to these theoretical discussions, failed replications of early false belief 

understanding studies raised doubts about an early implicit Theory of Mind. Several replication 

attempts failed to reproduce the original findings of two influential studies on early false belief 

understanding: Onishi and Baillargeonõs (2005) violation of expectation study (failed replications: 

Poulin-Dubois & Yott, 2018; Powell et al., 2018) and Southgate et al.õs (2007) anticipatory 

looking study (failed replications: Dºrrenberg et al., 2018; Grosse Wiesmann et al., 2018; Kampis 

et al., 2021; Kulke, ReiÇ et al., 2018; Schuwerk et al., 2018). These repeated replication failures 

contributed to what is now referred to as a replication crisis in developmental cognitive science 

(Poulin-Dubois et al., 2018; but see Baillargeon et al., 2018). In a review and meta-analysis, 

Barone et al. (2019) underpinned doubts about the robustness of findings on implicit Theory of 

Mind by revealing an asymmetric distribution of studies testing false belief understanding in 

children younger than 2 years. The findings suggest a publication bias, with studies reporting 

larger effect sizes and smaller sample sizes being more likely to be published. They also highlight 

that success rates vary by paradigm, with higher success rates found in violation-of-expectation 

tasks. Similarly, Kulke and Rakoczy (2017) provided a qualitative summary of both published and 

unpublished studies on false belief understanding. They reported that when unpublished studies 

are considered, non-replications and partial replications outnumber successful replications.  

In adults, a substantial body of literature suggests that Theory of Mind reasoning occurs 

spontaneously, automatically and without conscious effort (for a review, see Schneider et al., 

2017). Consistent with this view, some studies documented successful application of anticipatory 

looking paradigms in adult false belief tasks (Schuwerk et al., 2018; Senju et al., 2009). In contrast, 

other studies found weaker anticipatory false belief reasoning in adults (Burnside et al., 2018; 

Kulke, ReiÇ et al., 2018), thereby further challenging the notion of early implicit false belief 

understanding. This raises the question of whether implicit Theory of Mind abilities are less 

robust than previously assumed or simply more difficult to detect. Thus, systematically evaluating 

the validity and reliability of implicit Theory of Mind findings across the lifespanñirrespective of 
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underlying theoretical frameworksñis essential for advancing a sound understanding of early 

social cognitive development. 

1.2. Mental State Language 

1.2.1. Mental State Language Acquisition 

Language plays a fundamental role in human interaction, enabling individuals to convey 

mental states such as thoughts, beliefs and knowledge. Research shows that advanced mental 

state language in 2.5-year-olds predicts Theory of Mind development by age 4 (Brooks & 

Meltzoff, 2015; Olineck & Poulin-Dubois, 2007). Moreover, training in mental state language 

promotes understanding of concepts like knowledge and ignorance already before age 3 

(Kaltefleiter et al., 2022). Thus, mental state language appears to be related to the understanding 

of epistemic states and false beliefs.  

The frequency of mental state words (e.g., think, know, believe) used by children is 

associated with the overall number of words produced, indicating a relation between cognitive 

word usage and broader cognitive processes (Booth et al., 1997). Children first learn to verbalize 

their own mental states before expressing those of others (Gonzales et al., 2018; Kaltefleiter et al., 

2021). At around 18 months of age, children typically acquire a productive vocabulary of 

approximately 50 words (Kauschke & Hofmeister, 2002). This milestone coincides with the first 

verbal expressions of desire and emotion (Bartsch & Wellman, 1995; Bretherton & Beeghly, 

1982). Around six months later, they start talking about epistemic states such as knowledge and 

ignorance (òknowó and òdonõt knowó), albeit references to beliefs (òthinkó) remain rare at this 

age (Shatz et al., 1983). Early analyses of toddlersõ spontaneous mental state language claimed that 

between the ages of 2 and 3, mental terms primarily serve conversational purposes (e.g., òyou 

knowó) before toddlers are able to clearly use them to refer to mental states (Bartsch & Wellman, 

1995; Shatz et al., 1983). In contrast, more recent studies challenged this claim by showing that 2-

year-olds intentionally reference epistemic states in conversations, spontaneously relating to the 

ongoing topic. They appropriately affirm their own knowledge and, to a lesser extent that of their 
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conversation partner, as well as express denial of their own knowledge (Harris, Yang & Cui, 

2017). Moreover, in an experimental study assessing childrenõs awareness of own ignorance, 28- 

to 37-month-old children said òI donõt knowó or asked for information more frequently when 

asked to name fictitious (i.e., unknown) compared to real objects. Even earlier, at 16 to 27 

months, toddlers tended to non-verbally express their ignorance in this task (Harris, Ronfard & 

Bartz, 2017). Thus, contrary to earlier studies that attributed limited mental state language abilities 

to young children, more recent research indicates that 2-year-olds already distinguish òknowó 

from other epistemic verbs in their spontaneous speech. 

1.2.2. Mental State Language Understanding 

While empirical evidence revealed that children begin using mental state terms in their 

second year, their understanding of these terms seems to develop later. A longitudinal study 

found that use of desire terms at 2 years was linked to belief term use at 3 years and 

understanding at 4 years (Moore et al., 1994). In preschoolers, understanding of epistemic verbs 

has been linked to false belief understanding (Matsui et al., 2006). These studies further inform a 

developmental pattern from early epistemic verb use to understanding and later to false belief 

reasoning. In a pioneering study on the development of mental state language, Moore et al. 

(1989) tested childrenõs ability to distinguish between verbs with varying degrees of speaker 

certainty, such as òknowó, òthinkó, and òguessó. They used a conflicting sources task, in which 

children had to choose which statement to follow based on two conflicting sources. The children 

could not verify the assertions against a state of reality. While 3-year-olds were at chance, by age 4 

children preferred the òknowó statement over the others, with further improvement apparent 

between the ages of 4 and 5. Kristen-Antonow et al. (2019) replicated the study with German-

speaking children and found weaker performance overall. Children only reached above-chance 

competence in either one of the òknow-guessó and òknow-thinkó contrasts at age 5, with more 

than 50% reaching full competence by age 7. In sum, these studies suggest that a full 

understanding of òknowó, òthinkó, and òguessó is attained in school age. By ages 4 to 5, children 
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show a basic grasp of the òknowðthinkó contrast, with understanding of high speaker certainty 

(i.e., òknowó) developing earlier than that of lower speaker certainty (i.e., òthinkó).  

Verbs like òknowó link an agent to the truth, implying certainty about the truth of the 

embedded statement and are called factive mental state verbs. In contrast, verbs like òthinkó or 

òguessó can link an agent to either truth or falsehood, indicating uncertainty about the truth of 

the statement and are called non-factive mental state verbs (Abbeduto & Rosenberg, 1985; Nagel, 

2017). Dudley et al. (2015) also used Moore et al. (1989)õs interactive game paradigm, but without 

presenting contrasting statements. They tested 3-year-oldsõ understanding of negated òknowó and 

òthinkó sentences in order to gain insights into their understanding of facticity. While children 

recognized that òdoesnõt thinkó is unreliable, they did not understand the implications of negated 

òknowó-statements about a third partyõs knowledge (e.g., òthe agent doesnõt know that itõs in the 

x boxó), thus treating both verbs as non-factive. The protracted development implies that young 

children differentiate òknowó from òthinkó based on cues to speaker certainty, rather than an 

understanding of factive and non-factive verbs (Kristen-Antonow et al., 2019; Moore et al., 

1989). 

1.3. Measuring Implicit Theory of Mind 

1.3.1. Paradigms 

Interactive Paradigms.  In previous decades, researchers used a variety of approaches 

to explore how children make sense of othersõ beliefs, desires, and intentions. Among these, 

measures that require verbal responses were widely used to study childrenõs cognitive 

development. For instance, the location-change task by Wimmer and Perner (1983) as well as the 

unexpected-content task (Perner et al., 1987) were established to measure false belief 

understanding. Moreover, the conflicting sources task by Moore et al. (1989) was used to measure 

mental state language understanding. However, all these paradigms rely on the childõs advanced 

language skills, making them unsuitable for examining cognitive processes in younger and/or pre-

verbal children. To address this limitation, researchers increasingly turned to methods that rely on 
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non-verbal responses to explore early implicit mental state reasoning. For instance, in non-verbal 

interaction studies, experimenters engage with children in a playful way, motivating them to 

proactively intervene. In these studies, non-verbal behavioral responses, such as actively helping 

or pointing, are measured to determine whether children are able to take the experimenterõs 

mental states into account (e.g., Buttelmann et al., 2009; Liszkowski et al., 2008). For example, in 

a study by Buttelmann et al. (2009), an experimenter struggled to open a box in which they either 

truly or falsely believed a toy was hidden. Childrenõs behavioral responses, namely opening or at 

least touching the correct box, were measured as an indicator of their ability to take the adultõs 

belief into account to achieve their goal. However, failed replication studies suggest that the 

observed effects may instead be driven by for instance general prosocial tendencies rather than 

reasoning about otherõs mental states (Poulin-Dubois & Yott, 2018; Priewasser et al., 2018). 

Violation of Expectation Paradigms. Moreover, research using (spontaneous) response 

measures provides a valuable alternative for exploring cognitive development in younger 

children. Habituation-based approaches, such as violation of expectation paradigms, measure for 

instance looking time in response to a participantõs observation of a completed event. Events that 

contradict participantsõ expectations are assumed to elicit longer looking times than expected 

events (e.g., Onishi & Baillargeon, 2005; Surian et al., 2007; Woodward, 1998). While some argue 

that violation of expectation paradigms, with their low task demands, are especially suitable for 

children (Stahl & Kibbe, 2022), others suggest that these paradigms rely on too many 

assumptions, making the findings difficult to interpret. As an alternative, preferential looking 

methods are recommended in which children are presented with two stimuli simultaneously and 

are expected to prefer one over the other (Paulus, 2022). 

Anticipatory Looking Paradigms. Similarly, anticipatory looking paradigms, such as 

measurements of first look or anticipatory looking time, have been established as spontaneous 

response methods for measuring mental state reasoning across the lifespan. Anticipatory looking 

refers to a participantõs gaze (shift) toward an expected outcome before it occurs. Such methods 
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measure gaze within milliseconds while the action is still incomplete. It serves as an indicator of 

participantsõ predictions about an agentõs upcoming action (e.g., Southgate et al., 2007; Surian & 

Geraci, 2012). During the second half of their first year, infants begin to produce proactive, goal-

directed eye movements (Falck-Ytter et al., 2006). In the first study assessing implicit false belief 

understanding, anticipatory looking was used in a location-change task (Clements & Perner, 

1994). Since then, it has become a key method for studying implicit Theory of Mind. Unlike 

violation of expectation paradigms, which assess reactions after an action unfolds, it offers a 

more spontaneous assessment of participantsõ predictions. In recent years, however, the reliability 

and robustness of anticipatory looking paradigms have been increasingly questioned, as studies 

reported mixed findings in false belief understanding across the lifespan (e.g., Kampis et al., 2021; 

Kulke, von Duhn et al., 2018; Schneider et al., 2017; Southgate et al., 2007). Notably, some 

participants failed to anticipate the agentõs action even during familiarization trialsñdesigned to 

convey the agentõs goal without requiring belief reasoning (i.e., goal-based action anticipation)ñ

resulting in high exclusion rates and limiting the interpretability of findings (Kampis et al., 2021; 

Kulke, ReiÇ et al., 2018; Schuwerk et al., 2018). These studies applied stimuli and exclusion 

criteria established by original studies. These exclusion criteria were based on the assumption that 

only participants who correctly predicted the agentõs action in the familiarization trials could be 

considered to have understood the agentõs goal and to be sufficiently motivated to engage in 

visual action anticipation (e.g., Senju et al., 2009; Southgate et al., 2007ύΦ However, for instance in 

a failed replication study no performance differences were found between children who passed or 

failed Southgate et al.õs (2007) criterion (Grosse Wiesmann et al., 2018). Altogether, these 

findings underscore the need for further research to better understand the reliability and 

robustness of anticipatory looking measures in Theory of Mind research. 

1.3.2. Methods 

In-Lab Eye-Tracking. Traditionally, research relying on measures such as looking 

behavior required manual coding by human observers. However, manual coding is labor-
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intensive, inaccurate, and prone to observer bias, requiring careful training and establishment of 

inter-rater reliability (Oakes, 2012). Considering the advancements in current technology, more 

þne-grained techniques such as pupil-corneal reflection eye-tracking have become widely used to 

draw inferences about childrenõs cognitive processes. By directing infrared light at the 

participantõs eye, the reflections on the cornea relative to the center of the pupil provide an 

estimate of where the participantõs gaze is fixated. Eye-tracking enables a more accurate and 

unbiased assessment of measurements that were previously coded manually. The improved 

spatiotemporal resolution of eye-tracking technology allows for the analysis of the microstructure 

of gaze behavior and enables the examination of for instance the frequency, discrete fixations 

within areas of interests (AOIs) and patterns of gaze behavior (Aslin, 2007; Oakes, 2012). In 

preferential looking paradigms proportional looking time scores can be calculated by dividing the 

fixations or time children looked at a target by the overall fixations or time children looked at the 

target and distractor, excluding looks outside of either AOI. For example, measurements like the 

proportion of target looking time (PTL) in which fixations are calculated, are commonly used in 

language development research (e.g., Mani & Plunkett, 2007, 2008). In addition, the proportion 

of differential looking score (DLS), in which looking time is calculated, is used as anticipatory 

looking measures in Theory of Mind research (e.g., Senju et al., 2009). In sum, eye-tracking 

enables the investigation of new research questions and allows for a broad range of dependent 

variables. 

Web-Based Eye-Tracking. Although progress in web-based eye-tracking had already 

begun prior to the Covid-19 pandemic, related restrictions accelerated the shift away from 

laboratory-based studies using commercial eye-tracking systems. As a result, remote web-based 

studies became increasingly popular. Typical developmental patterns of false belief understanding 

in explicit tasks were for instance successfully replicated in moderated video-call sessions with 

toddlers (Schidelko et al., 2021). Preferential looking behavior in infants was replicated in both 

moderated video-call studies (Smith-Flores et al., 2021) and unmoderated online studies (B§nki et 
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al., 2022), although these studies still required manual coding by human observers. Platforms 

such as Lookit (Scott & Schulz, 2017) enabled large-scale webcam-based testing of children, but 

typically also still rely on manual frame-by-frame annotation. Together, these studies support the 

feasibility of collecting valid data online, however, manual coding seems to remain necessary. 

To address this limitation, new tools were developed that use machine learning 

techniques to automate gaze classification. For instance, iCatcher+ (Erel et al., 2023) uses deep 

learning trained on hand-labeled infant webcam footage to classify gaze behavior into categories 

such as left, right, or away with human-level accuracy. Similarly, both WebGazer (Papoutsaki et 

al., 2016) and OWLET (Werchan et al., 2022) employ machine learning techniques to estimate 

continuous gaze coordinates. WebGazer infers gaze locations in real time within the browser, 

while OWLET processes recorded gaze data post hoc. Given the limitations of manual coding, 

such automated approaches offer a resource-saving alternative for at-home testing (Ozkan, 2018). 

Their scalability promises greater access to larger, more diverse samples and may facilitate 

international collaboration. Nevertheless, these methods are still under development and come 

with challenges, including poorer image quality, uncontrolled experimental conditions, and 

reduced sampling rates compared to in-lab setups (Wass, 2016; Zaadnoordijk et al., 2021). Hence, 

studies are needed to validate automated web-based eye-tracking and refine these tools for 

remote use in developmental research. 

Functional Magnetic Resonance Imaging (fMRI). To complement behavioral and 

gaze-based measures, neuroimaging methods like fMRI can provide insights into the neural 

mechanisms underlying cognitive processes. fMRI is a non-invasive neuroimaging technique used 

to localize brain areas of cognitive activation. During cognitive activation of a brain region, blood 

flow increases to a greater extent than oxygen extraction, leading to a rise of oxygenated 

hemoglobin in active brain regions. This change in oxygen levels alters the blood properties, 

detected as the BOLD (for blood oxygenation level dependent) signal (American Psychological 

Association, 2018). The technique provides good spatial resolution but its temporal resolution is 
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limited due to the time lag in oxygen extraction.  

In 2003, Saxe and Kanwisher first identified the temporo-parietal-junction (TPJ) as a key 

region involved in processing third-person mental states such as goals and beliefs. In research of 

the following decade, overlap in activation was detected in the medial prefrontal cortex (MPFC) 

and bilateral posterior TPJ across different tasks (Schurz et al., 2014). This supports the idea of a 

core Theory of Mind network that is activated during reasoning about mental states, regardless of 

task or stimulus (Mar, 2011). Thus, fMRI has become a valuable tool in mapping the neural 

architecture underlying social cognitive processes. 

Multi-Lab Collaboration Studies. One promising response to the replication crisis in 

psychological science was the implementation of multi-lab (or multi-site) collaboration studies. 

These studies involve coordinated efforts across multiple independent research labs, all using the 

same protocols to investigate the same phenomena. By pooling data across sites, they help to 

overcome limitations of traditional single-lab studies, such as small, homogeneous samples (e.g., 

an overreliance on WEIRD populations: Western, Educated, Industrialized, Rich, Democratic; 

Henrich et al., 2010), as well as issues of limited reproducibility, generalizability, and robustness 

(Nosek et al., 2022; Visser et al., 2022). Recent multi-lab studies in psychological science 

replicated approximately 50% of previously published original findings (Open Science 

Collaboration, 2015; for a review, see Nosek et al., 2022), highlighting the importance of 

accumulating evidence through systematic multi-lab replication. In developmental psychology, 

the ManyBabies project exemplifies this collaborative approach by providing more precise 

estimates of key developmental phenomena and generating new theoretical insights into how 

these vary across age groups, linguistic communities, and measurement methods (Frank et al., 

2017; Visser, 2022). For example, the first ManyBabies study (i.e., ManyBabies 1) successfully 

replicated previous findings on infant-directed speech and extended these results to diverse 

populations across North America, Europe, Australia, and Asia (ManyBabies Consortium, 2020). 
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Such collaborative initiatives underscore the potential of large-scale, cross-cultural research to 

produce more reliable and generalizable insights into early cognitive development.  

Multi-lab collaborations mark a positive structural shift in psychological science. By 

promoting transparency, openness, and collective responsibility, they exemplify the values of the 

ongoing credibility revolution, which reframes the replication crisis as an opportunity for lasting 

reform in psychological science (Korbmacher et al., 2023). 

1.4. Theory of Mind in Neurodivergent Development 

1.4.1. Autism Spectrum Disorder 

According to the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition 

(DSM-5), autism spectrum disorder (hereafter autism), is a neurodevelopmental condition 

characterized by two core symptoms: difficulties in social interaction and communication and 

restricted, repetitive behaviors (American Psychiatric Association, 2013). The difficulties in social 

interaction and communication can manifest in various ways. For instance, autistic individuals 

often report challenges in initiating conversations, managing unstructured dialogues, interpreting 

gestures and tone of voice as well as understanding of concepts such as irony or sarcasm, and 

drawing appropriate social and emotional inferences; they may also struggle with understanding 

both implicit and explicit messages in social interactions (M¿ller et al., 2008). Autism is 

conceptualized as a spectrum, reflecting the wide variability in symptom representation. While the 

ICD-10 distinguished several types of autism (Dilling et al., 2015), the DSM-5 and ICD-11 

classify autism as a single spectrum disorder, including distinctions based on severity, intellectual 

disability, and the presence or absence of functional language impairment (American Psychiatric 

Association, 2013; World Health Organization., 2022). Prevalence estimates are around 1% 

(Zeidan et al., 2022), although rates appear to be increasing (e.g., in the US, about 3.2%, are 

diagnosed with autism; Shaw et al., 2025).  
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1.4.2. (Traditional) Theory of Mind Research in Autism 

Beyond its relevance for neurotypical development, Theory of Mind is also considered 

highly relevant for understanding neurodivergent trajectories, especially in autism. Since Theory 

of Mind abilities are fundamental for understanding and responding appropriately in social 

interactions, it has often been linked to one of the core symptoms of autism: the difficulties in 

social interaction and communication. This led researchers to examine false belief understanding 

in autistic individuals in order to identify potential differences in Theory of Mind reasoning 

compared to neurotypical individuals. 

Baron-Cohen et al. (1985) adapted the puppet play introduced by Wimmer and Perner 

(1983) and developed the Sally-Anne false belief task to test false belief understanding in autistic 

children. In this task, Sally places a marble in her basket and leaves. In her absence, Anne moves 

it into a box. Children were then asked where Sally would look for her marble. Autistic children, 

but not neurotypical children and children with Downõs syndrome, pointed to the marbleõs actual 

location. This was interpreted as a failure to take the otherõs false beliefs into account. Further 

studies using explicit Theory of Mind tasks in children supported these findings, leading early 

research to attribute the social difficulties observed in autism to a Theory of Mind deficit (for a 

review, see Baron-Cohen, 2000). However, in each of these studies, at least some autistic children 

passed false belief tasks (Tager-Flusberg, 2007), although they sometimes required a higher verbal 

mental age than non-autistic children (Happé, 1995). This has challenged the notion of a 

universal Theory of Mind deficit in autism. To further examine differences in Theory of Mind 

reasoning between autistic and non-autistic individuals, research in adulthood might provide 

valuable insights. Assessing explicit Theory of Mind in adults is challenging due to the limited 

availability of suitable tasks (for a review, see Livingston et al., 2019). Commonly used measures 

for distinguishing autistic from non-autistic individuals include the Strange Stories Task, the Movie 

for the Assessment of Social Cognition (MASC), and the Reading the Mind in the Eyes Test. In the Strange 

Stories Task, the so-called higher-order Theory of Mind is assessed by presenting short vignettes 
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involving social scenarios requiring the participants to infer the characterõs (social) intentions or 

false beliefs to explain their behavior (Happé, 1994). In the MASC, participants watch a short 

movie and answer questions about the charactersõ mental states (Dziobek et al., 2006). Another, 

now-debated, task is the Reading the Mind in the Eyes Test, which requires participants to infer 

mental/emotional states from photographs of the eye region (Baron-Cohen et al., 2001; but see 

Oakley et al., 2016 for critique). Using these methods, multiple studies found that autistic adults 

perform equally well in explicit Theory of Mind tasks (e.g., Bowler, 1992; Schneider et al., 2013; 

Schuwerk et al., 2015; Senju et al., 2009; for school-aged children, see Scheeren et al., 2013). 

Nevertheless, they experience profound difficulties in social interactions in everyday life. It has 

been argued that this discrepancy may be due to compensatory strategies (Senju, 2012), which 

may not be flexible enough to use them in complex, social interaction (Livingston et al., 2019). 

However, these findings highlight the need for more nuanced accounts of Theory of Mind in 

autism. 

With the development of implicit Theory of Mind measures in developmental 

psychology, these paradigms were also applied to autism research. Senju et al. (2009) conducted 

an eye-tracking study similar to that of Southgate et al. (2007) and argued that autistic adults lack 

spontaneous Theory of Mind, as reflected in reduced anticipatory looking in response to an 

actorõs false belief. Additionally, in a multiple-trial implicit false belief paradigm it has been shown 

that learning processes do not mitigate this impairment (Schneider et al., 2013). However, when 

autistic individuals are provided with the outcome, they behave as neurotypical individuals in 

subsequent trials, suggesting that they quickly learn from action-outcome contingencies 

(Schuwerk et al., 2015). Consequently, experience leads to no differences between autistic and 

neurotypical adults. Other studies found no differences in an implicit Theory of Mind task in 

autism (Nijhof et al., 2018) but revealed that higher social symptomatology was associated with 

lower false belief performance (Deschrijver et al., 2016). These mixed findings from implicit 

Theory of Mind tasks together with evidence that autistic individuals perform well on explicit 
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Theory of Mind tasks, indicate that the relationship between such task performance and social 

communicative difficulties may be more nuanced than previously assumed. Additionally, in their 

review, Gernsbacher and Yergeau (2019) cast serious doubt on the claim of a general Theory of 

Mind deficit in autism, highlighting the failure to replicate seminal findings, the inability of 

Theory of Mind tasks to predict autistic traits or social interaction, and the lack of convergence 

among these tasks. These challenges highlight the need for new methodological approaches that 

more accurately capture the potentially nuanced relationship between Theory of Mind 

performance and difficulties in social interaction and communication in autism. 

1.4.3. Neural Correlates of Theory of Mind in Autism 

To further inform behavioral Theory of Mind research in autism, neuroimaging studies 

investigate whether observed and experienced differences in social interactions in autism can be 

linked to distinct neural mechanisms or processing. Several studies reported reduced activation or 

hypoactivation (Ciaramidaro et al., 2015; Kana et al., 2009; Kana et al., 2014; Nijhof et al., 2018; 

for a meta-analysis, see Sugranyes et al., 2011) as well as less functional connectivity (Ciaramidaro 

et al., 2015; Kana et al., 2009; Kana et al., 2014) in autistic individuals in brain regions that 

support Theory of Mind reasoning (e.g., TPJ, MPFC, superior temporal sulcus) during social 

cognitive tasks. In line with this, a recent review found reduced activation during Theory of Mind 

tasks, particularly in the TPJ, MPFC, and anterior cingulate cortex (ACC) in autistic individuals 

(Duvall et al., 2023). Cross-sectional comparisons of brain activity across development revealed 

both hypo- and hyperactivation in fronto-temporal structures in autistic children compared to 

autistic adults during social tasks (Dickstein et al., 2013). In contrast, large-scale studies found 

similar brain activation in autistic and neurotypical individuals in the Theory of Mind network 

during Theory of Mind tasks (Dufour et al., 2013; Moessnang et al., 2020), as well as during 

passive watching of a movie including social scenes (Mangnus et al., 2024). In sum, research on 

Theory of Mind reasoning and related neural activity in associated brain regions in autism yields 

conflicting findings, leaving robust and reliable neural evidence elusive. 
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1.4.4. Predictive Coding Theory 

The inconsistent evidence regarding social cognition in autism highlights the need for 

alternative explanatory approaches. The predictive coding theory proposes that the human brain 

constantly attempts to match incoming sensory input with prior predictions or expectations 

about the world. The neural processes thereby aim to minimize the difference between predicted 

and actual input (i.e., prediction errors) by updating priors (Clark, 2013). In the context of social 

interaction, this means that othersõ actions can be predicted from mental states ascribed based on 

available prior information about the acting person, the corresponding situation, and/or people 

in general. Thus, mental states of others can be actively predicted (Koster-Hale & Saxe, 2013). 

Following this hypothesis, social difficulties in autism may arise from weakened social cognitive 

predictions and a stronger reliance on sensory input, leading to a more accurate ñbut less 

experience-modulatedñperception of the world (Pellicano & Burr 2012). As a consequence, 

social interactions may appear unpredictable and stressful to autistic individuals, leading to 

misalignments between their behavior and the expectations of interaction partners (Bolis et al., 

2017). Given that Theory of Mind tasks inherently involve prediction and extend beyond 

immediate sensory input, differences observed in autism can be understood within the predictive 

coding framework (Sinha et al., 2014).  Empirical evidence supports this account: autistic 

individuals compared to non-autistic individuals show distinct differences in predictive learning 

and responses, especially when predictive cues are weak or inconsistent (Cannon et al., 2021). 

While autistic individuals are, for example, able to predict simple action goals of others 

(Schuwerk & Paulus, 2018), they tend to rely less on prior information and therefore often 

require more time than non-autistic individuals (Ganglmayer et al., 2020). This has been linked to 

an expectation of high precision between predicted and observed outcomes, as well as a tendency 

to overweight prediction errors (Van de Cruys et al., 2014). These theoretical assumptions and 

behavioral findings raise the question of whether similar predictive differences can also be 

observed at the neural level. 
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Recent neuroimaging studies in neurotypical individuals using movie-viewing 

paradigms provide initial evidence for testing predictive coding accounts at the neural level. 

Neurotypical adultsõ prior knowledge of a narrative seems to enable neural anticipation of event 

patterns. Brain regions within the Theory of Mind network were recruited earlier in time, 

indicating anticipation of the narrative during repeated exposure (Baldassano et al., 2017; Lee et 

al., 2021). In a similar paradigm using a movie known to elicit responses in Theory of Mind brain 

regions (Richardson et al., 2018), Richardson and Saxe (2019) reported a narrative anticipation 

effect in children, with predictive responses increasing between the ages of 3 and 7 years. This 

finding suggests that Theory of Mind brain regions are involved in the active prediction of othersõ 

mental states during childhood. Moreover, in adults, Theory of Mind regions use current mental 

state information to predict future social states. Unpredictable sequences of mental states evoke 

stronger neural responses compared to predictable ones (Thornton et al., 2019). Similarly, 

unexpected outcomes, compared to expected outcomes, elicit a stronger response in Theory of 

Mind regions when prior information about an agentõs behavior is available (Heil et al., 2019). 

The magnitude of this effect was inversely related to autistic-like traits, indicating that individuals 

with more autistic-like traits show a decreased response to unexpected outcomes (Dungan et al., 

2016). However, neuroimaging studies examining predictive coding mechanisms in autistic 

individuals remain limited. 

1.5. Summary: Theory of Mind Across Development and Neurodiversity 

In neurotypical development, children demonstrate explicit Theory of Mind reasoning, 

such as understanding of false beliefs, around the age of 4 (Wellman et al., 2001; Wimmer & 

Perner, 1983). However, already in their first year of life, infants show goal-based action 

predictions and one year later basic forms of epistemic state-based action predictions, including 

sensitivity to othersõ knowledge states. Early evidence comes from violation of expectation 

paradigms measuring gaze behavior, as well as interactive tasks (Cannon & Woodward, 2012; 

Liszkowski et al., 2008; Tomasello & Haberl, 2003). Researchers aiming to test early emerging, 
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spontaneous Theory of Mind, applied non-verbal paradigms, including gaze-based violation of 

expectation (Onishi & Baillargeon, 2005) and anticipatory looking tasks (Southgate et al., 2007) to 

infants, and found that even infants appear to be sensitive to othersõ (false) beliefs. However, 

subsequent replication attempts yielded mixed results (e.g., Barone et al., 2019; Kampis et al., 

2021), raising concerns about the robustness of the paradigms used and consequently the 

interpretability of early implicit/spontaneous Theory of Mind claims. 

The development of mental state language, such as terms for knowledge and beliefs, 

predicts Theory of Mind development (Brooks & Meltzoff, 2015; Olineck & Poulin-Dubois, 

2007). Children first use these terms to describe their own mental states and then apply them to 

others (Gonzales et al., 2018). By ages 2-3, they begin using mental state language (Harris, Yang 

& Cui, 2017; Shatz et al., 1983), while understanding different degrees of speaker certainty, such 

as òknowó or òthinkó, develops later, by ages 4-5, as shown by verbal explicit measures (Kristen-

Antonow et al., 2019; Moore et al., 1989).  

In autism, a Theory of Mind deficit was initially proposed (Baron-Cohen, 2000); however, 

findings from explicit, implicit, and neuroimaging studies have since yielded inconsistent results, 

challenging the universality of this claim (e.g., Duvall et al., 2023; Gernsbacher & Yergeau, 2019; 

Moessnang et al., 2020; Nijhof et al., 2018; Senju et al., 2009). Despite this, the mechanisms 

underlying social difficulties in autism remain insufficiently understood. Predictive coding 

accounts offer an explanation, suggesting that autistic individuals may use prior information less 

which leads to weaker social predictions and mismatches during social interaction (Clark, 2013; 

Sinha et al., 2014). In neurotypicals, predictive coding in Theory of Mind brain regions has been 

documented in movie viewing paradigms (Baldassano et al., 2017; Lee et al., 2021). In children, 

such predictive responses increase with age, reflecting growing involvement of these regions in 

anticipating othersõ mental states (Richardson & Saxe, 2019). 
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1.6. Open Questions 

Despite significant progress in the field of social cognitive developmentñparticularly in 

Theory of Mind researchñover the past 40 years, several core questions remain unresolved and 

warrant further empirical investigation. 

One key challenge concerns the development and validity of novel eye-tracking 

methodologies for assessing early social cognitive processes outside traditional laboratories: Can 

remote webcam-based eye-tracking serve as a valid alternative to traditional in-lab methods for 

assessing early social cognitive processes in anticipatory looking paradigms? Successfully 

addressing this question would enhance the recruitment and testing of larger, more diverse 

samples to identify more generalizable effects, thereby advancing social cognitive research in 

young children. 

Second, among the three main paradigms used to investigate implicit false belief 

understanding, anticipatory looking has emerged as a promising tool. However, there are 

differences in the success of replication attempts of earlier studies challenging the robustness, 

reliability, and replicability of anticipatory looking for Theory of Mind research: Can the 

anticipatory looking paradigm distinguish between basic epistemic states, such as knowledge and 

ignorance, in toddlers and adults? Determining whether anticipatory looking captures basic 

epistemic state-based action anticipation would help to clarify the robustness and interpretive 

scope for following implicit Theory of Mind studies. 

A third unresolved question concerns the early understanding of mental state language. 

Specifically, it remains unclear whether toddlers can distinguish between varying degrees of 

speaker certainty as conveyed by epistemic verbs even before this ability can be assessed through 

explicit verbal tasks: Can toddlers implicitly differentiate between different degrees of speaker 

(un-)certainty in mental state language? Addressing this question would provide insight into the 

possible developmental trajectory from implicit to explicit mental state language understanding 

and contribute to the current Theory of Mind literature. 
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Finally, in neurodivergent social cognitive developmentñespecially in autism researchñ

key questions remain about the underlying processes driving differences in social communication 

and interaction, and the role of Theory of Mind: Can neuroimaging paradigms targeting 

predictive coding in Theory of Mind brain regions be extended to autistic adults to identify 

possible alterations in predictive processing relative to non-autistic adults? Addressing this 

question would deepen our understanding of the neural mechanisms underlying social cognition 

in autism. 
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2. Exploring Implicit Theory of Mind 

As reviewed in the previous section, there is a considerable debate within the scientific 

community on when children develop a Theory of Mind and how to measure it. Additionally, 

research on Theory of Mind in autism presents divergent evidence regarding whether and how 

Theory of Mind reasoning differs from that of neurotypical individuals. To comprehensively 

explore implicit Theory of Mind and contribute to the ongoing debates in Theory of Mind 

research, we conducted four studies with differing study focus, age groups, social cognitive 

development (see Figure 1), methods, settings and contributions (see Figure 2). While Studies 1, 2 

and 3 focused on neurotypical social cognitive development, Study 4 examined neurodivergent 

social cognitive development.      

Figure 1. Graph depicting the content of Studies 1 to 4 on three dimensions: Age group (x-axis), 

study focus (y-axis), and social cognitive development (z-axis). 
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Figure 2. Graph depicting the method of Studies 1 to 4 on three dimensions: Setting (x-axis), 

method (y-axis), and contribution (z-axis). 

 

 

In Study 1, we focused on the methodological aspect by testing a novel remote, web-

based eye-tracking method in a multi-lab study to capture goal-based action anticipation in 

toddlers. In Study 2, we built upon the methodological insights gained in Study 1. Thus, in Study 

2, we employed an anticipatory looking paradigm and examined toddlersõ and adultsõ basic 

epistemic state-based action anticipation in a multi-lab study using both web-based and in-lab 

eye-tracking. In Study 3, we again used eye-tracking in toddlers but this time in a single, in-lab 

study to implicitly measure their understanding of mental state language. In Study 4, we tested the 

predictive coding theory in the Theory of Mind network using fMRI in autistic and non-autistic 

adults.  

Below, I summarize the four studies conducted over the course of my dissertation. For 

additional details and information, please refer to the original manuscripts (see Appendices A-D). 
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2.1. Neurotypical Social Cognitive Development 

2.1.1.  Study 1. Web-Based, Remote Eye-Tracking of Goal-Based Action Anticipation in 
Toddlers 

Steffan, A*., Zimmer, L.*, Arias-Trejo, N., Bohn, M., Dal Ben, R., Flores-Coronado, M. A., 

Franchin, L., Garbisch, I., Grosse Wiesmann, C., Hamlin, J. K., Havron, N., Hay, J.  

F., Hermansen, T. K., Jakobsen, K. V., Kalinke, S., Ko, E.-S., Kulke, L., Mayor, J.,   

Meristo, M., é  Schuwerk, T. (2023).  Validation of an open source, remote web- 

based eye-tracking method (WebGazer) for research in early childhood.  

Infancy,79(1), 31ð55. https://doi.org/10.1111/infa.12564 (*shared first authorship) 

 

Eye-tracking technology enables researchers to investigate young childrenõs cognitive 

processes as they interact with the world. While traditional in-lab setups have been widely used, 

recent advances introduced automated, web-based applications which are already well established 

in adult research (e.g., Bogdan et al., 2024; Semmelmann & Weigelt, 2018; Yang & Krajbich, 

2021). However, validated paradigms for young children are still lacking. The need for remote 

eye-tracking has increased as it can be conducted in the familyõs natural environment, making 

participation in studies less time-consuming and more comfortable. In addition, it offers a cost-

efficient alternative that facilitates multi-lab collaborations and supports the recruitment of larger 

and more diverse samples. This would be particularly valuable for social cognitive research in 

children given recent discussions in the field. 

In a multi-lab study within the framework of ManyBabies, we evaluated the precision of a 

novel remote web-based eye-tracking method using WebGazer.js and jsPsych with the webcams 

of participating families. We tested children aged 18 to 27 months by aiming to replicate an 

anticipatory looking task from the ManyBabies 2 project (Schuwerk, Kampis et al., 2025)4, in 

which goal-based action anticipation was measured while participants watched a hiding game 

 
4 This task refers to the familiarization trials that were initially tested during the pilot phase of the first study of 
the ManyBabies 2 project. In the article of Study 1 (Steffan, Zimmer et al., 2024), an earlier version of the 
Registered Report was cited (Schuwerk, Kampis et al., 2022). This was the current version at the time. Here, in 
this dissertation, I cite the most recent version of the same study (Schuwerk, Kampis et al., 2025; Study 2 in this 
dissertation), which reflects the postðdata collection stage and is currently under review. Thus, both references 
refer to the same study at different stages of the Registered Report process. 

https://doi.org/10.1111/infa.12564
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between two agents. We expected that (1) children in the web-based setting would engage in 

goal-based action anticipation, indicated by above-chance anticipatory looking toward the 

location that matches the outcome of the agentõs action goal, (2) the eye-tracking method might 

affect proportional looking scores, however, we were unsure about the direction of the effect, 

and (3) fewer children would contribute usable data in the remote setting compared to in-lab eye-

tracking.  

Results of our remotely tested sample of 18-27-month-old toddlers (N = 125) revealed 

that using WebGazer, web-based eye-tracking successfully captured goal-based action 

anticipations. However, the proportion of goal-based anticipatory looking was lower compared to 

the in-lab sample (N = 70). As expected, exclusion rate was substantially higher in the web-based 

(42%) than the in-lab sample (10%). To reduce noise in the data, we added an important 

preprocessing step: we excluded trials based on visual inspection of the match of time-locked 

gaze coordinates and the participantõs webcam video overlayed on the stimuli. In sum, our study 

demonstrates that remote web-based eye-tracking can be a useful tool for testing toddlers, 

facilitating recruitment of larger and more diverse samples; a caveat to consider is the larger drop-

out rate. For experiments in which the benefits of remote testing are substantial, such as with 

children, and a reduced spatial resolution can be tolerated, web-based webcam eye-tracking using 

WebGazer is a promising method. 

 

Lucie Zimmerõs contributions to the article (CRediT report): Leading: Formal analysis, 

Investigation, Project administration, Supervision, Validation, Visualization, Writing - original 

draft, Writing - review & editing; Supporting: Conceptualization, Data curation, Methodology, 

Resources. 
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2.1.2.  Study 2. Large-Scale, Multi-Lab Eye-Tracking Study on Epistemic State-Based 
Action Anticipation 

Schuwerk, T.*, Kampis, D.*, Alessandroni, N., Altvater-Mackensen, N., Arias-Trejo, N.,  

Axelsson, E. L., Baillargeon, R., Baumann, A.-E., Bernard, C., Biro, S., Blankenship,  

T. L., Blomberg, I., Bohn, M., Bradford, E. E. F., Byers-Heinlein, K., Canudas Grabolosa,  

I., Chen, E. M., Chen, X., Corbit, J., é Zimmer, L., é Rakoczy, H. (2025,  

under review). Action anticipation based on an agentõs epistemic state in toddlers and  

adults. [Stage 2 Registered Report, following in-principle acceptance at Stage 1] Child  

Development. Preprint: https://doi.org/10.31234/osf.io/x4jbm (*shared first  

authorship) 

 

Recent research, including studies using the anticipatory looking paradigm, challenged 

assumptions about Theory of Mind abilities by suggesting that even infants can track othersõ false 

beliefs (e.g., Southgate et al., 2007). However, recent replication failures cast doubt on the 

robustness of this paradigm (Barone et al., 2019). To address this, we, the ManyBabies 2 

collaboration, conducted a multi-lab, large-scale conceptual replication study of the anticipatory 

looking paradigm. First, we attempted to replicate goal-based action anticipation that were 

reported in our pilot study. Second, we tested basic forms of epistemic state-based (knowledge 

vs. ignorance) action anticipations as a first step to assess the reliability and robustness of 

spontaneous Theory of Mind measures.  

Eighteen- to 27-month-old toddlers and adults watched animations of a hide-and-seek 

scenario. Participants first saw familiarization trials (as in the pilot study), followed by test trials in 

which the key manipulation varied depending on whether the chaser had knowledge of the 

chaseeõs hiding location or was ignorant of it. Including adults would help to clarify the validity of 

anticipatory looking measures of Theory of Mind across the lifespan. We expected (1) to replicate 

the results of the pilot study with participants robustly anticipating the agentõs action based on 

their goal in familiarization trials, and (2) that if participants took the agentõs epistemic state into 

account, they would anticipate the agentõs action, accordingly, indicated by differences in their 

anticipatory looking between the knowledge and ignorance conditions. That is, they were 

https://doi.org/10.31234/osf.io/x4jbm
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expected to show greater anticipatory looking toward the exit where the chasee was hiding in the 

knowledge condition, whereas this preference was expected to be absent or reduced in the 

ignorance condition. 

 In adults (N = 703), we found clear support for both goal-based action anticipation and 

epistemic state-based action anticipation. Specifically, adults clearly differentiated between 

knowledge and ignorance as predicted, aligning with epistemic sensitivity. In toddlers (N = 521), 

in contrast, the results were less clear. Toddlers engaged in simple goal-based action anticipation 

(in both the pilot and main study) but in the main study, they did not show the predicted 

differentiation between knowledge and ignorance conditions. Instead, they tended to anticipate 

the agentõs action toward the actual location of the chasee in both conditions. However, 

quantitatively, their proportion of anticipatory looking was substantially higher in the ignorance 

condition than in the knowledge condition. These unexpected patterns challenge existing 

assumptions about early Theory of Mind and point to new directions for research on its 

developmental trajectory. 

 

Lucie Zimmerõs contributions to the article (CRediT report): Leading: Investigation, 

Project administration; Supporting: Data curation, Methodology, Software, Supervision, Writing - 

review & editing. 
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2.1.3.  Study 3. Mental State Language Understanding in Toddlers 

Zimmer, L., Sodian, B., Mani, N., Grosso, S. S., Kristen-Antonow, S., & Schuwerk, T.  

(2025). Two- to three-year-old toddlers differentiate the epistemic verbs òknowó and  

òthinkó in a preferential looking eye-tracking paradigm. Developmental PsychologyΦ  

https://doi.org/10.1037/dev0001933 

 

Language plays a crucial role in childrenõs understanding of mental states (Harris et al., 

2005). Research has shown that pre-verbal infants already exhibit sensitivity to othersõ knowledge 

states, as demonstrated through joint attention and communicative gestures (Moll et al., 2007; 

Stenberg, 2009). However, while toddlers begin to use epistemic verbs in the third year of life, 

their comprehension and differentiation of epistemic verbs, that express varying degrees of 

speaker certainty, such as òknowó and òthinkó remain underexplored. Previous research suggests 

that children as young as 4 to 5 years begin to verbally distinguish between these verbs (Kristen-

Antonow et al., 2019; Moore et al., 1989), leaving open whether an implicit understanding may 

emerge earlier. 

In this study we investigated whether toddlers implicitly differentiate between the 

epistemic state verbs òknowó and òthinkó using a novel eye-tracking paradigm. A longitudinal 

design was employed to assess the same children at 27 months and 36 months. In our 

preferential looking task, toddlers were faced with two animated agents who indicated the 

location of a hidden object (right vs. left box). A narrator attributed contrasting degrees of 

certainty to the agentsõ statement: one expressing certainty (òHe knows it is in there.ó) and the 

other expressing uncertainty (òHe thinks it is in there.ó). After the introduction of the agents the 

toddlers were asked about the objectõs location and preference indicated by their looking time 

was measured. We expected that (1) a difference between òknowó and òthinkó would already be 

observable in 27-month-old toddlers during at least part of the response phase and, that (2) 36-

month-olds would reliably differentiate between òknowó and òthinkó during the whole response 

phase. 

https://doi.org/10.1037/dev0001933
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Results showed that toddlers at both 27 months (N = 199) and 36 months (N = 131) 

show systematic differences in their preferential looking in at least one of the response phases. 

They exhibited a spontaneous preference for the box associated with the agent who òknewó the 

objectõs location already before the narratorõs question was asked (i.e., pre-questioning phase). 

Their preference switched in the post-questioning phase; however, this effect was smaller. These 

findings suggest that children as young as 2 years differentiate between epistemic verbs based on 

speaker certainty, even before they can explicitly express this distinction. The study contributes to 

the growing body of evidence that mental state language understanding emerges in early 

childhood and highlights the importance of implicit measures in assessing young childrenõs 

cognitive development. 

 

Lucie Zimmerõs contributions to the article (CRediT report): Leading: Data curation, 

Formal analysis, Software, Validation, Visualization, Writing - original draft, Writing - review & 

editing. 
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2.2.  Neurodivergent Social Cognitive Development 

2.2.1.  Study 4. Predictive Responses in the Theory of Mind Network in Autism 

Zimmer, L., Richardson, H., Pletti, C., Paulus, M., & Schuwerk, T. (2025).  

Predictive responses in the theory of mind network: A comparison of autistic and non-

autistic adults. Cortex, 187, 159ð171. https://doi.org/10.1016/j.cortex.2025.04.006 

 

The predictive coding theory (Clark, 2013) offers a framework to understand social 

difficulties experienced in autistic individuals. It suggests that autistic individuals struggle with 

social interaction (and some Theory of Mind tasks) due to an attenuated use of prior information 

about othersõ mental states, making social interactions less predictable and more stressful (Bolis et 

al., 2017; Pellicano & Burr, 2012; Sinha et al., 2014). Despite theoretical claims, robust and 

replicable neural differences in Theory of Mind-related brain regions remain elusive.  

To test the predictive coding theory in autism, we applied a fMRI paradigm, which was 

previously tested in neurotypical children, to autistic and non-autistic adults. Participants were 

presented with a short movie featuring mental state reasoning twice while undergoing fMRI. In 

two experiments we examined whether non-autistic and autistic adults recruit the Theory of Mind 

network earlier during the second viewing of a short movie compared to the first (i.e., narrative 

anticipation effect) and whether this effect was altered in autistic adults. We expected that (1) 

non-autistic adults would show predictive coding processes, indicated by a narrative anticipation 

effect (Experiment 1), (2) this effect would be replicable in a new sample of non-autistic adults, 

and (3) autistic adults would show an attenuation of this effect, in the form of reduced or absent 

narrative anticipation (Experiment 2). 

In contrast to our expectations, we found no evidence for a narrative anticipation effect 

in Theory of Mind regions in both non-autistic (N = 61 in Experiment 1; N = 30 in Experiment 

2) and autistic adults (N = 30 in Experiment 2). These findings may indicate either that a 

narrative anticipation effect exists, but our task is not sensitive enough to capture it in adults or 

that adults do not show a narrative anticipation effect when watching this movie. However, in 

https://doi.org/10.1016/j.cortex.2025.04.006
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exploratory reverse correlation analyses we identified a scene in both non-autistic samples, but 

not in the autistic sample. This scene evoked a reduced repetition suppression (i.e., smaller 

difference in response between first and second viewing) in autistic compared to non-autistic 

adults. In contrast to other social scenes in the movie, this key scene requires complex reasoning 

about the false beliefs of the characters. This preliminary subtle difference in processing a 

complex Theory of Mind scene opens a promising avenue for future research to better 

understand the nature of differences in social interaction between autistic and non-autistic adults. 

 

Lucie Zimmerõs contributions to the article (CRediT report): Leading: Data curation, 

Formal analysis, Investigation, Project administration, Validation, Visualization, Writing ð original 

draft, Writing - review & editing. 
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3. General Discussion 

The present set of studies was designed to address implicit Theory of Mind across 

neurodiversity by using novel methodological approaches and targeting core theoretical debates. 

Below, I first summarize the main findings of each study. I then integrate these results into the 

broader research context by discussing developmental trajectories and methodological 

considerations related to implicit Theory of Mind, similarities and differences in Theory of Mind 

in autism, as well as the studiesõ strengths, limitations, and implications for future research. 

3.1. Summary of Main Findings 

First, in a multi-lab study, we examined whether remote, webcam-based eye-tracking 

using WebGazer can complement traditional in-lab paradigms. We therefore assessed goal-based 

action anticipation in 18-27-month-old toddlers. The results of Study 1 showed that toddlers 

tested remotely did engage in goal-based action anticipation measured via anticipatory looking. 

Although in comparison to in-lab testing, the data quality was lower and the attrition rate was 

substantially higher, the web-based method proved viable for capturing early social cognitive 

processes.  

Second, in another multi-lab study, we aimed to replicate findings of a pilot study 

showing goal-based action anticipation in the familiarization trials and investigated whether 

anticipatory looking also reflects epistemic state-based action anticipation. Specifically, we tested 

the ability to distinguish between knowledge and ignorance in 18-27-month-old toddlers and 

adults using both in-lab and the web-based eye-tracking method validated in Study 1. Study 2 

replicated findings of the pilot study, revealing that both adults and toddlers engage in goal-based 

action anticipation in familiarization trials. Further, Study 2 showed that adults clearly 

distinguished between these epistemic states when predicting othersõ actions, displaying a 

preference in the knowledge condition but not in the ignorance condition. In contrast, toddlersõ 

anticipatory looking pattern was unexpected: they anticipated the agentõs action in the knowledge 
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condition but showed even stronger anticipation toward the same location in the ignorance 

condition, in which no preference was expected.  

Third, using a preferential looking paradigm, we tested epistemic states with a focus on 

language understanding. Specifically, we tested whether toddlers implicitly differentiate between 

epistemic verbs such as òknowó and òthinkó as markers of speaker (un-)certainty. In Study 3, 

toddlers at both 27 and 36 months, showed a spontaneous preference for agents who were 

described as knowing the objectõs location, as indicated by their preferential looking behavior. 

However, subsequently, after a few seconds, when being explicitly asked about the objectõs 

location, childrenõs preference switched.  

Fourth, turning to neurodivergent social cognitive development, we investigated whether 

predictive processing can be measured in the Theory of Mind network in autistic and non-autistic 

adults and whether it is attenuated in autistic compared to non-autistic adults. We tested this by 

examining a narrative anticipation effect previously reported in children. No general narrative 

anticipation effect was observed in Theory of Mind brain regions in both autistic and non-autistic 

adults. However, exploratory analyses identified a specific scene involving complex mental state 

reasoning that was processed differently by autistic and non-autistic adults. Specifically, autistic 

adults (compared to non-autistic adults) showed reduced repetition suppression to this specific 

scene. 

Taken together, these studies demonstrate that remote, web-based eye-tracking is a 

feasible tool for studying early social cognition, especially in multi-lab collaborations, despite 

some limitations in data quality. Adults seem to be sensitive to basic forms of epistemic states 

and goal-based predictions in an anticipatory looking paradigm, whereas spontaneous epistemic 

state-based action anticipation in 1.5- to 2.5-year-old toddlers appear less robust. Although 

toddlers accounted for the epistemic status of knowledgeable agents, they did not differentiate 

their predictions toward ignorant agents. By their third year of life, toddlers show developmental 

progress in understanding epistemic state verbs, distinguishing varying degrees of speaker 
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certainty. In neurodivergent development, no broad differences in processing mental state 

narratives were observed between autistic and neurotypical adults. However, subtle differences 

emerged in predictive processing during complex mental state reasoning, indicating subtle rather 

than generalized alterations in autism. 

3.2. Developmental Trajectory of Implicit Theory of Mind 

A discrepancy between early findings on infantsõ implicit false belief understanding and 

later replication failures has raised the ongoing, debated question: do young children possess an 

implicit Theory of Mind? To contribute to this debate, one aim of this dissertation was to 

investigate more basic forms of Theory of Mind reasoning. This was intended as a systematic 

approach and as a basis for future research. 

Among the abilities thought to precede false belief understanding is goal-based action 

prediction, which has been associated with later Theory of Mind development (Aschersleben et 

al., 2008). Infants typically begin to anticipate othersõ goals within their first year of life, as 

indicated in predictive gaze shifts (e.g., Cannon & Woodward, 2012; Falck-Ytter et al., 2006). 

Consistent with these findings, Study 1 and Study 2 demonstrated reliable goal-based action 

anticipation in 1.5- to 2.5-year-old toddlers. Study 2 further confirmed the robustness of this 

ability in adults. Thus, the ability to anticipate othersõ action goals seems to emerge early in 

development and remains robust in adulthood. 

Beyond goal-based predictions, children in their second year of life begin to show 

sensitivity to othersõ basic epistemic states such as knowledge (Stenberg, 2009; Tomasello & 

Haberl, 2003). They show awareness of what others know or do not know (Dunham et al., 2000; 

Liszkowski et al., 2008; OõNeill, 1996). These early forms of epistemic understanding are 

considered more fundamental than belief representations (Phillips et al., 2020). Building on this 

line of research, Study 2 examined whether children and adults use othersõ epistemic accessñ

specifically, whether others are knowledgeable or ignorantñto predict their actions. Adults 

reliably anticipated an agentõs action in accordance with their epistemic state. This is consistent 
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with findings on false belief reasoning in adulthood (Schneider et al., 2017). Unexpectedly, 

toddlers, did not show the expected differentiation between knowledge and ignorance in Study 2 

(as described in section 3.1.). The observed pattern appears independent of both age and (prior) 

goal-based action anticipation performance. Hence, the results of Study 2 may indicate that 

toddlers either cannot yet differentiate between knowledge and ignorance or have interpreted the 

task differently. Thus, the stimuli may not have clearly isolated the epistemic contrast, due to 

either timing differences between conditions or high cognitive demands. Given empirical 

evidence reviewed above (Dunham et al., 2000; Liszkowski et al., 2008; OõNeill, 1996), a 

stimulus-related explanation seems plausible. This issue should be more thoroughly addressed 

(see 3.6. Limitations and Future Directions) before drawing firm conclusions about toddlersõ 

ability of epistemic state-based action prediction. However, if stimulus-related factors can be 

ruled out, the findings of Study 2 may further challenge the robustness of claims regarding early, 

implicit false belief understanding (Onishi & Baillargeon, 2005; Southgate et al., 2007). Large-

scale replication efforts, such as those planned within the ManyBabies 2 project, are needed to 

determine when and how epistemic state reasoning emerges in early development. 

Childrenõs early sensitivity to epistemic states is closely linked to their developing use and 

understanding of mental state language, offering an informative perspective on the emergence of 

implicit Theory of Mind. A developmental pattern has been proposed in which early productive 

use of epistemic verbs between ages 2 and 3 is linked to later understanding of these verbs 

(Moore et al., 1994) as well as Theory of Mind performance (Brooks & Meltzoff, 2015; Olineck 

& Poulin-Dubois, 2007). Verbal expressions of own knowledge and ignorance typically emerge 

between 2.5 and 3 years (Harris, Ronfard & Bartz, 2017). An explicit understanding and 

differentiation of epistemic verbs such as know and think typically develops between the ages of 

4 and 5 (Kristen-Antonow et al., 2019; Moore et al., 1989). What remained unclear, however, was 

whether implicit understanding of epistemic verbs begins to emerge between the early usage 

around age 2ð3 and the explicit understanding typically observed by age 4ð5. To address this gap, 
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Study 3 assessed toddlersõ implicit understanding of epistemic verbs. Study 3 revealed that 

children in their third year of life are already sensitive to differences in speaker certainty. At both 

27 and 36 months of age, children spontaneously preferred agents described as knowledgeable 

over those described as uncertain. Thus, at the age when toddlers begin using epistemic verbs to 

express their ownñand to a lesser extent othersõ ñ certainty in social interactions (Harris, Yang 

& Cui, 2017), they already appear to understand varying degrees of certainty in others (Study 3). 

More broadly, results of Study 3 support the view that implicit understanding can precede explicit 

understanding (Clements & Perner, 1994; Kloo et al., 2020). Moreover, this developmental 

trajectory is further refined by cross-linguistic evidence. Japanese-speaking children, for example, 

show sensitivity to sentence-final particles. As early as age 3, they prefer those speakers who use a 

language-specific grammatical marker expressing epistemic certainty over those expressing 

uncertainty (Matsui et al., 2016), mirroring findings of Study 3. In contrast, less frequently used 

lexical markers such as òknowó and òthinkó are understood laterñunderscoring the importance 

of language-specific grammatical features in the development of mental state language 

understanding. 

To conclude, the results of this dissertation trace a developmental trajectory in which 

robust goal-based action prediction emerges early (Study 1; Study 2), while basic forms of 

epistemic state sensitivity remain unclear in toddlers but are well established in adults (Study 2), 

with first evidence of mental state language understanding emerging in toddlerhood and 

preceding explicit one (Study 3). 

3.3. Methodological Considerations: Eye-Tracking in Theory of Mind Research 

In past decades, researchers commonly used verbal-response tasks to study childrenõs 

understanding of epistemic states as well as epistemic state language (Moore et al., 1989; Perner et 

al., 1987; Wimmer & Perner, 1983). While these paradigms provided valuable insights into 

cognitive development, their reliance on advanced language skills limits their applicability for 

investigating mental state reasoning in younger or pre-verbal children.  
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To overcome these limitations, recent research has increasingly turned to non-verbal 

methods. Study 3 contributes to this methodological shift by employing a preferential looking 

eye-tracking paradigm to assess toddlersõ understanding of epistemic verbs at an age at which 

they typically fail explicit tasks. Within this paradigm children differentiate between epistemic 

verbs around the age of 3, establishing a spontaneous preference. Interestingly, this preference 

switched after a narratorõs prompt. This unexpected pattern may indicate that after the first trial 

children anticipated the narratorõs question. Consequently, they responded pre-emptively in the 

following trials. The switch in preference may reflect an exploratory re-evaluation due to 

curiosity, uncertainty due to lack of feedback or attentional dynamics such as inhibition of return, 

which is the tendency for a counteractive response to occur following an initial preference (Klein, 

1988; Klein & MacInnes, 1999). These factors should be considered in future studies to refine 

preferential looking paradigms and thus for instance examine mental state language 

understanding more precisely (see 3.6. Limitations and Future Directions).  

In addition, anticipatory looking paradigms have become increasingly important in 

developmental psychology research, particularly for studying expectations or predictions 

spontaneously. In recent goal-based action anticipation studies, it was questioned whether the 

observed predictive gaze shifts reflect another personõs goal understanding or mere movement 

path anticipation (Ganglmayer et al., 2019; Gºn¿l et al., 2024). However, studies showed that 

when participants are provided with sufficient information to learn about the agentõs goal, they 

prioritize goals over movement paths (Ganglmayer et al., 2020; Paulus et al., 2017). Similarly, the 

hide-and-seek scenario used in Study 1 and Study 2 minimized path learning by randomizing the 

agentõs starting positions and goal locations across trials. 

Moreover, previous studies using anticipatory looking eye-tracking paradigms in false 

belief research reported difficulties in consistently eliciting reliable goal-based action anticipation 

during familiarization trials (e.g., Grosse Wiesmann et al., 2018; Kampis et al., 2021; Kulke, ReiÇ 

et al., 2018; Schuwerk et al., 2018). In contrast, Study 1 and Study 2, demonstrated that 
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spontaneous goal-based action anticipation can be robustly measured in both toddlers and adults 

using newly developed, engaging stimuli within an anticipatory looking paradigm. Thus, these 

stimuli offer a viable method for establishing predictions of action goals in participants across 

different age groups and cultural contexts. Moreover, earlier studies applied strict exclusion 

criteria based on performance in familiarization trials (e.g., Senju et al., 2009; Southgate et al., 

2007). However, this approach has been challenged by findings showing no significant 

performance differences between children who passed or failed such criteria (Grosse Wiesmann 

et al., 2018). Consistent with this, Study 2 found no differences in epistemic state-based action 

anticipation based on performance in familiarization trials. The anticipatory looking paradigm 

further proved effective in measuring a basic form of epistemic state-based action anticipation in 

adults in Study 2. However, the unexpected results observed in toddlers in Study 2 (as already 

discussed in section 3.2.) preclude definitive conclusions regarding applicability of anticipatory 

looking paradigm in studying this epistemic state-based action anticipation in young childhood.  

Together, this dissertation demonstrates that anticipatory and preferential looking 

paradigms offer reliable, age-appropriate methods for capturing childrenõs implicit understanding 

of mental state language (Study 3) and othersõ action goals (Study 1; Study 2). In contrast, the 

suitability of anticipatory looking paradigms in assessing early sensitivity to epistemic states in 

toddlers remains uncertain and needs further investigation (Study 2). 

Moreover, recent advances in eye-tracking opened new possibilities for conducting 

studies remotely using web-based methods. However, these approaches are still in the early stages 

of validation within cognitive developmental psychology. Previous online studies successfully 

replicated developmental patterns observed in in-lab research, such as false belief understanding 

(Schidelko et al., 2021). Similarly, comparable looking behaviors were reported in infants using 

traditional paradigms like preferential looking (B§nki et al., 2022; Smith-Flores et al., 2021) and 

violation of expectation tasks (Raz et al., 2024). Building on this work, Study 1 replicated goal-

based action anticipation in toddlers within an anticipatory looking paradigm,using a novel 
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remote, web-based setup. As an extension to moderated studies (e.g., Schidelko et al., 2021; 

Smith-Flores et al., 2021; Study 1), unmoderated studies using iCatcher+ replicated similar effects 

with slightly reduced effect sizes and emphasized the need to adapt tasks for remote assessment 

of early social cognition (Raz et al., 2024; Tenenbaum et al., 2025). These findings are further 

corroborated by a recent meta-analysis. This meta-analysis reports that web-based developmental 

studies, regardless of whether they are conducted under moderated or unmoderated conditions, 

produce results largely comparable to those obtained in laboratory settings, albeit with somewhat 

reduced effect sizes (Chuey et al., 2024).  

To date, WebGazer has not been applied to infant or toddler studies, whereas deep 

learning-based tools like iCatcher+ are more commonly used in child research (Raz et al., 2024; 

Tenenbaum et al., 2025). Compared to iCatcher+, which classifies gaze into discrete categories, 

WebGazer estimates continuous gaze coordinates, offering greater flexibility for capturing 

dynamic gaze behavior. In adult studies, WebGazer has proven feasible, although it yields lower 

data quality and effect sizes compared to traditional commercial in-lab systems (Bogdan et al., 

2024; Semmelmann & Weigelt, 2018; Yang & Krajbich, 2021). Specifically, in anticipatory looking 

paradigms, WebGazer has been shown to reliably detect broad gaze patterns, while its sensitivity 

to brief or subtle effects may be limited (Slim et al., 2024). Study 1 and Study 2 provide further 

evidence that WebGazer can successfully capture broad gaze patterns in toddlers using an 

anticipatory looking paradigm. While in Study 1 the effect size was lower than in the in-lab 

sampleñlikely due to reduced spatial resolution and sampling rateñthe key anticipatory effects 

were still detectable. Notably, web-based samples usually show higher attrition rates than samples 

tested in the laboratory (B§nki et al., 2022; Semmelmann & Weigelt, 2018; Study 1; Yang & 

Krajbich, 2021). However, Study 1õs successful replication of in-lab findings under these 

constraints supports the validity of WebGazer as a tool for remote cognitive developmental 

research. 
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In sum, this dissertation demonstrates that web-based eye-tracking using WebGazer can 

effectively complement in-lab approaches (Study 1) and offers a promising tool for testing 

toddlersõ anticipatory looking (Study 1; Study 2), particularly when reduced spatial resolution is 

acceptable. 

3.4. Theory of Mind in Autism: Similarities and Differences   

In neurodivergent social cognitive development, such as in autism, individuals often 

experience social interactions as challenging. These challenges have frequently been linked to 

differences in Theory of Mind processing, though some traditional accounts frame these as 

deficits. However, consistent findings remain elusive. Predictive coding accounts offer a potential 

explanation. According to this view, autistic individuals may form less flexible predictions which 

can lead them to perceive social interactions as unpredictable and, consequently, cause interactive 

mismatches (Pellicano & Burr, 2012; Sinha et al., 2014). Thus, predictive coding accounts in 

autism suggest that difficulties in social interaction may arise not from a lack of Theory of Mind, 

but from altered predictive processing of social information such as mental states. Neural 

predictive Theory of Mind processing has been observed in neurotypical adults (Baldassano et al., 

2017; Lee et al., 2021) and children (Richardson & Saxe, 2019). Unlike these findings, Study 4 

found no evidence for narrative anticipation in the Theory of Mind network in adults. 

Importantly, alternative explanations for this null finding were ruled out: neither faster nor more 

localized neural anticipation were observed. Additionally, no group difference emerged between 

autistic and non-autistic adults. In both autistic and non-autistic adults, Study 4 revealed 

comparable processing of movie stimuli across both viewings. Like Study 4, highly similar neural 

responses in autistic and non-autistic adults were documented during movie-watching (Mangnus 

et al., 2024). Further, large-scale studies found no measurable differences in Theory of Mind 

network activation between autistic and non-autistic adults (Dufour et al., 2013; Moessnang et al., 

2020). However, findings of Study 4 appear to contrast with studies reporting altered activation 

in core Theory of Mind regions during social cognitive tasks in autism (e.g., Ciaramidaro et al., 
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2015; Duvall et al., 2023; Kana et al., 2009; Kana et al., 2014; Nijhof et al., 2018; Sugranyes et al., 

2011). A key difference lies in the methodological approach: while those studies used more 

structured tasks, the paradigm in Study 4 involved a naturalistic third-person narrative. This 

probably facilitated the investigation of neural responses under more ecologically valid 

conditions. In sum, from a theoretical perspective, recent research (Dufour et al., 2013; 

Gernsbacher & Yergeau, 2019; Mangnus et al., 2024; Moessnang et al., 2020; Study 4) challenges 

the view that a circumscribed and profound Theory of Mind deficit underlies interaction and 

communication difficulties in autistic adults. 

Recently, it was reported that differences in autism may only emerge when Theory of 

Mind reasoning becomes demanding (Schuwerk & Sodian, 2023). Similarly, in Study 4, a scene 

involving complex false belief reasoning elicited reduced repetition suppression in autistic 

compared to non-autistic adults. Repetition suppression, which is the attenuation of neural 

responses upon repeated exposure, is shaped by expectations: expected repetitions elicit stronger 

suppression than unexpected ones (Summerfield et al., 2008). In line with this, neurotypical 

individuals typically show heightened neural responses to unpredictable mental states in 

comparison to predictable ones (Heil et al., 2019; Thornton et al., 2019). In Study 4, neurotypical 

adults may have benefit from repeated viewing, leading to higher predictability and lower neural 

response. In contrast, as proposed by predictive coding theories, autistic individuals may 

experience difficulties when using prior information (Pellicano & Burr, 2012). Potentially, the 

similar neural responses upon repetition observed in autistic adults in Study 4 may suggest 

reduced flexibility in updating predictions and sustained cognitive effort. Notably, Study 4 only 

found exploratory evidence which is not supported by the main analysis. This may either indicate 

a subtle difference or no difference, thereby highlighting the need for future research to better 

understand the nature of this potential alteration. 

Taken together, the findings of this dissertation reveal an absence of overall predictive 

processing in Theory of Mind brain regions, indicating comparable processing patterns in autistic 
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and non-autistic individuals (Study 4). Subtle differences in predictive processing in the Theory of 

Mind network appear to be content-specific and emerge during more complex Theory of Mind 

reasoning (Study 4). 

3.5. Strengthening Theory of Mind Research: Replication and Collaboration 

In recent years concerns about the replicability of key findings in developmental cognitive 

science have increased, as for instance in the domain of implicit Theory of Mind research. Several 

replication failures raised doubts about the robustness of early findings, contributing to what has 

been termed a replication crisis (Barone et al., 2019; Kulke & Rakoczy, 2017; Poulin-Dubois et 

al., 2018). Study 1, Study 2, and Study 4 addressed this issue by emphasizing replications. Study 1 

replicated the familiarization trials from the pilot of Study 2. The main study of Study 2 provided 

a second confirmation of their reliability. These multiple replications demonstrate that our 

paradigm robustly elicits goal-based anticipatory looking responses, addressing previous 

challenges in achieving consistent participant anticipation (e.g., Kampis et al., 2021; Kulke, ReiÇ 

et al., 2018).  

Moreover, Study 4 represents a failed extension attempt. The narrative anticipation effect 

previously reported in children by Richardson and Saxe (2019) could not be replicated in an adult 

sample, even though the identical paradigm, stimuli, and analysis procedures as the original study 

were employed. Such null findings and their transparent reporting, particularly when testing the 

generalizability of prior effects, are equally important for refining the scope and boundaries of 

theoretical claims (Heene & Ferguson, 2017). It aligns with a current perspective that views the 

so-called replication crisis not as a failure, but as a driver of structural and cultural reform in 

science. From this viewpoint, the transparent reporting of null results contributes to the ongoing 

credibility revolution by challenging publication bias and promoting theoretical refinement 

(Korbmacher et al., 2023). 

Another promising response to the replication crisis has been the rise of multi-lab 

collaboration studies. Study 1 and Study 2 followed a coordinated multi-lab design, enhancing the 
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robustness and generalizability of findings. Samples within multi-lab studies are more diverse 

than those in most single-lab, in-person developmental studies (Singh et al., 2023; Study 1; Study 

2), highlighting that web-based methods offer the opportunity to test demographically diverse, 

large international samples under comparable conditions. However, samples in Study 1 and Study 

2 were still predominantly WEIRD: in Study 1, only 11.2% of the data included came from 

participants outside Western Europe or North America. Notably, the precondition to possess or 

have access to a computer already excludes large portions of the worldõs population. In Study 2, 

which was a larger multi-lab study than Study 1, 16.3% of the included data came from labs 

outside Western Europe, North America, or Australia (with similar percentages across age 

groups). These proportions are comparable to those reported in other multi-lab studies, such as 

for instance ManyBabies 1 (Byers-Heinlein et al., 2020) or Many Labs 2 (Schimmelpfennig et al., 

2025). New methodological approaches can help select samples exhibiting significant cultural 

variation (e.g., Muthukrishna et al., 2020). Yet, adult studies show that samples are often 

homogeneous even within countries, masking important diversity (Ghai et al., 2024). Therefore, 

for future multi-lab studies, recruiting representative and heterogeneous samples within countries 

while carefully considering diverse cultural contexts remains crucial.  

In sum, this dissertation highlights the value of replication (Study 1; Study 2; Study 4) and 

collaboration (Study 1; Study 2) for more diverse and transparent Theory of Mind research, 

supporting the view that the replication crisis serves as a catalyst for an enduring reform in social 

cognitive psychology. 

3.6. Limitations and Future Directions  

In Study 1, we employed a visual inspection process as a preprocessing step to efficiently 

reduce data noise and successfully applied the same approach in Study 2. We created overlays of 

time-locked gaze coordinates alongside the participantõs webcam video overlaid on the stimuli. 

Unlike detailed manual coding, this method involved holistic and rapid evaluation. For instance, 

coders could determine at a glance whether gaze data were clearly invalid, which greatly improved 
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efficiency. As a next step, developing an automated pre-selection method to flag trials for 

potential exclusion would help to further minimize the amount of video data requiring visual 

inspection. Moreover, future research can benefit from adult datasets that simulate infant 

webcam noise. Training algorithms using these datasets can improve the quality and robustness 

of automated gaze tracking in our WebGazer setup and address high dropout rates. This has 

already been successfully demonstrated with tools like OWLET and iCatcher+ (Hagihara et al., 

2024). 

Following adultsõ successful epistemic-based anticipatory looking in Study 2, the next step 

in the ManyBabies 2 project is to investigate whether the anticipatory looking paradigm can 

reliably capture adultsõ spontaneous true/false belief-based action predictions. Proceeding with 

this planned true/false belief understanding study in children would not be meaningful at this 

stage. Instead, future studies should first address stimulus-based explanations for the unexpected 

pattern of results by aligning timing across conditions and reducing processing demands by for 

instance minimizing the chaserõs back-and-forth movement in the knowledge condition. 

Additionally, it should be ensured that the bear is no longer visible in the ignorance condition 

(e.g., through the use of occluders), since this might have confused/distracted children. Second, 

other measures such as looking behavior (e.g., Daum et al., 2012) or pupil dilation (as currently 

done in a ManyBabies 2 spin-off study) should be used to thoroughly investigate this basic form 

of epistemic state-based action prediction. Third, older children should be tested to ensure that 

the toddlers in our study were not simply too young to show this basic form of epistemic state-

based action prediction. 

Regarding Study 3, future research should shorten the test phase and reduce the number 

of trials to better accommodate childrenõs limited attention span. Specifically, posing the 

narratorõs prompt immediately after the introduction of the agentõs degree of (un-)certainty and 

limiting the display time the objects, could promote more spontaneous and naturalistic responses. 

These developmentally appropriate conditions are expected to improve attentiveness and lower 
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the high trial exclusion rates observed in this study. Subsequently, with these adjustments, mental 

state language understanding using our paradigm should be tested again within the age group of 

our study to assess whether the preferential looking patterns can be reliably replicated. In 

addition, this new task procedure should also be validated in older children and/or adults who 

already have an advanced understanding of epistemic verbs. 

In Study 4, we did not observe a narrative anticipation effect in adults, despite using the 

same paradigm as a previous study that showed this effect increases with age in children 

(Richardson & Saxe, 2019). Future research should consider employing age-appropriate stimuli 

for adult samples (e.g., Baldassano et al., 2017; Lee et al., 2021) to gain a deeper understanding of 

the development of predictive processing and how it may differ across age groups and 

neurodiverse populations. Study 4 enhances ecological validity of structured Theory of Mind 

tasks by using naturalistic, emotionally rich movie-stimuli from a third-person perspective 

(Sonkusare et al., 2019). A valuable next step would be to integrate second-person paradigms, 

which better capture the interactive nature of social cognition (Bolis et al., 2023). Rather than 

viewing autism solely as a disordered function within individual brains, these approaches 

emphasize dynamic mismatches in neurodivergentðneurotypical interactions. Focusing on the 

interpersonal level moves beyond binary group comparisons and helps challenge neurocentric 

biases (Bolis et al., 2017). 

3.7. Conclusion 

This work advances the understanding of implicit Theory of Mind by integrating 

developmental insights, methodological innovation, and neurodivergent perspectives. Across 

studies, we demonstrated that web-based remote eye-tracking proved feasible for testing toddlersõ 

action anticipation, enabling more diverse and scalable research despite technical limitations. 

Within multi-lab frameworks we confirmed that goal-based predictions can be reliably measured 

within an anticipatory looking paradigm in both toddlers and adults. While adultsõ anticipatory 

looking also reflected epistemic sensitivity, toddlers did not consistently differentiate between 
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knowledge and ignorance, underscoring the need for further refinement of our paradigm. At the 

same time, toddlers spontaneously distinguished epistemic verbs, suggesting that an implicit 

sensitivity to speaker certainty emerges well before explicit verbal mastery. Finally, in an adult 

neuroimaging study we found no evidence of predictive Theory of Mind processing in autism. 

However, we revealed preliminary subtle group differences when complex belief reasoning is 

required, pointing to nuanced effects consistent with predictive coding accounts.  

Together, the findings suggest that implicit Theory of Mind does not emerge as a single 

unified ability, but rather in a piecemeal fashion, with different componentsñsuch as action 

prediction, language understanding, and neural processingñfollowing distinct but related 

developmental and neurocognitive trajectories. This fragmentation may reflect the diversity of 

social cognitive mechanisms involved in mental state understanding. For research, it underscores 

the importance of integrating neurodiversity and employing multiple methods to capture this 

complexity. Thus, this work outlines a developmental and neurodiverse pathway of implicit 

Theory of Mind and offers a foundation for more robust, inclusive, and theoretically grounded 

research in social cognition. 
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