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Why Do Children Who Solve FB Tasks Begin to Find True Belief Control Tasks 

Difficult? A Test of Pragmatic Performance Factors in ToM Tasks. Frontiers in 

Psychology, 12, 797246.  

 

Schidelko, L. P., Proft, M., & Rakoczy, H. (2022). How do children overcome their pragmatic 

performance problems in the true belief task? The role of advanced pragmatics and 

higher-order theory of mind. PLOS ONE, 27. 

 

Schidelko, L. P., Baumann, L., Proft, M., & Rakoczy, H. (2023). Do Theory of Mind and 

Mental Time Travel abilities build on joint cognitive foundations? A Comparison of 

development of recursive Theory of Mind and Mental Time Travel [Unpublished 

manuscript]. Department of Developmental Psychology. University of Göttingen. 
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0. Summaries 

0.1. English Summary 

Domain-general theories of Theory of Mind development assume that the ability to understand 

mental states (representations) as such is based on a fundamental understanding of representa-

tions as representations (meta-representations) (Perner, 1991). Accordingly, Theory of Mind 

develops in the course of a cognitive revolution to meta-representational thinking at the age of 

about four years (Perner, 1991; Wellman et al., 2001). In subsequent development, more com-

plex forms of metarepresentational Theory of Mind develop by recursive embedding of multi-

ple mental representations, which additionally requires the ability of recursive operations (“A 

thinks that B thinks that C thinks … that p”). However, little is known about the developmental 

trajectories of this prolonged development of complex, recursive Theory of Mind. Moreover, 

recent research has cast doubt on the assumption that meta-representational Theory of Mind 

develops by age four (e.g., Fabricius et al., 2010; 2021). 

Therefore, the projects of this dissertation aim to investigate the emergence and development 

of meta-representational ToM from a domain-general perspective by addressing four questions: 

(Ia) When does meta-representational Theory of Mind emerge, (Ib) How does recursive meta-

representational Theory of Mind develop throughout childhood, and what are developmental 

relations of ToM to (IIa) a general understanding of representations and (IIb) to the ability of 

recursive thinking? 

These research questions were addressed in three projects. Due to the restrictions of the 

COVID-19 pandemic, data collection for most of the studies of the dissertation had to be con-

ducted remotely. Therefore, a preliminary study (N= 188, 3-4 years) established the new 

method of online data collection as a valid alternative to classical in-person test settings. 

The first main project addressed the emergence of Theory of Mind in comparison to children’s 

general understanding of representations (N = 88, 3-6 years). The results showed parallel and 

correlated performance in meta-representational thought providing evidence for a unified emer-

gence of meta-representational thought around age four.   

Building on the results of a unified onset, the second project investigated the subsequent devel-

opment of more complex forms of recursive meta-representational thinking. In three studies (N 

= 232), six-to ten-year-old children were tested in first-to fifth-order Theory of Mind tasks. The 

results revealed major developmental progress in higher-order Theory of Mind and substantial 
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correlations to general recursive embedding abilities. This provides evidence for the relatedness 

of complex Theory of Mind and higher-order recursive thinking. 

To shed light on further cognitive correlates or foundations, the third project compared this 

developmental progress in higher-order Theory of Mind with children’s Mental Time Travel 

abilities. Mental Time Travel refers to the ability to reason about past and future events. It has 

been argued that sophisticated Mental Time Travel requires the representation of how past or 

future events relate to the present state and is thus based on some form of meta-representation.  

Children’s first-, second-, and third-order Theory of Mind and Mental Time Traveling abilities 

were compared (N = 120, 3-8 years). The results showed parallel, stepwise developmental pro-

gress from first to third-order Theory of Mind and first-to third-order Mental Time Travel. The 

developmental trajectories were, however, only partly associated. 

In summary, the results show a consistent onset of meta-representational thought around age 

four and major developmental progress in higher-order Theory of Mind in children between six 

and ten years. Emergence and subsequent development in Theory of Mind was (partly) related 

to development in general recursive thinking abilities and meta-representational thought in 

other domains. These findings are compatible with domain-general theories of Theory of Mind 

development: To a certain extent, the emergence of first-order Theory of Mind and develop-

mental progress in higher-order Theory of Mind base on shared abilities as meta-representa-

tional thought and recursive reasoning. This evidence contributes to a more comprehensive 

understanding of ontogenetic Theory of Mind emergence and subsequent development in The-

ory of Mind and related abilities. 
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0.2. Deutsche Zusammenfassung 

Bereichsübergreifende Theorien zur Entwicklung von Theory of Mind nehmen an, dass die 

Fähigkeit, mentale Zustände (Repräsentationen) als solche zu verstehen auf einem grundlegen-

den Verständnis von Repräsentationen als Repräsentation (Metarepäsentationen) beruht. Dem-

nach entwickelt sich Theory of Mind im Laufe einer kognitiven Revolution zu metarepräsenta-

tionalem Denken im Alter von etwa vier Jahren (Perner, 1991; Wellman et al., 2001). Im wei-

teren Verkauf der kindlichen Entwicklung entstehen komplexere Formen metarepräsentationa-

ler Theory of Mind durch rekursive Einbettung mehrerer mentaler Repräsentationen, was zu-

sätzlich die Fähigkeit rekursiven Denkens voraussetzt ("A denkt, dass B denkt, dass C denkt ... 

dass p"). Bisher ist nur wenig über die Entwicklungswege dieser späteren Entwicklung von 

komplexer, rekursiver Theory of Mind bekannt. Darüber hinaus haben neuere Forschungser-

gebnisse Zweifel an der Annahme aufkommen lassen, dass sich metarepräsentationale Theory 

of Mind im Alter von vier Jahren entwickelt (e.g., Fabricius et al., 2010; 2021). 

Die Projekte dieser Dissertation zielten daher darauf ab, die Entstehung und Entwicklung von 

metarepräsentationaler Theory of Mind aus einer domänenübergreifenden Perspektive zu un-

tersuchen. Dazu wurden folgende Forschungsfragen adressiert: (Ia) Wann entwickeln Kinder 

meta-repräsentationale Theory of Mind und (Ib) Wie entwickeln sich spätere Formen komple-

xer, rekursiver Theory of Mind? (II) Gibt es Zusammenhänge in der Entstehung und weiteren 

Entwicklung von ToM und (IIa) einem allgemeinen Verständnis von Repräsentationen, sowie 

(IIb) allgemeinen Rekursionsfähigkeiten? 

Diese Forschungsfragen wurden in drei Projekten untersucht. Aufgrund der Covid-19-Pande-

mie fand die Datenerhebung größtenteils im Rahmen von Online-Studien statt. Daher wurde 

eine Vorstudie (N= 188, 3-4 Jahre) durchgeführt, in welcher diese neue Methode der Online-

Datenerhebung als zuverlässige Alternative zu klassischen Präsenz-Testsettings validiert 

wurde. 

Das erste Hauptprojekt der Dissertation untersuchte die Entstehung von Theory of Mind im 

Vergleich zu einem allgemeinen Verständnis von Repräsentationen. Dazu wurde das Verständ-

nis drei- bis sechsjähriger Kinder (N = 88) von mentalen und nicht-mentalen Metarepräsentati-

onen verglichen. Kinder zeigten alterstypische und parallele Performanz in metarepräsentatio-

nalen Aufgaben und abweichende Performanz in parallelen Aufgaben, die in ihrer repräsenta-

tionalen Struktur abwichen. Diese Ergebnisse sprechen für einen einheitlichen Beginn des 

meta-repräsentationalen Denkens in verschiedenen Domänen im Alter von vier Jahren.  
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Aufbauend auf den Ergebnissen einer einheitlichen Entstehung metarepräsentationalen Den-

kens untersuchte das zweite Projekt die Entwicklung komplexerer Formen rekursiver metare-

präsentationaler Theory of Mind höherer Ordnung. In drei Studien (N = 232) wurden sechs- bis 

zehnjährige Kinder in rekursiven Theory of Mind-Aufgaben (erste bis fünfte Ordnung) und in 

ihren allgemeinen Rekursionsfähigkeiten getestet. Die Ergebnisse zeigten große Entwicklungs-

fortschritte in Theory of Mind höherer Ordnung. Die Entwicklung korrelierte zudem mit Fä-

higkeiten rekursiven Denkens in anderen Bereichen. Dies spricht für einen Zusammenhang 

Theory of Mind höherer Ordnung und allgemeinen Rekursionsfähigkeiten in der kognitiven 

Entwicklung.  

Das dritte Projekt kombinierte die Ideen aus den ersten beiden Projekten und verglich die Ent-

wicklung rekursiver Theory of Mind mit Entwicklungen im Bereich der Mentalen Zeitreisefä-

higkeiten. Als Mentale Zeitreise wird die Fähigkeit bezeichnet, Repräsentationen vergangener 

und zukünftiger Ereignisse und deren Bezug zur Gegenwart zu repräsentieren. Basierend auf 

der Annahme, dass diese Fähigkeit ebenfalls auf (rekursivem) meta-repräsentationalem Denken 

beruht, wurden in diesem Projekt drei- bis achtjährige Kinder (N = 120) in ihren Theory of 

Mind- und Mentale Zeitreisefähigkeiten verschiedener Rekursionsebenen verglichen. Die Er-

gebnisse zeigten einen schrittweisen, partiell korrelierten Entwicklungsverlauf von rekursiver 

Theory of Mind und Mentaler Zeitreise.  

Zusammenfassend zeigen die Ergebnisse einen einheitlichen Beginn metarepräsentationalen 

Denkens im Alter von vier Jahren, und parallele, teilweise verbundene Entwicklung in Rekursi-

onsfähigkeiten und metarepräsentationalem Denken in anderen Bereichen. Diese Befunde sind 

kompatibel mit bereichsübergreifenden Theorien zur Theory of Mind-Entwicklung und tragen 

zu einem umfassenderen Verständnis der ontogenetischen Theory of Mind-Entstehung und 

weiterführenden Entwicklung und zugrundeliegenden Fähigkeiten bei.  
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1. General Introduction 

 
“[The] understanding of mental representation is fundamental to our folk 

psychology, to our theory of mind. It is so deeply rooted in our way of 

thinking that it is almost impossible for us to imagine what it would be 

like not to think like this. There was a time, however, when we didn’t.” 

                                                             (Janet Wilde Astington, 1993) 

 

Social interactions play a significant role in our daily lives, as we communicate, cooperate, 

compete, or engage with other people in various ways. As we navigate these social interactions, 

we take into account our as well as others’ beliefs, desires, and feelings. This requires an un-

derstanding of mental states (or: mental representations). This everyday psychology is also 

referred to as folk psychology or Theory of Mind (ToM). It is considered one of the most fun-

damental capacities to navigate a complex social world (Leslie et al., 2004). Because of its 

extensive relevance to our mature social life, ToM became a major subject of research in psy-

chology and related fields over the last few decades. 

One central debate in this field of research concerns the question of whether ToM relies on 

processes specialized to the purpose of ToM computations (domain-specific processes) or 

whether, and to what extent, ToM devotes to more general capacities that are shared with other 

cognitive abilities (domain-general processes).  

One way to approach this debate is to consider the ontogenetic origins and trajectories of ToM. 

The questions that arise are, when and how do children acquire a ToM? To what extent is the 

emergence and subsequent developmental progress in ToM decoupled from or related to devel-

opmental progresses in other domains?  

Answers to these questions contribute to a comprehensive understanding of the developmental 

trajectories and cognitive routes of ToM. These answers may shed light on the debate of do-

main-specificity versus domain-generality of this central human capacity. 

In light of these questions, my dissertation aims to investigate how children’s developing abil-

ities in ToM relate to other cognitive capacities. In particular, it aims to present a general un-

derstanding of representations and the ability of recursive thinking as fundamental for the emer-
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gence and development of ToM. Parallel developmental trajectories and associated perfor-

mance in ToM and other cognitive domains would provide evidence for shared underlying 

foundations. 

To approach these questions of developmental associations, we first need to clarify the devel-

opmental trajectories of ToM and ways to validly test these abilities in development. Thus, the 

dissertation will start by addressing questions (Ia) regarding the emergence of ToM, and (Ib) 

regarding the subsequent development of more complex forms of ToM and ways to measure 

these in development. This will provide us with the basis to investigate how the emergence and 

subsequent development in ToM relate to other cognitive abilities. Domain-general views have 

claimed that ToM relies on and develops with a general understanding of representations. Based 

on this idea, it has been suggested that more complex, higher-order forms of ToM rely on re-

cursively embedding such representations which requires recursive thinking abilities. Thus, the 

dissertation investigates the developmental relations of ToM to (IIa) a general understanding 

of representations and (IIb) the ability of recursive thinking across development.  

The dissertation aims to investigate these questions in the following way1: I will start by intro-

ducing ToM and its conceptual core – an understanding of mental representations. To this end, 

I will explain how ToM can be validly tested in development and draw the standard picture of 

ToM emergence based on established empirical evidence. I will then present recent empirical 

findings that seem to question this standard picture of ToM. Different accounts will be pre-

sented that aim to explain these recent findings. Some of these accounts interpret the recent 

findings in a way that conflicts with the standard picture of ToM emergence. I will discuss why 

these accounts are unlikely in light of preliminary evidence and present an alternative approach 

that is based on pragmatic limitation claims and is compatible with the standard picture of ToM. 

I will then propose a stringent way to empirically test the central prediction made by this ap-

proach. This provides the basis to address the first aim of this dissertation: the investigation of 

(Ia) the emergence of ToM and valid ways to test emerging ToM. 

I will then delve into introducing more complex forms of ToM – higher-order ToM – which 

follow more protracted developmental trajectories after the emergence of ToM. I will present 

first attempts to empirically test such complex forms of ToM over the course of childhood. This 

would provide a foundation to address the second aim of this dissertation: (Ib) to expand upon 

 
1 I will outline the structure of the theoretical and empirical background of the dissertation in a rather 
detailed way because the investigation of (Ia) the emergence of ToM requires an excursus on a spe-
cific set of recent findings and a review of different approaches to interpret these findings. The de-
tailed outline ought to give an overview of the structure of the dissertation and, at the same time, pro-
vides as explanation for the raisons d’être of the different parts of this dissertations. 
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methods to test higher-order ToM, displaying the trajectory of protracted development of com-

plex, higher-order forms of ToM.  

Armed with ways to clarify (Ia) the emergence and (Ib) subsequent development in ToM, I will 

address the main questions of this dissertation, the relation of ToM to (IIa) a general under-

standing of representations and (IIb) to the ability of recursive thinking. To this end, I will 

introduce the idea that Mental Time Travel abilities rely on a similar understanding of repre-

sentations. Additionally, I will argue that more complex forms of Mental Time Travel involve 

recursive thinking to embed these representations within each other. 

Finally, I will present the rationale and central findings of the three main projects of this dis-

sertation. In the General Discussion of this dissertation, I will interpret these findings in light 

of domain-general ideas of ToM and will propose directions for future research. In the first part 

of the General Discussion, I will focus on a general understanding of representations and dis-

cuss differences in pragmatic demands in tasks used to test this understanding in different do-

mains. In the second part of the General Discussion, I will discuss the role of Executive Func-

tions in ToM development and the potential joint underlying cognitive structures of Executive 

Functions, ToM development, and other representational abilities.  

 

2. Theory of Mind  

In our daily lives, we perceive ourselves and others as rational agents who perform rational 

actions that are guided by their mental states about the world. Fundamentally, rational behavior 

is guided by cognitive mental states, such as beliefs and conative mental states, such as desires: 

Rational agents perform actions based on how they believe the world is and how they desire it 

to be. From a first-person perspective, mental states provide rational agents with practical rea-

sons to act. From a third-person perspective, this conceptual framework can be used to predict 

and explain rational behavior. This capacity to attribute mental states to others and to oneself 

and to predict and interpret people’s behavior based on their mental states is referred to as 

Theory of Mind (Premack & Woodruff, 1978). Often, we attribute a combination of a belief and 

a desire in order to predict or explain rational actions (Davidson, 1963). For example, when we 

observe a person taking a flower vase and taking a big sip from it as if it was a refreshing drink, 

we might reason: “She took a sip from the flower vase [action] because she wanted to drink 

soda [desire] and thought this was soda [belief]” (cf. Rakoczy, 2017). This makes ToM a fun-

damental capacity for practically every facet of our social life: Whenever we interact with each 
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other, we monitor how others view the world and reason about what they might know, and what 

they might want or intend to do (Leslie et al., 2004).  

In the following sections, I will approach the question of the emergence of ToM. In order to do 

so, I will start by introducing the idea of the conceptual core of ToM – an understanding of 

mental representations in the next section (Section 2.1 Meta-representation in Theory of Mind). 

The conceptual core provides direct implications on how to measure ToM in development in 

systematic and valid ways. These typical ToM tasks will be presented in the subsequent section 

(Section 2.2 How to Measure Theory of Mind). Armed with valid measures, the subsequent 

section (Section 2.3. Ontogeny of Theory of Mind) will present empirical findings of such 

measurement in ontogenetic development.  

 

2.1. Meta-Representation in Theory of Mind 

To have a ToM, it is essential to comprehend the representational function of the mind: Rational 

agents possess mental representations of various aspects of the world, which aim to represent 

how the world is (beliefs) or how it should be (desires). These representations depict the world 

as being a certain way. Rather than having direct access to reality, people construct and con-

strue the world in their minds. Understanding that mental representations are mere representa-

tions of reality becomes relevant in cases where something is represented differently from how 

it really is. In these cases of misrepresentation, the representation of reality does not match 

actual reality – the sense differs from the referent of the representation. The referent of a rep-

resentation refers to what the representation is representing, while the sense describes the spe-

cific way in which things are represented by the representation (Perner, 1991). Something (i.e., 

the referent) is represented as being different (sense) from how it really is (Leekam & Perner, 

1991). Grasping this distinction between sense and referent of mental representations, therefore, 

serves as indicator for an understanding of representations as representations which is funda-

mental to ToM (Perner, 1991).  

To illustrate the point, let’s consider again the example of the agent holding the belief that the 

flower vase was a glass of soda. Her mental representation refers to the situation in the world, 

that is the flower vase (i.e., the referent). However, the mental representation represents the 

object differently – as being a drinking glass with soda (i.e., the sense). Now, to interpret the 

agent’s behavior (drinking from the flower vase) from our third-order perspective, it makes 

limited sense to rely on reality (the object being a flower vase) as it seems unlikely for anyone 

to knowingly drink the old and dirty water from a flower vase. Therefore, we need to rely on 
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the agent's mental representation of reality instead. Grasping this representational function of 

the mind, we understand the mind as active, constructive, and interpretative (Astington, 1993). 

Importantly, the alternative representation of reality must not be confused with reality. Rather, 

it needs to be represented in parallel to, yet isolated from, reality. This is necessary to avoid the 

representation of reality getting lost amidst the alternative representation. To represent reality 

and an alternative representation of reality simultaneously, the alternative representation of re-

ality has to be understood as mere representation (Perner, 1991). 

Grasping this notion of representation, we can represent the agent’s representation as represen-

tation. Understanding a representation as representation is also referred to as holding a meta-

representation. In a strong reading, meta-representing is defined as ‘represent(ing) the repre-

sentational relationship itself’ (Pylyshyn, 1978, p. 593). The representational relationship links 

the representation with what the representation represents. This relationship between the repre-

sentation and what it represents has to be mentally modeled. Hence, meta-representation makes 

ToM a recursive operation. Recursive operations enable us to embed elements of the same kind 

within each other (Pinker & Jackendoff, 2005). In the context of ToM, this means embedding 

representations within representations by representing the relation between the misrepresenta-

tion and the actual reality (Perner, 1991; Pylyshyn, 1978).  

To summarize, the conceptual core of ToM is meta-representational thought (Perner, 1991). It 

is necessary to address the conceptual core of meta-representation in great detail as this concept 

provides the theoretical basis to address the question of how to empirically test for ToM. In the 

next section, I will deduce implications and criteria for measuring ToM from the definition of 

meta-representation. Additionally, I will present a standard test for ToM in children to further 

address the aim of investigating the emergence of ToM in development.  

 

2.2. How to Measure Theory of Mind 

The meta-representational signature of a full-fledged ToM offers stringent criteria for how to 

measure developing ToM skills in systematic and valid ways. 

As concluded in the last section, ToM conceptually relies on meta-representational thought 

which is required when reasoning involves alternative representations of reality. Hence, testing 

ToM requires distinguishing between reasoning based on the actual state of the world and rea-

soning based on an alternative representation of the world (Dennett, 1978). These considera-

tions led to the development of the classic ToM False Belief (FB) Task by Wimmer and Perner 

(1983). Participants tested in FB tasks are required to ascribe a false (outdated) belief to a story 
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protagonist and predict her action based on this belief. In other words, the story protagonist’s 

belief needs to be represented as an alternative representation of the world besides the partici-

pants’ own representation of reality (Perner, 1991; Wimmer & Perner, 1983) 

In the classic version of the task, known as the change-of-location or unexpected transfer task, 

participants are presented with a story where the protagonist, Maxi, puts his chocolate into a 

blue cupboard before leaving the scene. In Maxi's absence, his mother moves the chocolate 

from the blue cupboard to a green cupboard. Participants are then asked where Maxi will look 

for his chocolate upon his return. (“Where will Maxi look for his chocolate?”) (Wimmer & 

Perner, 1983). To succeed in the task, participants have to predict that Maxi will look for the 

chocolate in the blue cupboard. They have to mentally represent Maxi’s misrepresentation (i.e., 

the chocolate being in the blue cupboard) of the current situation in the world (i.e., the chocolate 

being in the green cupboard). This requires participants to understand that Maxi's behavior is 

based on his subjective mental representation of the world, which is different from objective 

reality (Wimmer & Perner, 1983). 

An important aspect of the task is that the storyline leads to a clear dissociation between how 

Maxi represents the world and how the participants represent the world. This dissociation en-

sures that participants cannot base their answer on reality, but rather must infer the action based 

on the story protagonist’s subjective belief. This structure is elegant in at least two ways. Firstly, 

the test question tests indirectly for participants’ FB understanding by asking for a belief-based 

action prediction. Thus, the answer does not require explicitly verbalizing the mental state by 

using mental verbs or complementary sentence structures (“Maxi believes that …”). It merely 

requires pointing gestures to the location Maxi will go to (i.e., the green or blue cupboard). 

Second, failure in the change-of-location FB task is not random. Participants who cannot (yet) 

represent the story protagonist’s misrepresentation and infer the action from this, predict be-

havior on the basis of current reality. This is a reasonably successful strategy: If Maxi wants to 

have the chocolate, he will (or should) go to where the chocolate is (Perner et al., 2018; 

Priewasser et al., 2013). The strategy actually works in most cases as beliefs aim to and usually 

do align with reality. However, it fails in cases where the regular relationship between rational, 

belief-based actions and reality is disrupted (Doherty, 2009; Perner, 1991; Wimmer & Perner, 

1983). 

Another classic FB task is the unexpected content task (Hogrefe et al., 1986; Perner et al., 1987). 

It follows a similar structure as the change-of-location task but includes participants themselves 

having to learn that they held a FB before they are asked to ascribe this FB to another person. 

In this task, participants are shown a familiar container, for example, a Smarties® box, and are 
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asked what is inside. After the participants answer (usually “Smarties”), they are shown that 

the box actually contains pencils. Participants are then asked to remember what they themselves 

thought was inside the box when they first saw it (own-belief question). After that, they are 

asked what they think someone else, for example, their friend, will believe is inside the box 

when first shown the box (other-belief question). To succeed in the task, participants have to 

first remember their own former beliefs, i.e., the answer to the question of what is inside the 

box. Then, they need to mentally represent someone else’s current misrepresentation (i.e., the 

box containing Smarties) of the situation in the world (i.e., the box containing pencils) (Hogrefe 

et al., 1986; Perner et al., 1987). 

Armed with signatures of meta-representational ToM and standard ways of measurement in FB 

tasks, I will present empirical evidence to give a broad overview of ontogenetic development 

from precursors in social cognition to emergence of meta-representational ToM in the next 

section.  

 

2.3. Ontogeny of Theory of Mind 

2.3.1. Precursors and Early Forms of Theory of Mind 

Early sensitivity to social stimuli enables infants to form early manifestations of skills and con-

cepts during their early years, later forming into a part of ToM. Even though these skills provide 

an impressively early understanding of many social situations, they show clear signature limi-

tations when it comes to meta-representational thought. 

In their early months, infants’ sensitivity and preference for social stimuli are revealed in early 

forms of interactions. At around nine months, infants begin to understand others’ perceptions 

and the goals of their actions. In dyadic interactions, infants engage with their environment and 

soon after, they engage with others and external objects (triadic interactions) (e.g., Brooks & 

Meltzoff, 2002; Csibra et al., 1999; Gergely et al., 1995; Moll & Tomasello, 2004). This marks 

the onset of a perception-goal-psychology: infants and toddlers reason based on this simple 

form of ToM which allows them to track what others perceive and which goals they have. In 

the second and third years of life, children evolve a perception-goal psychology with an in-

creasingly flexible and sophisticated understanding of how agents’ goals and preferences can 

differ (Wellman & Liu, 2004). This involves attributions of simple mental states and teleolog-

ical action explanation and prediction. On a conative level, they appreciate that different agents 

can have different aims or preferences (e.g., Repacholi & Gopnik, 1997). On a cognitive level, 

children can track that different agents can perceive different things. For example, from their 
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second year, children can understand whether an agent can or cannot see things they themselves 

can see, or vice versa. This is often referred to as Level-I perspective-taking (Flavell et al., 

1978). Importantly, acknowledging the preferences and visual perspectives of different agents 

does not necessarily require the ability to reason about conflicting versions of reality and thus, 

does not reflect meta-representational thought. Rather, such differences can be easily identified 

to align (e.g., “eating broccoli is good for agent A and eating crackers is good for agent B”; 

Rakoczy et al., 2007; or “Agent A sees object X and agent B sees object Y”; Flavell et al., 1981; 

Perner et al., 2003). While perception-goal psychology allows an accurate social understanding 

in a variety of such situations, specific cases clearly show the signature limits of this simple 

form of ToM. These are cases in which a situation is misrepresented or a situation is represented 

in different ways by different agents and therefore, require meta-representational thought. Full-

fledged meta-representational ToM develops only later in the course of the so-called four-year 

revolution. 

 

2.3.2. Four-Year Revolution: Meta-Representational Theory of Mind 

For more than four decades of research, standard FB tasks to test meta-representational ToM 

were administered to children from broad age groups and various cultures. Results reveal a 

clear developmental pattern of performance. Children consistently succeed in tasks that tap a 

meta-representational grasp from around age four (Wellman et al., 2001; Wimmer & Perner, 

1983). Tasks include the standard change-of-location task, the unexpected content task, and 

many variations of these tasks. Children come to solve these tasks around the same age and 

their performance is highly consistent and correlated across tasks, as well as being robust to 

variations and consistent across cultures (Callaghan et al., 2005; Wellman et al., 2001). Their 

performance is mainly unaffected by task factors like, (I) the type of task used (e.g., change-of-

location task or unexpected content task), the target of the test question (e.g., the question about 

one’s own previous FB or someone else’s FB) and, (III) the type of test question asked (e.g., 

what will someone do, think, know or say) (Wellman et al., 2001). 

Before the age of four, children systematically fail all kinds of FB tasks. Younger children 

consistently answer that Maxi will look for his chocolate in the green cupboard – according to 

reality – in the change of location task. Similarly, young children answer that others will think 

that the Smarties box contains pencils, not Smarties (e.g., Wellman, 2001).  
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Also, from around age four, children begin to solve other tasks that require them to understand 

subjective representations. While children have to understand how an agent misrepresents re-

ality in classic FB tasks, other tasks require an understanding of divergent representations. All 

these tasks that require children to understand how an agent subjectively represents a situation 

are often summarized under the term Level-II perspective-taking tasks (in contrast to Level-I 

perspective-taking which only involves understanding that an agent sees something or does not 

see something) (Flavell et al., 1981). In typical Level-II perspective-taking tasks involving di-

vergent representations, the participant and another agent look at an object (e.g., a digit) be-

tween them that looks differently (like a ”6” or a “9”) depending on the side it is viewed from. 

Participants have to understand that the given situation appears different from different view-

points (Flavell et al., 1981; Surtees et al., 2012).  

This unified success in different tasks around age four reflects a conceptual change from the 

absence to the presence of meta-representational ToM and is also refered to as four-year revo-

lution (Perner, 1991). 

 

2.3.3. General Transition to Meta-Representational Thought 

In the course of the four-year revolution, children also begin to solve a range of other tasks. For 

example, children come to master tasks that involve appearance-reality distinctions. These ap-

pearance-reality tasks require participants to acknowledge deceptive appearances such that an 

object can look like one thing but really is something else. In these tasks, participants are shown 

a deceptive object, such as a sponge that looks like a rock. When they are allowed to touch the 

object, they realize that it is, in fact, a sponge. In two questions, children are asked to contrast 

what an object is and what it visually appears to be (“What is this really, really? Is it really, 

really a rock or really, really a piece of sponge?” and “When you look at this with your eyes 

right now, does it look like a rock or does it look like a piece of sponge?”) (Flavell et al., 1983, 

p. 102). Children acknowledge that the object really is a sponge that only looks like a rock 

around the age of four. They appreciate that their visual perception can misrepresent reality. 

Younger children, in contrast, give the same answer to both questions, saying that the object is 

a sponge that looks like a sponge. They do not yet understand that appearance can specify an 

object as something else than reality does (Flavell et al., 1983). 

Taken together, children understand different kinds of subjective mental representations at the 

same age. Evidence from direct comparisons of these tasks shows that children do not only 

begin to master all tasks around the same age. Performance in different tasks is also strongly 
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positively correlated. This joint success suggests that children’s understanding of the subjectiv-

ity of mental representation develops in a systematic and unified manner (for a comprehensive 

overview, see Rakoczy, 2022). Thus, the four-year revolution marks the emergence of the sub-

jective notion of mental representations, and with this, the transition to a meta-representational 

conceptual capacity (Leekam & Perner, 1991; Perner & Roessler, 2012). With this newly ac-

quired capacity, children understand themselves and others as rational agents with subjective 

perspectives on the world that can differ in content and might deviate from reality. 

In a broader context, the emerging meta-representational capacity is not limited to mental rep-

resentations. Children start to solve tasks that involve non-mental representations around the 

same age. Subjective representations can be not only mental but also, for example, pictorial. In 

the False Sign task, for example, children need to understand that an actual situation is different 

from how a signpost represents it. In this task, in analogy to the change-of-location FB task, a 

signpost in a story scenario indicates a state of affairs (e.g., that an ice-cream van is in Location 

1). The object then moves to a new location (Location 2), but the signpost is not changed ac-

cordingly and therefore becomes a false sign (Parkin, 1994). Children have to mentally repre-

sent the signpost’s representation of the world (i.e., the ice-cream van being at location 1) in 

addition to their own current representation of the world (i.e., the ice-cream van being at loca-

tion 2). Just like Maxi misrepresents the situation in the FB task, the current reality is misrep-

resented by the signpost in the False Sign task. Irrespective of considerable differences in task 

structure and format, children succeed in these tasks requiring understanding of mental or ex-

ternal representational at the same time. Additionally, performance across tasks is highly cor-

related (Bowler et al., 2005; Iao & Leekam, 2014; Leekam et al., 2008; Sabbagh et al., 2006). 

This may indicate a deeper underlying cognitive transition: in the course of the four-year revo-

lution, children acquire a broad meta-representational conception of all kinds of representations 

– including mental and non-mental representations.  

What develops in preschool years and what might explain why children come to solve these 

different types of tasks in tandem, is an underlying general capacity to coordinate multiple sub-

jective perspectives and to solve “perspective problems” (Perner et al., 2003; Perner & 

Roessler, 2012). Perspective problems can pertain to all kinds of representations – mental, pic-

torial, or linguistic. Understanding a given situation constitutes a perspective problem when 

two representational contents cannot simply be combined conjunctively (by “and”) – without 

explicitly relativizing the contents to representational standpoints. For example, “the chocolate 

is in the green cupboard and the chocolate is in the blue cupboard” or “the ice-cream van is at 

the house and the ice-cream van is at the church” are incoherent. Only when they are relativized 
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to standpoints, can the two contents be conjoined: “From Maxi’s perspective, the chocolate is 

in the blue cupboard and it really is in the green cupboard”; “According to the signpost, the ice-

cream van is at the house, and it really is at the church” (Fizke et al., 2014; Perner et al., 2003). 

The standard picture of ToM development is thus that children develop a fully-fledged ToM 

around the age of four in the course of a major developmental transition to meta-representa-

tional perspective understanding (Leekam et al., 2008; Perner, 1991; Wellman et al., 2001). 

 

2.3.4. Summary: Standard Picture on Theory of Mind Development 

The standard picture of ToM development is thus that children develop ToM around the age of 

four. In contrast, younger children reason about their social world with simpler perception-goal 

inferences. Evidence for the emergence of ToM around age four comes from studies that ask 

for judgments about mental states or belief-based actions and thus require the participant to 

represent subjective mental representations. The ability to understand subjective mental repre-

sentations is typically assessed through tasks that involve recognizing when an agent misrepre-

sents reality or when there are divergent representations of reality based on different perspec-

tives (Flavell et al., 1981; Wellman et al., 2001; Wimmer & Perner, 1983). Success in such 

tasks is closely related to tasks requiring meta-representational thought in a non-mental context 

(Leekam et al., 2008). This has led to the widely held belief that there is a unified onset of meta-

representational ToM during the four-year revolution (Leekam et al., 2008; Perner, 1991; 

Perner, Brandl, et al., 2003; Wellman et al., 2001). 

 

2.4. Challenging the Standard Picture  

This standard picture has recently come under attack by different claims. On one hand, it has 

been proposed that classic FB tasks structurally underestimate children’s ToM abilities. Ac-

cording to such underestimation claims, children much younger than four years of age show 

sophisticated forms of ToM (Bloom & German, 2000; Carruthers, 2013; Leslie et al., 2004; 

Scott & Baillargeon, 2017). On the other hand, classic FB tasks have also been questioned to 

overestimate children’s ToM abilities. Overestimation claims suggest that four-year-old chil-

dren still rely on simpler reasoning strategies and develop true ToM only later in development.  

Both underestimation and overestimation claims need to be considered to approach the over-

arching question of the emergence and subsequent development of meta-representational 

thought. The next section (2.4.1 Underestimation claims: Implicit Theory of Mind) will shortly 
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introduce the idea of more indirect measures of ToM that ought to detect earlier forms of ToM. 

However, the current empirical situation is highly complex and does not allow clear interpreta-

tions of earlier meta-representational ToM capacities based on these indirect measures. More 

stringent evidence is needed to interpret how far these results challenge the standard picture of 

ToM. Therefore, I will only shortly give an overview of the current state of evidence in light of 

potential underestimation claims.  

The focus will lie on overestimation claims. This will require an excursus on a specific set of 

recent findings and a review of accounts that aim to explain these results. The accounts vary in 

whether they are compatible or incompatible with the standard picture of ToM emergence. 

Thus, it will be thus necessary to evaluate the different accounts in detail and work out empirical 

test cases to test them to address the first aim of this dissertation: the investigation of (Ia) the 

emergence of ToM and valid ways to test emerging ToM. 

 
 
2.4.1. Underestimation Claims: Implicit Theory of Mind 

The standard interpretation of ToM development is subject to one fundamental concern, namely 

that classic FB tasks may have underestimated earlier ToM competence due to extraneous per-

formance factors associated with high linguistic and cognitive task demands (Bloom & Ger-

man, 2000; Carruthers, 2013; Leslie et al., 2004; Scott & Baillargeon, 2017). Based on these 

considerations, more indirect measures of ToM with reduced verbal and other cognitive task 

demands have been developed. One group of tasks is based on eye movement as an indicator 

of underlying cognitive processes. The main idea is that the participants’ looking pattern re-

flects their underlying belief tracking processes (see e.g., Onishi & Baillargeon, 2005; 

Schneider et al., 2012; Southgate et al., 2007; Surian & Geraci, 2012). Other tasks use sponta-

neous behavior to conclude whether children take into account what another agent believes 

when interacting and communicating with them (e.g., Buttelmann et al., 2009). 

Studies that have used these indirect ToM measures with infants have called into question 

standard interpretations of the four-year revolution. Evidence from studies using looking time 

and interactive paradigms have indicated that even one to two-year-old infants show sophisti-

cated belief tracking capacities. For example, in a change-of-location story, one to two-year-

old children have been found to anticipate an agent to approach the location where he falsely 

believes the object to be (e.g., Buttelmann et al., 2009; Onishi & Baillargeon, 2005; Southgate 

et al., 2007; Surian & Geraci, 2012). However, as impressive as these results were, these orig-

inal findings could hardly be replicated (e.g., Dörrenberg et al., 2018; Grosse Wiesmann et al., 
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2017; Kampis et al., 2021; Kulke et al., 2019; Kulke & Rakoczy, 2018; Poulin-Dubois & Yott, 

2018). This failed replication calls into question the validity and reliability of implicit ToM 

capacities. In summary, the current empirical situation is highly complex and allows different 

interpretations about early ToM development, most of which admit some kind of relevant de-

velopmental progress in the course of the four-year revolution. 

 

2.4.2. Overestimation Claims 

On the other hand, there is a counterargument that classic FB tasks may actually overestimate 

children's ToM abilities. Although FB tasks are commonly considered fairly conservative, com-

petence limitation accounts propose that they overestimate children’s real ToM competence 

given at age four. The main claim of such competence limitation accounts is that even when 

children pass explicit FB tasks, they do not yet have meta-representational ToM. The empirical 

basis of these accounts is the failure of preschoolers in what are called True Belief (TB) tasks. 

The recent findings of the TB will be reviewed in the following section, after which I will 

present competence limitation accounts of ToM as well as an alternative explanation for this 

empirical phenomenon that is consistent with the standard interpretation of the four-year revo-

lution. This will provide the foundation for empirical investigations of this dissertation into the 

developmental onset and progression of meta-representational thought. 

 

2.4.2.1. The “True Belief” Case 

In the history of ToM research, many FB studies have included additional TB conditions to test 

children. The TB condition usually serves as a baseline measure to rule out the possibility that 

children's failure in the experimental FB condition is due to the general narrative structure of 

the task. As a result, TB tasks were often administered to young children and only rarely to 

older children.  

In the change-of-location paradigm, the TB condition is identical to the FB condition, except 

that the protagonist witnesses the object transfer2, resulting in a veridical belief (or: knowledge) 

of the object's location after it has been moved from location 1 to location 2. To maintain the 

 
2 Importantly, this TB version has to be distinguished from another, rarely used, TB version in which the object 
is not moved from location 1 to location 2 but it is moved and put back in the original location (location 1) in the 
protagonist’s absence (Fabricius et al., 2010; Exp. 1). In this version, the protagonist holds a justified true belief 
(not knowledge) about the object being in location 1. This resembles so-called “Gettier cases” which were intro-
duced in epistemology in order to demonstrate the difference between actual knowledge and mere (justified) true 
beliefs (Gettier, 1963). For the argumentation here, however, the knowledge-True Belief version is of main inter-
est and therefore subject of further elaboration. 
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TB condition’s structural similarity to the FB condition, the protagonist exits and re-enters the 

scene with no changes occurring to the object in their absence, either before or after the location 

change. The children are then asked the same test question: “Where will the protagonist look 

for her object?” (Fabricius et al., 2010, Exp. 2; Oktay-Gür & Rakoczy, 2017; Rakoczy & Oktay-

Gür, 2020). Unlike the FB condition, the correct response in the TB condition is that the pro-

tagonist will look at location 2. Cases in which representations align with reality cannot unam-

biguously demonstrate meta-representational reasoning (Dennett, 1978): Children can come to 

the correct response without any belief ascription, answering teleologically based on the reality 

that the protagonist will look for the object where it actually is.  

Typically, children younger than four years who are unable to pass the FB condition can suc-

cessfully complete the TB condition (Wellman et al., 2001). However, recent studies adminis-

tering the TB condition to a broader age range of children have yielded puzzling findings. Sur-

prisingly, older children have been found to fail the TB control condition. Specifically, children 

aged four and older, who have begun to solve the FB task, have been found to consistently fail 

the TB task, systematically answering the TB questions incorrectly (Fabricius et al., 2010, 2021; 

Hedger & Fabricius, 2011; Huemer et al., 2023; Oktay-Gür & Rakoczy, 2017). The initial pat-

tern of young children passing the TB condition but failing the FB condition reverses around 

this age. Children aged four and older succeed in passing the FB condition but fail the TB 

condition. This developmental pattern of younger children passing the TB condition and failing 

the FB condition, and the opposite for older children, leads to strong negative correlations of 

individual performances on the two versions of the tasks. It is noteworthy that the failure in the 

TB task persists into late childhood, with children only succeeding again from ages seven to 

ten. At this stage in development, children can pass both the FB and TB tasks for the first time. 

On an individual level, the strong negative correlations between performance on the two tasks 

disappear and turn into positive correlations. Overall, the development of performance on the 

TB task follows a U-shaped trajectory, with high performance in young children around age 

three, decreasing around age four when children solve the FB task and then rising again in later 

childhood between the ages of seven to ten. In sharp contrast, performance on the FB task 

remains constantly high in children older than four (Oktay-Gür & Rakoczy, 2017).  

Different claims have been made to explain this empirical phenomenon. Some accounts cast 

doubt on children’s competencies in ToM at age four (Fabricius et al., 2010, 2021; Perner et 

al., 2015), while other accounts rely on ideas of performance rather than competence limitations 

(Oktay-Gür & Rakoczy, 2017; Rakoczy & Oktay-Gür, 2020). While the former questions the 
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standard picture of meta-representational ToM abilities at age four, the latter accounts are com-

patible with the standard interpretation of ToM development based on evidence from the classic 

FB tasks. This makes the TB task an important test case to approach the question of the emer-

gence and development of meta-representational ToM. If the TB error reflects actual compe-

tence limitation in ToM after age four, this conflicts with the standard picture of ToM emer-

gence. Thus, we need to evaluate these accounts to investigate (Ia) the emergence of ToM and 

valid ways to test emerging ToM. 

 

 
2.4.2.2. Competence Limitation Account I: Perceptual Access Reasoning  

Some accounts claim that classic FB tasks, such as the change-of-location task and the unex-

pected content task, can be solved by using simpler strategies rather than by using proper meta-

representational mental state reasoning. Children’s failure in the TB tasks, however, uncovers 

these simpler strategies. 

One such account suggested that children can solve FB tasks by using Perceptual Access Rea-

soning (Fabricius & Imbens-Bailey, 2000; Fabricius & Khalil, 2003). By applying two simple 

rules, children can end up with the correct response in these tasks without actually reasoning 

about their beliefs. The first rule is that seeing leads to knowing (see e.g., Perner, 1991; Wimmer 

et al., 1988). A person who sees a state of affairs knows that state of affairs. Conversely, a 

person who does not see a state of affairs does not know this state of affairs. The second rule is 

that knowing leads to correct behavior and not-knowing leads to incorrect behavior (Ruffman, 

1996). A person who knows a state of affairs will act correctly – accordingly to this state of 

affairs. A person who does not know will act incorrectly (Fabricius & Khalil, 2003). 

Let us first consider what these rules mean for success in FB tasks. Applying these two rules to 

FB tasks leads to the correct response. For example, in the change-of-location task, the agent 

leaves the scene and thus has limited perceptual access. Following the Perceptual Access Rea-

soning (PAR) account, “not seeing” leads to “not knowing” which, in turn, leads to “doing 

something wrong.” As the agent in the change-of-location task wants to have her object, “in-

correct” behavior would mean that she looks for the object where it is not. As the answer format 

of this task implies only two options for action (either looking for the object in location 1 or 

location 2), the only incorrect behavior predicted by PAR is to look in location 1. The same 

logic can be applied to the unexpected-content task. In contrast, using these rules in the TB task 

can lead to failure. Even though nothing happens to the object when the agent leaves the scene 
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in the TB task, her perceptual access to the scene is interrupted. Expecting agents to act incor-

rectly whenever their perceptual access was limited or interrupted means to expect them to act 

wrong in the TB task.  

Based on this analysis, the PAR claims that even four to five-year-olds are unlikely to have 

grasped the meta-representational nature of mental states (see Fabricius & Khalil, 2003). In-

stead, the development of ToM is claimed to be more prolonged than the four-year-revolution 

suggests (Fabricius & Imbens-Bailey, 2000). According to this account, children’s reasoning 

strategies in ToM tasks undergo three stages. In the first stage, before age four, children reason 

based on reality. For example, they expect agents to search for their objects where they actually 

are. Children younger than four, thus, solve TB tasks but fail FB tasks. In the second stage, with 

onset around age four, children use PAR. They expect agents to act correctly when they have 

full perceptual access to the events but incorrectly if their access is limited. Children from age 

four expect the protagonist to act incorrectly in both the TB and FB task because the protago-

nist’s perceptual access to the scene is interrupted in both tasks. However, this leads to success 

in the FB but failure in TB task. Only in stage three, children from around age six use competent 

belief reasoning and, therefore, master both TB and FB tasks (Fabricius et al., 2010, 2021; 

Fabricius & Imbens-Bailey, 2000; Fabricius & Khalil, 2003; Hedger & Fabricius, 2011). 

The developmental sequence of the three stages – reality reasoning, PAR, and belief reasoning 

– would lead to success in the FB task from around age four and to a U-shaped performance 

pattern in the TB task.  

Critically, these predictions of PAR only apply to a special variant of the change-of-location 

TB condition: the variant in which the protagonist leaves the scene and returns after the location 

change (“leave and return after location change”-TB condition used in Fabricius et al., 2010, 

Exp. 2; Fabricius et al., 2021, Exp. Section VII; Friedman et al., 2003). Only then, the protago-

nist’s perceptual access is interrupted and the protagonist is perceived as being in a new situa-

tion without full perceptual access after her return3. In contrast, two other variants of the 

change-of-location TB condition do not predict the TB failure based on PAR. In the variant 

where the location change occurs after the protagonist’s return, the protagonist is perceived as 

being in a new situation after the return but with full perceptual access to the location change 

(“leave and return before location change”-TB condition used in Oktay-Gür & Rakoczy, 2017, 

Exp. 1&2; Rakoczy & Oktay-Gür, 2020, Exp. 2 & 4). According to the PAR account, the pro-

tagonist is expected to act correctly in this condition. If the protagonist leaves the scene after 

 
3 The prediction of PAR account would also apply to justified True Belief (Gettier-case like) conditions (see 
Footnote 1; Gettier, 1963) as actual location change in happening during the protagonist’s absence. 
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the transfer but does not come back before the test question is asked, it is less likely that children 

perceive the protagonist as being in a new situation and, hence, still attribute perceptual access 

(“leave but no return after location change”-condition used in Friedman et al., 2003, Exp. 2). 

Again, the protagonist is, according to the PAR account, expected to act correctly in this con-

dition (Fabricius et al., 2010; Hedger & Fabricius, 2011; Huemer et al., 2023). 

However, evidence of TB failure comes from all three variants of the TB condition (Fabricius 

et al., 2010; Huemer et al., 2023; Oktay-Gür & Rakoczy, 2017; Rakoczy & Oktay-Gür, 2020). 

This makes this PAR after age four and as an explanation for TB failure rather unlikely. Addi-

tionally, evidence from adaptions of the FB task provides further evidence against PAR after 

age four.  

Adaptations of the classic version of the FB task, which controlled for mere ignorance-based 

rule reasoning, rejected concerns for PAR in these tasks. For example, in a study that introduced 

a third location (a third box) in the classic change-of-location task, the third location constituted 

a second empty and therefore also incorrect location. Applying PAR, the agent is only expected 

to act incorrectly (not searching at the correct location), but it is not specified at which wrong 

location. Four to five-year-old children did not randomly choose between the two wrong loca-

tions but consistently chose the object’s initial location (location 1), indicating that children 

understand more about the protagonist’s FB than just the protagonist’s ignorance (Friedman et 

al., 2003; Perner & Horn, 2003). 

In summary, proponents of the PAR account adopt the combination of children’s success in the 

FB tasks and their failure in the TB condition at age four as evidence of the overestimation of 

children’s ToM abilities at that age (Fabricius et al., 2010, 2021; Fabricius & Khalil, 2003; 

Hedger & Fabricius, 2011). However, evidence of success in modified FB tasks speaks against 

PAR around age four. Furthermore, evidence that children show difficulties not only in the 

versions of the TB task in which the agent lacks perceptual access but in various versions of 

the TB task contradicts the predictions of the PAR account. 

 

2.4.2.3. Competence Limitation Account II: Mental File Cards 

Another competence limitation account predicts a similar U-shaped performance curve in the 

TB task. The Mental File Card Theory (MFCT) by Perner and colleagues (Perner et al., 2015) 

is a cognitive theory of mental representation underpinning ToM reasoning. It offers a frame-

work for how information about objects and entities in the environment is stored, processed, 

and connected.  
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The theory builds on the basic idea that entities of the real world are represented in mental files. 

Mental files are representational structures that individuate their referent with a specific label 

(e.g., “the ball”) and store predicative information about this referent (e.g., “is red”). Whenever 

a new object is encountered in discourse or thought, a new mental file is created and anchored 

to the entity it represents. Predicative information about entities from one’s own perspective is 

stored in so-called regular files, while information other agents hold about the same entity is 

stored in vicarious files that are indexed to the respective agent. The content of regular files and 

vicarious files of the same entity may vary depending on what the other agent knows and thinks 

about the entity. A regular file is linked vertically to the corresponding vicarious file represent-

ing another agent’s perspective on the same entity. The vertical link allows for the switching of 

perspectives on the entity (from the own perspective to the agent’s perspective on the entity and 

vice versa). At the same time, the information contained in the regular file and the correspond-

ing vicarious file are kept separate: predicative information from the regular file is not copied 

into the vicarious file if the other agent does not have access to this information (Perner et al., 

2015).  

An essential claim of the MFCT is that each file can only contain one individuating term (i.e., 

one label). If an entity, such as a ball that rattles, is associated with a second label, for example, 

"the rattle," a new file is created. This new "rattle-file" is anchored to the same entity as the 

original "ball-file”. Predicative information about the entity that is captured under the new label 

(i.e., “rattle”) is stored in the new file. Files that are anchored to the same entity are called co-

referential files and can be linked horizontally. The horizontal link represents that co-referential 

files are anchored to the same referent and enable a free flow of information between mental 

files, making predicative information from both files available (Huemer et al., 2018; Perner et 

al., 2015; Perner & Leahy, 2016).  

Throughout development, the architecture of mental files undergoes changes that help explain 

progress in ToM and related phenomena. Around the age of four, children learn to form hori-

zontal links between mental files, connecting two files that represent the same referent. This 

enables them to comprehend identity statements like "The ball is also a rattle" (Perner et al., 

2011). With these horizontal links allowing a flow of predicative information, children can 

combine the information that they have received under different labels. Around the same age, 

children begin to use vicarious files and form vertical links between regular files and vicarious 

files. For instance, when a child observes a protagonist putting an object into box 1, they create 

a regular file and a vicarious file for the object with the predicative information "located in box 

1." If the object is then moved to box 2 without the protagonist witnessing the transfer, the 
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predicative information is updated in the regular file of the object, but not in the vicarious file. 

The vicarious file that is vertically linked to the regular file of the object allows children to 

represent the agent’s misrepresentation of the object’s location. This enables them to solve clas-

sic FB tasks. The emergence of the ability to use vicarious files and form vertical links around 

age four explains why children begin to master explicit FB tasks at this time (Perner et al., 

2015). 

At the same time, the MFCT postulates that children’s file management is still limited at age 

four. While children are generally able to deploy vicarious files indexed to other agents, they 

are still unable to prevent the deployment of unnecessary vicarious files. Furthermore, they are 

not yet able to coordinate both kinds of linking – horizontal and vertical – at the same time. 

According to MFCT, children can deploy only the vicarious files that capture the perspectives 

available to the indexed agent and coordinate both types of linking at the age of six (Huemer et 

al., 2018; Perner & Leahy, 2016).  

This developmental trajectory of file architecture can explain why children between four and 

six tend to fail in TB tasks but pass FB tasks. More specifically, it can shed light on children's 

difficulty in a sub-group of TB tasks known as aspectual TB tasks. These tasks are the control 

version of aspectual FB tasks, which are based on the subjective notion of mental states that 

represent reality under certain aspects or descriptions (Searle, 1983). 

In a recent version of an aspectual FB task (Rakoczy et al., 2015), children were presented with 

a dual-identity object, such as a pen that also doubles as a rattle, before a puppet entered the 

scene. The object was first presented as a pen in location 1 and then transferred as a rattle from 

location 1 to location 2. Although the child was aware of the object’s dual identity, the puppet 

was not, and thus only saw a pen in location 1 and later heard a rattle in the experimenter’s 

hand moving to location 2, without realizing that it was the same object (Rakoczy et al., 2015). 

In the parallel aspectual TB version, the protagonist is introduced to the dual-identity object, 

the pen that is also a rattle, and thus knows that the object is transferred to location 2. In the FB 

version of the aspectual task, children aged four and above successfully predicted that the pup-

pet would look for the pen in location one because she did not know that the rattle that was 

transferred to location two was the same object. However, in the aspectual TB version, four- to 

six-year-old children failed: They answered that the puppet, as in the aspectual FB version, will 

look for the object in location 1 even though the puppet was informed about the dual identity 

of the object (Oktay-Gür & Rakoczy, 2017). 

The MFCT provides the following explanation for these findings in the aspectual FB and TB 

tasks: Children below the age of four can solve the aspectual TB task correctly as they do not 



Theory of Mind  

 
 

24 

form a second file for the rattle but instead include the information that the ball rattles as pre-

dicative information in the regular pen-file. When the object is transferred, they add this loca-

tion change as predicative information in the file. As they are not yet able to deploy any vicar-

ious files, they answer the aspectual TB test question based on their regular file. As the file 

contains the predicative information about the object’s location, children below the age of four 

answer the test question correctly. However, children in the second developmental phase can 

form two regular files for the pen and the rattle and link those files horizontally when they learn 

that both objects are the same. They are also able to deploy vicarious files for the pen and the 

rattle indexed to the protagonist and link the vicarious files vertically to their own regular files. 

However, they are not yet able to copy the horizontal link between the regular files and the 

vicarious files. When the object is then transferred as a rattle to location 2, this is only updated 

in the vicarious rattle-file but due to the missing horizontal link to the vicarious pen-file, the 

information update does not flow into the rattle-file. When being asked “where will the protag-

onist look for the pen,” the child will answer incorrectly because her vicarious pen-file indexed 

to the protagonist still says ‘‘is in location 1.” At the same time, however, this leads to correct 

answers in the aspectual FB task. In this task, the protagonist does not know about the dual 

identity. The two unlinked vicarious files are in alignment with reality. Finally, at the third 

stage, from around the age of six, children become able to coordinate both horizontal and ver-

tical linking at the same time, and thus master aspectual TB tasks. The developmental sequence 

of the three phases leads to mastery in the aspectual FB task from around the age of four and a 

U-shaped performance pattern in the aspectual TB task, comparable to the TB performance in 

standard TB versions (e.g., Perner et al., 2015). 

A recent set of studies involving FB and TB versions of aspectual belief tasks have empirically 

aligned with these explanations of the MFCT. The results showed that three-year-olds tended 

to pass TB and fail FB, while four to six-year-olds tended to pass FB and fail TB. Only from 

age six did children reliably solve both FB and TB tasks (Perner et al., 2015; Perner & Leahy, 

2016). The authors concluded that children around the age of four, despite their mastery of the 

aspectual FB version, are not yet able to represent beliefs about identity. Thus, the MFCT sug-

gests that children’s ToM competencies around age four are still limited. Although children 

proficiently attribute misrepresentations and solve standard FB tasks, they still do not grasp the 

aspectuality of mental states. This calls into question the claim of a full-blown ToM around age 

four (Perner et al., 2015; Perner & Leahy, 2016). 
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In summary, proponents of the MFCT adopt the combination of children’s success in aspectual 

FB tasks and their failure in the aspectual TB condition at age four as evidence of the overesti-

mation of children’s ToM abilities at that age (Perner et al., 2015). However, the MCFT’s ex-

planation of TB failure is limited to a certain subset of TB tasks, namely, aspectual TB tasks. 

Evidence shows that children do not only experience difficulties in these versions of the TB 

tasks but also in a range of different versions (e.g., Oktay-Gür & Rakoczy, 2017), contradicting 

the predictions of the MFCT. The MFCT does not predict failure in the classic version in which 

a simple object (without any dual identity) is visibly moved to the new box witnessed by the 

protagonist. Based on performance according to MFCT in the second phase of development, 

children from age four are expected to solve this task without needing to coordinate vertical 

and horizontal links. Instead, they are expected to do so by deploying a vicarious file indexed 

to the protagonist that is linked vertically to their regular file (Perner et al., 2015; Perner & 

Leahy, 2016). 

 

2.4.2.4. Summary of Competence Limitation Accounts  

Taken together, these findings of children’s failure in TB tasks from age four have challenged 

the view of the full-blown explicit ToM in the course of the four-year revolution. The MFCT 

by Perner and colleagues (Perner et al., 2015) questions whether the belief reasoning compe-

tence in children around age four is full-blown. Instead, they argue that children’s failure in the 

aspectual TB task reflects children’s file architecture which allows them to reason about mis-

representations but does not allow them to reason proficiently about the aspectuality of beliefs 

until age six. In contrast, the PAR account of TB failure by Fabricius and colleagues (e.g., 

Fabricius et al., 2010; 2021) calls into question whether children around age four engage in any 

ToM reasoning processes at all. They argue that children rely on heuristics of perceptual access.  

Even though both theories explain the TB performance pattern and have found empirical sup-

port for their predictions, the scope of application of both theories is restricted. The PAR ac-

count can only explain the U-shaped performance pattern in the standard change-of-location 

TB task in which the protagonist has a lack of perceptual access (i.e., when she leaves the scene 

after the location change). In contrast, the MFCT only applies to TB tasks involving aspectual-

ity. Thus, the two competence limitation accounts only offer selective explanations of chil-

dren’s U-shaped performance curves. None of the theories predict a U-shaped performance 

curve in a standard TB task, in which the protagonist leaves and returns before the location 

change. Empirically, the U-shaped performance curve occurs in a broad scope of TB versions 

including these standard TB tasks in which the protagonist leaves after the location change 
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(Oktay-Gür & Rakoczy, 2017). This can neither be explained by the PAR account nor by the 

MFCT.  

An alternative approach is that children’s difficulty with TB tasks reflects performance rather 

than real competence limitations in ToM. TB tasks might be artificially difficult because of 

pragmatic task demands. This idea of pragmatic performance limitation in the TB task will be 

presented in more detail in the following section. To foreshadow, accounts based on pragmatic 

performance limitation can, in contrast to the PAR account and the MFCT, explain TB failure 

in a broad scope of TB versions. While performance accounts question the standard picture of 

ToM emergence, alternative approaches of performance limitations do not question children’s 

ToM emergence around age four (Rakoczy & Oktay-Gür, 2020).  

The different conclusions about the emergence of ToM made by the accounts (PAR, MFCT, 

and pragmatics accounts) based on the results of the TB task make the TB task-relevant when 

addressing the question of ToM emergence. To approach the first overarching aim of this dis-

sertation, investigating the emergence of ToM and finding valid ways to test for it, we need to 

answer the question of why children fail in the TB task. 

 

2.4.2.5. Performance Limitation Accounts: Pragmatics 

In this section, I will introduce the idea that children fail the TB task because of its pragmatic 

task demands. I will start by introducing some general considerations about pragmatics in the 

TB task. Based on this, I will present a test case to investigate the hypothesis of pragmatics task 

demands in the TB task to determine, more specifically, the source of children’s failure in the 

TB task in order to use this information to draw conclusions about children’s ToM emergence 

more broadly. 

Based on pragmatic task analysis, it was theorized that the TB task may be artificially difficult 

because it combines three factors that make the questions pragmatically confusing and demand-

ing (Oktay-Gür & Rakoczy, 2017; Rakoczy & Oktay-Gür, 2020). (I) The TB test question is an 

academic test question. The child, the experimenter, and the story protagonist all see that the 

object is transferred from location 1 to location 2. Now, the experimenter asks the child where 

the protagonist believes that the object is. Regular questions are posed when a speaker asks for 

some information that she herself does not know (Searle, 1969). As the experimenter in the TB 

tasks knows the answer to the test question, she does not ask the question to receive new infor-

mation from the child, but rather to test whether the child knows the answer too. In contrast to 

regular questions, academic questions have, thus, a more complex intentional and pragmatic 

structure: The speaker wants to know whether the interlocutor knows the answer that the 
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speaker knows. For young children, this special question format seems especially difficult to 

understand (Siegal, 1999). (II) The task is highly trivial. In the TB storyline, an object is moved 

from one to another location and the protagonist observes that. The test question then is where 

the protagonist will look for that object. The answer is so obvious and common knowledge that 

children – even if pragmatically aware of academic questions – might find it difficult to make 

sense of the corresponding question and wonder why the experimenter asks such an easy ques-

tion. (III) This may be particularly pronounced in the TB task where the test question points to 

the protagonist’s subjective mental representation even though the protagonist shares common 

ground and is not subject to any error. Normally, this kind of mental state discourse about sub-

jective mental representations has to have a certain point, such as someone’s misrepresentation 

of the situation. Yet, the storyline of the TB task does not provide any possibility for error or 

misrepresentation: the child, the experimenter, and the story protagonist all see where the object 

is put and all see that the others observe that too. Such questions in the context of common 

knowledge without the possibility of error or misrepresentation are pragmatically unnatural 

(Papafragou et al., 2007). Therefore, the test question “What does she believe where the object 

is?” or “Where will she look for the object?” implies that there is an alternative perspective or 

misrepresentation involved and children may thus think that they must have missed something 

and look for a possible alternative perspective in the scenario (Rakoczy & Oktay-Gür, 2020). 

In summary, the pragmatics analysis offers a performance-based explanation for children’s fail-

ure in the TB task and can explain TB failure as a general phenomenon that applies to a broad 

scope of TB tasks. In contrast to the two competence limitation accounts introduced above, 

pragmatics accounts do not question general ToM abilities and are thus compatible with the 

claim of a four-year revolution. Quite the opposite: the analysis implies that the sensitivity to 

the crucial performance factors that make the task demanding is actually associated with ToM. 

Broadly speaking, ToM capacities lay the ground for developing a pragmatic understanding 

(e.g., Happé, 1994). But when children start to develop ToM capacities and thus, a pragmatic 

understanding, both are still fragile. Their fragile pragmatics then leads them astray in the TB 

test. Young children, in contrast, without a sophisticated understanding of ToM are limited in 

their pragmatic language understanding and mostly use language literally (Matthews, 2014; but 

see Pouscoulous & Tomasello, 2020). According to pragmatics accounts, children in this stage 

of development thus should have no problems with the TB task. These considerations lead to 

the prediction of a negative association between ToM capacities (i.e., the FB task) and the per-

formance in the TB task: younger children are expected to fail the FB task but solve the TB 

task, but as soon as children come to master the FB task, they become confused by the TB task 
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and thus, fail to answer the TB test question correctly (Oktay-Gür & Rakoczy, 2017; Rakoczy 

& Oktay-Gür, 2020).  

 

2.4.2.6. Competence vs. Performance Accounts: Test Cases 

Competence and performance limitation accounts on TB performance differ in their predictions 

about the two aspects of TB tasks. First, the accounts make different predictions in which kind 

of TB tasks the U-shaped performance curve occurs. Second, manipulations of the extraneous 

task factors worked out in the pragmatic task analysis should affect TB performance according 

to pragmatics accounts but should have no impact on TB performance according to the two 

competence-based accounts. Once these critical pragmatic task factors have been removed or 

modified, children should answer the TB task correctly.  

The first studies addressed both, (1) the kinds of TB tasks in which the U-shaped performance 

curve occurs and, (2) the effects of the manipulation of pragmatics task factors on TB perfor-

mance. Regarding (1), children from age four showed difficulties in TB tasks of a broad variety. 

These were not limited to aspectual TB tasks or TB tasks in which the protagonist’s perceptual 

access is interrupted just before the test question is asked. The evidence clearly speaks in favor 

of the pragmatics accounts, contradicting the predictions of both competence-based accounts. 

With regard to (2), the first studies have found preliminary evidence for the importance of the 

first two factors: (I) academic test questions in a (II) highly trivial task (Rakoczy & Oktay-Gür, 

2020). Addressing both factor I and II, children were tested in a non-verbal version of the TB 

task (based on Call & Tomasello, 1999) that removed any (academic and trivial) questions. 

Children’s performance was equally proficient in all age groups between four and seven, show-

ing no evidence of a TB deficit (Rakoczy & Oktay-Gür, 2020).  

But what about factor III: the question pertains to a rational agent’s subjective perspective. 

Preliminary evidence for the influence of factor III on children’s failure in the TB task comes 

from one recent study that compared FB/TB tasks with an analogous task that involved non-

mental representations, the False Photo task (based on Zaitchik, 1990). The False Photo task 

was conceptualized as a non-mental analogue of the FB task (Zaitchik, 1990). In the False Photo 

task, the series of events is just like in an FB task (the object is put into location 1 and then 

moved from there to location 2). But rather than a human observer, a polaroid camera is in the 

scene and takes a photo of the object in location 1 before it is moved to location 2. While the 

photo develops, the object is then moved to location 2, and children are asked where the object 

is in the outdated (“false”) photo. The results from several studies revealed similar develop-

mental patterns in False Photo and FB tasks. The majority of three-year-olds failed in both 
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tasks, while the majority of four-year-olds and older children passed both tasks (with slightly 

higher performance in the FB task) (Leekam & Perner, 1991; Zaitchik, 1990). Preliminary, that 

was interpreted in that the False Photo task is a test for meta-representational thought about 

non-mental representations (photos) (Sabbagh et al., 2006; Oktay-Gür & Rakoczy, 2017).  

Based on this idea, a recent study used the False Photo task as a non-mental analogue to the FB 

tasks in order to explore the role that asking about subjective mental representations may play 

in making the TB task pragmatically complex. Four- to six-year-old children’s performance in 

FB/TB tasks was therefore compared with their performance in analogous False/True Photo 

tasks. In the True Photo condition – in close analogy to the TB story – the camera took the 

photo when the object was already moved to the new location. The True Photo condition im-

plements a crucial contrast case: a trivial academic test questions about a non-mental represen-

tation (of the photo). That constitutes a task that holds the first two factors – trivial, academic 

test question – constant while manipulating the third factor (asking about subjective mental 

representations). Results revealed that – consistent with previous findings – children’s perfor-

mance was comparable in the “false” conditions (FB and False Photo) such that children at ages 

four to six succeeded in both. But the performance was markedly different in the true condi-

tions: while children, again, had difficulty in the TB tasks (performing below chance), they 

found the TP task easy (performed above chance) (Rakoczy & Oktay-Gür, 2020, Exp. 2). These 

findings thus provide prima facie evidence that it does matter whether academic trivial test 

questions pertain to subjective mental representations of rational agents (rather than to non-

mental representations more generally). 

However, the specific task used in that study – the False Photo task – makes the contrast be-

tween the FB and False Photo tasks difficult to interpret. The reason is that the False Photo task, 

strictly, speaking, does not involve a misrepresentation. From a theoretical point of view, the 

“false” photo is only outdated but not actually false (Perner & Leekam, 2008). Empirically, this 

concern is supported by findings that FB and False Photo, despite a similar age of onset, disso-

ciate in typical and atypical development: There are no correlations between the task in typi-

cally developing children and autistic children have no difficulty with the False Photo task 

although they find FB tasks difficult (Davis & Pratt, 1995; Leslie & Thaiss, 1992; Perner & 

Leekam, 2008; Peterson & Siegal, 1998). 

A better implementation of a task that involves perspective problems created by non-mental 

representation is the False Sign task (see also section 2.3.3. General Transition to Meta-Repre-

sentational Thought). In the False Sign task, a signpost in a story scenario indicates a state of 

affairs (e.g., that an object is in location 1) that misrepresents reality (the object is actually in 
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location 2). From a theoretical point of view, the sign is not just outdated (like the photo show-

ing the object in location is merely outdated but not false); it is misleading and false. Empiri-

cally, this analysis is corroborated by studies that show that False Sign and FB tasks are related 

beyond the same age of onset: performance in these tasks is highly correlated with typical and 

atypical development (and share analogous neural substrates and correlations with executive 

function; see e.g., Iao & Leekam, 2014; Leekam et al., 2008; Sabbagh et al., 2006). 

In summary, pragmatic limitation accounts offer an explanation for the TB performance that is 

compatible with both children’s failure in the different versions of the TB task and the onset of 

the meta-representational ToM around the same age. However, stringent evidence for the im-

portance of all the contributing pragmatic factors of the task is still missing. Also, the develop-

mental processes at the end of the U-shaped performance curve still raise the question of how 

children overcome their pragmatic difficulties in the TB task later in development. 

So far, it is still an open question how children overcome their performance limitations in the 

TB task. Applying the idea of pragmatic confusion to the end of the U-shaped curve, the prag-

matic analysis predicts that children recover and come to pass the TB task once they have made 

further progress in their pragmatic abilities (as adults show no difficulties in answering the TB 

test question correctly; Oktay-Gür & Rakoczy, 2017).  

In view of these considerations, it can be hypothesized that increasing performance at the end 

of the U-shaped curve results from further developments in children’s growing pragmatic abil-

ities. Advances in pragmatics development might facilitate children to reason about language 

use on a more sophisticated level of pragmatic interpretation, that, in turn, might be related to, 

or even based on some form of higher-order mental state understanding (Rakoczy & Oktay-

Gür, 2020).  

To follow the aim of this dissertation to clarify the developmental trajectories of ToM and ways 

to validly test these abilities in development, the following research questions need to be ad-

dressed in light of the considerations summarized above: First, what are the pragmatic tasks 

factors that lead to children’s failure in the TB task around age four? Second, how does the 

recovery of performance come about at the end of the U-shaped curve? Do seven to ten-year-

old children overcome their intermediate difficulty with TB tasks as the effect of new advances 

in their pragmatic understanding which might be related to general underlying developmental 

changes in recursive ToM?  

The previous section (2.5.1.6 Competence vs. Performance: Test cases) spelled out empirical 

possibilities to address the first question. To approach the second question, the following sec-

tion will start by presenting research on continuing development in ToM in order to provide a 
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basis to address open research questions on more complex forms of ToM and potential rela-

tionships to progress in TB performance.  

 

2.5. Continuing Development in Theory of Mind  

Even though pragmatics accounts on TB performance are compatible with a four-year-revolu-

tion to meta-representation ToM, children have certainly not achieved adult-like meta-repre-

sentational capacities at this age. More complex forms of ToM develop in more protracted ways 

than basic ToM. In continuing development, children’s ToM shows advances in two ways. 

First, children become able to engage in higher-order mental state reasoning (“A thinks that B 

thinks that…”), also referred to as Higher-order ToM. Second, children learn to apply mental 

state concepts in flexible ways and become proficient in interpreting complex social situations 

including, for example, nonliteral speech acts such as irony or jokes (Happé, 1994; Peterson et 

al., 2012; Peterson & Wellman, 2019; Wellman et al., 2011), recognizing social faux pas 

(Baron-Cohen et al., 1999), and interpreting complex emotions (Baron‐Cohen et al., 2001). 

This multidimensional group of applied, complex ToM skills, is summarized as Advanced ToM4 

(Osterhaus et al., 2022; Wellman, 2018). Tasks to measure Higher-order ToM and Advanced 

ToM can radically differ from each other. The two following sections describe these two so-

phisticated forms of ToM, exploring how they can be measured and summarizing their devel-

opment during middle childhood.  

 

2.5.1. Higher-order Theory of Mind 

Reasoning about how people represent the world often provides a useful framework to explain 

and predict their behavior, and how they (physically) act toward objects and other people. How-

ever, reasoning about representations of the physical world cannot entirely capture the com-

plexity of human social interaction (Perner & Wimmer, 1985). Social interaction also often 

takes into account what other people think about other people’s thoughts (second-order beliefs) 

(Perner & Wimmer, 1985). Over the course of development, such advanced forms of mindread-

ing beyond the understanding of first-order FB ascriptions emerge. Understanding the recursive 

 
4 Higher-order Theory of Mind (or recursive Theory of Mind; Osterhaus & Koerber, 2022) is usually considered 
as one part of Advanced Theory of Mind abilities (e.g., Osterhaus et al., 2016). To better distinguish the narrow 
construct of explicit, higher-order mental state reasoning and the supraordinate construct of applied skills that 
base on (higher-order) mental state reasoning, they are referred to Higher-order Theory of Mind and Advanced 
Theory of Mind respectively (Osterhaus & Koerber, 2022). 
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nature of mental states enables advanced forms of flexible and higher-order mindreading in 

which additional levels of mental states can be represented (Perner & Wimmer, 1985). These 

complex and higher-order forms of reasoning emerge by the recursive embedding of meta-

representations. In this way, the level of recursion of every higher-order mental state ascription 

can be determined (first-order: “A thinks that p”, second order: “A thinks that B thinks that p”, 

third-order “A thinks that B thinks that C thinks that p”, etc.). Also, higher-order ToM can 

involve recursive thoughts about each other (in the sense that “A thinks that B thinks that A 

thinks that p”) and can, of course, include people’s thoughts about their own thoughts (“She 

thinks that I think that he thinks that p”). In this way, meta-representations can be recursively 

embedded within each other virtually ad infinitum.  

While children – according to the standard picture of ToM development – solve tasks measuring 

first-order belief ascription around age four in the course of a major conceptual transition to 

meta-representational thought, children sophisticatedly attribute second-order mental states (“A 

thinks that B believes that p”) only after a developmental delay. Children’s understanding of 

second-order beliefs is usually tested in an adaption of the change-of-location task (Perner & 

Wimmer, 1985). In the classic storyline, two protagonists together witness an object in a loca-

tion (e.g., the ice-cream van in the park). Then, protagonist A leaves the scene. In her absence, 

protagonist B observes the object being moved to a different location (e.g., the ice-cream van 

drives from the park to the school). Unbeknownst to protagonist B, protagonist A finds out 

about the location change. Thus, both protagonists happen to have a TB (i.e., knowledge) about 

the object’s location. However, protagonist B falsely believes that protagonist A still thinks that 

the object is in location 1. The test question then refers to protagonist B’s belief about protag-

onist A’s belief-based action “Where does protagonist B think that protagonist A looks for the 

object?” (to which the correct answer is location 1 as protagonist B is unaware that protagonist 

A has seen the object’s move) (Perner & Wimmer, 1985). When memory demands are reduced 

to a minimum, children start to solve these kinds of second-order FB tasks at ages five to six 

(Miller, 2009; Sullivan et al., 1994). 

More interactive implementations of second-order ToM tasks, for example, include peer coor-

dination. In a study by Grueneisen and colleagues (Grueneisen et al., 2015) children had to infer 

their partner’s game decision based on a second-order FB (“She does not know that I know that 

p. She thinks that I falsely believe that q”) and had to adjust their own move accordingly. In 

accordance with results from classic tasks (Perner & Wimmer, 1985; Sullivan et al., 1994), six-
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year-olds demonstrated their capacity to use such second-order mental state attributions to suc-

cessfully coordinate with their peer without any communication (Grueneisen et al., 2015; see 

also Wyman et al., 2013). 

While there is a solid basis of research that shows that children solve second-order ToM tasks 

with a developmental delay of approximately two years after first-order tasks, very little is 

known about children’s development of higher-order ToM beyond the second-order recursion. 

Decades of research concentrated on first- (and, partially, second-) order FB understanding in 

preschoolers. In recent years, ToM research primarily focused on existing new looking-time 

studies with infants (see section 2.4 Underestimation claim: Implicit Theory of Mind) leading 

to an enormous imbalance in empirical quantity. A striking gap in the literature, thus, concerns 

developments in ToM during middle childhood and adolescence (Hughes, 2016). 

Liddle and Nettle (2006) developed a task in which children heard storylines involving multiple 

characters. After listening to the storylines, children were asked to judge which of two state-

ments about the characters is correct with regard to the storyline (Liddle & Nettle, 2006). The 

two statements contained mental state ascriptions from the first to fourth order of recursion. 

Children aged ten and eleven performed above chance level in first- to third-order ToM tasks 

but at chance level in a fourth-order ToM task. Osterhaus and colleagues used the same story-

lines from Liddle & Nettle (2006) and found higher-order mental state reasoning in slightly 

younger children. In these studies children aged seven and older solved third-order FB test 

questions correctly (Osterhaus et al., 2016; Osterhaus & Koerber, 2021) while performance in 

the fourth-order FB task was around the chance level until age ten (67% of the ten-year-olds 

answered correctly in the fourth-order task, no results of statistical chance-level comparisons 

provided; Osterhaus et al., 2016).  

Most adults, in contrast, are usually able to solve ToM tasks until fifth order of recursion, and, 

a minority of them, even sixth to eighth-order tasks (Henzi et al., 2007; Kinderman et al., 1998; 

Oesch & Dunbar, 2017; O’Grady et al., 2015; Osterhaus et al., 2016; Stiller & Dunbar, 2007; 

but see Wilson et al., 2022). Thus, evidence suggests that higher-order ToM develops gradually 

over childhood into adulthood in more protracted ways than first-order ToM. Due to a lack of 

research on such higher-order forms of ToM during middle childhood, the specific develop-

mental trajectories are not yet examined in all detail.  

Beyond such explicit, higher-order mental state ascriptions, children also learn to flexibly apply 

(higher-order) mental state concepts during middle childhood. This facilitates lots of abilities 

in the scope of social cognition often summarized under the umbrella term Advanced ToM. 
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2.5.2. Advanced Forms of Theory of Mind 

During middle childhood, children learn to apply mental state concepts in a flexible way and, 

consequently, become more proficient in interpreting complex social situations in daily life 

(Apperly, 2012; Devine et al., 2016; Osterhaus & Bosacki, 2022). These age-related develop-

ments in applied mindreading abilities that occur after preschool are summarized as Advanced 

ToM (AToM) (Devine & Hughes, 2016). Definitions of AToM are diverse (see e.g., Wellman, 

2018), and rather result from the operationalization of tasks that are used to measure develop-

mental and individual differences in ToM abilities in older children and adults (Osterhaus & 

Bosacki, 2022). These tasks, however, vary considerably with regard to the specific skill as-

sessed, the stimuli presented, and the response format used (Devine & Lecce, 2021). A lack of 

consensus remains as to which extent the different aspects of AToM cohere (Warnell & Redcay, 

2019), and as to which of these tasks validly and reliably assess such a multidimensional con-

cept of social cognitive skills (Devine & Hughes, 2016; Osterhaus & Bosacki, 2022; Weimer 

et al., 2021). 

In this section, I will provide an overview of the constructs and abilities involved in AToM 

testing. These tasks are used to measure various abilities related to social understanding, such 

as emotion- and mental-state recognition, non-literal speech acts, and social cognition (Baron-

Cohen et al., 1999; Baron‐Cohen et al., 2001; Happé, 1994; Osterhaus et al., 2016; Osterhaus 

& Bosacki, 2022; Osterhaus & Koerber, 2021; Winner & Gardner, 1993). 

In particular, I will focus on non-literal speech acts and the tasks used to test these abilities in 

middle childhood and provide an overview of the results of studies that have examined chil-

dren's developing performance in these tasks (for comprehensive reviews, see e.g., Devine & 

Lecce, 2021; Osterhaus & Bosacki, 2022). 

One group of tasks tests for participants’ social understanding in various situations. For exam-

ple, they are asked to interpret social situations in silent films (Devine & Hughes, 2013) or 

scenarios that involve ambiguous social interactions (Bosacki, 2000). In other tasks, partici-

pants are required to detect social transgressions, such as faux pas (Banerjee et al., 2011; Baron-

Cohen et al., 1999; Happé, 1994). To recognize faux pas as such, participants need to track 

diverging epistemic states of the involved characters, recognize the impact of a respective state-

ment or action, and integrate their own knowledge about context-sensitive social norms (Baron-

Cohen et al., 1999).  

A second group of tasks targets children’s emotional and mental state recognition. One widely 

used measure is the Reading the Mind in the Eyes Test which requires participants to recognize 

emotions in photographs of other people’s faces, or more precisely, in their eye area (Baron‐
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Cohen et al., 2001). Participants are asked to match each photograph with a description of men-

tal states (e.g., “annoyed”). This procedure aims to test an affective component of ToM that 

involves recognition of facial emotional expression and attribution of mental states (Baron-

Cohen et al., 2001). 

In general, children become more proficient in these tasks of the two groups that cover aspects 

of social understanding and emotional and mental state recognition in middle childhood (see e., 

Osterhaus et al., 2016). More specifically, however, children’s performance varies considerably 

within age groups in middle childhood and even early adolescence (e.g., Devine & Hughes, 

2016). This substantial variance makes it difficult to make general statements about AToM 

skills of children in certain age groups (Devine, 2021). That, however, indicates that these tasks 

can capture individual differences in AToM that are not particularly related to specific age 

groups (Lecce, 2021). Therefore, these tasks are often used to assess relations between AToM 

and other variables, such as academic achievement (e.g., Lecce, 2021) or peer relations (Fink, 

2021). 

A third group of AToM tasks assesses children’s pragmatic language understanding (Dryll, 

2009; Filippova & Astington, 2008; Happé, 1993, 1994; Norbury, 2005; Pexman & Glenwright, 

2007; Szücs, 2014; Winner et al., 1988; Winner & Gardner, 1993). Pragmatic abilities generally 

involve comprehending and producing speech acts and discourse beyond its mere literal mean-

ing. To understand most speech acts as they were intended by the speaker (i.e., the speaker’s 

meaning), additional information besides the literal meanings of the words (sentence meaning) 

needs to be considered. These include, but are not limited to information about who made an 

utterance, in which context, and against the background of which conversational rules. Taking 

into account all this information, the recipient aims to figure out the speaker’s intentions under-

lying the speech act in question (Searle, 1969). Pragmatics thus involve some form of applied 

ToM (Happé, 1994; Matthews, 2014).  

Ironic and metaphorical utterances are prototypical examples of non-literal speech acts: the 

speaker does not want the recipient to take her utterance literally. To interpret utterances in-

volving irony and metaphors, the recipient ascribes complex intentions to the speaker (Filip-

pova & Astington, 2008; Happé, 1993).  In tasks that test children’s understanding of non-literal 

speech acts, children are presented with very short storylines including non-literal utterances. 

Children are then asked to explain these utterances. One typical example is Happé’s Strange 

Stories Task (Happé, 1994) in which children are asked to explain non-literal utterances, such 

as metaphorical and ironic utterances. Usually, neurotypical children solve tasks that require an 

understanding of metaphors during school age or even preschool age (Lecce, 2021; Matthews, 
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2014; Pouscoulous & Tomasello, 2020). In contrast, evidence from tasks with ironic utterances 

suggests that children develop an understanding of irony only later. In neurotypical develop-

ment, children come to solve these tasks during school age between six and 13 years of age, 

depending on the kinds of measures used (Matthews, 2014). The direct relationship between 

non-literal language understanding and ToM in development has been subject to empirical in-

vestigations over the last few years (Del Sette et al., 2020; Lecce et al., 2019; Norbury, 2005). 

The developmental associations between ToM and the understanding of metaphors are still dis-

cussed controversially. In contrast, results on the relation of irony comprehension and ToM in 

development are more conclusive: children’s performance in tasks that require irony compre-

hension correlates with their second-order FB understanding (Angeleri & Airenti, 2014; 

Filippova & Astington, 2008). 

In addition to metaphorical and ironical utterances, Happé’s Strange Stories Task (Happé, 

1994) incorporates other speech acts that require the ascription of more complex intentions, 

such as bluffs, double-bluffs, and white lies. In one such storyline containing a double-bluff, a 

man tells the truth to deceive his interlocutor as his interlocutor expects him to lie. This situation 

was interpreted by neurotypical children on a third-order theory-of-mind level (e.g., “he knows 

that they think that he will lie”) (Happé, 1994) around the age of seven (Osterhaus & Koerber, 

2021).  

 

2.5.2.1. Role of Complex Theory of Mind in the True Belief Task 

The previous section presented research on continuing development in ToM to provide a basis 

to investigate complex forms of ToM, in general, and, more specifically, to examine potential 

relationships of such complex forms of higher-order ToM to progress in TB performance.  

The pragmatics analysis is presented in section 2.4.2.5. “Performance Limitation Account: 

Pragmatics” predicts that children are pragmatically confused by the peculiarity of the TB test 

question. A related question that needs to be investigated to approach the underlying mecha-

nisms of TB failure is: How do children come to solve the TB task at the end of the U-shaped 

curve? Applying the logic of pragmatic tasks demands, children are expected to answer the TB 

test question correctly once they have made further developmental progress in their pragmatics 

understanding. Developmental advances in pragmatics might enable children to follow more 

complex forms of speech acts. In the TB task, this might enable them to interpret the TB test 

question on a higher, more advanced level of pragmatic interpretation. Consequently, they 

might become able to resolve their pragmatic confusions about the academic, trivial test ques-

tion in the TB task (Rakoczy & Oktay-Gür, 2020).  
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This approach predicts that children should become able to solve the TB task at the end of the 

U-shaped curve when they become able to reason flexibly on higher-order levels of pragmatic 

interpretations. Based on this idea, further developmental progress in more flexible forms of 

pragmatic understanding would determine the end of TB failure around age eight to ten. De-

velopments in higher-order forms of pragmatic understanding might, in turn, be based on the 

capacity for recursive, higher-order mind-reading. Recursive ToM might enable the ascription 

of specific higher-order communicative intentions to make sense of the peculiar test question. 

Children who develop an understanding of more complex forms of pragmatics can either inter-

pret the TB question as an academic test question right away or, if they get confused, ascribe 

higher-order mental states to overcome their confusion about the task. In one way or the other, 

children’s performance on the TB test question is expected to be related to their general recur-

sive ToM capacities. 

After proposing ways to clarify (Ia) the emergence and presenting the current state of research 

on (Ib) subsequent development in ToM, I will now address questions of potential relations of 

ToM to (IIa) a general understanding of representations. To this end, I will introduce the idea 

that Mental Time Travel abilities rely on a similar understanding of representations and more 

complex forms of Mental Time Travel involve recursive thinking to embed these representa-

tions within each other. The purpose of asking the question of how children’s developing abil-

ities in ToM relate to other cognitive capacities is to approach the potential underlying founda-

tions of ToM development from a domain-general perspective on ToM. 

 

3. Meta-Representation Beyond the Scope of Theory of Mind  

Over the last few decades, it has been debated if ToM abilities, the emergence of FB under-

standing and competencies to apply such mental states, reflect either a domain-specific or a 

domain-general capacity. In light of strong evidence (summarized in section 2.3.3 General 

Transition to meta-representational thought) from studies comparing children’s emerging un-

derstanding of mental and non-mental representations (e.g., Perner & Leekam, 2008), domain-

general views have claimed that ToM relies on the more general ability to hold meta-represen-

tations (Perner, 1991). Based on this claim, the pressing question arises of how broadly shared 

this cognitive foundation in other reasoning domains is. Which other abilities rely on the same 

cognitive foundations of meta-representational thought? One other capacity that recently has 

been claimed to involve meta-representation is Mental Time Traveling (Redshaw, 2014). 
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3.1. Mental Time Travel 

The ability to think and reason about the past (i.e., episodic memory) and the future (i.e., fore-

sight) is often referred to as Mental Time Travel.  Simple forms of Mental Time Travel seem to 

be present in multiple species (Cheke & Clayton, 2012; Correia et al., 2007; but see Hoerl & 

McCormack, 2019; Redshaw, 2014). The decisive factor that distinguishes complex Mental 

Time Travel from such simpler forms is that the individual does not only need to mentally re-

visit or pre-visit events from the past and the future but also needs to understand how these 

events relate to the present (Buckner & Carroll, 2007; Schacter et al., 2007; Suddendorf & 

Corballis, 2007; Tulving, 1985). 

 

3.1.1. How to Measure Mental Time Travel 

To test for this sophisticated capacity, recent research focused on future-oriented Mental Time 

Travel, including an understanding of how future events relate to the present. To test this ca-

pacity to imagine, entertain, and reason about future events, participants are usually faced with 

a situation that opens up multiple, still undetermined future possibilities5. Importantly, the un-

certain future possibilities need to be mutually exclusive future possibilities – only one of two 

or more possibilities will actually occur in the immediate future. This requires the participant 

to reflect on how the possible future events related to the present: all possible future events are 

possibilities of the same present state, i.e., the same referent. Consequently, as soon as one of 

these possibilities actually occurs, all other possibilities are precluded from being true/real. This 

feature requires to reflecting on the relation between the actual state and the possible future 

state (Redshaw, 2014; Redshaw & Suddendorf, 2020). 

In the literature, two main groups of tasks were used to test this form of future-oriented Mental 

Time Travel. The two groups of tasks differ with regard to their structure: Participants either 

need to prepare for multiple uncertain mutually exclusive future events in parallel or they need 

to choose a certain option over mutually inclusive but uncertain options. Importantly, these 

 
5 For an overview of other attempts and their limitations, see Gautam et al., 2019; Hoerl & McCormack, 2019 
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tasks require reasoning about the uncertain future (also referred to as physical uncertainty, Rob-

inson et al., 2006). The outcome of the event which has yet to happen is not yet determined so 

participants are required to represent possibilities about what could happen in the future6.  

Robinson and colleagues (2006) designed a task in which participants are required to prepare 

for multiple uncertain mutually exclusive future events in parallel. In their task (Robinson et 

al., 2006, Exp.1, “Unknowable condition”) participants were told that the experimenter was 

going to draw one block out of a bag that contains both orange and green blocks. The block 

was then pushed through a door of the respective color (green door or orange door). Participants 

were asked to prepare trays so that they catch the block that was going to be drawn and pushed 

through the door. As the participants were asked to prepare before the block was actually drawn 

from the bag (“Unknowable condition”), the future (i.e., the block being pushed through the 

green door or the block being pushed through the orange door) was still uncertain and was only 

going to be determined in future. Children who were able to represent both future possibilities 

(the block being pushed through the green door or the block being pushed through the orange 

door) were expected to cover both the green and the orange door with trays (Robinson et al., 

2006). 

In a structurally similar study by Beck and colleagues (Beck et al., 2006, Exp. 1 and 2; “unde-

termined” trials), participants were required to put out mats to catch a mouse that will come out 

of either of two sides of a forked-shaped (upside-down y-shaped) slide. When participants were 

asked to prepare to catch the mouse, the two branches of the forked-shaped slide were blocked 

by gates. They were told that only one of the two gates will open so that the mouse can pass 

and go down the respective branch of the slide. Which gate will be open was going to be deter-

mined by a card that will be drawn by the child (upside-down). Again, covering all possible 

exits with mats was interpreted as evidence for future possibility reasoning (Beck et al., 2006). 

In a simplified version (Redshaw & Suddendorf, 2016), participants were asked to catch an 

object with their hands. They were told that the object will be dropped into a forked tube. Only 

when using both hands simultaneously, participants can cover both lower exits of the tube and 

make sure that they will definitely catch the object that will come out of either of the two 

 
6 Crucially, all these tasks need to be distinguished from tasks that require reasoning about possibilities under 

epistemic uncertainty. These tasks often follow the same logic with the important difference that the outcome of 

the relevant event has already been determined in the past, yet remains unknown by the observer. In these tasks, 

successful participants represent possibilities about what might already be the case in the present (e.g., Robinson 

et al., 2006, Exp. 1 “unknown condition”). This structural change results in a more complex representational struc-

ture: participants need to represent that, in the past, there have been multiple alternatives about the future and that, 

by now, reality has been determined but remains unknown. Consequently, participants have to represent their own 

ignorance about reality (see, e.g., Robinson et al., 2006; Redshaw & Suddendorf, 2020).  
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branches. Interestingly, the future event here (i.e., the object coming out on the left or the right 

exit of the forked tube) is determined exclusively physically. In contrast, in the tasks by Rob-

inson and Beck, the future will be determined by the color of the block that is drawn by the 

experimenter (Robinson et al., 2006) or the card that is drawn by the child (Beck et al., 2006). 

These task designs could lead to the impression that the future event is not exclusively deter-

mined physically but also intentionally (by the experimenter drawing the block; by the child 

drawing the card) or conventionally (by the color matching rule of the block and the door or 

the card and the gate).  

In tasks that follow the second task structure participants are required to choose a certain option 

over mutually inclusive but uncertain options to pass the task and to demonstrate their Mental 

Time Travel capacities. In another version of the forked slide task (adapted from Beck et al., 

2006), participants are told that two objects will be dropped into two slides simultaneously. One 

of the slides is non-branching (having one exit at the bottom), and the other slide (the forked 

slide) is branching into two exits at the bottom. Participants are asked to cover only one of the 

three exits of the slides with a wagon in order to catch an object (Leahy, 2023). Again, the 

future event for the forked slide (i.e., the object coming out on the left or the right exit of the 

forked slide) will be determined physically. Unlike the other tasks (Beck et al., 2006; Redshaw 

& Suddendorf, 2016; Robinson et al., 2006), participants in this task were not required to pre-

pare for two options of an uncertain event in parallel (i.e., putting out two mats under two exits) 

but identify the uncertain, undetermined future possibilities (object coming out of either of the 

two exits of the forked slide) and the certain, determined future event (object coming out of the 

bottom exit of the non-branching slide). Based on the comparison of the (un)certainty of the 

future events, participants were required to choose a certain option and cover the exit of the 

non-branching slide over the uncertain options (one of the exits of the branching slide).  

Armed with signatures of sophisticated Mental Time Travel and standard ways of measurement 

in possibility reasoning tasks, I will present empirical evidence to give a broad overview about 

the ontogenetic emergence of Mental Time Travel next section.  

 

3.1.2. Ontogeny of Mental Time Travel  

Dependent on the exact task structure and design, children reliably pass tasks in which they are 

required to reason about uncertain future events, around the age of four to five years. The ma-

jority of results come from tasks in which participants need to prepare for multiple uncertain 
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mutually exclusive future events in parallel. In Robinson and colleagues’ block-door-task, par-

ticipants between four and a half and six and a half years of age succeeded to prepare for this 

uncertain future event by putting out two trays (under both the green and orange door) in this 

condition (Robinson et al., 2006). Beck and colleagues’ slides task showed similar results. Five- 

to six-year-old children succeeded to prepare for this uncertain future event by putting two mats 

under the two exits of the forked-shaped slide. Three- to four-year-olds, in contrast, failed to 

succeed in this condition. They did not consistently put two mats under the two exits (Beck et 

al., 2006). In the simplified version by Redshaw and Suddendorf (2016), the majority of four-

year-old participants succeeded in reliably covering both exits with their hands from the first 

trial while younger children and non-human primates were not able to do so. In the task in 

which participants were required to choose a certain over mutually inclusive but uncertain op-

tions, children passed around age five. While four-year-old children failed to consistently put 

the wagon under the exit of the non-branching slide, children aged five and older succeeded 

(Leahy, 2023). 

In summary, Mental Time Travel emerges from age four to five in its basic form when children 

start to imagine future events and relate those to the current present. They start to reason so-

phistically about uncertain future events while children younger than four often fail to consider 

multiple uncertain possibilities. Instead of preparing for multiple possible events, young chil-

dren often prepare for only one of the possibilities (e.g., see Leahy & Carey, 2020 for a “one 

possibility treated as a real” account). Yet, there are, of course, more complex forms of Mental 

Time Travel and, thus, still much development to come after the age of four to five. 

 

3.2. Recursive Mental Time Travel 

In more complex and higher-order forms of Mental Time Travel additional levels of temporal 

representations can be represented by recursive embedding. This allows to remember past mo-

ments in which one thought about earlier times or to imagine that in the future one will make 

plans for the further future. Also, complex Mental Time Travel can involve switching back and 

forth between past and future perspectives: remembering moments in the past in which one 

thought about the future or imagining that in the future one will look back on the relative past 

(Redshaw & Suddendorf, 2020). 

One example of such recursive forms of Mental Time Travel is counterfactual reasoning about 

past events (like in “What if I had not studied psychology?” or “What if I had won the lotto 



Meta-Representation Beyond the Scope of Theory of Mind  

 
 

42 

jackpot yesterday?”). One way to conceptualize counterfactual thought is that one has to men-

tally travel back in time and change aspects of the past in order to imagine how this alternative 

version of the past (level 1) would have affected the future and thus led to an alternative present 

(level 2). Based on this conceptualization, it can be argued that counterfactual thought requires 

a second-order recursive operation as the representation of the alternative present has to be 

embedded into the representation of the alternative past. Crucially, in this process, the relation 

between simultaneous representations of the world (actual reality and counterfactual alterna-

tive) needs to be represented (Beck & Crilly, 2009; Beck & Guthrie, 2011; Byrne, 2016; 

McCormack et al., 2018). Actual reality and the counterfactual alternative need to be repre-

sented as alternative versions of the very same moment in time that originates from a common 

past (Beck et al., 2006; Redshaw & Suddendorf, 2020).  

 

3.2.1. Counterfactual Reasoning: Measures and Ontogeny 

To validly investigate counterfactual reasoning, tasks need to fulfill some stringent desiderata. 

This is important as tasks need to distinguish true counterfactual reasoning from other, simpler 

forms like conditional reasoning strategies that mimic counterfactual reasoning abilities under 

some conditions (see e.g., Leahy et al., 2014). First, tasks need to address real-world counter-

factual reasoning in contrast to other types of non-actual scenarios, including pretense, fiction, 

and hypothetical thought. These have been suggested to be different abilities that vary in their 

representational structure (Beck et al., 2006; Beck & Guthrie, 2011; Rafetseder et al., 2010, 

2013). 

Second, the joint past of actual reality and the counterfactual alternative constraints the con-

struction of the counterfactual as Nearest Possible World (see Rafetseder et al., 2013). The 

counterfactual past needs to equal the actual past except from the relevant counterfactual 

change. Consider the following situation: you just cleaned the kitchen floor, so that it shines 

brightly when your daughter, Carol, comes home from the playground still wearing her muddy 

shoes and runs over to you so that the kitchen floor is littered with her footprints (Harris et al., 

1996). Now imagine, what if Carol had taken off her shoes before she went into the kitchen? 

Would the kitchen floor be clean or dirty? In the construction of the counterfactual past in which 

Carol had put off her shoes, everything needs to equal the actual past (i.e., you just cleaned the 

kitchen floor, Carol comes home from the playground wearing her muddy shoes) only differing 

in terms of the change mentioned in the question (Carol puts her shoes off) (Harris et al., 1996). 
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To systematically test for real-world counterfactual reasoning about the nearest possible world 

that can be distinguished from simpler forms of reasoning, Rafetseder and colleagues intro-

duced tasks that require counterfactual reasoning about so-called overdetermined events (Rafet-

seder et al., 2013). In their adaption of the “dirty shoe story” (by Harris et al., 1996), Carol 

brings her friend Max. Now, two children rather than only one child walk over the clean kitchen 

floor with their muddy shoes on so that the kitchen floor becomes dirty (Rafetseder et al., 2013). 

After seeing the storyline, participants were asked whether the floor would have been dirty if 

one of the children say, Carol, had taken her shoes off. In this scenario, the outcome (the dirty 

kitchen floor) is overdetermined (the floor gets dirty by two causes: Max and Carol). Thus, the 

possibility that participants solve the counterfactual test question with simpler conditional rea-

soning (e.g., hypothetical thinking or if-then-principles: if shoes are taken off, the floor is clean) 

is reduced. The results of studies using such over-determination scenarios showed surprisingly 

low levels of performance. Five- to six-year-olds answered correctly to 18% of the test ques-

tions, children as old as nine were correct only 53% of the time, while adults and older adoles-

cents performed at or close to the ceiling (Rafetseder et al., 2013).  

However, these kinds of storylines and test questions all come with problems (see McCormack 

et al., 2018). One line of concern addresses the high levels of memory and attentional resources 

that are required to follow the storylines. A second concern is that the scenarios are mentally 

rather than physically caused (e.g., Carol taking her shoes off) and might, therefore, impact 

whether other events occur. For example, the counterfactual change (i.e., Carol taking her shoes 

off) might influence others’ behavior (e.g., Max putting his shoes off, too) (Kratzer, 1981). 

Lastly, the answer format of the question is usually binary even though the outcome is not. To 

spell that argument out, let us consider the dirty shoe story once again. In the beginning, the 

floor is very clean and after Max and Carol walked into the kitchen, it is very dirty. In the study 

by Rafetseder and colleagues (Rafetseder et al., 2013, Exp. 2) this is acted out with two little 

figurines walking over a plate with dirt on their shoes. In the counterfactual scenario in which 

Carol takes her shoes off, only Max would make footprints on the floor. In comparison to the 

very clean floor from the beginning of the story, the floor would be of course still dirty, even if 

only one person with dirty shoes had walked into the kitchen. In comparison to the actual out-

come of the story (very dirty floor because of footprints of two persons), however, the floor 

would be still dirty but cleaner if only one person with dirty shoes had walked into the kitchen. 

Yet, the answer format does not allow for such a gradual emphasis on the state of affairs.  

In summary, the combination of these problems might lead to false negatives in counterfactual 

reasoning tasks in young children (see e.g., McCormack et al., 2018). At the same time, the task 
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format might also allow for false positives. The use of familiar situations in these storylines 

might increase the probability that participants answer the counterfactual reasoning test ques-

tions based on simpler conditional reasoning (e.g., generalized if-then-principles; McCormack 

et al., 2018). All in all, it is unclear whether these tasks validly test the competence of true 

counterfactual thinking. On the basis of this critique, McCormack and colleagues designed a 

task that avoids all of these problems. In their pig-disc task (here: “doubly determined” condi-

tion), children saw an apparatus with two ramps on which discs are rolling down and which 

both end at the center of the apparatus. One ramp – the fast one – leads directly to the center, 

the other slow ramp has a zig-zag shape. As soon one disc reaches the center of the apparatus, 

it hits a toy pig which consequently falls down from the apparatus. In the relevant test trials, 

participants saw two discs rolling down the ramps simultaneously with the effect that the disc 

on the direct ramp hits the pig first (pre-empting the effect of the other, slower disc). After 

watching this scenario, participants were asked to answer the counterfactual test question about 

this pre-empted (overdetermined) event. McCormack and colleagues systematically compared 

additive and subtractive counterfactual reasoning questions. While subtractive scenarios require 

one to mentally undo something that has in fact occurred, additive counterfactual scenarios 

require one to mentally add something to what actually happened (“If I had not rolled the [fast 

disc] down that time, would the pig have fallen?” for the subtractive trial and “If I had put the 

peg in here (i.e., a peg that blocks the runway of the direct ramp and therefore prevents the first 

disc from rolling down) that time would the pig have fallen?” for the additive scenario).  

The advantages of this task are that it introduces a new, unfamiliar scenario about a physical 

causation event with a clear binary outcome (either pig has fallen or has not fallen) that comes 

with rather low memory demands. In contrast to earlier studies testing counterfactual reasoning 

about over-determined events, the results show that children starting from six years were able 

to answer counterfactual test questions about doubly-determined scenarios correctly. Four- to 

five-year-olds, however, answered incorrectly (McCormack et al., 2018). 

In summary, success in tasks testing counterfactual thinking about past events as a form of 

recursive Mental Time Travel comes with a developmental delay after reasoning about future 

possibilities. Dependent on the exact task structure and design, children reliably answer coun-

terfactual test questions correctly at the ages of six to nine.  
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3.2.2. Counterfactual Emotions: Measures and Ontogeny 

Around the time children engage in counterfactual reasoning, children typically also begin to 

experience counterfactual emotions such as regret and relief (McCormack et al., 2018, 2019; 

O’Connor et al., 2012; Uprichard & McCormack, 2019; Van Duijvenvoorde et al., 2014; Weis-

berg & Beck, 2010). These emotions arise from a comparison that builds on second-order Men-

tal Time Travel. Experiencing regret or relief requires the agent to realize that in the past (level 

1) different options for the relative future (level 2) were available (Hoerl & McCormack, 2019). 

By comparing the true present and an alternative present, the actual state of the world is evalu-

ated as better (relief) or worse (regret) than the imagined counterfactual. 

To measure the ability to experience regret or relief in development, most of the studies fol-

lowed a similar paradigm. Children are asked to choose one of two boxes in order to win its 

content. Children then learn about the prize they won but also about the content of the unchosen 

box which contains a better (regret trials) or worse (relief trials) prize. Regret and relief are 

assessed by asking children to report on their emotions once they learned about the prize in the 

chosen box and again once they learned about the prize in the other box. Children are expected 

to report feeling less happy (regret trials) or even happier (relief trials) than they felt before 

when they only knew about the actual prize. Children come to report feeling regret around age 

six, but the exact age of onset varies between studies (age six to seven years in O’Connor et al., 

2012; 2015; Burns et al., 2012; age seven to eight years in Van Duijvenvoorde et al, 2013; age 

four to five years in Weisberg and Beck, 2012; age nine years in Rafetseder & Perner, 2012).  

Adding yet another layer of recursion, the anticipation of counterfactual emotions constitutes a 

case of third-order Mental Time Traveling. Anticipating regret or relief requires the agent to 

imagine that they will learn in the future (level 1) that – in the relative past (level 2) – better 

options for the relative future (level 3) were available. 

To test the ability to anticipate regret, the two-boxes task was adapted in different ways. For 

example, children were asked what they would like to find in the unchosen box (Guttentag & 

Ferrell, 2008) or what might be in the other box that would make them feel sadder (McCormack 

& Feeney, 2015, Exp. 1). In other tasks, children were first asked how they felt about choosing 

their box and after that, how they would feel about it if they would find out that there was a 

larger prize in the other box that they have not chosen (McCormack & Feeney, 2015, Exp. 

2&3). Similarly, to test the ability to anticipate relief children were first asked how they felt 

about choosing their box and after that, how they would feel about it if they would find out that 

there was a smaller prize in the other box that they have not chosen (McCormack & Feeney, 

2015, Exp. 2&3). The ability to anticipate to experience counterfactual emotions such as relief 
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or regret in the future seems to emerge even later in development. Only from around age eight 

or later, children are able to report that they will have negative emotions if they will learn that 

the option, they chose turns out to have been worse compared to other options (Guttentag & 

Ferrell, 2008; McCormack & Feeney, 2015; O’Connor et al., 2015; Rafetseder & Perner, 2012).  

 

4. Relation of Theory of Mind and Mental Time Travel 

The summary of evidence on the development of both ToM and Mental Time Travel presents 

similar stepwise developmental progress in the two abilities. Empirical evidence suggests that 

children first become involved in first-order Mental Time Travel at around age four to five, 

when they are able to reason about future possibilities (Beck et al., 2006; Leahy, 2023). With a 

developmental delay of one or two years, children start to think counterfactually about past 

events as an instantiation of second-order Mental Time Travel around six years of age 

(McCormack et al., 2018). However, it is not until a further developmental delay that children 

begin to engage in higher-order Mental Time Travel beyond the second-order of recursion, 

which typically occurs in middle childhood. For instance, the ability to anticipate experiencing 

counterfactual emotions such as regret in the future does not typically emerge until around eight 

years of age (McCormack & Feeney, 2015). 

The standard picture7 of ToM development shows a similar stepwise developmental progress 

is observed in children’s ToM abilities. From around age four, children come to solve FB and 

conceptually related tasks that require first-order meta-representational ToM (Wellman et al., 

2001). With a developmental delay of one to two years, children start to attribute second-order 

mental states at the age of five to six and higher-order mental states above second-order even 

later, in middle childhood (Liddle & Nettle, 2006; Sullivan et al., 1994). The developmental 

trajectories of first- to higher-order Mental Time Travel and ToM seem to follow a parallel 

pattern. This raises the question of whether these parallel developmental trajectories are a mere 

coincidence or whether they are actually based on some form of relation or shared underlying 

cognitive foundations (Gautam et al., 2019).  

In line with domain-general views on ToM, one possibility to explain this developmental par-

allel is that both ToM and Mental Time build on a common capacity for simulation and projec-

tion as shared cognitive foundations. Explicit ToM requires simulation to shift the self-perspec-

 
7 As discussed in Section 2.4. Challenging the Standard Picture, the claim of an emergence of ToM has been 
called into question and thus needs to be re-addressed in empirical work. 



Relation of Theory of Mind and Mental Time Travel  

 
 

47 

tive to an alternative perspective. Similarly, hypothetical thinking about the future requires pro-

jection to shift from the current reality to the alternative, imagined future point in time (Buckner 

& Carroll, 2007). Another (not necessarily mutually exclusive) possibility is that both ToM and 

Mental Time Travel not only share overlapping processes of projection and simulation in gen-

eral but build specifically on the same underlying cognitive ability to hold meta-representations 

(Gautam et al., 2019; Redshaw, 2014; Tulving, 2005). In the case of (explicit) ToM, meta-

representation allows representing someone’s mental state as an alternative representation 

(Perner, 1991; Pylyshyn, 1978; Suddendorf, 1999). Different claims have been made to what 

extent Mental Time Travel relies on the same meta-representational capacity. One proposal is 

based on the idea that Mental Time Travel involves a form of (autonoetic) representation of 

one’s own past or potential future experiences and perspectives and consequently on a form of 

meta-representation (Tulving, 2005; see also Perner & Ruffman, 1995; Perner et al., 2007). 

Another proposal claims that meta-representation is needed to represent how various temporal 

perspectives relate to what they represent: specific representational relations of the entertained 

content to present or future states of affairs in the world have to be processed (see Figure 1). 

Some minimal meta-representational grasp is required to understand the way temporal repre-

sentations relate to the world (Bieri, 1986, see also Redshaw, 2014). 

So far, indirect comparisons of ToM and Mental Time Travel draw an ontogenetic picture of a 

similar age of emergence for the two capacities (Beck et al., 2006; Leahy, 2023; Redshaw & 

Suddendorf, 2016; Robinson et al., 2006; Wellman et al., 2001). A recent study tested children's 

ability to perform both future Mental Time Traveling (in a modified version of the slides task) 

and a FB task. The results showed no difference in the age of success between the two tasks 

(Halberda et al., 2023, Exp. 4; but see Immel et al., 2022). In general, this developmental par-

allel is compatible with domain-general ideas, but it does not provide conclusive evidence for 

shared foundations and related development. Therefore, more systematic and direct evidence 

from comprehensive correlational studies is needed to show associated development, despite 

both abilities being mastered around the same age. 
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Level Theory of Mind Mental Time Travel 

1 First-order FB Hypothetical thinking about possibilities 

2 Second-order FB Counterfactual thought 

3 Third-order FB Anticipation of Counterfactual thought 

 

Figure 1. Levels of representation in first-, second and third-order Theory of Mind and Mental 

Time Travel 

 

5. Conclusion and Open Questions  

Fully-fledged ToM describes the ability to attribute mental states to oneself and to others and 

to predict and interpret people’s behavior based on their mental states (Premack & Woodruff, 

1978). At the conceptual core of ToM lies meta-representation (Perner, 1991), the capacity to 

represent others’ (or one’s own former) subjective representations of the world even when dif-

fering from the own current representation of reality. The litmus test for meta-representational 

ToM is the FB task in which children need to grasp misrepresentations aiming to demonstrate 
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their understanding of the subjective notion of mental states (Wimmer & Perner, 1983). Chil-

dren come to pass the FB task around age four in the course of a major conceptual transition to 

meta-representational thought (Perner, 1991; Wellman et al., 2001). Around this time, they also 

begin to solve other conceptually related tasks that differ with regard to their structure but all 

require meta-representational thinking (Perner & Roessler, 2012).  

This view of the onset of meta-representational ToM around age four has recently been ques-

tioned by a set of surprising findings: Once children master FB tasks, they begin to fail TB 

control tasks and only in the age of eight to ten, they succeed again (Oktay-Gür & Rakoczy, 

2017). Competence limitation accounts claim that the findings of TB failure show that the FB 

task overestimates children’s ToM competencies. Children may use simple heuristics rather 

than true meta-representation at the age of four. Pragmatic performance limitation accounts, in 

contrast, claim that these findings do not show any conceptual limitations in children’s (first-

order) ToM, but rather reflect children’s confusion in view of pragmatic task demands in TB 

tests. To empirically test competence versus pragmatic performance accounts against each 

other, clear test cases are needed in which pragmatic tasks factors of TB tests are systematically 

modified. While evidence for actual competence limitations would cast doubt on the four-year 

revolution, evidence for pragmatic performance problems in the TB task would be compatible 

with the widely held view of the conceptual transition to (first-order) meta-representational 

thought around age four.  

In subsequent ToM development, more complex and higher-order forms of mental state rea-

soning emerge by recursive embedding of representations. Children become able to attribute 

second-order mental states (such as beliefs about beliefs) around age six and use their mental 

state concepts to interpret social situations and pragmatic speech acts. However, little is known 

about the exact developmental trajectories of mental state reasoning beyond the first and sec-

ond-order of recursion and potential relations to pragmatics in the TB task. 

According to domain-general views on ToM, emergence and development of ToM relies on an 

understanding of representations as representation and therefore is marked by the cognitive 

capacity to recursively embed representations within each other. This capacity is not limited to 

ToM alone, but is shared with other abilities (Perner, 1991; Perner & Roessler, 2012). Mental 

Time Travel is claimed to require similar representational capacities to represent that and how 

past or future events relate to the present state. Recursive iteration can generate more complex 

and higher-order forms of Mental Time Travel in which additional levels of temporal represen-

tations can be represented (Gautam et al., 2019). 
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Based on these considerations, the following sets of open research questions arise:  

 

(Ia) When does meta-representational ToM emerge? Does children’s TB failure around 

age four provide evidence for limitations of children’s ToM capacity or rather per-

formance limitations? 

(Ib) How does recursive meta-representational ToM develop throughout childhood and 

how can this development be measured?  

 

Building on that, it can be addressed how the emergence and subsequent development in ToM 

relate other to cognitive abilities: 

 

(IIa) Is ToM emergence and higher-order ToM development related to developmental 

progress in a general (recursive) understanding of representations?  

(IIb) Is higher-order ToM development related to the ability of recursive thinking in de-

velopment? 

 

6. Aim of Dissertation  

In light of these open questions, I aimed to examine how meta-representational ToM emerges, 

how recursive forms of ToM evolve throughout childhood, and how its development is related 

to other cognitive and representational abilities. The overarching aim is to contribute to the 

understanding of the ontogenetic development of ToM with regard to the debate on domain-

general views. 

This aim was addressed in three empirical projects. Due to the restrictions of the Covid-19 

pandemic, data collection for most of the projects of the dissertation was conducted remotely. 

Thus, an additional preliminary project was conducted to ensure that online testing is a valid 

alternative to classical in-person test settings. In this preliminary project, three to four-year-

olds’ ToM performance in the new online implementation of the false and TB task was com-

pared to in-lab settings. 

To approach research questions (Ia) When does meta-representation ToM emerge, and (IIa) Is 

ToM emergence related to developmental progress in a general understanding of representa-

tions, the first main Project compared children’s performance in tasks that systematically varied 

in their representational and pragmatic structure. Children’s performance in the false and TB 

task was compared to parallel tasks that required representational understanding of non-mental, 
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external representations. The following pattern of results was expected for this comparison. 

First, based on the widely held view of a joint onset of meta-representational thought, parallel 

and correlated development in mental and non-mental representational tasks was expected. Sec-

ond, testing the pragmatic performance limitation account for TB failure, dissociated develop-

ment of tasks deviating in their representational or pragmatic structure was expected: children 

were expected to show problems in the TB task but not in a task with reduced pragmatic de-

mands.  

To address research questions (Ib) How does recursive meta-representational ToM develop 

throughout childhood and how can this development be measured, and (IIb) Is higher-order 

ToM development related to the ability of recursive thinking in development, the second project 

investigated subsequent development of more complex forms of recursive meta-representa-

tional thinking in ToM. In addition to their recursive ToM abilities, children’s general abilities 

for recursive thinking were measured. It has been argued that the conceptual core of ToM is 

meta-representational thought which, in turn, requires a recursive operation: holding a repre-

sentation of a representation, i.e., meta-representation. More complex, higher-order forms of 

ToM build on that by recursively embedding meta-representations within each other.  In three 

studies, six- to ten-year-old children were tested in both recursive ToM from first- to fifth-order 

of embedding and in their general recursive thinking abilities operationalized as syntactic re-

cursive abilities. Based on the idea that meta-representational ToM requires recursive opera-

tions, performance in these two tasks was expected to be associated with development. This 

comparison, hence, ought to shed light on potential underlying cognitive foundations of recur-

sive ToM development in recursive thinking. 

To expand on the research question (IIa) which explores the relationship between not only the 

emergence of ToM but also the development of higher-order ToM and a general understanding 

of representations, the third project compared the developmental progress in recursive ToM 

with children's recursive Mental Time Travel abilities. It has been argued that sophisticated 

Mental Time Travel requires a representation of how past or future events relate to the present 

state, and thus is based on some form of projection or even meta-representation. From this 

domain-general view, children are expected to show parallel and associated development in 

recursive meta-representational thought in the ToM and Mental Time Travel domain. The com-

parisons of developmental progress in recursive, higher-order forms of ToM and children’s 

recursive Mental Time Travel abilities addressed the question of an underlying capacity for 

recursive representational thought as an underlying factor of ToM emergence and development. 
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7. Summary of Empirical Findings  

In the following section, I will summarize the three main projects that I conducted in the course 

of my dissertation: (1) Schidelko, Huemer, Schröder, Lueb, Perner, & Rakoczy (2022) – Why 

do children who solve FB tasks begin to find TB tasks difficult? A test of pragmatic perfor-

mance factors in ToM tasks, (2) Schidelko, Proft, & Rakoczy (2022) – How do children over-

come their pragmatic performance problems in the TB task? The role of advanced pragmatics 

and higher-order ToM, and (3) Schidelko, Baumann, Proft, & Rakoczy (2023) – Do Theory of 

Mind and Mental Time Travel abilities build on joint cognitive foundations? A Comparison of 

development of recursive Theory of Mind and Mental Time Travel. Additionally, I will briefly 

summarize the preliminary project that was conducted in order to validate the methods that 

were used in the main Projects: Schidelko, Schünemann, Rakoczy, & Proft (2021) – Online 

testing yields the same results as lab testing: A validation study with the FB task. I will describe 

the experimental design and the main results. For further details regarding participants, proce-

dure, analysis, and results, please refer to the original manuscripts (Appendices A-D).  

 

7.1. Pre-Project: Schidelko, Schünemann, Rakoczy, & Proft (2021) 

Due to the restrictions of the COVID-19 pandemic, routines of classic methods of data collec-

tion in interpersonal, face-to-face settings between an experimenter and a child were disrupted. 

Data for most of the projects of my dissertation needed to be collected in a new, contact-free 

way. Thus, I established an online paradigm for data collection with children. In this new set-

up, the experimenter meets the child in a video conference and interacts with them via video 

and audio streaming. This shift from classic in-person test settings to remote test settings 

changed the parameters of interaction between the experimenter and the child enormously, es-

pecially concerning the pragmatic context. As previous studies showed the important influence 

of pragmatic factors on children’s performance in ToM Tasks, the preliminary project aimed to 

validate the new method of data collection in the first step. To evaluate the data quality and 

comparability of results, the study investigated whether the results found in the in-lab face-to-

face settings conceptually replicate in analogous studies implemented in the new parallel online 

paradigm. For the comparison of the two test settings, the standard change-of-location FB task 

(Study 1 and 2) and the TB version of the task (Study 2) were administered. Children’s perfor-

mance on these well-established tasks in the new online test setting was compared to the data 

of matching tasks collected in the context of in-lab studies. In the in-lab setting, tasks were 
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acted out by the experimenter with little figurines. In the online implementation, the experi-

menter presented the same storyline with the help of animated videos and slides. Results re-

vealed that the typical developmental pattern of performance in these tasks found in in-lab stud-

ies could be replicated with the novel online test procedure and the test settings did not impact 

the performance. Three to four-year-olds’ performance in the online version of the FB task 

increased while performance in the TB task decreased with age. These results suggest that the 

new method of online data collection with children provides a valid alternative to classical in-

person test settings. Data collection for the main projects followed this setup.  

 

7.2. Project 1: Schidelko, Huemer, Schröder, Lueb, Perner, & Rakoczy (2022) 

The first main project aimed to investigate the emergence of meta-representational thought. 

Children’s failure in the TB control condition cast doubt on the onset of meta-representational 

ToM around age four. Previous studies, however, provided preliminary evidence for perfor-

mance rather than competence limitation in the TB task. Children might fail this task because 

it is pragmatically demanding as it involves an (1) trivial, (2) academic test question (3) that 

pertains to a subjective mental representation. Clear and stringent evidence for the importance 

of factor (3) was still missing. Conclusive evidence would strengthen the explanatory power of 

pragmatic analyses of the TB error and support the claim of the emergence of meta-representa-

tional ToM around age four. Therefore, project 1 aimed to provide evidence for both the im-

portance of the third factor on TB performance and for the onset of meta-representational think-

ing around the age of four. To this end, a clear test case was needed that holds the first two 

factors constant and manipulates the third factor. This requires a task that involves a (1) trivial, 

(2) academic test question that, however, (3) does not pertain to a mental but non-mental rep-

resentation. Based on this idea, children (N= 88, 3-6 years) received four tasks: the classic FB 

and TB task and a new False and True Sign task (adapted from Parkin, 1994). In the Sign tasks, 

a signpost in a story scenario indicates an object’s location either correctly (True Sign condi-

tion) or incorrectly (False Sign condition). In close analogy to the change-of-location belief 

task, the child observes a vehicle (e.g., a tractor) moving from one location (the forest) to a new 

location (the farm). The signpost between the two locations indicates where the vehicle cur-

rently is. In the True Sign version, the signpost veridically indicates that the tractor is first in 

the forest and is then changed accordingly indicating that the tractor is at the farm. In contrast, 

in the false sign version, the signpost is not changed and thus becomes a false sign. It indicates 

that the tractor is in the forest even after it moved to the farm. In both versions of the task, 
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children were asked the test question, “What does the sign say where the [vehicle] is?” The 

True Sign task, in strong parallel to the TB task, meets factors one and two but not factor 3. It 

involves an academic test question in a trivial scenario but about a non-mental representation. 

The False Sign task, in strong parallel to the FB task, tests children’s understanding of the false 

representation of the signpost – a non-mental representation. Based on claims of a joint onset 

of mental and non-mental representational thought, children were expected to show correlated 

performance in the two tasks requiring meta-representational thought: the FB task and the False 

Sign task. In contrast, they were expected to show performance limitations in the TB task lead-

ing to negatively correlated performance with the FB task. Furthermore, they were expected to 

show no difficulties in the True Sign task. 

In line with these predictions, the performance of the two tasks that require mental and non-

mental meta-representation correlated positively. Children either failed both tasks or passed 

both tasks. In contrast, performance in the two conditions of the belief task was negatively 

correlated. Younger children who failed the FB task passed the TB task. On the other hand, 

older children who passed the FB task failed to answer the TB test question correctly. Finally, 

the pattern of performance in the True Sign task deviated from all other tasks. Children across 

all age groups performed competently in this task so that there was a marked dissociation be-

tween TB and True Sign tasks. Only the combination of all three factors (a trivial academic test 

question regarding an agent’s mental representation), as in the TB task, makes the question 

pragmatically odd and difficult. A task that poses a trivial academic test question about a non-

mental representation as in the True Sign task, however, does not pose any such challenges. 

This provides new and clear evidence that the third factor, the TB test question’s reference to 

an agent’s subjective perspective, is a crucial part of what makes the question pragmatically 

odd, and thus, difficult for children.  

With regard to research questions (Ia) When does meta-representation ToM emerge, and (IIa) 

Is ToM emergence related to developmental progress in a general understanding of representa-

tions, project 1 provides evidence of a general onset of meta-representational thought in ontog-

eny. Children become able to hold representations about both mental and non-mental represen-

tation in parallel during pre-school years. Before this transition to meta-representational 

thought, children can solve parallel tasks that do not require meta-representational thought. Un-

der certain circumstances, such as when a trivial test question refers to a mental representation, 

tasks can become confusing for children who transition to meta-representational thought and 

might require further development to be (re)solved.   
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7.3. Project 2: Schidelko, Proft, & Rakoczy (2022)  

Building on the results of a unified emergence of meta-representational thought, the second 

project investigates the subsequent development of more complex forms of recursive ToM after 

the four-year revolution. In subsequent ToM development, more complex and higher-order 

forms of mental state reasoning emerge by recursive embedding of representations. In my sec-

ond project, I aimed to, first, examine how such recursive forms of meta-representational ToM 

evolve throughout childhood and second, how its development is related to other abilities that 

potentially build on (1) recursive forms of ToM or (2) general recursive embedding abilities. 

Based on results from project 1 that TB performance reflects pragmatic confusion about the test 

question, it was hypothesized that the recovery of TB performance around age eight to ten 

reflects underlying developments in children’s growing pragmatic awareness. Pragmatics un-

derstanding involves the ascription of complex intentions and beliefs and is therefore suggested 

to be an instantiation of advanced ToM. Therefore, the set of studies tested whether develop-

mental progress in recursive ToM relates to children’s recovering performance in the TB task 

on one hand, and to children’s pragmatics understanding in more classic pragmatics tasks on 

the other hand.  

As recursive ToM is claimed to emerge by recursive embedding of representations, recursive 

ToM itself might, in turn, at least partly be based on a more general ability for recursive think-

ing. Hence, the set of studies also tested whether recursive forms ToM relate to recursive em-

bedding abilities in general tested in a syntactic recursion task.  

In three studies, 232 six- to ten-year-old children were tested. Children were tested in first- to 

fifth-order ToM tasks. Their recursive ToM abilities were compared to their performance in the 

TB task, a metaphor and irony pragmatic language task, and a syntactic recursion task.  

Results reveal major developmental progress in higher-order ToM beyond first and second-

order FB understanding from age six to ten. With increasing age, children came to solve third-

order FB tasks, and more rarely, even fourth and fifth-order FB tasks. Results also revealed 

substantial correlations to recursive embedding abilities in other areas suggesting a parallel de-

velopment of higher-order recursive thinking. However, performance in recursive ToM tasks 

was not related to children’s metaphor and irony understanding.  

Results on the relationship between recursive ToM and recovering TB performance were 

mixed. Study 1 suggested that children’s recursive ToM predict their TB performance as chil-

dren with higher orders of mental state reasoning were more likely to solve the TB correctly. 

This relationship, however, could not be replicated in studies 2 and 3.  
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With regard to research questions (Ib) How recursive meta-representational ToM develops 

throughout childhood and how it can be measured, and (IIb) whether higher-order ToM devel-

opment is related to the ability of recursive thinking, project 2 provides refined measures and 

evidence of subsequent gradual development of recursive meta-representational development 

in ToM after the four-year revolution and correlated performance in syntactic recursion abili-

ties. 

 

7.4. Project 3 – Schidelko, Baumann, Proft, & Rakoczy (2023) 

Based on these results of subsequent development of recursive ToM and parallel development 

in syntactic non-representational recursion abilities, the third project investigated how recursive 

ToM development is related to other cognitive abilities. As more complex and higher-order 

forms of mental state reasoning emerge by the recursive embedding of representations, recur-

sive ToM development might be related to other abilities that are also based on the recursive 

embedding of representations. The argument has been made that advanced Mental Time Travel 

necessitates representing how past or future events are related to the present state, and therefore 

depends on some type of meta-representation. This idea was approached by comparing recur-

sive ToM with Mental Time Travel on different orders of meta-representational complexity. 

Building on the concept of a shared cognitive foundation, we hypothesized a parallel and cor-

related onset of meta-representational thinking in the domains of ToM and temporal cognition, 

as well as subsequent development in recursive forms of both (Bieri, 1986; Gautam et al., 2019; 

Redshaw, 2014). 

120 three to eight-year-old children were tested in six tasks that tested for their first, second, 

and third-order FB ToM understanding as well as for their first, second, and third-order Mental 

Time Travel abilities. First-order Mental Time Traveling abilities were operationalized as rea-

soning about future possibilities. Second-order Mental Time Traveling tested for counterfactual 

thought and third-order Mental Time Traveling tested for anticipated counterfactual reasoning.  

Results revealed a prolonged, stepwise development of orders in ToM and Mental Time Travel 

for each domain separately and a moderate consistency between the level of development across 

domains. However, to a large degree, this effect was caused by a correlation between perfor-

mance in second-order ToM and second-order Mental Time Traveling. These results of Project 

3 extend on evidence from Project 2 on substantial, stepwise developmental progress in meta-

representational ToM after the four-year revolution. With regard to the research question (IIa), 

whether ToM emergence and subsequent development is related to a general understanding of 
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representations, Project 3 provides evidence of parallel but only partly correlated trajectories of 

higher-order ToM and Mental Time Travel abilities.  

 

8. General Discussion 

This dissertation aimed to investigate the emergence and development of the meta-representa-

tional ToM. To this end, this dissertation presented ways to systematically test mental and non-

mental representational thinking in development and systematically compared patterns of per-

formance in tasks that require (recursive) mental meta-representational thought, (recursive) 

non-mental representational thought, and no meta-representational tasks. These systematic task 

comparisons were implemented in three projects. As most of the studies were conducted re-

motely via video-conferencing systems, an additional preliminary project tested the validity of 

this new method of data collection. 

In the General Discussion of this dissertation, I will interpret the findings in light of domain-

general ideas of ToM and will propose directions for future research. In the first part of the 

General Discussion, I will focus on a general understanding of representations and discuss dif-

ferences in pragmatic demands in tasks used to test this understanding in different domains. 

The second part of the General Discussion will discuss the role of Executive Functions in ToM 

development and the potential underlying cognitive structures of Executive Functions, ToM 

development, and other representational abilities. Finally, I will give an outlook on future re-

search investigating the relationship between ToM and modal thought in development. 

 

8.1. Meta-Representational Thought 

8.1.1. Joint Emergence of First-Order Meta-Representational Thought 

Recent results have questioned the standard picture of the onset of meta-representational ToM 

around age four: Once children master the FB task, they begin to fail TB control tasks. Different 

accounts have been proposed to explain this phenomenon. Overestimation accounts, such as 

Perceptional Access Reasoning (PAR) and the Mental File Card Theory (MFCT), claim that 

children’s performance in the TB Task shows a lack of a genuine ToM in children even beyond 

age four. Instead, children use a simpler heuristic based on agents’ perceptual access to a scen-

ery. Pragmatic accounts, in contrast, assume that the TB task is pragmatically confusing be-

cause it poses a trivial academic test question about a rational agent’s perspective. The results 
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from project 1 are highly compatible with pragmatic performance limitation accounts on the 

TB task and with an onset of meta-representational thought around age four. Children only 

showed difficulties in the trivial academic TB test questions that refer to mental representations 

of rational agents but not in the trivial academic test questions that refer to a non-mental repre-

sentation of a signpost. Additionally, results of positive associations of FB and False Sign per-

formance support analogous development in mental and non-mental representational thought 

(Bowler et al., 2005; Iao & Leekam, 2014; Sabbagh et al., 2006). 

Overall, the results help to approach the answers to research questions (Ia) When does meta-

representational ToM emerge?, and (IIa) How does Theory of Mind emergence relate to meta-

representational thought in other domains?, by providing evidence of a joint developmental 

transition marking the onset of meta-representation and perspective understanding around age 

four (Moll et al., 2013; Perner et al., 2003; Perner, Stummer, et al., 2002; Perner & Roessler, 

2012). In line with domain-general views, ToM emerges in the course of a general transition to 

meta-representational thought around age four and pragmatic performance limitation can ac-

count for failure in TB tasks caused by three task factors: the (1) academic and (2) highly trivial 

question that refers to a (3) subjective mental representation. 

 

8.1.2. Parallel development of Higher-Order Thought 

Building on the results of a unified onset, project 2 and 3 investigated subsequent development 

of higher-order ToM.  Higher-order ToM emerges by recursive embedding of mental represen-

tations. Therefore, it was argued that such complex forms of ToM build on higher-order meta-

representational thought and general recursive reasoning abilities. Project 2 investigated devel-

opmental relations between higher-order ToM and recursive thinking and project 3 approached 

cognitive foundations of higher-order ToM in higher-order meta-representational thought by 

comparing complex forms of ToM with meta-representational Mental Time Travel.  

The results revealed major, stepwise developmental progress in higher-order Theory of Mind 

after age four. Similarly, parallel, stepwise development was found in recursive Mental Time 

Travel abilities. Furthermore, higher-order ToM development was substantially correlated with 

general recursive reasoning abilities. However, performance in higher-order ToM and recursive 

Mental Time Travel was only partly associated. 

Together, these results help to approach the answers to research questions (Ib) How does 

higher-order ToM develop?, and (II) How does ToM development relate to (IIa) meta-repre-

sentational thought in other domains, and (IIb) to general recursive reasoning abilties, by 



General Discussion  

 
 

59 

providing evidence of major developmental progress in higher-order Theory of Mind beyond 

second-order in children between six and ten years. The findings are compatible with domain-

general theories of ToM development: To a certain extent, developmental progress in higher-

order Theory of Mind base on shared abilities as meta-representational thought and recursive 

reasoning. This evidence contributes to a more comprehensive understanding of the cognitive 

abilities involved in ontogenetic Theory of Mind. 

 
8.1.3. Pragmatics: Agency and Intentionality  

 
At the same time, the results of project 1 leave open many fundamental questions. Why are 

children – with growing socio-cognitive and pragmatic abilities – confused by a trivial aca-

demic question that refers to a mental representation but, at the same time, not confused by a 

maximally similar question about a non-mental representation (the signpost)? Why does a ques-

tion that pertains to a mental subjective perspective evoke the possibility of a different perspec-

tive and, thus, of error, and why does a question that pertains to a non-mental perspective not? 

One speculation is that we make different kinds of rationality assumptions with regard to the 

rational agent in the TB task and to external signs in the True Sign task as a consequence of 

their different forms of Intentionality. This difference may explain the deviating pattern of re-

sults in the otherwise parallel tasks. In the following, I will explain what is meant by Intention-

ality, spell out the idea in more detail, and propose possible ways to test it empirically.  

From a philosophy of mind point of view, we see others and ourselves as rational agents and as 

ipso facto radically different from how we perceive and describe inanimate things in the world 

(as, for example, signposts) (e.g., Rakoczy, 2017). Rational agents are seen as performing ra-

tional actions that are based on reasons: conative mental states (as desires) and cognitive mental 

states (as beliefs). By ascribing desires and beliefs to rational agents, we can explain or predict 

their rational actions (Davidson, 1963). In the TB task, the protagonist, Maxi, can be seen as an 

agent who holds beliefs and desires and enough rationality as to what it ought to do given those 

beliefs and desires. The TB test question (“Where will Maxi search for his chocolate?”) asks 

for such an action prediction of the protagonist Maxi. To answer the question in the TB task, 

we, therefore, base our action prediction on his desire (that he wants to have the chocolate) and 

his belief (where he believes the chocolate to be, let’s say the green cupboard, and that is, where 

the chocolate really is and where the child, the experimenter, and Maxi know that it is). So, 

both the conative and cognitive reasons for his actions are common ground in the whole course 

of the task. His action can easily be predicted: Maxi will go to the green cupboard.  
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Given the fact that his beliefs (or in most tasks: knowledge) and desires are common ground 

during the whole course of the task and the only rational action in general and also in light of 

his beliefs and desires is to go to the green cupboard, the question arises why the experimenter 

asks this question. What is the point of asking the question? Accounts of pragmatics commonly 

presuppose that speech acts have to be of any relevance and that listeners interpret speech acts 

towards the most relevant interpretation (Grice, 1975; Sperber & Wilson, 1986). 

Now, where is this relevance in the TB task when the test question asks for something that is 

both obvious and common ground? It seems that the experimenter violates the assumption of 

relevance in asking the test question in the TB task. Children might try to find the relevant point 

in asking this question (Rakoczy & Oktay-Gür, 2020). As Maxi’s desire is usually clearly stated 

at the end of the storyline (e.g., “Maxi returns and wants to have his chocolate now”), children 

might try to find the relevant point in the cognitive reason giving part, i.e., Maxi’s underlying 

belief (in some studies, the test question indeed directly asks for a belief ascription “What does 

Maxi believe where the chocolate is?”) Such a question seems pragmatically unnatural 

(Papafragou et al., 2007): We ask for and talk about beliefs only if there is at least some possi-

bility of a divergent perspective or misrepresentation. Asking the TB test question in this situ-

ation, therefore, implies that there may be an alternative perspective or misrepresentation in-

volved. Children may thus look for such a possible alternative perspective on the scenario. A 

divergent perspective on the scenario that critically changes the prediction of action is a FB 

about the object’s location. If the agent held the outdated belief that the chocolate is still in the 

first location, the blue cupboard, the action prediction would change in that we predict him to 

go to this location. This way the children might impose relevance on the speech act of asking 

the TB test question.  

Given the consistently high performance in the True Sign task reported in Project 1, it is worth 

considering why the same level of performance is not observed in the sign task. The True Sign 

tasks follows a parallel storyline with the only difference that a signpost (and not an agent) 

ought to represent the object’s location. The True Sign test question might therefore be equally 

unnatural as it asks for a (non-mental) perspective in a scenario in which everything is shared 

and common ground.  

What is different, however, is that the signpost is probably not seen as a rational agent to whom 

we apply the same rationality assumptions. We might make different kinds of rationality as-

sumptions dependent on the Intentionality of the entity: the rational agent’s mental states or the 

external signpost. What affects this difference in rationality assumptions made for agents’ men-

tal states versus representations of external signs?  
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One core feature of cognitive and conative mental states is that they are directed or about some-

thing. An agent holding a belief holds a belief about something, believing that something is the 

case. Likewise, an agent cannot hold a desire without desiring something. This feature is called 

Intentionality8 (lat.: intendere - being directed towards some target or thing). The Intentionality 

of mental states is intrinsic and original. Mental states are inherently directed towards some-

thing or about something and do not require an external interpretation to become or be used as  

representations (Searle, 1983; but see Dennett, 1994). A belief or a desire simply consists of 

Intentional content in a psychological mode (Searle, 1983). For example, in the FB story, Maxi 

believes (the psychological mode or manner of representation) that the chocolate is the green 

cupboard (the Intentional content, in the case of beliefs, propositional content). Intentional con-

tent designates its condition of satisfaction. Beliefs hold the condition of satisfaction that the 

content fits reality. A belief is true if it matches reality, but false if it does not. Desires, in 

contrast, hold the condition of satisfaction that a certain state of the world changes accordingly 

to the desire. They aim at being fulfilled or realized. The psychological mode designates that 

these conditions of satisfaction are represented with a particular direction of fit. As beliefs aim 

at being accurate, they have a mind-to-world direction of fit.  Desires aim at adjusting the world 

and thus have a world-to-mind direction of fit (Searle, 1983). 

The Intentionality of artifacts including external signs, in contrast, is neither intrinsic nor orig-

inal. External signs, just like pictures and sentences, have a derived form of Intentionality. Their 

derived Intentionality implies that external signs represent in a different manner compared to 

Intentional states, which have an intrinsic form of Intentionality. An interpreter is required who 

uses the entity as a representation for there to be a representation. In order to get from the mere 

physical realization (the actual signpost) to the representation, the interpreting mind needs to 

impose Intentionality on the non-intrinsically Intentional signpost. The mind does this in that it 

Intentionally confers the conditions of satisfaction of the conveyed psychological state upon 

the external physical entity. In the True Sign task, the signpost is installed in a way that it 

displays the object’s current location. Its condition of satisfaction is hence that it fits reality 

and, thus, is intended to have an “external sign-to-world” direction of fit. The recipient needs 

to recognize this intention that confers meaning to the sign (Searle, 1983). 

After pointing out these different kinds of Intentionality of external and internal representations, 

the question arises: How might the form of Intentionality – original versus derived – influence 

 
8 Intentionality in this sense is usually spelled with a capital ‘I’ in order to distinguish it from inten-
tionality as “intending something”.  
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the interpretation of the speech act of the test question? In the TB task, it seems that the exper-

imenter violates the assumption of relevance in asking the test question that pertains to a mental 

state with intrinsic or original Intentionality. The original Intentionality of the mental state in-

trinsically determines its condition of satisfaction to fit reality and its mind-to-world direction 

of fit. As the condition of satisfaction is fulfilled in this case as Maxi’s belief fits reality, the 

question seems to lack relevance and seems unnatural. Children might thus try to find the rele-

vant point in asking this question (Rakoczy & Oktay-Gür, 2020). Attributing a FB about the 

object’s location to the agent would fill this lack of relevance. The belief that the object is still 

in the first location, would change the action prediction in that we expect him to go to the first 

location and thus leads to the typical error that children predict that the agent will look for the 

object in the first location.  

In the True Sign task, in contrast, the feature of derived Intentionality of the signpost might 

provide enough relevance to the speech act and thus prevent children from trying to find the 

relevant point in asking this question. In the True Sign task, the Intentionality of the entity in 

question is not intrinsic and thus does not intrinsically determine its condition of satisfaction to 

fit reality and its mind-to-world direction of fit. Instead, the child is required to use the signpost 

as a representation. She needs to impose Intentionality to confer the conditions of satisfaction 

to fit reality and, to have an “external sign-to-world” direction of fit. This need for imposing 

Intentionality to the signpost might fill the lack of relevance given in the TB task.  

In summary, the idea is that children hold diverging rationality assumptions with regard to the 

rational agent in the TB task and of external sign in the True Sign task as a consequence of their 

original versus derived Intentionality. The original Intentionality of the mental state in question 

in the TB task might convey a lack of relevance to the speech act. The derived Intentionality of 

the signpost in the True Sign task, in contrast, requires the child to use the sign as a representa-

tion and to impose Intentionality on it to confer meaning. These requirements might provide 

enough relevance to the speech act and thus do not lead the child into pragmatic confusion 

about the question that leads them to find a possibility for misrepresentation or error in the 

scenario.  

 

8.1.3.1. Future Directions on Intentionality and Pragmatics of Test Questions 

As this is, so far, not more than speculation based on the empirical results of project 1, how 

could future studies test for this possibility empirically? 

First, the entity in the task could be gradually varied regarding their kind of Intentionality. In 

the comparison of the TB task and the True Sign task, two clearly distinct categories of entities 
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are used. The TB task involves a human protagonist who is perceived as a highly rational agent 

with intrinsic intentional states. The signpost in the True Sign task, in contrast, is a simple 

artifact that can be seen to derive its meanings exclusively from its functional role and has no 

intrinsic meaning that would exist if we did not interpret it (Dennett, 2009). It has been dis-

cussed whether more sophisticated artifacts, such as computer or robots possess a kind of In-

tentionality that is imbued by their creator and can unfold without any direct dependence of 

their users. These artifacts are thought to have some kind of internal states with a sort of mean-

ing to them that may be unknown to the user. This approach would allow researchers to inves-

tigate the extent to which users of such sophisticated artifacts adopt an Intentional stance when 

explaining the behavior of the artifact (e.g., Dennett, 2009). This provides a perspective from 

which to investigate the gap between questions pertaining to the intrinsic mental states’ highly 

rational human agents and simple artifacts. To this end, the exact same storyline of the change-

of-location task could be implemented with a sophisticated artifact, such as robots with graded 

human features, representing the object’s location. The predictions would be the following: 

more simple artifacts (as the non-directional sign) would be interpreted as systems with derived 

Intentionality to which children need to confer meanings and, thus, do not perceive a lack of 

relevance in asking about the system’s Intentional state. When increasing the complexity of the 

system and designing them as more sophisticated artifacts, such as a sign with a motion-detec-

tion sensor and a screen or a human-like robot with motion and voice, the systems may be 

perceived as having agency. If children fail versions of this task with more human-like protag-

onists than tasks with more artificial artifact-like protagonists, this would support the idea that 

children’s pragmatic interpretation of the test question is influenced by the kind of Intentional-

ity and the rationality assumptions made based on the kind of Intentionality. In this way, future 

investigations could contribute interesting insights into how children perceive agency and how 

this interacts with their pragmatics understanding in communication involving agency. 

Further insights about how Intentionality influences children’s pragmatics understanding might 

come from a second line of research. If indeed children find trivial academic test questions 

about a rational agent’s TB pragmatically confusing, how general is this phenomenon? (Oktay-

Gür and Rakoczy, 2017). Would it hold in similar ways for the ascription of other mental states, 

for example, in a task in which the test question asks for a trivial desire and the belief is clearly 

mentioned? Think of a scenario of the following kind: “Maxi is in the kitchen, he is hungry, 

and his apple is in the blue cupboard just in front of him. Maxi loves apples and likes to eat 

them when he is hungry and knows that they are good for him. He knows his apple is in the 

blue cupboard. What does he want to do?” On the one hand, asking this question might be 
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similarly confusing as asking the test question in the original TB task. What is the point of 

asking about Maxi’s desire in this situation in which it is completely obvious what is good and 

to be done? Following the analysis applied above, children might try to find the relevance of 

this speech act about an intrinsic Intentional state (the desire). In this case, such a task could 

lead to similar results of failure as the TB task. On the other hand, the condition of satisfaction 

and thus, the direction of fit differs of the Intentional state in question differs. Desires hold the 

condition of satisfaction that a certain state of the world changes accordingly to the desire. They 

aim at being fulfilled or realized. Desires aim at adjusting the world and thus have a world-to-

mind direction of fit. Thus, when asking the question about Maxi’s desire, the condition is not 

(yet) fulfilled. The unfulfilled desire thus could provide enough relevance for the speech act so 

that children are not pragmatically confused about this question compared to a question about 

a belief its condition of satisfaction is fulfilled as it fits reality. Preliminary evidence for an 

effect of a highlight of the agent’s knowledge state comes from studies that highlighted the 

agent’s visual access to the scene in the classic TB task (Schidelko & Rakoczy, in preparation). 

In this version of the TB, the experimenter highlighted the protagonist’s visual access (“The 

chocolate is now in the blue box. The protagonist saw that”) before asking for the action pre-

diction (“Where will the agent look for the object?”). Importantly, in this study, children were 

asked for the action prediction and not, explicitly, for the agent’s desire. However, the under-

lying rationality assumption is that the agent will perform a rational action based on a combi-

nation of beliefs and desires. And the preceding highlight (“The agent saw that”) clarifies the 

agent’s belief. When children now try to interpret the experimenter’s speech act with regard to 

its relevance, they might interpret the question to ask for the missing piece of information. That 

might draw children’s attention to the action-causing desire (the desire to have the object). And 

the condition of the desire, in contrast to the belief, is not satisfied as the desire is not (yet) 

fulfilled. In line with this analysis, preliminary evidence administering this version of the TB 

task led to success in the TB task in four- to seven-year-old children (Schidelko & Rakoczy, in 

preparation). Future studies investigating whether children show the same difficulties in an-

swering a trivial question about someone’s desire will provide interesting insights into the 

mechanisms and the scope of children’s difficulties in the TB task. From a broader perspective, 

such investigations will contribute to children’s perception of agency and rationality and result-

ing relevance assumptions.  
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8.2. Developmental Determinants of the Emergence of ToM 

The results of project 1 support the claim of the onset of ToM in the course of a general transi-

tion to meta-representational thought around age four (Perner, 1991; Wellman et al., 2001; 

Wimmer & Perner, 1983). From a domain-general view of ToM, this raises the question of 

proximal mechanisms that drive this development of meta-representational thought. Which 

cognitive capacities drive development that allows us to hold parallel subjective perspectives 

in mind and to understand representations as mere representations? 

Besides some general cognitive, neural, and environmental determinants (Aldrich et al., 2021; 

Devine & Hughes, 2018; Ebert et al., 2017; Meins et al., 2002, p. 200; Xiao et al., 2019), general 

executive abilities have been proposed as a main candidate of cognitive capacities ToM devel-

opment is influenced by or even builds on (Frye et al., 1995). In the following, I will present 

evidence for the relatedness of ToM and Executive Functions (EF) and discuss the role of EF 

in the emergence and development of ToM concerning the results presented in this dissertation. 

 

8.2.1. Executive Functions and the Emergence of ToM 

Children’s EF abilities have been suggested to play a crucial role in the development of ToM. 

EF is used as an umbrella term for a multidimensional construct of cognitive skills broadly 

related to mechanisms of cognitive control, attention, and flexibility (Anderson, 2002; Carlson, 

2005). EF is usually conceptualized and behaviorally measured as three skills – inhibitory con-

trol, working memory, and cognitive flexibility (Garon et al., 2008; see also Miyake et al., 

2000). These skills, in combination, allow individuals to control their thoughts and behavior 

(Oh & Lewis, 2008). On a behavioral level, evidence shows that children significantly improve 

in EF tasks during preschool age. Across a wide range of EF tasks, performance is consistently 

related (Miyake et al., 2000; Wiebe et al., 2011).  

Crucially, not only is performance in EF related among EF tasks, but it also shows close devel-

opmental links to ToM in children (Carlson & Moses, 2001; Perner & Lang, 1999), across the 

lifespan (Qureshi et al., 2010; Rakoczy et al., 2012), and in patients with neuropsychological 

impairments (e.g., Samson et al., 2005). Correlational studies have shown cross-sectional asso-

ciations between the two abilities (Carlson et al., 2002; Hughes, 1998), and longitudinal and 

training studies with robust confound controls have allowed for a causal interpretation of the 

interrelatedness of ToM and EF. Longitudinal findings show that EF skills in early development 

predict ToM performance in FB tasks later in development (Carlson et al., 2004; Marcovitch et 

al., 2015). Importantly, this association is asymmetric: early ToM does not predict later EF (for 
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a meta-analysis, see Devine & Hughes, 2014). In training studies, EF skills mediate how fast 

and to what extent children benefit from ToM training experience over time (Benson et al., 

2013). Overall, there is strong evidence for an association between EF and (first-order) ToM in 

development, with the substantial influence of EF on the emergence of ToM (Devine & Hughes, 

2014). However, most research has focused on the relationship between EF and the emergence 

of first-order ToM. What role does EF play in the subsequent development of the higher-order 

ToM?   

 

8.2.2. Executive Function and the Development of Higher-Order Theory of Mind 

Before discussing the role of EF in subsequent development of ToM, it is important to consider 

the developmental relationship between the emergence and development of ToM to evaluate to 

what extent the emergence of first-order ToM and development of more complex forms of ToM 

reflect continuous development of the same ability. Therefore, I will shortly present some evi-

dence regarding the developmental (dis)continuities between first-order and higher-order ToM 

before discussing the role of EF in the subsequent development of ToM.  

Concerning the developmental relationship between the emergence and development of ToM, 

evidence from longitudinal studies has shown some developmental continuity between first- 

and second-order FB understanding. Studies that tested for children’s first-order FB under-

standing at an earlier time point and for their second-order FB understanding at a later time 

point found small to moderate correlations between the two measures (Hughes, 1998; Lockl & 

Schneider, 2007; Peskin et al., 2016; but see Guajardo & Cartwright, 2016). However, little is 

known about the developmental relations of first-order ToM to higher (above second-) order 

ToM. One cross-sectional study, with five to eight-year-old children, compared children’s first-

order FB understanding with diverse AToM tasks, including third and fourth-order FB under-

standing as well as the Strange Stories task and the Reading Minds in the Eyes test. Children’s 

first-order FB understanding correlated weakly with their social reasoning AToM abilities after 

controlling for their inhibition and language skills (Osterhaus & Koerber, 2021). It is thus still 

an open question how the emergence of first-order ToM and the ability of higher-order mental 

state ascription relate to each other in development. With regard to the broader concept of 

AToM abilities, earlier first-order FB performance showed weak associations with later perfor-

mance in diverse AToM tasks, such as the Strange Stories task in longitudinal studies (Devine 

et al., 2016; Ebert, 2020; Osterhaus et al., 2022). In summary, preliminary evidence suggests 

some developmental continuity between first- and higher-order ToM and weaker associations 
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between first-order ToM and AToM. This is compatible with the ideas that AToM incorporates 

a broader set of social skills while higher-order ToM reflects a continuing development based 

on first-order ToM emergence. 

Regarding the role of EF in the subsequent development of ToM, most work concerns the 

broader construct of AToM but does not investigate or report the role of EF for the specific 

ability of higher-order ToM. For the broad construct of AToM, evidence shows concurrent but 

no longitudinal associations between ToM (tested with, among others, the Strange Stories task) 

and EF with a mean testing interval of more than four years in six- to ten-year-olds (Devine et 

al., 2016). When the lag between earlier and later testing is shorter (twelve-months period), 

longitudinal analyses revealed an asymmetric developmental relation between AToM (tested 

with the Strange Stories tasks and a Silent Film task) and working memory. Early working 

memory predicted later ToM but not vice versa suggesting a specific role of working memory 

in the ongoing development of ToM in nine- to ten-year-old children (Lecce et al., 2017). 

Regarding the narrower construct of higher-order ToM, examinations were mainly limited to 

second-order ToM and did not test for higher-order ToM beyond second-order recursion. The 

comparisons of EF and second-order reasoning showed cross-sectional correlations, and most 

of the correlations remained significant when controlled for age or IQ (Peloquin et al., 2022; 

Perner, Kain, et al., 2002). One study conducted with adolescents and adults found associations 

between higher-order ToM tasks and working memory (Valle et al., 2015). 

In summary, evidence suggests that the relationship of EF to first-order ToM emergence differs 

from its relation to subsequent development in ToM. Although EF showed a clear longitudinal 

effect on later first-order ToM earlier, evidence for such longitudinal associations between EF 

and the development of higher-order ToM is rather limited. Instead, evidence points to cross-

sectional associations between higher-order and advanced ToM and EF. Due to the broad con-

struct of AToM and the variety of measures used, this relationship is less clear.  

 

8.2.3. Accounts on the Relationship of Executive Function and Theory of Mind 

Different proposals have been made concerning the nature of the relationship between ToM 

(emergence) and EF. Some views claim that ToM emergence depends on EF. Other views claim 
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that both ToM and EF depend on a third factor9. These accounts are most compatible with the 

current state of evidence on the relation between EF and ToM and will, thus, be introduced.  

Emergence accounts focus on the claim that EF is part of the cognitive foundation that enables 

the flexible employment of mental states, including the coordination and confrontation of men-

tal states, as well as multiple perspectives more generally (Fizke et al., 2014; Perner et al., 2003; 

Perner, Kain, et al., 2002; Rakoczy, 2010, 2022). Children’s conceptual deficit before ToM 

emergence, hence, lies in flexibly coordinating and employing mental states. The idea receives 

support from studies that show a specific relationship between EF and ToM tasks that require 

the coordination of multiple, incompatible perspectives. In these studies, EF was related to chil-

dren’s coordination of different kinds of incompatible mental perspectives, for example, con-

flicting desires and beliefs (Fizke et al., 2014, Rakoczy 2010). Interestingly, this relationship is 

not limited to mental perspective problems; EF tasks also correlate with tasks that require an 

understanding of non-mental perspective problems, such as false signs (Sabbagh et al., 2006). 

The studies reveal that the so-called ‘conflict inhibition’ EF tasks specifically account for these 

correlations. Conflict inhibition tasks, which ask children to comply with the commands of a 

nice bear but neglect the commands of a mean dragon (e.g., Carlson & Moses, 2001; Carlson 

et al., 2002; Hughes, 1998; for an overview, see Moses et al., 2005), incorporate both inhibition 

and working memory demands (Fizke et al., 2014, Rakoczy, 2022). Based on this evidence, it 

has been argued that EF at least partly provides the cognitive foundations to flexibly coordinate 

perspectives and is thus fundamental for the ability to hold meta-representations (Fizke et al., 

2014; Leekam et al., 2008; Perner et al., 2003; Perner & Roessler, 2012; Rakoczy, 2010, 2022; 

Sabbagh et al., 2006, 2006). 

Some Emergence accounts suggest that EF capacities themselves are the cognitive foundation 

of ToM and perspective understanding. The accounts mainly claim that EF plays a scaffolding 

role: EF is necessary for children to develop an understanding of mental state concepts (e.g., 

Carlson & Moses, 2001). In contrast, other accounts10  propose an underlying mechanism 

through which EF enables the emergence of ToM. According to such views, both ToM and EF 

 
9 Earlier views which based on merely correlational findings also addressed the possibility that EF depends on 
Theory of Mind (Kloo & Perner, 2003, 2005). However, evidence of an asymmetrical relationship of EF on ToM 
from training and longitudinal studies made these theories rather unlikely. Other accounts, called Expression ac-
counts claimed that Theory of Mind is present from early childhood but young children cannot yet express it due 
to their limited EF (Fodor, 1992; Mitchell, 1996; Russell, 1992). Certain development in EF is therefore required 
in development for children to express their ToM. Expression accounts are, however, not compatible with find-
ings that show that children’s ToM performance does not increase significantly when EF task demands are re-
duced in ToM tasks (see Wellman et al., 2001). Thus, these accounts will be disregarded here (for overviews, see 
Moses & Tahiroglu, 2010; Perner & Lang, 1999).  
10 These accounts are also referred to as Competence Accounts (Apperly et al., 2009). 
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consequently share common cognitive underpinnings. Therefore, they are particularly im-

portant when discussing the results on the relation of ToM and (IIa) a general understanding of 

representations, and (IIb) general recursive reasoning abilities. 

Three main accounts proposing underlying cognitive structures will be introduced: recursive 

reasoning (e.g., Hauser et al., 2002), complex relational reasoning (Andrews et al., 2003; 

Halford et al., 1998), and hierarchical thinking (Frye et al., 1995). This section will introduce 

the main ideas of these accounts to discuss which account best explains the results of this dis-

sertation, which suggest protracted development in recursive forms of ToM and parallel, partly 

correlated development in other cognitive abilities, in light of domain-general views on ToM 

emergence and development. 

 

8.2.4. Underlying Cognitive Structures 

First, one group of accounts proposes that both EF and ToM are based on the computational 

capacity for recursive operations (e.g., Hauser et al., 2002). Recursion is generally referred to 

as the computational capacity that facilitates us to embed elements within elements of the same 

kind (Pinker & Jackendoff, 2005). It has been argued that first-order FB understanding requires 

meta-representational thought which reflects a recursive operation. Holding a meta-representa-

tion requires understanding and representing a representation as representation. In other words, 

a representation, for instance, the agent’s FB, has to be embedded in its own representation of 

the world. That matches the definition of embedding elements (someone’s mental representa-

tion) within elements of the same kind (their own representation). Similarly, the False Sign task 

requires the embedding of the representation of the sign into its own representation of the world. 

From a developmental point of view, it could be argued that children first become able to com-

pute first-order recursive operations and after a developmental delay become able to process 

second-order and higher-order recursive operations. Based on this idea, it could be argued that 

children show parallel and interrelated developmental progress in tasks that require the same 

level of recursive embedding. In general, the results of the project in this dissertation converge 

with this idea. Children’s performance in project 1 on first-order FB and False Sign tasks is 

correlated while performance in analog non-representational tasks varies.  

Second, the Cognitive Complexity and Control theory (e.g., Zelazo & Frye, 1998) logically 

analyses cognitive processes in terms of hierarchically embedded conditionals, so-called “if-if-

then” rules. More complex rule-following abilities (e.g., ‘IF [IF a THEN b] THEN [IF c THEN 

d]’) would enable both EF and meta-representational ToM. The theory is based on and is best 
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explained by the common behavioral measure to test EF in development. This is the Dimen-

sional Change Card Sort (DCCS) task (Zelazo et al. 2003; Frye et al., 1995). In this task, par-

ticipants are given two target cards with pictures on them and are asked to sort the test cards 

into the target cards. The cards vary in two dimensions, for example, shape and color. First, the 

participants are asked to sort them, for example, according to their shape (the shape game: 

squares to squares and triangles to triangles regardless of the shape’s color). Next, they are 

asked to sort them in the other dimension, i.e., according to their color (the color game: red to 

red cards and blue to blue cards regardless of their shape). The DCCS presumably requires all 

three skills related to EF: Inhibitory control to suppress the preceding response to sort cards 

according to the first rule, working memory to hold the current rule in mind, and cognitive 

flexibility to adapt to the new sorting rule. The logical analysis of this task according to the 

Cognitive Complexity and Control theory (see Figure 2) is the following: if we play the shape 

game (game 1), and if the card shows a red square (antecedent 1), then you place it with the 

green square target (consequent 1), but if the card shows a green triangle (antecedent 2), then 

you place it with the red triangle target (consequent 2). In the second game (the color game), 

the contingencies are reversed, so that antecedent 1 (the red square) maps to consequent 2 (the 

red triangle target) (Frye et al., 1995; see also Perner & Lang, 1999).  

The logical analysis of the classic change-of-location FB tasks requires following similarly 

complex rules: if asked for self-perspective (perspective 1), and if asked for the chocolate (an-

tecedent 1), then the second (true) location (consequent 1), and if asked for story protagonist’s 

perspective (perspective 2), and if asked for the chocolate (antecedent 1), then the first (out-

dated) location (consequent 1). The first “if” (for the condition, i.e. self or story protagonist) 

allows switching answers flexibly according to the perspective mentioned in the test question 

(Frye et al., 1995; Zelazo & Frye, 1998). In both conditions, the second consequence may be 

the other location, however, there are no obvious second antecedents involved in the FB task 

as in the analysis of the DCCD task. Thus, the FB task can be solved by embedding only one 

rule under each setting condition while EF tasks such as the DCCS tasks require embedding 

two rules (Perner & Lang, 1999; Perner et al., 2002). Importantly, the Cognitive Complexity 

and Control theory defines complexity in terms of hierarchical levels. As in both cases, a higher-

order rule needs to be applied. It is suggested that the complexity of rules is similar for FB tasks 

and the DCCS task. A higher-order rule is required whenever two antecedent conditions (if-if-

then) must be processed in order to select which lower-order rule applies (Zelazo, 2004; Zelazo 

& Frye, 1998). Consequently, becoming able to form and follow rules of this complexity (if-if-
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then rules) thus leads to success in both EF tasks (as the DCCS task) and meta-representational 

ToM tasks (Zelazo & Frye, 1998; but see Perner & Lang, 1999). 

 

 

 
Figure 2. Schematic Visualization of higher-order rules based on the Cognitive Complexity 

and Control (CCC) Theory for the DCCS task (left) and the False Belief (FB) and False Sign 

(FS) task (right) (adapted from Andrews et al., 2003). S refers to the setting condition, A refers 

to the sorting-card attribute, and C refers to the sorting category. 

 

The results of project 1 of this dissertation are in line with this idea. According to the Cognitive 

Complexity and Control theory, performance in tasks that require higher-order rules should be 

associated, while performance in tasks that can be solved without higher-order rules diverges. 

The results of project 1 show that children’s performance in the FB task and the False Sign task 

is substantially correlated, whereas performance in the parallel TB task and True Sign task is 

dissociated. It can be argued that the False Sign task, similar to the FB task and the DCCS task, 

requires a similar logical rule structure: two antecedent conditions need to be considered in 

order to select the applying lower-order rule, such as if asked for self-perspective (perspective 

1), and if asked for the vehicle (antecedent 1), then the second (true) location (consequent 1), 

and if asked for signpost’s perspective (perspective 2), and if asked for the vehicle (antecedent 

1), then the first (outdated) location (consequent 1). The TB and the True Sign task, in contrast, 

do not offer two antecedent conditions as the self-perspective and the other perspective (of the 

signpost or the story protagonist) align (see Figure 2).  

Third, the general idea of the Relation Complexity Theory is that cognitive processes or repre-

sentations can be defined in terms of their structural complexity development (Andrews et al., 

2003; Halford et al., 1998). The number of variables that are related to each other constitutes 

the dimensionality of a relation of a given cognitive representation or process. The general in-

formation processing capacity is determined by the complex relations that can be processed in 
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parallel. In that way, the information processing factor influences a wide range of cognitive 

processes. Depending on the number of variables involved in a certain task, children can or 

cannot yet represent the relational structures. It has been claimed that the ability to process 

relations of increasing complexity gradually develops during childhood (Andrews, et al., 2003; 

Halford et al., 1998). In the typical EF DCCS task, three variables need to be related: the setting 

condition S (shape game or color game), the sorting-card attribute A, and the sorting category 

C (see Figure 3). Similarly, the FB task requires processing a ternary relation between three 

variables: the environmental cue (the object location), the setting condition (movement seen or 

not by the story protagonist), and the person’s representation (represented object location, for 

example, believes object in location 1/ believes object in location 2) (Andrews et al., 2003). 

The ternary relation allows for representing that an agent’s representation of an object’s loca-

tion depends on the interaction between the object’s location (i.e., the environmental cue) and 

the access to the movement (i.e., the setting condition) (Andrews et al., 2003). 

According to the Relational Complexity theory, performance in tasks that require relating the 

same number of variables should be associated, while performance in tasks that require relating 

more or fewer variables diverges. The False Sign task, like the FB task, also requires relating 

three variables: the environmental cue (the vehicle’s location), the setting condition (sign post 

changed/ not changed with movement), and the sign post’s representation (represents the vehi-

cle at location 1 or 2) (see Figure 3). Children’s associated performance in the FB task and the 

False Sign task in project 1 converge with this idea of associated performance in a task that 

requires representing the same level of dimensionality made by the Relational Complexity the-

ory. 
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Task Environmental cue              Setting condition                       Representation 

FB Object Location Movement seen/ not seen Represented object location 

 

e.g., in location 1 

 

Believes object is in location 

1/ believes object is in loca-

tion 2 

False Sign Object Location Sign changed/ not changed  Represented object location 

 

e.g., in location 1 

 

Shows object being in loca-

tion 1/ Shows object being in 

location 2 

 
 

             

  

 

Figure 3. Schematic application of the Relational Complexity Theory to the FB and False Sign 

task (adapted from Andrews et al., 2003). 

 

8.2.4.1. Underlying Cognitive Structures of Higher-Order Meta-Representation 

So far, these underlying cognitive structures have mostly been discussed concerning first-order 

ToM emergence. In light of evidence of continuing development in ToM the question arises 

whether they also underlie developmental progress in higher-order ToM? Can they account for 

the protracted, stepwise development of higher-order forms of ToM and other forms of meta-

representational thinking shown in projects 2 and 3 of this dissertation? 

On a theoretical level, it has been claimed that second-order ToM is not simply a ToM ability 

of increased complexity, as it is reflective of a qualitative transformation of the underlying 

thought system – a conceptual change in ToM development (Perner, 1988, see also Miller, 

2009). At least two (related) cognitive advances after first-order FB understanding have been 

Ternary relation 
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discussed11. First, second - and higher-order ToM but not first-order ToM requires the insight 

that mental states cannot only be directed to the physical world but also to other minds. The 

propositional content of beliefs or desires can also concern other mental states: what people 

think about their own or other people’s thoughts (second-order beliefs) (Perner & Wimmer, 

1985). Second, as a consequence, second and higher-order ToM requires an understanding of 

the recursive nature of mental states: propositions can be recursively embedded within each 

other. This possibility for recursion of mental states needs to be understood to be then applied 

(Perner, 1988).  

Can the discussed underlying cognitive structures account for this conceptual change in subse-

quent ToM development? In general, the main idea of all three proposed structures would be 

the same: the increased complexity of the higher-order ToM tasks due to increasing levels of 

recursive embedding (Braüner et al., 2016; Hauser et al., 2002; Pinker & Jackendoff, 2005; 

Polyanskaya et al., 2022), increasing number of variables involved (Andrews et al., 2003; 

Halford et al., 1998), or the increasing hierarchical complexity (Frye et al., 1995) account for 

the developmental delay after first-order ToM emergence. With developmental progress in the 

respective cognitive mechanism (recursive embedding, complexity of relations, hierarchical 

complexity), children become able to solve ToM tasks beyond first-order. While all three the-

ories can account for the protracted development, the recursive embedding approach offers the 

possibility to integrate the idea of a conceptual change between first-order and higher-order 

ToM. Therefore, this idea will now be presented and discussed in light of the results of this 

dissertation.  

The idea is the following: The proposed conceptual change from first- to higher-order ToM 

understanding reflects an underlying change in recursive reasoning from merely using recursive 

operations to understanding and applying recursive concepts. Children have to process a recur-

sive operation for the first-order FB task but have to understand and apply the concept of re-

cursion to their concept of mental states only for second-order and higher-order ToM. This 

understanding of the recursive principle itself and the possibility of its application to mental 

states might reflect the conceptual change after first-order ToM emergence in children and ac-

count for the developmental delay of higher-order ToM (Braüner et al., 2016; Perner, 1988; 

Polyanskaya et al., 2022). In line with this idea, projects 2 and 3 show developmental delay 

between tasks that require recursive operations and tasks that require understanding to apply 

 
11 For other accounts suggesting that the developmental delay of second-order ToM reduced to tasks factors, 
such as more complex story scenarios and longer test questions, see e.g., Sullivan et al., 1994; Lockl & Schnei-
der. 
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the concept of recursion. Additionally, performance in tasks requiring recursive operations in 

different domains was correlated. Despite substantial differences in task features (e.g., length 

and format of test questions), performance on higher-order ToM tasks and syntactic recursion 

tasks showed correlated performance even when controlled for children’s age. Also, perfor-

mance on second-order ToM and Mental Time Travel was correlated when controlled for chil-

dren’s age. These results are compatible with the idea of underlying development in the domain 

of recursive reasoning. Yet, this approach entails the claim that children as soon as they can 

apply the recursive principle on embedding representations (i.e., solve tasks including second-

order embeddings) can process any level of recursive embedding. Contrasting this claim, chil-

dren showed a developmental delay of success in higher-order ToM and Mental Time Travel 

tasks after second-order tasks. This leaves several questions open for future research.   

First, what happens after the change occurred? Children around six years who solve second-

order problems are seen to understand the recursive principle and ought to apply it to meta-

representations. Yet, they solve higher-order problems (such as third- and fourth-order tasks) 

only later during middle childhood. What cognitive limitations prevent them from applying the 

principle practically infinitely? Potentially, task features other than the level of complexity 

(such as the length of the storyline and unnecessary information) might cause second-order FB 

passers’ failure in higher-order ToM tasks. To address this hypothesis, task demands of higher-

order ToM tasks should be reduced to a minimum. Additionally, higher-order ToM tasks should 

provide memory aids such as second-order FB tasks (Sullivan et al., 1994). Evidence of a more 

similar performance in such modified second- and higher-order tasks would provide the first 

evidence for the influence of task demands on the protracted performance beyond second-order 

reasoning (Miller, 2009).  

Secondly, in relation to the first question, how does an understanding of recursive mental states 

relate to other forms of recursion and to other complexity analyses? Does recursive reasoning 

ultimately reflect rule-based reasoning on increasing levels of hierarchical complexity (Cogni-

tive Complexity and Control Theory) or relational complexity (Relational Complexity Theory)? 

Empirically, this can be tested with systematic comparisons of tasks that can contrast the theo-

ries. For example, the Relational Complexity Theory and Cognitive Complexity and Control 

theory can be contrasted in different versions of the DCCS cart sorting tasks. The original task 

requires switching between the dimensions and thus requires reasoning based on higher-order 

rules (Cognitive Complexity and Control Theory). An alternative version of the task in which 

both dimensions are sorted simultaneously in one metric, in contrast, does not require such a 

higher-order rule. The Relational Complexity Theory, however, makes no such difference in 
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the prediction for the two versions (Müller et al., 2005). Future versions of the DCCS tasks 

might systematically vary these features. Additionally, new versions with increased underlying 

complexity and dimensionality should be invented to compare performance to higher-order 

ToM and other reasoning abilities, such as Mental Time Travel.  

Third, from a domain-general perspective on development in ToM, another question is how 

widely shared these underlying cognitive structures are. How do the development of ToM and 

the understanding of (recursive) meta-representational thought, more generally, relate to other 

forms of complex cognition? Evidence from other lines of research suggests that children show 

major development in other cognitive abilities around the time they transition to meta-repre-

sentational thought. For example, children become able to solve tasks that require modal 

thought. In these tasks, children need to reason based on concepts of possibility and necessity 

(for an overview, see Leahy & Carey, 2020). In prototypical tasks, children are faced with un-

certain situations involving multiple possibilities. To successfully reason about these possibili-

ties, the possibilities need to be marked with modal operators as merely possible12 (Leahy & 

Carey, 2020). In other words, children have to understand possibilities as possibilities. To il-

lustrate this, let’s consider the following example: in front of you are three upside-down cups, 

a green cup, and two red cups and you observe me putting one sticker in the green cup and 

another sticker in one of the two red cups but you cannot see in which of the two. Now, you are 

asked to choose one of the three cups to win its content. Which cup do you pick? (Mody & 

Carey, 2016). Participants tested in these so-called three-cup tasks are required to identify the 

uncertain options (two red cups) as merely possible and choose the certain option (the green 

cup) over these two merely possible options. Evidence points to a transition from absence to 

the presence of this capacity to reason about possibilities in children around age four (for a 

review, see Leahy & Carey, 2020). The age of onset of the ability to represent possibilities as 

possibilities raise the question how meta-representational reasoning and modal reasoning are 

related.  

Does reasoning about possibilities base on some form of meta-representational thought – as it 

requires to represent different possible worlds in relation to each other – and therefore, share 

cognitive foundations with ToM? Or, does ToM require to represent different possibilities and 

is thus, based on modal reasoning about perspectives? Both theoretical analyses of required 

processes and empirical comparisons of children’s developing performance in ToM and modal 

 
12 Because of this structure, some of these tasks (i.e., the subgroup of tasks that involve future possibilities), are 
also employed to test for children’s ability for future oriented Mental Time Travel, see section 3.1.1. How to 
Meausre Mental Time Travel.  
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reasoning tasks are needed to address this question of shared underlying foundations to shed 

light on the debate of domain-general and domain-specific mechanisms of ToM.  

 

9. Conclusion 

The projects conducted in this dissertation provide evidence for the emergence of meta-repre-

sentational ToM around age four and related development in meta-representational thought in-

volving non-mental representations. Furthermore, the results show protracted, stepwise devel-

opment in higher-order forms of ToM after the emergence around age four. Development in 

higher-order ToM is correlated with children’s developing general recursion abilities and shows 

parallel, but only partly correlated trajectories to stepwise development in Mental Time Travel 

abilities of increasing complexity.   

The findings of this dissertation contribute to a comprehensive understanding of how ToM de-

velops ontogenetically. In accordance with domain-general views on ToM, the results of this 

dissertation suggest that ToM relies (to a certain extent) on shared, domain-general processes. 

Future studies need to investigate to what extent performance in recursive ToM and other rep-

resentational abilities is actually associated with development to clarify the extent to which 

underlying abilities are shared with other cognitive abilities and whether and to which extents 

ToM requires additional cognitive abilities specialized to the purpose of ToM computations.  
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Online Testing Yields the Same
Results as Lab Testing: A Validation
Study With the False Belief Task
Lydia Paulin Schidelko*†, Britta Schünemann†, Hannes Rakoczy and Marina Proft

Department of Developmental Psychology, University of Göttingen, Göttingen, Germany

Recently, online testing has become an increasingly important instrument in
developmental research, in particular since the COVID-19 pandemic made in-lab testing
impossible. However, online testing comes with two substantial challenges. First, it
is unclear how valid results of online studies really are. Second, implementing online
studies can be costly and/or require profound coding skills. This article addresses
the validity of an online testing approach that is low-cost and easy to implement:
The experimenter shares test materials such as videos or presentations via video chat
and interactively moderates the test session. To validate this approach, we compared
children’s performance on a well-established task, the change-of-location false belief
task, in an in-lab and online test setting. In two studies, 3- and 4-year-old received online
implementations of the false belief version (Study 1) and the false and true belief version
of the task (Study 2). Children’s performance in these online studies was compared to
data of matching tasks collected in the context of in-lab studies. Results revealed that
the typical developmental pattern of performance in these tasks found in in-lab studies
could be replicated with the novel online test procedure. These results suggest that
the proposed method, which is both low-cost and easy to implement, provides a valid
alternative to classical in-person test settings.

Keywords: online studies, validation study, developmental psychology, psychology methods, Theory of Mind,
false belief

INTRODUCTION

Developmental research largely depends on collecting data from children. While varying in
methods, set-ups and concrete testing sites, so far, most research has been conducted in an
interpersonal, face-to-face setting between an experimenter and a child. Thus, with the beginning
of the COVID-19 pandemic, most well-established testing routines were suddenly disrupted and
the need for new, safe, and contact-free ways to test children for developmental studies arose.

In the last decade, online testing for psychological research already became more and
more prominent for adult studies, with several thousand participants taking part in social
science experiments every day on platforms like Amazon Mechanical Turk (MTurk) and Prolific
(Bohannon, 2016). More recently, developmental researchers have started to establish first online
platforms for children, including Lookit (Scott and Schulz, 2017; Scott et al., 2017) and Discoveries
Online (Rhodes et al., 2020), that both use an unmoderated set-up (where children and families
do not interact with the researchers), and TheChildLab.com (Sheskin and Keil, 2018) that uses
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a moderated set-up (where the experimenter calls the families via
video chat). However, existing platforms and paradigms are not
always available for everyone, because of high costs (e.g., for the
experimental testing software), programming requirements (e.g.,
JavaScript), mandatory software downloads or data protection
regulations of the software that do not align with the policies of
the research institution. Against this background, when we had
to close our lab in March 2020, we decided to establish our own
moderated testing paradigm for children. In this article, we want
to present this novel set-up and validate it as a suitable, safe and
broadly accessible tool for online data collection with children.

In our paradigm, we video call families via the software
BigBlueButton (BBB) and the experimenter then interacts with
the children with the help of animated videos or slides. The
combination of BBB and screen-sharing comes with several
advantages. Concerning the software, BBB is a free, open source,
on-premises software. Additionally, once it is established, it
comes with low technical requirements both on side of the
experimenter as well as the participant as it runs in all common
browsers. Furthermore, the servers for BBB are hosted locally, in
our case in our institute. Thus, the use of this software allows
researchers to adhere to the highest data protection standards,
since only the host can access usage and meta-data. Note,
however, that while using BBB o�ers clear advantages, our general
set-up is not limited to BBB but is in principle applicable to
almost every video chat software that allows screen sharing.

Having set up a technically suitable paradigm, the most
pressing question concerns the data quality that can be obtained
by testing children with it. Is our moderated online paradigm
really appropriate for (remote) data collection? To answer these
questions, we wanted to validate our method. Specifically, we
tested whether we can conceptually replicate the e�ects found
in in-lab face-to-face settings in analogous studies implemented
in our new online paradigm. Importantly, to avoid population-
based e�ects that could explain potential di�erences between
online and in-lab testing, we drew the samples for both
paradigms from the same population: our database of parents
who had previously given consent to participate with their
children in developmental studies. Both samples were thus
comparable concerning (a) socio-demographic variables (age
and gender were measured, but the sample is also likely to
be comparable concerning other socio-demographic variables,
e.g., living environment, as the database only includes families
living in and around the same city), (b) familiarization with
developmental studies (86% of the children participating in an
online study participated in at least one other in-person study in
our lab before), and (c) incentive structure (we did not directly
compensate parents or children for either paradigm).

For the comparison of the two methods, we used a well-
established social-cognitive task: the standard false belief (FB)
task (Wimmer and Perner, 1983). The FB task is designed to tap
children’s ability to attribute subjective mental states to others
and is generally seen as the litmus test for having a Theory of
Mind (ToM). In its standard version, children see a vignette
(acted out with puppets) in which an agent puts an object in
one of two boxes and leaves the scene. In her absence the object
is transferred to the other box and children are then asked to

predict where the agent will look for her object upon her return.
Results from countless live studies show that children typically
start to master this verbal version of the FB task around the age
of four, with younger children falsely predicting that the agent
will look for her object where it really is (see Wellman et al.,
2001). In addition, we administered the structurally analogous
true belief (TB) version of the task. Originally designed to control
for extraneous task demands in the FB version, recent studies
reported a paradoxical picture: once children master the FB task,
they begin to fail the TB task. The TB and FB tasks are thus
highly negatively correlated between 3 and 5 such that children
first pass the TB and fail the FB task and then show the reverse
pattern (see Fabricius et al., 2010; Perner et al., 2015; Oktay-
Gür and Rakoczy, 2017). This strange e�ect in the TB task does
not seem to document a conceptual limitation, though. One
possibility is that it rather reflects children’s sensitivity to task
pragmatics that they develop on the basis of their growing Theory
of Mind. Several studies reveal that the more advanced in ToM
children are, the more pragmatically sensitive they become, and
themore they get confused by the triviality of the TB test question
given the shared perspective of the experimenter and the child
(“Why is the experimenter asking me such as stupid question?
I guess there must be a more complex answer than the obvious
one”; see Oktay-Gür and Rakoczy, 2017; Rakoczy and Oktay-
Gür, 2020). In line with the idea of a high pragmatic component
of the TB e�ect, once the task is modified to become less
pragmatically confusing (either by converting it into non-verbal
format, or by changing the context so that the question now is less
trivial) the e�ect goes away and children perform competently
from age 3 onward without any decline in performance. This is
highly relevant for present purposes as it shows that the TB test
question in its standard version seem to present a very sensitive
measure of children’ susceptibility to task pragmatics. The TB
task therefore lends itself perfectly as a very stringent test for the
comparability of live vs. online testing in even subtle respects of
verbal interaction and interpretation.

To validate our online set-up, we thus compare children’s
performance in the two testing formats (in-lab and online): Do
the two paradigms lead to comparable results? This question is
not trivial. In fact, the existing literature suggest that there are
several indicators that (moderated) online testing might indeed
lead to di�erent results. On a general level, there is the video
deficit e�ect (VDE): the phenomenon that children solve the
same task later and less accurately when the task is presented
in a video than when it is presented by a person (Anderson
and Pempek, 2005). The VDE has been found for a variety of
tasks such as word-learning (e.g., Thierry and Spence, 2004),
object-retrieval (e.g., Troseth and DeLoache, 1998) and imitation
(e.g., Klein et al., 2006). Recently, it has also been documented
for the FB task: 4- and 5-year-old (who usually pass the task)
failed to correctly predict the agent’s behavior when the story
was presented on a video (Reiß et al., 2014, 2019). Furthermore,
there is first data from TheChildLab.com concerning moderated
online testing more specifically (Sheskin and Keil, 2018). While
in general children tested online provided expected answers on a
variety of classical tasks, the FB task seemed to be especially hard:
Only 9- to 10-year-olds reliably solved the task, while the 5- to
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8-year-olds performed at chance level, opening a gap of around
4–5 years compared to standard in-lab testing results.

For the present validation project, we thus collected data on
3- to 4-year-old children’s FB and TB understanding in two
online studies and compared it to data we obtained from previous
in-lab studies with closely matched protocols. Data from in-
lab testing was collected pre-COVID and (partly) reanalyzed
for the purpose of the current study (for more details, see
Supplementary Material). In Study 1, we compared children’s
performance on the standard FB task between the in-lab and
online test setting. In Study 2, we widened the focus and tested
whether children’s more complex performance patterns in TB
and FB tasks would di�er between in-lab and online test setting.

STUDY 1

Methods
Participants
The final sample includes 112 monolingual German speaking
children aged 36–58 months (mean age = 44.28 months;
56 girls; 64 of them tested in an online test session
[mean age = 44.22 months; 31 girls (48%)]; 48 [mean
age = 44.35 months; 25 girls (52%)]1 in an in-lab test session).
Mean age did not di�er between settings [t(110) = 0.120,
p = 0.905]. All children live in and around the samemedium sized
German university town, that is generally characterized by mixed
socio-economic backgrounds2. Six additional children were
tested but not included in data analyses because of uncooperative
behavior (online setting: n = 3), technical issues during the
test session (online setting: n = 1), parental interference during
the test session (online setting: n = 1) and language issues3
(in-lab setting: n = 1). Children in this and the subsequent study
were recruited from a databank of children whose parents had
previously given consent to experimental participation.

Design
All children received two trials of a standard change-of-location
FB task. The order and direction of location change (from left to
right or vice versa) of the trials were counterbalanced. The tasks
were presented either as videos in an online testing format or
acted-out in an in-lab setting (for comparable scripts and stimuli
and a detailed overview of how the online and in-lab tasks were
implemented, see Supplementary Material).

Materials and Procedure
False belief task
In the FB task (Wimmer and Perner, 1983), Protagonist A (for
example, the boy) placed his object (for example, his ball) in

1The original sample from Schünemann et al. (2022) included sixty-one 2 1/2–4
1/2-year-old children. For the purpose of the current study, we reduced the data
set to a relevant subset of children between 3 and 4 1/2 years (for more details, see
Supplementary Material).
2Note that we did not collect any data on race, educational level or socio-economic
background.
3For the original purpose of the lab study, children were required to be
monolingual German (see Schünemann et al., 2022).

one of two boxes (box 1). In his absence, protagonist B (for
example, the girl) moved the ball to the other box (box 2) and the
experimenter (E) asked the test question “When the boy returns,
where will he look for the ball first?” (Correct answer: box 1) (For
additional control questions, see Supplementary Material).

Set-Up
Moderated online study
In the online test setting, one female experimenter (E) presented
the tasks remotely (on a computer screen, no smartphone) via
a video conferencing platform (mainly BigBlueButton, in case
of technical issues: Zoom). During the test session, the child
and E communicated via audio and video streaming. The story
lines of the FB task were visually implemented as short video
clips (created with the animation software VyondTM © 2021
GoAnimate). The child watched the video clips while E told the
story lines. At the end of each story line, E asked the control
and test questions.

In-lab study
In the in-lab setting, children were tested in single sessions
by two female experimenters in the laboratory. E1 first acted
out the FB task with little figures and then asked the control
and test questions.

Results and Discussion
Figure 1 shows children’s performance on the FB test question
as a function of age and test setting. In accordance with the
literature, we would expect that children’s performance on the
standard FB task increases with age. If the test setting has an
impact on children’s performance in this task, there should be a
di�erence between settings most likely in that the e�ect of age on
children’s performance should be di�erent between settings.

FIGURE 1 | Mean number of correctly answered false belief trials. This figure
depicts the mean number of correctly answered FB trials (0–2) as a function of
test setting and age (error bars depict ±1 SE).
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For this reason, we set up a Generalized Linear Mixed
Model with binomial error structure and a logit link function.
As dependent variable, we included children’s success on each
test trial. To test for an e�ect of setting and whether the
e�ect of age on performance is di�erent between settings, we
included test setting and age measured in months4 and their
interaction. To account for repeated measures, we included
children’s ID as random intercept e�ect. We checked for the
model’s stability by calculating estimates after case wise exclusion
of participants. This revealed a stable model. We also checked for
multicollinearity (all VIFs  1.001).

We compared this full model to a null model which included
age and the random intercept. This comparison was not
significant (likelihood ratio test: $2 = 0.509, df = 2, p = 0.775).
Likewise, a closer look at the model revealed that the interaction
e�ect of test setting and age was not significant (b = �0.840,
p = 0.567). Also, the main e�ect for test setting was not significant
(b = �0.297, p = 0.813). Only the main e�ect for age was
significant (b = 3.789, p = 0.013). Thus, in accordance with the
literature, children’s performance increased with age. However,
in which setting, in-lab or online, the study was conducted did
not impact children’s performance.

STUDY 2

Methods
Participants
Seventy-six 36- to 53-month-old native German speaking
children were included in the final sample (mean
age = 43.76 months; 38 girls). Forty-nine children were tested in
an online test setting [mean age = 43.49 months; 23 girls (46%)].
Twenty-seven [mean age = 44.26 months, 15 girls (56%)]5 were
tested in an in-lab test setting. Mean age did not di�er between
settings [t(74) = 0.605, p = 0.547]. The children live in and
around the same medium sized German university town, that is
generally characterized by mixed socio-economic backgrounds6.
Five additional children were tested in the online test setting but
excluded from analysis because they were uncooperative (n = 4)
or had severe language issues (e.g., could not follow the story line
and the experimenter’s questions; n = 1).

Design
Children again received two trials of a standard change-of-
location FB task. Additionally, they received two trials of the
TB condition. The two trials of a condition (FB or TB) were
presented in blocks. The order of the two blocks and sides of the
two trials within the blocks were counterbalanced. The tasks were
presented either as an animated slide show in an online testing
format or acted-out in an in-lab setting (for comparable scripts
and a detailed overview of how the online and in-lab tasks were
implemented, see Supplementary Material).

4Age was z-standardized.
5The original sample from Oktay-Gür and Rakoczy (2017, Exp. 2) included 171
participants. For the purpose of the current study, we reduced the data set to the
relevant subset (for more details, see Supplementary Material).
6Note that we did not collect any data on race, educational level, or socio-economic
background.

Material and Procedure
False belief and true belief task
The protocol was slightly adapted from the classic change-of-
location task by Wimmer and Perner (1983) used in Study 1
in that E placed the object in the box and moved the object
from the first to the second location in the protagonist’s absence
(FB) or after her return (TB). After that (TB) or after the
protagonist’s return (FB), E asked the test question “Where does
the protagonist think that the toy car is?” [Correct answer:
box 1 (FB), box 2 (TB)] (For additional control questions, see
Supplementary Material).

Set-Up
Moderated online study
The same set-up was used as in Study 1. The tasks were presented
in a slide show, which was displayed on the child’s screen via the
platform’s screen sharing function. While the child was watching
the animated slide show, E told the child the story line and asked
the control and test questions.

In-lab study
In the in-lab format, children were tested as in Study 1 in single
sessions by one of five experimenters in the laboratory or in a
quiet room of children’s day care.

Results and Discussion
Figure 2 shows children’s performance on the FB (a) and
TB (b) test questions as a function of age and test setting.
In accordance with the literature, we would expect an
interaction between age and the belief type: Children
performance on the FB task increases with age while it
decreases for the TB task. If the test setting has an impact,
this interaction of age and belief type should be di�erent
between settings.

Again, we set up a Generalized Linear Mixed Model
with binomial error structure and a logit link function and
success on test trial as dependent variable. To test for the
e�ect of test setting on the interaction of age and belief
type, we included test setting, age and belief type and their
interactions in the model. To account for repeated measures,
we included children’s ID as random intercept e�ect. The
model was stable and not multicollinear (all VIFs = 1).
Again, we compared this full model to a null model. The
null model included age, belief type, their interaction and the
random intercept.

This full-null model comparison was not significant
(likelihood ratio test: $2 = 2.312, df = 4, p = 0.679). Likewise,
a closer look at the model revealed neither a significant 3-
way-interaction of test setting, age and belief type (b = 0.616,
p = 0.268), nor any interaction with test setting (with age:
b = �0.196, p = 0.606; with belief type: b = 0.453, p = 0.376).
Also, there was no main e�ect for test setting (b = �0.177,
p = 0.617). In contrast, the interaction e�ect of age and belief
type was significant (b = �1.656, p < 0.001). Thus, in accordance
with the literature, children’s performance increased with age for
the FB task and decreased for the TB task. The test setting did
not have an impact.
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FIGURE 2 | Mean number of correctly answered false (A) and true (B) belief trials. This figure depicts the mean number of correctly answered FB (A) and TB (B)
trials (0–2) as a function of test setting and age (error bars depict ±1 SE).

GENERAL DISCUSSION

Here, we present and validate a new moderated online testing
paradigm for developmental studies. In this paradigm we call
families via the video chat software BigBlueButton where the
experimenter then interacts with the child with the help of
animated videos or slides. The main question regarding the
validity of this paradigm was whether it yields results comparable
to and converging with in-lab methods. To address this question,
we directly compared children’s performance in this online
paradigm with data from pre-COVID in-lab testing in a standard
false belief (FB) and matching true belief (TB) task (Wimmer and
Perner, 1983; Oktay-Gür and Rakoczy, 2017). Importantly, we
drew samples for both methods from the same database. Thus, all
participants were drawn from one population and live in the same
local environment. Moreover, in-lab and online samples were
matched for age and gender. This reduced potential population-
based e�ects and allowed us to compare the two methods in a
very direct and stringent way.

We found no di�erences between the two testing formats.
First, in both studies, 3- and 4-year-old’s performance in the
online FB task was equivalent to their performance in the acted-
out in-lab versions of the task as well as to what we would
expect in that age range given the widely documented “4-
year-revolution” of mastering standard FB tasks (Perner, 1991;
Wellman et al., 2001). Second, in accordance with previous
studies, we found a characteristic performance pattern in FB and
TB tasks such that children with age become more proficient
in the former while becoming less proficient in the latter. This
pattern held equally in both testing formats, with no di�erence
between the in-lab and online tests.

By using our moderated online testing paradigm, we thus
replicated children’s performance from in-lab testing in samples
that were drawn from the same population and without facing
issues of data loss. Crucially, however, our paradigm does not
only seem to closely match interpersonal, face-to-face testing
in terms of “cold” indicators such as data quality. Moreover, it
also seems to resemble live set-ups in terms of the naturalness
and pragmatics of the interaction: when asked a trivial test
question (about an agent’s true belief), children showed the
same response patterns in the online and the live version.
One possible interpretation based on recent research (Rakoczy
and Oktay-Gür, 2020) is that children were equally prone to
draw pragmatic inferences based on their shared perspective
with the experimenter, and fall prey to pragmatic confusions
in the online setting as in the in-lab setting. In conclusion,
our method seems to be a valid and promising instrument for
developmental research.

At the same time, the present results leave open many
crucial questions. First, in contrast to previous work (e.g.,
Anderson and Pempek, 2005; Reiß et al., 2014), we found no
indication of the video deficit e�ect (VDE). Thus, watching video
presentations (as children did in our Study 1) does not always
seem to disrupt children’s performance in comparison to live
demonstrations. But why didn’t the well-documented VDE occur
in our paradigm?What is the crucial di�erence between the cases
in which a VDE occurs (in many previous studies) and cases
in which it does not (like the present one)? So far, we can only
speculate. One crucial di�erence between the online format and
“classical” video presentations is that in our online paradigm
the video and the experimenter are both on the screen while in
the classic version only the video is presented on-screen with
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the experimenter sitting next to the child as a live interaction
partner who asks test questions. Thus, while in the classic format
the child has to handle two parallel worlds (on-screen and live),
in the online version all relevant information is presented on-
screen, potentially helping the child to encode the video more
easily. Other potential influencing factors might be related to the
sample (including children’s age and their drastically increased
familiarity with media use during the pandemic) or the specific
task type (see Strouse and Samson, 2021). More future research is
needed to systematically test the di�erent conditions under which
the VDE occurs in relation to online research.

Second, again in contrast to previous work (Sheskin and Keil,
2018), we found no di�erence in children’s relative performance
on belief tasks between online and in-lab settings. Thus,
administering the task in a moderated testing paradigm per se
does not seem to negatively influence children’s performance.
But then, why were there these gaps in previous work? What
is the di�erence between those cases in which online testing is
detrimental to performance and those, like the present one, in
which it is not? Again, so far, we can only speculate. When we
compare our studies to previous ones, at least two di�erences
emerge: Sheskin and Keil (2018) only presented color coded
pictures to the children, whereas we implemented a step-by-step
analogous video (or animated slide show) version of the acted-
out task version using carefully designed online stimuli [e.g., an
animated human hand acting out the change of location and (pre-
recorded) verbal interaction between protagonists in the story
line onscreen and the experimenter; for more details on scripts
and stimuli, see Supplementary Material]. This suggests that
subtle details of online implementations might matter. Another
crucial di�erence is that we had the opportunity to directly
compare the data we obtained from the two methods (online
and live) rather than loosely contrasting online data to e�ects
from the literature. For this direct comparison we drew the
samples from the same population, while previous studies mostly
document a more diverse, broader distributed sample in their
online compared to in-lab studies (see also Rhodes et al., 2020).
Given these di�erences, it seems plausible to assume that previous
work might have underestimated children’s performance in
(moderated) online paradigms due to population-based e�ects.
Note, however, that although our samples were drawn from
the same population, we cannot exclude selective processes in
our studies either. There might be a some sort of selection
regarding which parents of our population agreed to online
testing. Such processes might have led to a less diverse sample
and an overestimation of children’s performance. Future research
is needed to address this possibility and systematically test for
the e�ects of di�erent population-specific parameters such as
socio-economic status, living environment, mobility, closeness
to the research institute or time flexibility. For example, even
though samples for online and in-lab studies are drawn from
the same general population (database), do the sub-samples
that respond to live vs. online study invitations di�er in subtle
demographic respects? Also, note that absence of evidence for
a di�erence between in-lab and online testing of belief tasks,
of course, does not amount to evidence of absence of any such
potential di�erences. Future research needs to investigate more

systematically and stringently whether there is really no e�ect of
test setting. Such an approach of Bayesian null hypothesis testing
will require a larger sample than the current one and will be
possible once children can be tested again in an in-lab setting.

The overarching aim of the present project was to find
a method for testing children online that is secure, low-cost
and easy to implement while yielding comparable results to
interpersonal, face-to-face in-lab testing. The results of our two
validation studies suggest that with our moderated online testing
paradigm we successfully designed such a tool. Future work
should now focus on developing the tool further, especially
testing its suitability concerning di�erent task types (e.g.,
more interactive ones that require spontaneous interventions
by the child) or di�erent dependent variables (e.g., pointing
or eye-tracking). Hopefully, the broader implementation and
development of this paradigm then paves the way for more
online research in the future, as it has the potential to make
developmental research more accessible to a wider audience of
participants and researchers.
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The litmus test for the development of a metarepresentational Theory of Mind is the false

belief (FB) task in which children have to represent how another agent misrepresents the

world. Children typically start mastering this task around age four. Recently, however, a

puzzling finding has emerged: Once children master the FB task, they begin to fail true

belief (TB) control tasks. Pragmatic accounts assume that the TB task is pragmatically

confusing because it poses a trivial academic test question about a rational agent’s

perspective; and we do not normally engage in such discourse about subjective mental

perspectives unless there is at least the possibility of error or deviance. The lack of

such an obvious possibility in the TB task implicates that there might be some hidden

perspective difference and thus makes the task confusing. In the present study, we test

the pragmatic account by administering to 3- to 6-year-olds (N = 88) TB and FB tasks

and structurally analogous true and false sign (TS/FS) tasks. The belief and sign tasks are

matched in terms of representational and metarepresentational complexity; the crucial

difference is that TS tasks do not implicate an alternative non-mental perspective and

should thus be less pragmatically confusing than TB tasks. The results show parallel and

correlated development in FB and FS tasks, replicate the puzzling performance pattern

in TB tasks, but show no trace of this in TS tasks. Taken together, these results speak

in favor of the pragmatic performance account.

Keywords: Theory of Mind, pragmatics, true belief, false sign task, knowledge, false belief

INTRODUCTION

Theory of Mind (ToM) is the ability to impute mental states, such as beliefs and desires, to oneself
and to others (Premack and Woodru�, 1978). The developmental litmus test of ToM are so-called
false belief (FB) tasks in which children need to ascribe a mistaken belief to another agent and
predict her actions accordingly (Wimmer and Perner, 1983). In the standard change-of-location FB
task, the protagonist Maxi puts his chocolate in the blue cupboard and leaves. He does not see that
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his mother then moves the chocolate to the green cupboard.
Children are then asked where Maxi, upon return, will look
for his chocolate. Children thus have to represent Maxi’s
misrepresentation (chocolate in blue cupboard) of the situation
(chocolate really in green cupboard). Decades of research
with these explicit verbal tasks consistently show that children
typically start to ascribe FB around age 4 (Wellman et al., 2001).
Success in the FB task goes along with emerging competence in
conceptually related tasks that all require metarepresentation –
indicating a major conceptual transition in ontogeny (Perner,
1991; Perner and Roessler, 2012).

Before age 4, children systematically fail FB tasks, but pass
parallel true belief (TB) control conditions. The TB condition is
structurally like the FB condition with the only di�erence that
Maxi watches his mother relocate the chocolate and thus holds a
TB1 about the chocolate’s location (Wimmer and Perner, 1983).
The test question, like in FB conditions, is variously “Where will
Maxi look for his chocolate?” or “Where does Maxi believe his
chocolate is?”

The TB condition was devised for younger children who fail
the FB condition in order to rule out that FB failure is due
to general problems with the narrative structure of the task.
Only recently was it administered to a broader age range of
children, with puzzling patterns of results. Children who begin
to solve the FB task suddenly start to fail the TB task. From
age 4 to roughly age 10, then, they systematically answer the TB
question incorrectly (predicting that Maxi will erroneously look
in the old location; Friedman et al., 2003; Fabricius et al., 2010;
Oktay-Gür and Rakoczy, 2017; Rakoczy and Oktay-Gür, 2020;
Schidelko et al., 2021).

What do these strange findings mean? One possibility is that
they reflect a competence limitation in children’s ToM. Contrary
to what findings from FB tasks suggest, these findings may be
taken as an indication that children do not really engage in
metarepresentation until much later (Fabricius et al., 2010, 2021;
Hedger and Fabricius, 2011).

Another possibility is that children’s di�culty with TB tasks
merely reflects pragmatic performance, rather than competence
limitations. According to a pragmatic task analysis, TB tasks may
be di�cult for children from age 4 to 10 because they combine
several factors that make the target question pragmatically
confusing and thus demanding (Rakoczy and Oktay-Gür, 2020;
for related proposals regarding the role of pragmatic factors in FB
and other ToM tasks, see, e.g., Siegal and Beattie, 1991; Helming
et al., 2014, 2016; Westra, 2016).

First of all, the TB question is an academic test question.
Regular questions are asked because the speaker herself does not
know the answer and requests the missing piece of information
from the interlocutor (Searle, 1969). Academic test questions, in
contrast, have a much more complex intentional and pragmatic
structure: The speaker wants to know whether the interlocutor
knows the answer that the speaker knows perfectly well herself.
This special question format appears to be di�cult to understand
for young children (Siegal, 1999).

1Commonly considered knowledge that in turn implies a true belief (in contrast to
TB tasks that do not imply knowledge; see Gettier, 1963).

Second, the TB question is highly trivial: Here, in the story,
is a protagonist, who has all the information needed, and now
the question is where he will look for an object. The answer is so
obvious and common knowledge that it may be di�cult to make
sense of the corresponding question even if it is understood as an
academic test question:Whywould someonewant to test whether
I know what everyone knows?

Third, this may be particularly pronounced in the TB case
where children are asked where Maxi thinks his chocolate is, or
to predict where he will look for it in a situation where he shares
common ground and is not subject to any error. Questions in
such a context are pragmatically unnatural (Papafragou et al.,
2007): We ask for action prediction or explanation or belief
ascription only if there is at least the possibility of error and
misrepresentation. The test question “What does he believe?” or
“What will he do?” therefore suggests that there ought to be an
alternative perspective or misrepresentation involved. Yet, the
storyline of the TB task does not provide any obvious possibility
for error or misrepresentation; children may thus think that they
must have missed something and look for a possible alternative
perspective on the scenario.

Previous studies have found preliminary evidence for the
importance of the first two factors. When tested in a completely
non-verbal version of the TB task that removed any (academic
and trivial) question, or in a verbal version in which the
triviality of the TB question was made explicit (“I’ll ask you
a baby question”), children between ages 4 and 7 showed no
problems with the TB question (Rakoczy and Oktay-Gür, 2020,
Exp. 1 and Exp. 5).

But what about the third factor that the test question evokes
wondering about an alternative perspective? Preliminary
evidence comes from one recent study that compared
FB/TB tasks with an analogous task that involves non-mental
representations, the False Photo (FP) task (based on Zaitchik,
1990). In the FP task, structurally matched to the FB task, an
object is put into location 1 and a polaroid camera takes a photo
of the scene. While the photo develops, the object is then moved
to location 2, and children are asked where the object is in
the outdated (“false”) photo. Earlier studies revealed that the
majority of 3-year-olds failed in both tasks, while the majority of
4-year-olds and older children passed both tasks (with a slightly
higher performance in the FB task; Zaitchik, 1990; Leekam
and Perner, 1991). Rakoczy and Oktay-Gür (2020, Exp. 2) thus
used the photo task to explore how asking questions about
a rational agent’s action or mental perspective may make the
TB task pragmatically complex. Four- to 6-year-old children’s
performance in FB/TB tasks was therefore compared with their
performance in analogous False/True Photo tasks. In the new
true photo (TP) condition – in close analogy to the TB story – the
camera took the photo after the object had already been moved to
the new location. Holding the first two factors (trivial academic
test question) constant and manipulating only the third (in TB,
but not in TP, the test question implicates that there may be an
alternative mental representation), the TP condition implements
a crucial contrast case: a trivial academic test question about
a non-mental representation (of the photo). Consistent with
previous findings, 4- to 6-year-old children succeeded in both
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“false” conditions (FB and FP) whereas their performance in
the “true” conditions was markedly di�erent. They showed
the previously noted di�culty in the TB tasks (performing
below chance), but not in the TP task (performing above
chance) (Rakoczy and Oktay-Gür, 2020, Exp. 2). These findings
thus provide prima facie evidence that it really does matter
whether trivial academic test questions implicate an alternative
perspective due to the agent’s mental misrepresentation (rather
than referring to non-mental representations).

However, the specific contrast used in that study – between
FB and FP tasks – makes the findings di�cult to interpret. The
reason is that the FP task, strictly speaking, does not involve a
misrepresentation. From a theoretical point of view, the “false”
photo is actually not false but only outdated (it does not falsely
depict the scene at time 2, but depicts the scene as it was at
time 1; Perner and Leekam, 2008). Empirically, this analysis is
corroborated by findings that FB and FP, though both come to
be mastered around the same age, dissociate (fail to correlate)
in both typical and atypical development (for an overview, see
Perner and Leekam, 2008).

A better task that does involve non-mental misrepresentations
is the false sign (FS) task. In this task, in structural analogy to
the FB task, a sign post in a story scenario indicates a state of
a�airs (e.g., that an object is in location 1). The object then moves
to a new location (location 2), but the signpost is not changed
accordingly and therefore becomes a FS (Parkin, 1994). To solve
the task, children need to understand that the actual situation is
di�erent from how the sign represents it. Importantly, the sign
that shows at time 2 that the object at location 2 is at location 1 is
not just outdated (like the photo at time 2 showing that the object
was earlier in location 1); it is misleading and false. Empirically,
this analysis receives support from a number of studies that
suggest that FS and FB tasks are related developmentally in ways
in which FB and FP are not: Mastery in both tasks does not only
emerge around the same age, they are also highly correlated in
typical and atypical development (for an overview, see Perner and
Leekam, 2008).

The present study thus capitalizes on this, and develops true
and false versions of the sign task (TS/FS) as a minimal contrast
to FB/TB tasks in order to test more stringently whether it
matters for pragmatics whether trivial academic test questions
implicate that there may be alternative mental representations
or analogously alternative non-mental representations. The
general rationale is the following: If indeed there is a major
conceptual transition to metarepresentational thinking around
the age of 4, the following pattern of results should be found.
Performance in di�erent perspective tasks should show parallel
trajectories: younger children tend to fail all tasks requiring an
understanding of misrepresentation (e.g., FB and FS), whereas
older children tend to master all of them. But if a task poses
additional task demands, for example pragmatic factors, no such
clear parallel pattern is to be expected. More specifically, if
indeed the TB tasks pose pragmatic demands that the TS task
lacks (since only in the TB task the test question evokes that
there could be an alternative mental representation), we should
expect divergent performance: older children worsen in TB but
not in TS tasks.

We would thus expect, first, positive correlations of
performance between FB and FS tasks and negative correlations
between FB and TB tasks as documented in previous studies (e.g.,
Sabbagh et al., 2006; Leekam et al., 2008 for positive correlations
of FB and FS tasks, and Oktay-Gür and Rakoczy, 2017 for
negative correlations of FB and TB tasks). Second, we would
expect dissociations in performance between TB and TS tasks.
Children’s performance in the TB task follows the characteristic
U-shaped developmental pattern whereas the performance in the
TS task will not.

We additionally explored a secondary factor causing wrong
answers to the TB question. As in the standard TB task, Maxi
watches passively the location change, recent evidence suggests
that perhaps children wonder whether Maxi really pays attention
and witnesses the location change (Huemer et al., 2019). If
children do assume that Maxi did not register the location
change, their answer that Maxi will look for the chocolate in its
old location would make perfect sense. To reduce any possible
ambiguity in this respect Maxi accompanies the location change
andwe explicitly asked half of the childrenwhetherMaxi had seen
the location change, as a direct test of whether they have accepted
this crucial premise.

METHODS

Participants
One-hundred-six 3- to 6-year-old German children participated
in the study. They were recruited via the platform
“KinderScha�enWissen”2 and from a databank of children
whose parents had previously given consent to experimental
participation. The final sample consisted of 88 children (46
female, 42 male; range = 36–83 months, M = 59.3 months),
divided into groups of 3-year-olds (M = 42.1 months), 4-year-
olds (M = 53.9 months), 5-year-olds (M = 64.5 months), and
6-year-olds (M = 76.7 months), each consisting of 22 children.
For more detailed information on participants and exclusion
criteria, see Supplementary Material.

Design
Each child received six test trials: two TB and two FB trials (in
blocks) and one FS and one TS trial. The order of FB and TB
blocks, and of FS and TS trials was counterbalanced. Whether
the Confirmation-of-Seeing question on TB trials was asked or
not was varied between participants. The same held true for
Confirmation-of-Change question on TS trials. For information
on the coding procedure, counterbalancing of story plots,
number of trials and task protocols, see SupplementaryMaterial.

Procedure
The study was tested in a moderated online setting via a video
conferencing platform (mainly BigBlueButton). During the test
session, the child and a female experimenter communicated via
audio and video streaming. The experimenter presented the tasks
as animated stories via shared screen.

2https://kinderscha�enwissen.eva.mpg.de
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True and False Belief Task
The change-of-location task (after Wimmer and Perner, 1983;
used in, e.g., Perner et al., 2011) was presented as an animated
slide show in four parallel story lines (see Figure 1 for task
structure). Protagonist 1 placed an object in one of two boxes
(B1). Protagonist 2 then transferred the object into the other box
(B2) before (TB condition) or after (FB condition) protagonist 1
left the scene. Immediately after protagonist 2 had left the scene,
children in the Confirmation-of-Seeing question condition (TB
trials only) were asked:

Confirmation-of-Seeing question (TB): Did [protagonist 1]
see that? (Correct answer: yes)

After that, protagonist 1 returned and children were told that
protagonist 1 wanted to have her object now. Then, children were
asked the following questions:

Test question:Where will [protagonist 1] go now?3 [Correct
answer: B2 (TB), B1 (FB)]
Memory question:Where did [protagonist 1] put the object
in the beginning? (Correct answer: B1)
Reality question: Where is the object now? (Correct
answer: B2)

3For the test question in FB/TB we used this German wording: “Sag mal, wo wird
Maxi denn jetzt hingehen?,” avoiding “look first.”

True and False Sign Task
The sign task (adapted from Parkin, 1994) was presented in two
storylines. In a familiarization, children were introduced to the
setting and learned that the color of the sign at the crossing
indicates the location of the vehicle. In the test trials (see Figure 1
for task structure), the vehicle drove to location 1 (L1) and the
sign showing color 1 was placed at the crossing. After a quick stop
at L1 the vehicle drove o� again stopped briefly at the crossing,
either with (TS condition) or without (FS condition) changing the
sign to color 2, and then continued to L2. Half the children were
then asked the Confirmation-of-Change question on TS trials:

Confirmation-of-Change question (TS): Was the sign
changed? (Correct answer: yes)

Once the vehicle had stopped at L2, children were asked
further questions:

Test question: What does the sign say where the [vehicle] is?
[Correct answer: L2 (TS), L1 (FS)]
Reality question: Where is the [vehicle] now? (Correct
answer: L2)
Memory question: And where was it right before? (Correct
answer: L1)

Importantly, the sign was a rectangular colored plate (see
Figure 1) without a directional feature (no arrow). This adaption

FIGURE 1 | Schematic procedure of False/True Belief and False/True Sign Tasks. Children were classified as passers on a given task if they got two out of two

correct on belief tasks and one out of one correct on sign tasks (This makes it easier to pass the sign tasks than the belief tasks. We therefore conducted the same

analysis as reported below with the first TB and first FB trial only. These analyses show the same results as reported below, see Supplementary Material.). They

were classified as non-passers otherwise.
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was recently introduced for German-speaking populations to
ensure that children need to understand the representational
feature of the sign (Schuster et al., 2021).

RESULTS

Plan of Analysis
The main and novel focus of the present study was on the
relation between TB and TS (the former should, while the latter
should not show a performance decline after age 4). This focal
analysis is only meaningful, however, against the background of
two presuppositions: That the patterns of negative correlations
between TB and FB and positive correlations between FB and
FS performance found in previous studies can be replicated.
In preliminary analyses, we therefore tested whether this was
fulfilled. We also explored whether posing the Confirmation-of-
Seeing questionmakes a di�erence to children’s TB performance.
Figure 2 provides an overview of children’s performance in the
various tasks (see Supplementary Material, for statistical tests
of the developmental trends depicted in Figure 2 and for an
analysis testing the impact of children’s gender and the order
of presentation).

Data of one six-year-old is missing for the TS condition
as, due to an experimental error, they received two FS trails
but no TS trial.

Preliminary Analyses
Comparison of True Belief and False Belief
Performance
Children showed three patterns of performance: They passed
both TB trials and failed at least one FB trial (M = 52.15 months),

they passed both FB trials and failed at least one TB trial
(M = 66.57 months), they passed both FB and TB trials
(M = 65.17 months) (see Table 1). Overall, this yields a small
to moderate negative correlation between FB and TB tasks
(Pearson’s r = �0.28, p < 0.01).

Asking theConfirmation-of-Seeing question on TB trials before
the test question had no reliable e�ect, Chi-squared test (based
on a binomial distribution – children answered either both TB
trials correct or not): p = 0.83 (see Supplementary Material
for further information). Consequently, the two TB conditions
(Confirmation-of-Seeing question: yes/no) will be collapsed for all
further analyses.

Comparison of False Sign and False Belief
Performance
False sign and FB task performance showed a moderate to
large positive correlation (Pearson’s r = 0.46, p < 0.001, see
Table 1). A McNemar test (FB was recoded: children with two
correct answers are passers, others are non-passers), revealed
no significant di�erence in the performance of the two tasks
(p = 0.69).

Main Analysis
In contrast to the TB task, performance in the TS was close to
ceiling: 93% of the children (n = 82) answered the TS test question
correctly (see Table 2). A Chi-squared test revealed no significant
di�erence in TS performance between children who did and
did not receive the Confirmation-of-Change question before the
test question (p = 0.34). TB and TS tasks were not correlated
(r = 0.04, p = 0.68). A McNemar test (based on a binomial
distribution – children either did or did not consistently pass
each task), revealed a significant di�erence in the performance

FIGURE 2 | Number of children passing and failing true and false versions of the belief and sign task as a function of age.
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TABLE 1 | Contingency between FB and TB and FS task performance.

TB (correct trials) FS (correct trials)

0 or 1 2 0 1

FB (correct trials) 0 or 1 13 (7) 25 (11) 24 14

2 27 (14) 23 (12) 11 39

Numbers in parentheses indicate subset of children in the Confirmation-of-Seeing
question condition.

TABLE 2 | Contingency between TB and TS task performance.

TS (correct trials)

0 1 sum

TB (correct trials) 0 or 1 2 38 40

2 3 44 47

Sum 5 82 87

of the two tasks (p < 0.001). For further information, see
Supplementary Material.

GENERAL DISCUSSION

The aim of the present study was to investigate the source of
the puzzling finding that children from around age 4 begin
to fail TB tasks. In particular, we tested factors that make the
TB task pragmatically demanding and confusing. We compared
children’s performance in the TB/FB task to performance in the
TS/FS task because these tasks are closely matched in structure,
involve the same kind of academic and trivial test questions, but
contrast in that TB but not TS tasks implicate an alternative
mental perspective or misrepresentation.

The main findings were the following: First, the pattern
of negative correlations of performance in the TB and FB
tasks (Oktay-Gür and Rakoczy, 2017) was replicated. Younger
children tended to succeed in the TB but to fail in the
FB task whereas older children tended to show the reverse
pattern. Second, the convergence and correlation of FB and
FS tasks were replicated. Performance in the two tasks
that involve a misrepresentation is strongly correlated and
develops as found in earlier studies (for an overview, see
Perner and Leekam, 2008). This provides additional evidence
for a joint developmental transition marking the onset of
metarepresentation and perspective understanding (Perner et al.,
2002, 2003, 2005; Perner and Roessler, 2012; Moll et al., 2013).
Third, there was a marked dissociation between TB and TS tasks.
Children showed di�culties in the TB task but not in the TS
task. The critical questions in both tasks are trivial academic
test questions, but in the former it suggests that there may be
an alternative mental representation involved which is not the
case in the latter.

Taken together, these results provide new and clear evidence
that the TB test question’s reference to an agent’s rational action
(that in turn evokes reference to her subjective perspective) is
a crucial part of what makes the question pragmatically odd

and thus di�cult. In line with previous results4 (Oktay-Gür
and Rakoczy, 2017; Rakoczy and Oktay-Gür, 2020), the present
findings corroborate the assumption that it is a combination of
various factors that makes TB questions particularly confusing
and challenging. They are trivial academic test questions about a
rational agent’s action. Their triviality and academic nature make
them pragmatically odd. Importantly, this e�ect is particularly
strong when the question refers to a rational agent’s action.
We usually do not ask about a rational agent’s perspective or
action unless it is unclear what the agent should do or when
the agent has a deviant perspective. As this is not obviously the
case in the TB question it implicates an alternative hidden mental
perspective; trying to figure out what this alternative perspective
may be, children venture the guess that the agent might go to
the wrong location.

At the same time, the present study leaves open many
fundamental questions. First, why exactly is there this sharp
di�erence in the performance of a test question about the
belief and action of an agent on the one hand, and the
structurally corresponding non-mental representation of an
external sign on the other hand? Do we make di�erent kinds
of rationality assumptions vis-a-vis the original intentionality
of rational agents and the derived intentionality of external
signs? In contrast to the intrinsic and original intentionality of
agents’ mental states, the intentionality of external signs derives
from the creators’ and users’ intentions that confer meaning to
them (Searle, 1983). These di�erent kinds of intentionality of
mental and non-mental representations might come along with
diverging rationality assumptions, and these diverging rationality
assumptions may explain the diverging pattern of results in
the otherwise structurally analogous tasks. Needless to say that
currently this is not more than a speculation; but future studies
could and should test for this possibility empirically.

Second, if indeed children find trivial academic test questions
about a rational agent’s perspective and action confusing, how
general is this phenomenon? Here, and in previous research we
have shown it for action prediction and (true) belief ascription
(Oktay-Gür and Rakoczy, 2017). But would it hold in similar
ways, for the ascription of FBs and other types of mental states?
For example, is a trivial academic test question about a rational
agent’s desire pragmatically as confusing? Think of a scenario of
the following kind: “Kate has a terrible toothache, but her dentist
has the perfect drug for her that is free, has no side e�ects and
immediately makes the pain go away.What will Kate nowwant to
do?” Asking this question might be similarly confusing as asking
the test question in the TB task. What is the point of asking about

4The present findings from the TB task by themselves are not strictly incompatible
with alternative accounts that interpret older children’s failure in TB tasks as
an indication of lacking ToM competence (Fabricius et al., 2021). According
to such accounts, this pattern of results suggests that children do not use
metarepresentational belief ascription until much later, but rather operate with
a simple (so-called “perceptual access”) heuristic. But the results from previous
studies (Oktay-Gür and Rakoczy, 2017; Huemer et al., 2019; Study 3; Rakoczy
and Oktay-Gür, 2020; Studies 1 and 5) are strictly incompatible with competence
limitation accounts. Taken together, these previous findings and the present
results, in particular the relations found here between FB and FS tasks, thus
provide comprehensive evidence for pragmatic and against competence limitation
accounts.

Frontiers in Psychology | www.frontiersin.org 6 January 2022 | Volume 12 | Article 797246



Appendix B: Schidelko, Huemer, Schröder, Lueb, Perner, & Rakoczy (2022) 

 
 

xvi 

 

fpsyg-12-797246 January 10, 2022 Time: 14:19 # 7

Schidelko et al. Pragmatics in True Belief Tasks

Kate’s desire in this situation in which it is completely obvious
what is good and to be done? It might make us wonder “Why
would someone ask me such obvious things?” and then lead us,
in an attempt to make sense of the question, to try out auxiliary
assumptions (“Well, perhaps she’s a masochist?”) It will be an
interesting question for future studies to find out whether similar
U-shaped curves, based on pragmatic confusion, can be found in
mental state ascription more generally.
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Abstract

The true belief (TB) control condition of the classical location-change task asks children to

ascribe a veridical belief to an agent to predict her action (analog to the false belief (FB) con-

dition to test Theory of Mind (ToM) abilities). Studies that administered TB tasks to a broad

age range of children yielded surprising findings of a U-shaped performance curve in this

seemingly trivial task. Children before age four perform competently in the TB condition.

Children who begin to solve the FB condition at age four, however, fail the TB condition and

only from around age 10, children succeed again. New evidence suggests that the decline

in performance around age four reflects pragmatic confusions caused by the triviality of the

task rather than real competence deficits in ToM. Based on these results, it can be hypothe-

sized that the recovery of performance at the end of the U-shaped curve reflects underlying

developments in children’s growing pragmatic awareness. The aim of the current set of

studies, therefore, was to test whether the developmental change at the end of the U-

shaped performance curve can be explained by changes in children’s pragmatic under-

standing and by more general underlying developmental changes in recursive ToM or recur-

sive thinking in general. Results from Study 1 (N = 81, 6–10 years) suggest that children’s

recursive ToM, but not their advanced pragmatic understanding or general recursive think-

ing abilities predict their TB performance. However, this relationship could not be replicated

in Study 2 (N = 87, 6–10 years) and Study 3 (N = 64, 6–10 years) in which neither recursive

ToM nor advanced pragmatic understanding or recursive thinking explained children’s per-

formance in the TB task. The studies therefore remain inconclusive regarding explanations

for the end of the U-shaped performance curve. Future research needs to investigate poten-

tial pragmatic and general cognitive foundations of this developmental change more

thoroughly.

Introduction

Theory of Mind (ToM) is the social-cognitive ability to think and reason about one’s own and
others’ mental states [1]. At the core of ToM lies meta-representation: the capacity to represent
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that subjects represent the world in a certain way that can differ from one’s own current per-
spective. The litmus test for ToM is the so-called false belief (FB) task. In this task, participants
need to track a story protagonist’s belief that comes to differ from reality: Participants see how
an object is placed at location 1 in the presence of a protagonist and is then moved from loca-
tion 1 to a new location 2 in the protagonist’s absence. Participants are then asked to ascribe to
the protagonist a belief about the object’s location (“Where does she think the object is?”) or to
predict the protagonist’s behavior based on her belief (“Where will she look for her object
upon her return?) [2]. Individuals with an (explicit) ToM predict that the protagonist will look
for her object–based on her false belief–in location 1. Developmentally, children succeed FB
tasks around the age of four years. Children younger than four years systematically fail. They
predict confidently that the protagonist will look–according to reality–in location 2 [2, 3].

In the history of ToM research, many FB studies also administered an additional True Belief
(TB) condition to the children. The TB condition serves as a baseline and control measure to
ensure that children, especially younger ones, can cope with the narrative task structure. It is
structurally similar to the FB task with the only difference that the protagonist witnesses the
object transfer from location 1 to location 2 and thus has a veridical belief about the object’s
location. Typically, children younger than four years who fail the FB condition, pass the TB
condition [3].

Recently, however, the TB condition has been administered to a broader age range of chil-
dren, with quite puzzling results: with age, children get worse in the TB condition. More specif-
ically, children from age four who begin to solve the FB task start to fail the TB task [4–7]. The
initial pattern found in younger children–passing the TB condition while failing the FB condi-
tion–reverses around this age. Children from age four succeed in the FB condition but fail the
TB condition. This performance pattern (younger children pass TB and fail FB and vice versa
for older children), reveals itself also at an individual level, in strong negative correlations of
the two versions of the tasks. Remarkably, the failure in the TB task persists into late childhood:
Only from age seven to ten, performance in the TB task recovers. At this point in development,
children pass both FB and TB for the first time. Taken as a whole, the development of perfor-
mance in the TB task follows a U-shaped trajectory: from high performance in young children
around age three to a dramatic decrease around age four when children solve the FB condition
to a recovery of performance only in later childhood around age seven to ten. FB performance,
in sharp contrast, remains constantly high from around age four [6].

As any U-shaped curve in performance, this unexpected developmental pattern raises at
least two fundamental questions: First, how does the decrease in performance in the TB task
come about at the beginning of the U-shaped curve? Why do children start to fail TB tasks
once they come to master FB tasks? Second, how does the recovery of performance come
about at the end of the U-shaped curve? Why do children from around age seven to ten over-
come their intermediate difficulty with TB tasks?

One possible answer to both questions is the following: The developmental pattern of the
U-shaped performance curve in the TB task does not reflect children’s ToM competencies but
the development of an understanding of pragmatics. Children’s failure in this intermediate
state between four and ten is not based on a fundamental problem in ToM understanding but
on pragmatic performance limitations [8].

In general, pragmatics pertains to comprehension and production of speech acts and dis-
course that goes beyond mere literal meaning. For a comprehensive understanding of most
speech acts and discourse, additional information besides the literal meanings of the words
(sentence meaning) needs to be taken into account in order to determine what is meant
(speaker meaning): for example, information about who made an utterance, in which context,
against the background of which rules etc.–and in particular, the recipient needs to figure out
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the speaker’s intentions underlying the speech act in question [e.g., 9]. Pragmatics is thus, in
some sense, a form of applied ToM.

Regarding the TB performance, it seems quite clear that children from early on do under-
stand the semantics, the literal meaning of the words in the TB test question. Perhaps, how-
ever, children in the intermediate state (between ages four and ten) struggle with
understanding the use of the test question “Where does the protagonist think the object is?”
They do not yet understand what the interlocutor means or wants by asking this question. But
why should the TB question be pragmatically challenging? Why do children struggle to grasp
the experimenter’s intention in asking the TB test question?

A closer inspection of the TB task and the corresponding question reveals that it combines
a number of properties that jointly make the task quite peculiar from a pragmatic point of
view. First, the TB task is highly trivial: The protagonists clearly sees that the object is moved
to a new location and the protagonist, the child and the experimenter share this knowledge
about where the object is and everyone knows that the others know, too (this is thus common
ground or mutual knowledge). Second, the TB test question is an academic question. The
experimenter knows the answer herself. She does not ask this question to gain new informa-
tion but rather to test whether the child knows the answer, too. Academic question formats are
difficult to grasp for young children [10] (for effects of the interviewer’s knowledge on chil-
dren’s answer behavior, see also [11–13], for related proposals regarding the role of pragmatic
factors in FB and other ToM tasks, see, [14–17]. Third, the TB test question asks for a belief
ascription or a belief-based action prediction [6]. Normally, we tend to talk about beliefs when
we refer to or at least raise the possibility of their falsity [18]. In the TB scenario, however,
there is no such obvious possibility. From a purely semantic point of view, the TB test question
is utterly unproblematic, indeed highly trivial. Children with a merely literal language use with
little sense of pragmatics should thus not find such questions taxing. But for language users
with some pragmatic sensitivity, such questions should appear at least prima facie odd.

In light of the first question raised above (How does the decrease in performance in the TB
task come about at the beginning of the U-shaped curve?), the pragmatic analysis thus yields
the following (somewhat simplified) picture: Young children without a sophisticated under-
standing for ToM are limited in their pragmatic language understanding. They mostly use and
interpret language literally (but see [19]). Children in this stage of development thus should
have no problems with the TB task. However, once children start to develop ToM capacities
(i.e., when they pass the FB task), these lay the ground for developing pragmatic understanding
[20, 21]. However, their initial ToM and pragmatic understanding are still fragile at this age
and their fragile pragmatics then leads them astray in the TB test.

Some evidence speaks in favor of this. First, as reviewed above, performances in the TB and
FB tasks are negatively correlated such that children first fail FB and pass TB, and then show
the reverse pattern [6]. The performance pattern matches the predictions of the pragmatic
analysis such that children’s failure in the TB task depends on their success in the FB task:
once children develop the prerequisite ToM capacities, they develop an understanding for
pragmatics. As a consequence of this development, they suffer from the pragmatic peculiarity
of the TB question and fail to answer it correctly while passing the FB task [6]. Second, chil-
dren succeed in both the TB and FB task after modifications of the task pragmatics in the TB
task. For example, children solve the TB task without any decline in the performance curve
when the task is presented without or with less trivial language [8]. These results suggest that
children show no more difficulties with answering the TB test question correctly once peculiar
factors of the tasks are removed. Taken together, first evidence confirms the predictions of the
pragmatic analysis at the beginning of the U-shaped performance curve.

PLOS ONE How do children overcome their pragmatic performance problems in the true belief task?
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The developmental processes at the end of the U-shaped performance curve, however, still
raise open questions. How do children overcome their pragmatic difficulties in the TB task
later in development, and how does this explain performance recovery at the end of the U-
shaped curve? Currently, hardly anything is known about how children overcome their perfor-
mance limitation in the TB task. From a pragmatic point of view, one possibility is the follow-
ing: Regarding the beginning of the U-shaped development, the pragmatic analysis predicts
that children start to get confused by the peculiarity of the TB test question once they develop
sensitivity for pragmatics on the basis of their developing ToM. Applying the same logic to the
end of the U-shaped curve, the pragmatic analysis predicts that children succeed again in the
TB task once they have undergone further pragmatic development (adults, after all, even
though they may find this type of questions funny, have no difficulty in answering it correctly).
Taking new steps in pragmatics development might enable children to reason about language
use on a higher, more sophisticated level of pragmatic interpretation, and thus to grasp more
complex and advanced forms of discourse and speech acts.

Imagine, to illustrate the point, someone asks you, “Did you enjoy the nice weather yester-
day?” when it in fact was raining cats and dogs all day. Interpreting this as a regular question
asked in order to receive new information would be highly confusing given that the presuppo-
sition (“The weather was nice yesterday”) is not fulfilled. To understand the actual speaker
meaning, you need to stand back from the literal meaning of the question and interpret it at a
different, higher level. For example, you might infer the speaker’s intention to make an ironic
comment about the rainy weather, or you may interpret the question as an academic exercise
such that the speaker’s intention is to test your knowledge of English past tense. What these
examples thus illustrate is that a prima facie odd question can make perfect sense when inter-
preted on a new and higher pragmatic level [22].

Applied to the TB performance, this developmental step might enable children to focus on
a new interpretational level that allows them to resolve their initial confusions about the pecu-
liar test question in the TB task (“strange question, but then I’m participating in a study after
all; researchers do ask strange questions. . .”). If this idea holds, children who are able to reason
at a flexible, higher-order level of pragmatic interpretation should be more likely to answer the
TB test question correctly. Accordingly, the emergence of flexible, higher-order pragmatic
understanding would determine the end of the U-shaped performance curve.

But what exactly happens in children’s pragmatic development at the end of the U-shaped
curve? How can the crucial pragmatic development at the end of the U-shaped curve be
described, and what are important foundations and correlates of this development?

The pragmatic analysis predicts a developmental progress in advanced pragmatics at the
end of the U-shaped curve. If indeed the developmental curve reflects pragmatic progress
more generally, this should also become apparent in other areas of advanced pragmatics. To
this end, we will compare children’s performance in the TB task at the end of the U-shaped
curve with developments in advanced pragmatic understanding more generally (regarding
comprehension of indirect speech acts). The progress in advanced pragmatics, in turn, could
itself be rooted in growing recursive ToM capacities. And the development in higher-order
recursive ToM, in turn, might be based on a more general ability for recursive thinking. In the
following, we discuss these three possibilities in turn.

Advanced pragmatic understanding

The crucial step in pragmatic development that leads to the end of the U-shaped curve may
reflect a more general phenomenon of developmental progress in pragmatics. Such a general
progress in advanced pragmatics might become evident when comparing the performance in
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the TB task and advanced pragmatics in other areas. Generally, pragmatics is neither a simple
and unitary phenomenon [23] nor do pragmatic abilities emerge in simple uniform ways
across ontogenetic development [24]. Most relevant for present purposes are advanced forms
of pragmatic understanding that tend to emerge comparatively late in development. Non-lit-
eral language understanding, such as ironic and metaphorical utterances, are prototypical
examples [21, 25, 26]. For example, in uttering "It’s great weather for our picnic today" when it
is raining all day, the speaker does not want the hearer to take her utterance literally. The
speaker rather intends the hearer to belief that she thinks that it is not nice to have a picnic out-
side [27, p.262]. Accordingly, the hearer needs to suppress the initial, literal interpretation to
be able to infer the actual meaning, for example, by taking context information into account
[24]. Similar processes may be at work in the TB task such that children might overcome their
confusion about the trivial test question (“This is too easy, maybe I missed something”) by sup-
pressing this initial interpretation and taking context information into account (“I’m partici-
pating in a study and the experimenter asks test questions”). Interpreting non-literal language,
especially ironic utterances, involves ascriptions of complex intentions and is therefore sug-
gested to be an application of ToM [20, 26]. In neurotypical development, children develop an
understanding of metaphors during school age or even preschool age [19, 24, 28]. Its relation
to ToM abilities, however, has been controversially discussed in the recent literature [28–30].
Evidence on irony comprehension suggests that children develop an understanding of ironic
utterances during school age between six and 13 years of age, depending on the kinds of mea-
sures used [24]. The relation of irony understanding to ToM is less controversial: children’s
performance in irony comprehension correlates with their second-order FB understanding
[26, 31].

Recursive ToM

The crucial foundation of development regarding the end of the U-shaped curve might be
even more general than sophisticated pragmatics–for example, the capacity for recursive,
higher-order mindreading. The standard ToM tests asks for a first-order mental state ascrip-
tion, but of course this is not where mental state ascription ends. Advanced forms of ToM
enable flexible and higher-order forms of mindreading in which additional levels of mental
states can be represented. Ascription of a belief about a belief, for example, constitutes second-
order mental state ascription. Virtually, mental states can be recursively embedded within
each other infinitely (“A thinks that B thinks that C thinks that D thinks that . . . p”). This
understanding for recursively embedded mental states may be the common denominator
underlying both advanced pragmatics generally and of the TB performance specifically. It may
provide the basis for advanced pragmatics in various forms, for example, by enabling the
ascription of higher-order communicative intentions. In the TB task, recursive ToM might
enable the ascription of specific higher-order communicative intentions to make sense of the
speech act. There are at least two possibilities, how recursive ToM might be involved in the TB
task in particular. One possibility is that children who develop an understanding for the prag-
matic use of academic test questions (which are also very trivial and pertain to subjective rep-
resentations) do not any longer get confused by the TB test question at all, but reach the right
pragmatic interpretation of the question straight away. They integrate context information
and ascribe higher-order intentions and thus make sense of the academic test question from
the outset without being confused. A second possibility is that children initially suffer from
confusion by the trivial academic TB test question (e.g., “Why does the experimenter ask me
such a question? Maybe I must have missed something, maybe the experimenter thinks that I
don’t know that the protagonists does not know that the object is in that location”). Younger
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children might not yet be able to resolve this confusion whereas older children, once they have
developed recursive mindreading, might be able to ascribe higher-order mental states and thus
to resolve the confusion (e.g., “She wants to know whether I know that the protagonist knows
that the object is in the new location”). Either way, children’s performance on the TB test ques-
tion should then be related to their recursive ToM capacities more generally.

Recursive ToM reveals itself in various forms, in many different tasks and situations, but
tasks that directly test for this understanding for second- or higher-order mental state ascrip-
tions are rare in the literature. Evidence from this line of research shows that children at the
age of five to six years can attribute second-order mental states [“A thinks that B believes that
. . .”; e.g., 32], but only very little is known about children’s development of higher-order ToM
beyond second order of recursion. In a study by Liddle and Nettle, for example, ten- to eleven-
year-olds performed above chance level in a third-order ToM task and at chance level in a
fourth-order ToM task [33]. Adults, in contrast, were able to reason until seventh-order of
recursion, in particular, when tested “implicitly” through observing video clips of social inter-
actions compared to explicit measures used in the above reported studies with children [34].
Until now, it therefore remains an open question when exactly children learn to reason about
mental states on different levels of embedding and whether this development is fundamental
for children’s performance in the TB task.

General ability for recursive thinking

The ability to reason about higher-order mental states, in turn, might be based on a more gen-
eral ability for recursive thinking. The performance in the TB task, hence, would not only rely
on the ability for higher-order ToM but on an even broader ability for recursive operations
that is fundamental for higher-order ToM abilities.

Thinking and reasoning recursively is not only of importance in the development of ToM
but has been implicated in a number of probably uniquely human abilities such as language,
music, mathematics or mental time travel [35–37]. Recursive operations in all these areas
require embedding of elements (e.g., mental states, words/clauses, etc.) within elements of the
same kind [38]. The corresponding level of reasoning can be more or less clearly defined and
quantified (e.g., in the domain of ToM: “A thinks that B thinks that C thinks that p” as third-
order mental state ascription).

The general ability for recursive operations might manifest itself in recursive thinking in the
various specific areas of application, including higher-order ToM. Consequently, the developmen-
tal changes in TB performance might reflect development in advanced pragmatic that builds on
recursive ToM that, in turn, is a manifestation of general recursive operations. Once the child has
acquired a certain level of general recursive thinking, this enables her–via recursive ToM–to think
pragmatically about the TB task at a higher level, overcome her pragmatic confusion and solve the
task. If this hypothesized pattern holds, an individual, first, would be able to think recursively on
the same level of embedding in different areas of application; and second, the general level of
recursive thinking would, at least partly, predict her performance in the TB task.

Rationale of the present study

In sum, the puzzling developmental pattern of the U-shaped performance curve in the TB task
raises two fundamental questions: First, how does the decrease in performance in the TB task
come about at the beginning of the U-shaped curve? Second, how does the recovery of perfor-
mance come about at the end of the U-shaped curve? The pragmatic analysis presents one pos-
sible answer to both questions: the U-shaped curve reflects an underlying development in
children’s understanding of pragmatics.
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Previous research has yielded some evidence that speaks to the first question, but so far, no
study has empirically addressed the second question. The rationale of the present study, there-
fore, is to test whether, indeed, the developmental change at the end of the U-shaped perfor-
mance curve reflects and can be explained by pragmatic development.

To this end, we tested a wide age range of children with the standard FB and TB task. Due
to the restrictions of the Covid-19 pandemic, testing was conducted in an online format. We
ran the studies as moderated online studies in which the experimenter interacted with the
child via video chat while presenting the tasks on screen. With this change in setting, the prag-
matic context in which the experimenter administers the TB task to the child was essentially
different compared to earlier studies. A preliminary question thus was whether the typical per-
formance curve replicates in the new format in children between six and ten years. The age
range is expected to include younger children who still fail and older children who succeed
again in the TB task (e.g., [6]), representing the right half of the U-shaped performance curve.

The main research question then was: What are the factors that explain the end of the U-
shaped performance curve in the TB task? Here, we explore different possibilities based on the
pragmatic analysis introduced above:

1. Is the TB pattern a function of advanced pragmatics development?

2. Even more generally: Is it a function of recursive ToM, or even of recursive thinking in
general?

In order to do so, Advanced Pragmatic Understanding was operationalized in a task that
asked for children’s metaphor and irony understanding. Recursive ToM was operationalized in
tasks that tested children’s understanding and production of higher-order mental state ascrip-
tions. The general ability for recursive thinking was operationalized as children’s recursive lan-
guage abilities as a proxy for their general recursive abilities. This task tested children’s
understanding for embedded recursive clauses. Children were tested in these tasks and the TB
task in three online studies. Table 1 displays the tasks administered in Study 1–3.

Study 1

Method

This research was conducted in accordance with the Declaration of Helsinki and the Ethical
Principles of the German Psychological Society (DGPs), the Association of German Profes-
sional Psychologists (BDP), and the American Psychological Association (APA). It involved
no invasive or otherwise ethically problematic techniques and no deception (and therefore,
according to National jurisdiction, did not require a separate vote by a local Institutional
Review Board; see the regulations on freedom of research in the German Constitution (§ 5
(3)), and the German University Law (§ 22)). Before the test sessions of Studies 1–3 started,
informed consent was obtained from the parents of the subjects.

Table 1. Tasks included in Studies 1–3 in the order presented in the test session.

Task Study 1 Study 2 Study 3

Recursion in general: recursive language abilities x x x

Change-of-location: TB and FB x x x

Recursive ToM: production x

Recursive ToM: understanding x x x

Advanced pragmatics understanding x

https://doi.org/10.1371/journal.pone.0266959.t001
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Design. Children in all three studies were tested in a single session (30–45 minutes) by a
female experimenter (E). The tasks were presented remotely (on a laptop computer screen or
tablet computer screen, no smartphone) in an interactive online study via a video conferencing
platform (mainly BigBlueButton, in case of connection issues, the test session was shifted to
Zoom). The tasks were embedded in a video, which was displayed via the conference platform
in the middle of the child’s screen and required the child to give verbal answers. Next to the
video, the child was constantly able to see the webcam video of E and herself, so that the child
and E were able to communicate via audio and video streaming during the whole test session
(see [7] for a validation study of this paradigm). Before the beginning of the test session, the
caretaker gave verbal consent to the child’s participation in the study and the video and audio
recording during the test session. The verbal consent was recorded and stored separately from
the recording of the test session. The caretaker and the child were informed that they might
abort the participation at any given moment. In the beginning of the test session, E advised the
child that she could repeat each question if the child had any comprehension difficulties.

Participants. Eighty-one 6- to 10-year-old children (72–131 months, mean age = 99.52
months; 41 girls, 40 boys) were included in the final sample. Eight additional children were
tested but excluded from data analyses because of technical issues during the test session
(N = 6), uncooperative behavior (N = 1) and concentration deficit resulting in >50% incor-
rectly answered control question in the change-of-location task (N = 1). The age range was
chosen so broadly in order to compare children who show and do not show the performance
difficulties in the TB task. Participants in this and all subsequent studies were recruited from a
database of children whose parents had previously given consent to experimental participation
as well as via social media.

Material. Test for syntactic recursion. The task adapted from Arslan and colleagues (2017)
tested for the comprehension of embedded relative clauses in German language [39]. Children
saw two rows of animals (upper and lower row) on the screen (Fig 1). Each animal was dis-
played on a different background color. The children were asked to name the location of a cor-
responding animal on the screen (e.g., “Where is the cow that strokes a horse?” for the first-
order syntactic recursion test question). Children had to refer to the animal’s location in nam-
ing the corresponding background color and the row in which the animal was placed (e.g.,
“yellow, upper row”). The test questions containing the relative clauses were scaled from first
order until fourth order of syntactic recursion and could be repeated up to four times [39]. For
a detailed procedure, see S1 File.

Standard change-of-location task. The children received four trials of the standard change-
of-location tasks with different stimuli [2] implemented in short, animated video clips. Protag-
onist A and her object O were presented to the child before Protagonist A placed O in one of
two boxes (box 1). In her presence (TB condition) or absence (FB condition), protagonist B
came into the scene and moved O to the other box (box 2) and the following test and control
questions were asked:

• Test question: “Where does Protagonist A think that O is?” [correct answer box 1 for FB,
box 2 for TB condition]

• Control Question 1: “In which box was O in the beginning?” [correct answer: box 1]

• Control Question 2: “Where is O now?” [correct answer: box 2]

The TB and FB trials were presented in alternating order beginning with a TB trial and the
children saw a frozen still image of the last frame of the scenario (Protagonist A and the two
boxes) when answering the questions.
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Recursive ToM task: Understanding. The children heard three stories (partly adapted from
[33]) accompanied by animated video clips and were asked to answer test questions about the
characters’ mental states afterwards. The test questions were scaled from second order to fifth
order of mental state recursion and children had to decide which of two sentences was true
regarding the story line. The sentences were read out by a voice and displayed with pictures on
the screen (Fig 2). To choose one of the two sentences, children could either name the side/
color of the picture on the screen or repeat the sentence.

Example story: the video dilemma (adapted from [33])
This is Sarah and this is Olli. Sarah and Olli are in the same class at school. “Hi, I’m Sarah!’,

“and I’m Olli”. Their teacher is Mrs. Brown. Today Mrs. Brown suggests that Sarah and Olli
should bring a video to school tomorrow to watch with the other children. Mrs. Brown also
says to them, “Make sure you bring a film that I will like too!” (Mrs. Brown leaves the scene).
Sarah’s favorite videos are pirate videos. Olli’s favorite videos are horse films. Which will it be?
A pirates or a horse film? Olli says to Sarah, “We just can’t decide so I think that we should

Fig 1. Material for test question with a first-order syntactic recursion “Where is the cow that strokes a horse?”,
Correct answer “yellow, upper row”.

https://doi.org/10.1371/journal.pone.0266959.g001
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Fig 2. Screenshots of the visual animation of the fourth-order Theory of Mind test question in the story line “the
video dilemma”. Note. Children heard a voice slowly reading out the answer sentences while the animation was
presented accordingly on the screen. E.g., “Sarah hopes [picture a] that Olli believes [picture b] that she knows [picture
c] that Mrs. Brown wants [picture d] them to watch a pirate film [picture e]”. After that the second answer option (red
side) was read out and presented accordingly.

https://doi.org/10.1371/journal.pone.0266959.g002
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take the film that Mrs. Brown would like. Sarah, do you know which one Mrs. Brown would
like best?” Sarah is thinking about that. She does not have a clue which film Mrs. Brown would
like. But Sarah decides to tell Olli that she knows that Mrs. Brown likes pirate films best. Sarah
thinks that this will make Olli agree to take a pirate video to school. Olli listens to this and then
Olli says, “We will take a video of pirates then.” So, Sarah gets to enjoy her favorite film!

Memory question
Which sentence is true?
a) Sarah likes pirates films best.
b) Sarah likes horse films best.
Test question (ToM Level 4)
Which sentence is true?
a) Sarah hopes that Olli believes that she knows that Mrs. Brown wants that they watch a

pirate film.⇤

b) Sarah hopes that Olli believes that she doesn’t know that Mrs. Brown wants them to
watch a pirate film.
⇤German translation with that-complement for want (“möchte, dass”)
Task for advanced pragmatics understanding. Children received two trials of a pragmatic

language task testing for their metaphor and irony understanding [partly adapted from and
inspired by 20, 26, 30, 31]. Each trial consisted of a story about two characters accompanied by
three pictures (Table 2 and example below).

The questions (and answer options) could be repeated up to four times. During the ironic
utterance (Table 2, Picture 3), the speaker’s face was not visible to avoid any inferences from
their facial expression. To answer the second test question correctly, children had to refer to
the speaker’s mental state or attitude to the other agent’s behavior or refer to the negative out-
come of the other agent’s behavior or to the opposite/ ironic meaning of the utterance.
Answers to this test questions were coded with a fixed coding scheme (adapted from [25, 26],
see S1 File).

Results

Coding of predictors. In the syntactic recursion task and the recursive ToM understand-
ing task, children were coded with the highest level of recursion until that they performed con-
sistently correct (e.g., child is coded with “3” when she answers the test questions for level 1–3

Table 2. Example story for Advanced Pragmatics Understanding Task.

Picture Content Example

1 Information for
metaphor

Lisa is running through the apartment all day. She plays with the ball, jumps
on the sofa and plays tag with the cat.

Test Question about
metaphor

What fits the best? Lisa is. . .
• A cloud
• A crocodile
• A whirlwind (Correct Answer: Metaphor used in German for very active
children)
• A tree

2 Story line In this moment, Lisa is running so fast that she hits the table and all the books
fall on the ground.

3 Ironic utterance Lisa’s older brother enters the rooms and says, “You’re very careful today.”

Questions about ironic
utterance

Test question 1: Does the brother want Lisa to believe that he thinks that she
was careful?

Test question 2: Why does the brother say, “You’re very careful today”?

Control question: Does the brother find that Lisa was careful?

https://doi.org/10.1371/journal.pone.0266959.t002
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correctly, but the test question for level 4 incorrectly). For advanced pragmatics, children
received the score of correct trials for the metaphor test questions, the irony test question 1
and irony test question 2 separately (0–2 each). For the coding scheme for irony test question
2 and interrater reliabilities, see S1 File.

Plan of analysis. In a first step, we assured that the children responded consistently in the
two trials of the same condition in the change-of-location task, so that we were able to code
children’s performance in this task for the subsequent analysis in a binary format (passers vs.
non-passers).

Second, in scope of the preliminary analyses, we tested for the typical performance in the
TB and FB task in computing comparisons against chance level performance for both TB and
FB in the three age groups (young, middle, old). Children of all groups were expected to per-
form above chance level in the FB task whereas only the oldest age group (9;4–10;11 years) was
expected to perform better than chance level performance in the TB task. Additionally, we
computed correlations between FB and TB performance which were expected to be negative
for the two younger age groups and positive for the oldest age group only.

To address the main research question of factors that influence the performance in the TB
task, we computed a logistic regression model. In the logistic regression model, TB perfor-
mance (passing vs. no-passing) was predicted by recursive syntactic abilities, recursive ToM
understanding, advanced pragmatics understanding and children’s age. We compared this full
model with a control model containing only children’s age in months.

TB and FB performance: Consistency across trials in the standard change-of-location
task. The consistencies in performance of children over the two trials of the same condition
of the standard change-of-location task were high. The percentage of children who had two
available trials (meaning all control questions answered correctly) and showed the same per-
formance in both trials was 85.90% (F = .68) for the TB trials and 98.75% (F = n/c, due to at
least one constant variable) for the FB trials. Therefore, both trials were included in the analy-
sis. For the following analysis, the TB and FB performance were coded as binary variables.
Children had to pass both trials of a condition to be assigned to the group of passers. Children
failing in one or both trials of a condition were assigned to the group of non-passers.

Preliminary analyses: TB and FB performances in different age groups of children.
The performance in the change-of-location task as a function of belief type and age is depicted
in Fig 3.

To test for the failure in the TB condition and the success in the FB condition of younger
children and the success in both conditions in older children, we computed Wilcoxon signed
rank tests against chance level performance (0.5) for the three age groups and the two belief
conditions. The Wilcoxon tests showed that the youngest age group (6;0–7;7-year-olds) per-
formed significantly above chance in the FB condition (M = .93, p < .0001, r = -.85). The tests
could not be computed for the two older age groups due to ceiling effects in the FB condition
(7;8–9;3-year-olds and 9;4–10;11-year-olds M = 1). In contrast, Wilcoxon signed rank tests
revealed that in the TB condition, only the oldest age group of children (9;4–10;11-year-olds)
performed significantly above chance (M = .74, p< .02, r = —.48). Younger children (6;0–
7;7-year-olds and 7;8–9;3-year-olds) performed at chance level (6;0–7;7-year-olds: M = .41, p =
.34, r = —.18; 7;8–9;3-year-olds: M = .63, p = .18, r = -.26).

The correlation between the TB and FB performance in the change-of-location task is (not-
significantly) negative for the whole sample (r(phi) = -.13, p = .24) as well as for the youngest
age group (6;0–7;7-year-olds: r(phi) = -.34, p = .08). Because of the ceiling effects in the FB
condition, the correlation is not computable for the two older age groups.

Main analyses: Predictors for TB performance. We removed children failing the first-
order FB condition (N = 2) from the following analyses. This was based on the assumption
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that children who still do not succeed in the first-order FB task use different cognitive strate-
gies to solve the TB task compared to the group of children we aim to examine here.

Descriptive statistics. The mean performances in the recursive ToM understanding task, the
advanced pragmatic language task and the syntactic recursion task as a function of TB perfor-
mance and age are summarized in Table 3.

For a more detailed summary of answers to irony test question 2, see S1 File.
Logistic regression models. We estimated the effect of the different predictors of mental state

ascription on the TB performance using a multiple logistic regression model. To control for
children’s age in months, we included it into the model, too. Prior to fitting the model, we
checked for the assumptions. We checked for multicollinearity (all VIFs 1.38) and linearity
of the logit for age (b = 0.08, p = .81), recursive ToM understanding (b = 1.48, p = .73) and syn-
tactic recursion (b = -2.98, p = .27).

We compared the fit of the full model with that of a null model with the control variable
only (TB ~ age). As the model comparison is significant, the predictors of mental state

Table 3. Mean performance (M) and standard deviations (SD) in Syntactic Recursion (Synt. Recurs.), Recursive ToM Understanding (RToM U), metaphor under-
standing (Metaphor), irony understanding in the first and second test question (Irony1 and Irony2) and for TB non-passers (noTB) and TB passers (TB) in three
groups of age.

n Synt. Recurs. RToM U Metaphor Irony1 Irony2

M(SD) M(SD) M(SD) M(SD) M(SD)

Age noTB TB noTB TB noTB TB noTB TB noTB TB noTB TB

6;0–7;7 16 11 2.19 (1.11) 2.00 (1.5) 2.13 (1.36) 2.44 (0.88) 1.33 (0.62) 1.78 (0.67) 1.44 (0.81) 1.00 (1.00) 1.40 (0.83) 0.89 (0.93)

7;8–9;3 10 17 2.80 (0.92) 2.94 (1.25) 2.00 (0.67) 4.18 (1.19) 1.80 (0.42) 1.82 (0.39) 1.00 (0.94) 1.35 (0.79) 1.40 (0.84) 1.24 (0.83)

9;4–10;11 7 20 2.43 (1.62) 3.00 (0.97) 2.57 (1.40) 3.90 (1.37) 1.71 (0.49) 1.80 (0.41) 1.71 (0.49) 1.55 (0.60) 1.86 (0.38) 1.75 (0.44)

Note. Possible range of performances for recursive ToM understanding: 0–5, for pragmatic language task: 0–2, for syntactic recursion task: 0–4.

https://doi.org/10.1371/journal.pone.0266959.t003

Fig 3. Children’s performances in the standard change-of-location task as a function of age group and belief type
in Study 1.

https://doi.org/10.1371/journal.pone.0266959.g003
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ascription have an impact on the TB performance (Model X2(6) = 24.58, p< .001). More spe-
cifically, an increased ability in recursive ToM understanding lead to increased TB perfor-
mance (B = 0.84, p< .001⇤⇤⇤, OR = 2.33). Pragmatic language abilities, age and syntactic
recursion abilities did not affect the TB performance significantly (Table 4).

Fig 4 pictures this difference in performance in recursive ToM understanding between TB-
passers and TB-non-passers.

Post-hoc analyses. We computed post-hoc one-sided Wilcoxon rank sum tests for TB-pas-
sers versus TB-non-passers in recursive ToM understanding as it significantly predicted the
outcome in the logistic regression model. Due to multiple testing, Bonferroni correction was
applied and resulted in an alpha value of 0.0125 (0.05/4) for this post-hoc computation. The
comparison of the performance shows a significant difference in the recursive ToM

Table 4. Results of the logistic regression model predicting children’s TB performance with their age in months and their performance in tasks of syntactic recur-
sion (Synt. Recurs.), Recursive ToM understanding (RToM U), and Advanced Pragmatics (Metaphor and Irony1 and Irony2 for irony test questions 1 and 2).

B(SE) z p 95% CI for Odds Ratio

Lower Odds Ratio Upper

Included

Constant -4.10 (1.89) -2.17 .03⇤

Age in months 0.02 (0.02) 1.29 .20 0.99 1.02 1.06

Synt. Recurs. -0.19 (0.29) -0.66 .51 0.46 0.83 1.44

RToM U 0.84 (0.23) 3.67 < .001⇤⇤⇤ 1.54 2.33 3.84

Metaphor 0.71 (0.60) 1.18 .24 0.64 2.03 6.95

Irony1 0.13 (0.39) 0.34 .73 0.52 1.14 2.48

Irony2 -0.68 (0.43) -1.59 .11 0.21 0.51 1.15

Note. R2 = .44 (Nagelkerke). Model X2(6) = 24.58, p< .001.
⇤⇤⇤p< .001.

https://doi.org/10.1371/journal.pone.0266959.t004

Fig 4. Children’s performance in recursive ToM understanding as a function of their TB performance (passers vs.
non-passers) across age.

https://doi.org/10.1371/journal.pone.0266959.g004
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understanding for TB-non-passers (M = 1.91, n = 33) against TB-passers (M = 3.72, n = 46,
W = 319.5, p< .0001, r = -.53) for the whole sample. For the comparison within the age
groups, Wilcoxon rank sum tests reveal that the performance differs significantly for the mid-
dle age group between TB-non-passers (M = 1.80, n = 10) and TB-passers (M = 4.18, n = 17,
W= 16, p< .0001, r = -.73). This difference is not significant for the youngest age group (M
(noTB) = 1.75, n = 16; M(TB) = 2.44, n = 9, W = 50.5, p = .09, r = -.34) and the oldest age
group of children (M(noTB) = 2.43, n = 7; M(TB) = 3.90, n = 20, W = 34.5, p = .02, r = -.45).

The achieved power was computed post-hoc for the logistic regression model. For the sig-
nificant predictor recursive ToM understanding, this resulted in a power of 1 –ß = .89.

Discussion

The expected pattern of typical TB and FB performance in children between six and ten years
was replicated in the online study: children in the youngest and middle age group (6;0–9;3
years) failed to perform above chance level in the TB task while FB performance was at ceiling.
Only children in the oldest age group (9;4–10;11years) performed proficiently in both condi-
tions. Additionally, the study shows first evidence that children’s TB performance can be
(partly) explained by their understanding for recursive ToM. However, none of the variables
of Advanced Pragmatics understanding or syntactic recursion were significant predictors for
children’s TB performance.

Study 2

Study 2, therefore, aimed to replicate this relation between TB performance and children’s
recursive ToM. In order to explore the underlying recursive ToM abilities in more detail,
Study 2 operationalized children’s recursive ToM twofold: similar to Study 1, children’s under-
standing for recursive mental state ascriptions was measured. Additionally, children’s recur-
sive ToM production was measured to identify the cognitive mechanisms relevant for the TB
task more fine-grained.

Method

Participants. The final sample included eighty-seven 6- to 10-year-old children (72–131
months, mean age = 101.41 months; 44 girls, 43 boys). Seven additional children were tested
but excluded from data analyses because of technical issues during the test session (N = 3),
experiential error (N = 1), uncooperative behavior (N = 1), parental interference (N = 1) or
children’s age (child turned out to be too old on the day of the test session; N = 1).

Material. Test for syntactic recursion. The task for syntactic recursion was administered as
in Study 1.

Standard change-of-location task. For the standard change-of-location task, we used the
same material as in Study 1. As the consistency of the two trials (two FB and two TB trials) in
Study 1 was high, only one trial per condition was administered in Study 2. Again, the TB trial
was always presented first.

Recursive ToM production. Children saw two story lines containing bluffs [partly adapted
from 40]. In the first story, a character bluffed to mislead someone. In the second story line,
the character first uttered a double bluff, i.e. he told the truth as the opponent expected him to
lie. As the second story line continued, the same character again uttered a bluff based on his
double bluff: he lied as the opponent now expected him to say the truth (triple bluff). The story
lines were presented as short animated video clips. After each utterance, children were asked
to explain the bluffs (“Why does he say that?”). To receive detailed answers, E asked the child
to explain her answer in more detail. The exact wording of this follow-up question depended
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on the length of the child’s initial answer. Answers to the open question were coded binary
(child did explain the bluff correctly (1) or did not understand the bluff (0)). Children received
the highest score of bluffs that were all explained correctly (0–3).

Example of task for recursive ToM production
Double bluff [shortened, adapted from 40]
The treasure diggers want to find the pirates’ treasure. They know that the treasure is either

in the field or in the mountains. They hold one of the pirates captive and ask him where the
treasure is. The captured pirate is very brave and very smart, he will not let the treasure diggers
find the treasure. The treasure is in the mountains. When the treasure diggers ask the pirate
where the treasure is, the pirate answers, "in the mountains".

Control question: Is that right what he said? (correct answer: yes)
Test Question: Why did he say that?
For follow-up test question depending on length of the answer to initial test question, see

S1 File.
Recursive Tom: Understanding. The task testing for the understanding of recursive ToM

was taken over from Study 1 and extended: Children received one additional story and four
additional test questions resulting in four story lines, two test questions per story and order of
recursion (for more details, see S1 File). If a child answered both second order questions or
more than 50% of the first four test questions incorrect, the test session was terminated after
the third story line.

Results

Coding of predictors. In the syntactic recursion task and the recursive ToM understand-
ing and production task, children were coded with the highest level of recursion up to which
they answered the test question/ both test question correctly (e.g., child is coded with “3” for
recursive ToM understanding when she answers all test questions for level 1–3 correctly, one
test question for level 4 correctly and one test question for level 4 incorrectly). For recursive
ToM production, children receive the score of the respective bluff they explained correctly (0–
3; “1” when they only explained the bluff correctly, “2” when they explained the bluff and the
double-bluff correctly and “3” when they explained all three bluffs correctly). For interrater
reliabilities, see S1 File.

Plan of analysis. The analysis was conducted in close similarity to Study 1. In scope of the
preliminary analyses, we tested for the typical performance in the TB and FB task in comput-
ing comparisons against chance level performance for both TB and FB in the same three age
groups (young, middle, old) and computed correlations between FB and TB performance.

To address the main research question of factors that influence the performance in the TB
task, we again computed a logistic regression model. In the logistic regression model, TB per-
formance (passing vs. no-passing) was predicted by children’s age, recursive syntactic abilities,
recursive ToM production and recursive ToM understanding. We compared this full model
with a control model containing only children’s age.

Preliminary analyses: TB and FB performances in different age groups of children.
The performance in the change-of-location task as a function of belief type and age is depicted
in Fig 5.

To test for the failure in the TB condition and the success in the FB condition of younger
children and the success in both conditions in older children, we computed Wilcoxon signed
rank tests against chance level performance (0.5) for the three age groups and the two belief
conditions. Wilcoxon showed that the youngest age group (6;0–7;7-year-olds) performed sig-
nificantly above chance in the FB condition (M = .86, p< .001, r = -.70). Wilcoxon tests could
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not be computed for the two older age groups due to ceiling effects in the FB condition (7;8–
9;3-years-olds and 9;4–10;11-year-olds: M = 1). In contrast, Wilcoxon signed rank tests
revealed that in the TB condition, only the oldest age group of children (9;4–10;11-year-olds)
performed significantly above chance (M = .76, p< .01, r = -.51). Younger children (6;0–
7;7-year-olds and 7;8–9;3-year-olds) performed at chance level (6;0–7;7-year-olds: M = .43, p =
.46, r = -.14, 7;8–9;3-year-olds: M = .59, p = .36, r = -0.17).

The correlation between the TB and FB performance in the change-of-location task is (not-
significantly) negative for the whole sample (r(phi) = -.19, p = .10) and significantly negative
for the youngest age group (6;0–7;7-year-olds: r(phi) = -.47, p = .02). Because of the ceiling
effects in the FB condition, the correlation is not computable for the two older age groups.

Main analyses: Predictors for TB performance. Descriptive statistics. The mean perfor-
mances in the recursive ToM understanding task, the recursive ToM production task and the
syntactic recursion task as a function of TB performance (passers vs. non-passers) and age
(young, middle, old age group) are summarized in Table 5.

Fig 5. Children’s performance in the change-of-location task as a function of belief type and age in Study 2. Note.
Sample size of the groups vary as only children were included who answered the respective control questions correctly.

https://doi.org/10.1371/journal.pone.0266959.g005

Table 5. Mean performance (M) and standard deviations (SD) in Recursive ToM Understanding (RToM U), Recursive ToM Production (RToM P) and understand-
ing of syntactic recursion (Syntact Recurs.) for TB non-passers and TB passers in three groups of age.

n Synt. Recurs. RToM P RToM U

M(SD) M(SD) M(SD)

Age noTB TB noTB TB noTB TB noTB TB

6;0–7;7 16 12 2.19 (1.11) 2.08 (1.16) 1.06 (0.25) 1.17 (0.39) 1.25 (1.06) 1.17 (1.03)

7;8–9;3 12 17 3.00 (0.95) 3.00 (1.12) 1.67 (0.89) 2.18 (1.07) 2.92 (0.90) 2.65 (1.46)

9;4–10;11 7 22 2.57 (1.27) 3.00 (1.02) 1.86 (0.90) 1.95 (0.90) 2.71 (1.60) 3.36 (1.43)

all 35 51 2.54 (1.12) 2.78 (1.14) 1.43 (0.74) 1.84 (0.95) 2.11 (1.37) 2.61 (1.59)

Note. Possible range of performance for Recursive ToM Understanding task: 0–5, for Recursive ToM Production: 0–3, for Syntactic Recursion task: 0–4.

https://doi.org/10.1371/journal.pone.0266959.t005
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Logistic regression models. We again removed children failing the first-order FB condition
(or having no FB trial available due to incorrect answers to the control questions in the FB con-
dition, n = 10) from the following analyses. Prior to fitting the model, we checked for the
assumptions. We checked for multicollinearity (all VIFs 1.49) and linearity of the logit for
Age (b = 0.11, p = .61), recursive ToM understanding (b = 1.32, p = .43), recursive ToM pro-
duction (b = 1.32, p = .43) and syntactic recursion (b = 1.93, p = .15).

None of the predictors in the full model predicted significantly children’s TB performance
(Table 6). The comparison of the full model with the null model containing the control vari-
able only (TB ~ age) was not significant (X2(3) = 2.95, p = .40).

Post-hoc comparisons. We did not compute post-hoc one-sided two-sample Wilcoxon tests
for TB-passers versus TB-non-passers in recursive ToM as it did not significantly predict the
outcome in the logistic regression model in Study 2.

Discussion

Study 2 did not show the relationship between children’s TB performance and their recursive
ToM found in Study 1, neither operationalized in terms of their understanding for recursive
ToM nor in their own production of recursive ToM. The same task for children’s recursive
ToM understanding was used as in Study 1, however, the task was extended by an additional
storyline and additional test questions and the task for recursive ToM production was added.
This increased the duration of testing significantly and may have had a negative outcome on
children’s concentration and motivation in the test session and, therefore, the validity of
results.

Study 3

We therefore conducted Study 3 in which the initial relationship between children’s TB perfor-
mance and their recursive ToM understanding was tested without additional tasks testing for
Advanced Pragmatics or recursive ToM production to reduce the duration of the test session
and hold children’s concentration as constant as possible.

Method

Participants. The final sample included sixty-four 6- to 10-year-old children (72–131
months, mean age = 102 months; 32 girls, 32 boys). Five additional children were tested but
excluded from data analyses because of technical issues during the test session (N = 4) and
uncooperative behavior (N = 1).

Table 6. Results of the logistic regression model predicting children’s TB performance with their age in months and their performance in tasks of syntactic recur-
sion (Synt. Recurs.), Recursive ToM understanding (RToM U), and Recursive ToM Production (RToM P).

95% CI for Odds Ratio

B(SE) z p Lower Odds Ratio Upper

Included

Constant -3.09 (1.52) -1.88 .04

Age in months 0.02 (0.02) 1.04 .15 0.99 1.02 1.06

Synt. Recurs. 0.12 (0.24) 0.41 .62 0.70 1.12 1.80

RToM P 0.26 (0.36) 0.73 .47 0.66 1.30 2.75

RToM U 0.11 (0.20) 0.54 .59 0.75 1.11 1.67

Note. R2 = .16 (Nagelkerke). Model X2(3) = 2.95, p = .40

https://doi.org/10.1371/journal.pone.0266959.t006
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Material. The task for syntactic recursion, the standard change-of-location task and the
task for recursive ToM understanding were administered with the same material and proce-
dure as in Study 2. In contrast to Study 2, there was no termination rule for the task testing for
recursive ToM understanding.

Results

Coding of predictors. As in Study 2, children were coded with the highest level of recur-
sion up to which they answered all test question correctly (that is, one test question in the syn-
tactic recursion task and two test questions in the recursive ToM understanding task).

Plan of analysis. The analysis was conducted in close similarity to Study 1 and 2. In scope
of the preliminary analyses, we again tested for the typical performance in the TB and FB task
in computing comparisons against chance level performance for both TB and FB in the three
age groups (young, middle, old) and computed correlations between FB and TB performance.

To address the main research question of factors that influence the performance in the TB
task, we again computed a logistic regression model. In the logistic regression model, TB per-
formance (passing vs. no-passing) was predicted by children’s age, recursive syntactic abilities
and recursive ToM understanding. We compared this full model with a control model con-
taining only children’s age.

Preliminary analyses: TB and FB performances in different age groups of children.
The performance in the change-of-location task as a function of belief type and age is depicted
in Fig 6. Children were included when they answered the respective control questions
correctly.

To test for the failure in the TB condition and the success in the FB condition of younger
children and the success in both conditions in older children, we computed two-sided Wil-
coxon tests against chance level performance (0.5) for the three age groups and the two belief

Fig 6. Children’s performance in the standard change-of-location task as a function of belief type and age in Study
3. Note. Sample size of the groups vary as only children were included who answered the respective control questions
correctly.

https://doi.org/10.1371/journal.pone.0266959.g006
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conditions. The Wilcoxon tests showed that the youngest age group (6;0–7;7-year-olds) per-
formed significantly above chance in the FB condition (M = .95, p< .0001, r = -.87). Wilcoxon
tests could not be computed for the two older age groups due to ceiling effects in the FB condi-
tion (7;8–9;3-year-olds and 9;4–10;11-year-olds M = 1). In contrast, Wilcoxon tests revealed
that in the TB condition, only the oldest age group of children (9;4–10;11-year-olds) performed
significantly above chance (M = .82, p< .01, r = -.65). Younger children performed at chance
level (6;0–7;7-year-olds: M = .57, p = .53, r = -.14, 7;8–9;2-year-olds: M = .48, p = .84, r = -.04).

The correlation between the TB and FB performance in the change-of-location task is
(non-significantly) negative for the whole sample (r(phi) = -.10, p = .46) and (non-signifi-
cantly) negative for the youngest age group (6;0–7;7-year-olds: r(phi) = -.19, p = .43). Because
of the ceiling effects in the false belief condition, the correlation is not computable for the two
older age groups.

Main analyses: Predictors for TB performance. Descriptive statistics. The mean perfor-
mances in the syntactic recursion task and the recursive ToM understanding task as a function
of TB performance (passers vs. non-passers) and age (young, middle, old age group) are sum-
marized in Table 7.

Logistic regression models. We again removed children failing to answer first-order FB test
and/or control questions correctly (n = 4) from the following analyses. Prior to fitting the
model, we checked for the assumptions. We checked for multicollinearity (all VIFs 1.55)
and linearity of the logit for age (b = 0.19, p = .40), syntactic recursion (b = -2.42, p = .11) and
recursive ToM understanding (b = 1.61, p = .18).

None of the predictors in the full model predicted significantly children’s TB performance
(Table 8). The comparison of the fit of the full model with the null model with the control vari-
able only (TB ~ age) was not significant (X2(1) = 0.07, p = .79).

Table 7. Mean performance (M) and standard deviations (SD) in understanding of syntactic recursion (Synt Recurs.) and Recursive ToM Understanding
(RToM_U) for TB non-passers and TB passers in three groups of age.

n Synt. Recurs. RToM U

M(SD) M(SD)

Age noTB TB noTB TB noTB TB

6;0–7;7 9 12 2.11 (1.17) 2.83 (0.83) 2.00 (0.50) 1.25 (0.62)

7;8–9;3 11 10 2.55 (1.21) 3.00 (0.94) 1.73 (1.01) 2.50 (1.08)

9;4–10;11 4 18 3.00 (1.15) 3.11 (1.28) 2.75 (1.71) 3.50 (1.42)

all 24 40 2.46 (1.18) 3.00 (1.06) 2.00 (1.02) 2.58 (1.48)

Note. Possible range of performances for syntactic recursion task: 0–4, for Recursive ToM Understanding task: 0–5.

https://doi.org/10.1371/journal.pone.0266959.t007

Table 8. Results of the logistic regression model predicting children’s TB performance with their age in months and their performance in tasks of syntactic recur-
sion (Synt. Recurs.) and Recursive ToM understanding (RToM U).

95% CI for Odds Ratio

B(SE) z p Lower Odds Ratio Upper

Included

Constant -2.80 (1.80) -1.56 .12

Age in months 0.02 (0.02) 1.23 .26 0.98 1.02 1.06

Synt R 0.34 (0.26) 1.31 .19 0.85 1.40 2.37

RToM U 0.08 (0.29) 0.26 .79 0.61 1.08 1.93

Note. R2 = .12 (Nagelkerke). Model X2(1) = 0.07, p = .13.

https://doi.org/10.1371/journal.pone.0266959.t008
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Discussion

Similar to Study 2, the present study shows the typical TB performance in children between six
and ten years but fails to replicate the relationship between children TB performance and their
recursive ToM understanding that was found in Study 1. As neither children’s syntactic recur-
sion abilities nor their recursive ToM understanding predicted their TB performance, the
results of the study therefore do not match with the predictions made by the pragmatic perfor-
mance analysis.

Supplementary explorative analysis: Correlations of predictors in Study 1–3. In addi-
tion to the planed analysis, we conducted an exploratory analysis to investigate how the various
predictors relate to each other. To this end, we computed partial correlations for the predictors
in each study controlled for children’s age in months (Table 9).

Table 9 shows a medium correlation between children’s performance in the syntactic recur-
sion task and recursive ToM understanding task for Study 1 and 3, but not in study 2. In study
2, however, children’s performance in the syntactic recursion and recursive ToM production
task correlated significantly. Additionally, children’s performance in the first and second irony
test question of the advanced pragmatics task in Study 1 show a medium to high correlation
(Table 9).

General discussion

Background to the present study was a puzzling empirical phenomenon: studies that adminis-
tered the TB version of the classical change-of-location task to a broad age range of children
yielded a surprising U-shaped performance curve: young children master this task, then from
around age four children come to fail and performance only recovers around age eight to ten.
Based on evidence that suggests that the decline in performance around age four reflects prag-
matic confusions, the current set of studies tested whether performance recovery at the end of
the U-shaped performance curve can be explained by another developmental change in chil-
dren’s pragmatic understanding. The studies therefore aimed to replicate the typical TB pat-
tern (in an online testing format) and addressed potential factors that might explain the end of
the U-shaped curve in two ways:

1. Is the TB pattern a function of advanced pragmatic development?

2. Even more generally: Is it a function of recursive ToM or recursive thinking in general?

The results, first of all, replicate the typical TB pattern in children between six and ten
years: only the oldest age group (9;4–10;11 years) answered the TB task correctly while

Table 9. Partial correlation of predictors in Study 1–3 controlled for children’s age in months.

Study 1 Study 2 Study 3

1 2 3 4 5 1 2 1

1. Synt

2. RToM P .27⇤⇤

3. RToM U .30⇤⇤ .07 .11 .32⇤⇤

4. Meta .15 .15

5. Irony1 -.16 -.04 -.14

6. Irony2 .20 .00 .01 .37⇤⇤⇤

⇤⇤ indicates p< .01
⇤⇤⇤ indicates p< .001.

https://doi.org/10.1371/journal.pone.0266959.t009
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younger children performed at chance level. Investigating potential factors for the TB perfor-
mance, the studies extended existing research methods by measuring children’s recursive ToM
and syntactic recursive abilities. Results revealed that children’s syntactic recursion abilities
and their recursive ToM understanding (Study 1 and 3) and recursive ToM production (Study
2) correlated substantially–indicating that they tap a common underlying capacity for recur-
sive thinking. However, the results regarding the main research question remain inconclusive:
Study 1 suggests that children’s recursive ToM, but not their advanced pragmatics understand-
ing or general recursive thinking abilities, predict their TB performance. This relationship,
though, could not be replicated in Studies 2 and 3 in which neither recursive ToM nor recur-
sive thinking in general explained children’s performance in the TB task.

The studies overall, therefore, do not provide clear evidence for the pragmatic analyses of
children’s performance recovery in the TB task around age eight to ten. Of course, absence of
evidence for a solid relationship between advanced pragmatics understanding, recursive ToM
and recursion in general and TB performance does not amount to evidence of absence of any
such relationship. There might be an actual relationship between children’s advanced prag-
matics and related factors and their TB performance that could not be reliably shown in the
current set of studies because of different reasons. There are different possibilities regarding
how this may be the case about which we can here only speculate.

One possibility is that there is an actual relationship, at least, between recursive ToM under-
standing and TB performance as shown in Study 1, that is indeed less pronounced than Study 1
indicated. The sample size calculations for the subsequent studies were based on the potentially
overestimated medium effect size from Study 1 which possibly caused Studies 2 and 3 to be too
underpowered to detect an effect that may be more subtle. Future studies need to address this
potential issue with adequate sample sizes that would also detect smaller relationships.

Another possibility is that we failed to detect an actual relationship because of the imple-
mentation of the various predictors, especially children’s advanced pragmatic understanding.
This was operationalized as children’s understanding for indirect speech acts, more specifi-
cally, their understanding of metaphors and irony–based on approaches that suppose non-lit-
eral language comprehension involves the ascription of complex intentions. The pragmatic
analysis of the TB tasks predicts that, by ascribing such complex communicative intentions,
children at the end of the U-shape curve resolve their pragmatic confusions. However, much
daily non-literal language including frozen metaphors (whose metaphorical content is “dead”)
and frequently used ironic remarks is conventionalized in language [24, 41]. In cases of such
conventionalized metaphor use as “The ATM swallowed my credit card” the hearer usually
understands what is said without processing the literal meaning first and making inferences
about the speaker meaning in a second step [42 p. 116]. Similarly, ironic utterances that are
used with high frequency and familiarity (e.g., “That’s just great”) might become, to some
degree, conventionalized. As a consequence, their non-literal meaning might become directly
accessible [41], (see also [43] for conventionalized versus non-conventionalized indirect
requests). In contrast, understanding un-conventionalized non-literal language requires the
hearer to make pragmatic inferences based on her world knowledge, the context and the lexical
meaning of the utterance [24 p. 247] and therefore tap a different set of cognitive skills than
conventionalized non-literal language does [44].

Another possibility is that we failed to detect a relation to children’s non-literal language
understanding since the relevant pragmatic abilities involved in the comprehension of the TB
task, on the one hand, and of irony and metaphor comprehension, on the other hand, might
be quite different. (We thank the anonymous Reviewer of PloS ONE for sharing this issue in
their review of an earlier version of this manuscript). Ironic and metaphoric speech acts
involve a mismatch of sentence and speaker meaning. The pragmatic challenge is that the
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hearer needs to overcome the literal sentence meaning to be able to grasp the speaker meaning.
In the TB task, however, sentence and speaker meaning are aligned. The challenge of the TB
task might rather be to understand the speaker’s conversational goal as the task and the answer
to the test question are obvious and common ground and do not allow any other perspective
on the scenario. Both the understanding for non-literal language and the TB task might be
applications of advanced pragmatics understanding. However, they might not necessarily be
seen as a unified phenomenon nor be subject to a same development [45].

Future studies, therefore, need to carefully operationalize these predictors of advanced
pragmatics in order to measure children’s abilities to ascribe recursive communicative inten-
tions in valid ways. To this end, future work will need to test whether an operationalization
with non-conventionalized non-literal language (such as novel metaphors and unfamiliar
ironic utterances) or other pragmatics measures (e.g., understanding academic test question in
general, understanding of literal meaning that changes with variations in context etc.) may
succeed in measuring children’s abilities for pragmatic inferences and recursive intention
ascription and finding a relationship to children’s TB performance.

Further future studies might test children’s abilities in ascribing recursive intentions
beyond the scope of (non-literal) verbal language understanding. An alternative that
completely avoids any problems of interference of individual language knowledge would be to
measure children’s abilities in ascribing recursive communicative intentions in non-verbal sce-
narios. That might test the capacity for recursive, higher-order mindreading (that may also be
applied to pragmatic language use) more generally. Cooperative coordination scenarios such
as, for example, Stag Hunt scenarios, provide an elegant opportunity to ask children to reason
recursively about other’s non-verbal communicative acts. Stag Hunt scenarios [based on a par-
able by Jean-Jacque Rousseau, see 46] are game-theoretic interactions that require participants
to cooperate with their fellow players to achieve a joint goal. Typically, they represent situa-
tions in which a player can choose between two options: the player can either hunt a hare (i.e.
win a low value price) on her own or hunt a stag (i.e. win a high value price). If she decides to
hunt a hare, the player will succeed independently of the other player’s decision; if she decides
to hunt a stag, in contrast, she only succeeds if the other player does so as well [46]. In a child-
friendly adaptation, Wyman and colleagues showed that preschoolers succeed in coordinating
with an adult co-player based on minimal non-verbal communication [47]. As the high-value
option was only occasionally available, children needed to base their decision not only on what
they themselves saw (“There is a stag”) but also on what they thought about their fellow player
(“She saw that there is a stag”) and on what they inferred what their fellow player potentially
thought about the them (“She knows that I know that she knows that there is a stag”). Children
inferred the mutual knowledge of what their fellow player saw, knew and intended based on
minimal non-verbal communicational cues (eye contact and smiling) and successfully based
their decision for one of the two options on these inferences [47]. In a structurally related task
by Grueneisen and colleagues, children were tested in a peer coordination scenario [48]. Chil-
dren had to anticipate their partner’s game decision based on a second-order mental state
ascription (“She does not know that I know that p. She thinks that I falsely believe that q.”) and
had to coordinate their own game decision accordingly. Six-year-olds demonstrated their
capacity to use such second-order mental state attributions to successfully coordinate with
their peer without any communication [48]. Future studies could be based on such methods
and thereby ask children to coordinate non-verbally in game scenarios with increasing com-
plexity. Such adaptations might involve multiple co-players and, therefore, require even more
complex recursive inferences (e.g., “Player 1 thinks that Player 2 did not see that Player 3 saw
that there is a stag”). A systematic analysis of children’s decisions in such game scenarios
might then indicate the level of recursion at which they are able to reason.
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A further line of future research will need to address the more general question of a unitary,
domain-general development of recursive capacities. The current studies tested for children’s
recursive syntactic abilities until fourth order of recursion and children’s recursive ToM
understanding until fifth order of recursion as well as children’s recursive ToM production in
bluff scenarios. The results of correlated performance in recursion of mental representations
and syntactic recursion provide first evidence for a shared underlying ability of general recur-
sive thinking. In future research, these preliminary results need to be validated and extended
over various forms of recursive thinking. Recently, it was theorized that embedding of recur-
sive temporal representations shares conceptual similarities with embedding of recursive men-
tal state representations [36]. Future studies thus need to compare children’s development in
holding recursive temporal representations (i.e. different forms of mental time travel) and
higher-order ToM. Potential parallel trajectories of increasing levels of reasoning indepen-
dently of its domain (i.e. mental states or temporal representations) would indicate shared
underlying capacities of general recursive reasoning.

Conclusion

In conclusion, the current set of studies replicate the typical TB performance pattern in chil-
dren between six and ten years in an online testing format but do not provide clear evidence
for an underlying development in advanced pragmatics that can explain this pattern. Future
studies need to investigate more thoroughly whether this absence of evidence marks evidence
of absence of any such relation between pragmatics and TB performance; or whether such rela-
tions exist but can be tapped only with suitably modified measures.
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Abstract 

 

The developmental transition children undergo around age four when they come to master ver-

bal false belief (FB) tasks is considered as onset of a meta-representational Theory of Mind 

(ToM) (Perner, 1991). Success in FB tasks goes along with emerging competence in conceptu-

ally related tasks (e.g., false sign tasks) that all require meta-representational perspective taking 

(e.g., Perner et al., 2002, 2003). The present study aims to elucidate the emergence and devel-

opment of meta-representation more generally and to test claims of a cognitive foundation in 

growing meta-representation thought that is shared with other cognitive abilities, such as mental 

time-travel MTT (Gautam et al., 2019).  

To this end, developing meta-representational ToM in three- to eight-year-old children’s 

(N=120) was compared their Mental Time Travel (MTT) abilities on three levels of recursion. 

ToM was operationalized as first-, second-, and third-order FB understanding. MTT abilities 

were measured in children’s understanding of future possibilities (first order), counterfactual 

thinking (second order) and anticipated counterfactual thinking (third order MTT).  

The results show a stepwise development of first-, second- and third-order tasks in both ToM 

and MTT separately and a moderate consistency of performance pattern across both abilities. 

However, separate correlations of first-, second-, and third-order tasks of ToM and MTT 

showed only a relationship of second-order mental state ascription and counterfactual reason-

ing.  

Overall, these results from a first direct comparison of first- to third-order ToM and MTT abil-

ities confirmed evidence from earlier studies investigating both abilities separately in that de-

velopment showed stepwise and parallel trajectories in both domains. However, the study does 

not provide conclusive results for actual associations of the two abilities and thus, no stringent 

evidence for shared foundations in meta-representational reasoning. Future studies need to ad-

dress the question how different forms of recursive, meta-representational thinking can be 

measured validly in order to reveal developmental trajectories of meta-representational thought 

across domains.  
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One hallmark of human cognition is that it goes beyond representing the here and now. We do 

not only represent how we perceive the world from our own perspective, but also how it appears 

to agents – what others see, believe and desire (Theory of Mind). And, we do not only think 

about how the world is now, but also imagine other times – how the world was, could be or will 

be (Mental Time Travel). The present paper examines how these two ways of going beyond 

representations of the here and now are related in development: Do they share a joint cognitive 

foundation? Do they emerge together? And do they progress developmentally in parallel and 

coordinated ways? 

Theory of Mind (ToM) is the social-cognitive ability to ascribe and reason about mental states 

(Premack & Woodruff, 1978). At the conceptual heart of ToM lies metarepresentation: the ca-

pacity to represent how others represent the world even when these representations diverge 

from the interpreter’s own perspective, and from reality. Meta-representational ToM emerges 

in the course of a major conceptual transition around age four (Perner, 1991; Perner & Roessler, 

2012). Around this time, children come to master the litmus test for meta-representation, the 

so-called False Belief (FB) task (in which they need to track a protagonist’s subjective and 

outdated belief) as well as many other conceptually related tasks that differ with regard to topic, 

format and surface structure but all require meta-representational thinking (for an overview, see 

Perner & Roessler, 2012) 

The second potentially unique hallmark of human cognition is complex Mental Time Travel 

(MTT) – the ability to think and reason about the past (episodic memory) and the future (fore-

sight) and how they relate to the present (Bieri, 1986; Bischof-Köhler, 1985; Buckner & Car-

roll, 2007; Redshaw & Suddendorf, 2020; Schacter et al., 2007; Suddendorf & Corballis, 2007; 

Tulving, 1985). 

Developmental research on the emergence of this capacity has focused on future-oriented forms 

of MTT. In prototypical tasks, participants are faced with a situation that opens up multiple, 

still undetermined future possibilities. Crucially, the uncertain future possibilities are mutually 

exclusive – such that only one of the possibilities will actually occur. This requires the partici-

pant to represent that and how these future possibilities relate to the same present state.  

In a task designed by Beck and colleagues, for example, children were asked to put out mats to 

catch a mouse that will come out of either of two sides of a forked-shaped (upside-down y-

shaped) slide. The results show that only children aged five and older succeed to prepare for 

this uncertain future event by putting two mats under the two exits of the forked-shaped slide 

(Beck et al., 2006). A simplified version of this task (Redshaw & Suddendorf, 2020) in which 
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participants were allowed to cover the exits with their hands showed success in slightly younger 

children around age four. In another version of this task, two objects come down two slides 

simultaneously. One of the slides is non-branching (with one exit at the bottom), the other slide 

(the forked slide) branches into two exits at the bottom. Participants are asked to cover only one 

exit with a wagon in order to catch one of the two objects. In this set-up, they had to reflect on 

all options simultaneously in order to choose the certain over two uncertain options. Children 

aged five and older succeeded by choosing the certain option (i.e. put wagon under the non-

branching slide) over the uncertain options (the exits of the branching slide) (Leahy & 

Zalnieriunas, 2021). Other studies which followed related task structures led to similar results 

(Robinson et al., 2006). 

Children thus come to demonstrate MTT (reasoning about future possibilities) from around age 

four to five (Beck et al., 2006; Redshaw & Suddendorf, 2016; Robinson et al., 2006).  Similarly, 

children at the age of four reliably come to solve FB and conceptually related tasks that require 

meta-representational ToM (Wellman et al., 2001). Are these parallel developmental trajecto-

ries a mere coincidence? Or could they reflect deep and underlying cognitive commonalities 

and foundations in the two capacities (Gautam et al., 2019)?  

One possibility is that both ToM and MTT build on a joint (neurocognitive) capacity for simu-

lation and projection as common cognitive foundations. Explicit ToM requires simulation to 

shift perception from the immediate environment to alternative perspectives. In a similar sense, 

imagining future events requires projection to shift perception from the immediate environment 

to the alternative, imagined future event (Buckner & Carroll, 2007). Another (not necessarily 

mutually exclusive) possibility is that both ToM and MTT not only share overlapping processes 

of projection and simulation in general but build specifically on the same underlying cognitive 

ability to hold meta-representations (Gautam et al., 2019; Redshaw, 2014; Tulving, 2005).  

In case of (explicit) ToM, it is obvious that meta-representation in some sense underlies the 

capacity to represent the subjective perspectives (representations) of agents (Perner, 1991; 

Pylyshyn, 1978; Suddendorf, 1999). It is prima facie somewhat less obvious in which ways 

MTT may build on meta-representation. Different arguments have been made to this effect. 

One is that MTT requires a particular form of (autonoetic) representation of one’s own past or 

potential future experiences and perspectives and thus a form of meta-representation (Tulving, 

2005; see also Perner et al., 2007; Perner & Ruffman, 1995). Another one is that meta-repre-

sentation is necessary for representing how various temporal perspectives relate to what they 

represent: What distinguishes remembering that p, or predicting that p from merely idly imag-

ining that p is that the former two involve specific representational relations of the content 
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entertained (p) to present or future states of affairs in the world; and so to understand that and 

how one can travel in time into the past or future, one has to have some minimal meta-repre-

sentational grasp of the way temporal representations relate to the world (Bieri, 1986; Redshaw, 

2014). 

Against this background, the first research question of the present project is: Do the two ways 

of going beyond representations of the here and now under consideration – ToM and MTT – 

build on some form of joint (neuro-)cognitive foundation and therefore emerge in tandem in 

development (Gautam et al., 2019)?  

As reviewed above, a big body of indirect evidence that is compatible with such a picture comes 

from studies that suggest roughly the same age of emergence for the two capacities (Beck et 

al., 2006; Leahy & Zalnieriunas, 2021; Redshaw & Suddendorf, 2016; Robinson et al., 2006; 

Wellman et al., 2001). But similar age of emergence does not present stringent evidence for 

shared foundations and related development. More direct evidence that the two types of tasks 

are correlated would be needed. Preliminary evidence along such lines comes from a recent 

study in which children were tested in both a modified version of the slides task (Beck et al., 

2006; Leahy & Zalnieriunas, 2021) and a FB task (Perner et al., 1987). Results revealed no 

difference in the age of success in the ToM and future possibilities tasks (Halberda et al., 2023; 

but see Immel et al., 2022). Though both come to be mastered around the same age, more 

systematic and direct comparisons from comprehensive correlational studies are needed, and 

one rationale of the present study is to supply such evidence.  

If the emergence of ToM and MTT actually show developmental associations pointing to joint 

underlying cognitive foundations of meta-representational thought, the following question 

arises: does this developmental association only rely on the joint emergence of meta-represen-

tational thought and, based on that, first-order ToM understanding and future MTT or is also 

subsequent development of more complex, higher-order forms of ToM and MTT related? 

In subsequent development in both areas, more complex and higher-order forms of reasoning 

emerge by recursive embedding. In ToM, meta-representation can be potentially iterated ad 

infinitum (“A thinks that B thinks that C thinks … that p”). Children ascribe first-order beliefs 

around age four, and only after some developmental delay, attribute second-order mental states 

from around age five to six (“A thinks that B believes that. . .”) (Sullivan et al., 1994). Very 

little is known about children’s development of higher-order ToM beyond second-order of re-

cursion. First evidence shows that children become able to attribute third- and fourth-order 

mental states only during middle childhood (Liddle & Nettle, 2006; Schidelko et al., 2022). 
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Similarly, recursive iteration can generate more complex and higher-order forms of MTT in 

which additional levels of temporal representations can be represented: remembering past mo-

ments in which one thought about earlier times or imagining that in the future one will make 

plans for the further future. Recursive temporal embedding can also involve switching back and 

forth between future and past perspectives: remembering moments in the past in which one 

thought about the future or imagining that in the future one will look back on the relative past 

(Redshaw & Suddendorf, 2020). One example of second-order recursive MTT is counterfactual 

reasoning about past and present events (like in “What would the US look like today if Trump 

had won the last election?”). Here one has to mentally go back in time to imagine how an 

alternative past (level 1) would have affected the future and thus led to an alternative present 

(level 2). Crucially, in this process, the relation between several simultaneous representations 

of the world (actual reality and counterfactual alternative) need to be represented (Beck & 

Guthrie, 2011; Byrne, 2016; McCormack et al., 2018; Rafetseder et al., 2013). Actual reality 

and the counterfactual alternative need to be represented as alternative versions of the very 

same moment in time that originate from a common past (Beck, 2016; Redshaw & Suddendorf, 

2020).  

To validly investigate counterfactual reasoning in development, tasks need to follow a stringent 

structure of double determination (e.g., Rafetseder et al., 2013, 2021). In these scenarios, the 

outcome is determined by at least two causes (e.g., a toy pic is hit by two rolling discs and thus 

falls down) but the counterfactual scenario eliminates only one of the causes (one disc is pre-

vented from rolling against the toy pig) so that the outcome (toy pig falls down) stays the same 

(McCormack et al., 2018). The use of doubly-determination reduces the possibility that partic-

ipants solve the counterfactual test question (e.g., “If I had not rolled the red disc down that 

time, would the pig have fallen down?”) with simpler conditional reasoning (e.g., hypothetical 

thinking or if-then-principles) (e.g., Rafetseder et al., 2013, 2021). In this task, children from 

age six were able to answer counterfactual test questions about doubly-determined scenarios 

correctly (McCormack et al., 2018). 

Around the same time, children typically also begin to experience counterfactual emotions such 

as regret and relief (McCormack et al., 2019; McCormack & Feeney, 2015; O’Connor et al., 

2012, 2015; Uprichard & McCormack, 2019; Van Duijvenvoorde et al., 2014; Weisberg & 

Beck, 2010). These emotions build on second-order MTT in the following way: experiencing 

regret or relief requires the agent to realize that in the past (level 1) different options of the 

relative future (level 2) were available (Hoerl & McCormack, 2019). By comparing the true 
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present and an alternative present, the actual state of the world is evaluated as better (relief) or 

worse (regret) than the imagined counterfactual.  

Adding yet another layer of recursion, anticipation of counterfactual emotions constitutes third-

order MTT and seems to emerge later in development than the experience of relief and regret 

itself. Only from around age eight or later, children report negative emotions when imagining 

that they will learn in the future (level 1) that – in the relative past (level 2) – better options of 

the relative future (level 3) were available (Guttentag & Ferrell, 2008; McCormack & Feeney, 

2015; O’Connor et al., 2015; Rafetseder & Perner, 2012). Against this background, a second 

research question is: does subsequent development in both MTT and ToM rely on the same 

capacity to recursively embed representations and therefore develop in a parallel and correlated 

fashion? 

To address the two research questions of joint underlying foundation of the emergence and 

subsequent development of ToM and MTT, we compared children’s performance in first- to 

third-order ToM and first- to third-order MTT tasks. 

 

Methods 

 

Design 

Each child was tested in all six tasks (see Table 1) by one of three female experimenters (E) in 

two separate test sessions. In test session A, children received all three ToM tasks, and in test 

session B they received all three MTT tasks. The order of sessions was counterbalanced. All 

children participated remotely in a video conference (following the procedure by Schidelko et 

al., 2021). For more details on the tasks, procedure and counterbalancing, see Supplement.  
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Table 1. Conceptualization and operationalization of first-, second- and third-order Theory of 

Mind tasks and first-, second- and third-order Mental Time Travel tasks. 

Or-

der 
              Theory of Mind Mental Time Travel 

1 
First-order 

False Belief  
  

Future  

Possibilities 

 

2 
Second-order 

False Belief 
  

Counterfac-

tual reason-

ing 

 

3 
Third-order 

False Belief 

 Anticipation 

of  

regret 

 

 

 

Participants 

The final sample comprised one-hundred-and-twenty 3- to 8-year-old children (36 - 107 

months, M = 71.51 months; 61 female, 59 male) consisting of twenty children per age group. 

Twenty additional children were tested but excluded from data analyses (for details on the sam-

ple and reasons for exclusion, see Supplement). 

 

Material 

Mental Time Travel tasks 

First-order Mental Time Travel Task 

The task tested for children’s abilities to reason about future possibilities (adapted from Beck 

et al., 2006). In two test trials, children were asked to help a monkey to catch a banana (“In 

which hole should the monkey put the bucket, so that he catches a banana for sure?”; see Figure 

1). Children answered by naming the color of the hole. The answer was rated as correct when 

children chose the single hole (e.g., in Figure 1: the green hole).  

 

A thinks that 

Future A or Future 
B 

Future 
Past 

Alternative 
Present 

Past 

Alternative 
Future 

B thinks that 
C thinks that p 

A thinks that p 

A thinks that 
B thinks that p 
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Figure 1. Screenshot of first-order MTT task with arrows indicating where bananas will fall.   

 

Second-order Mental Time Travel Task 

The task (adapted from McCormack et al., 2018) tested for children’s counterfactual reasoning 

abilities with two test questions. Children saw a video sequence of two snowballs running down 

two hills breaking a snowman at the valley between the hills before E asked the test questions 

in counterbalanced order: 

 

• Test Question A (subtractive counterfactual): “If the white snowball had not rolled 

down the hill this time, would the snowman then be broken?”  [correct answer: yes] 

• Test Question B (additive counterfactual): “If there had been the tree on the steep hill 

this time (animated finger pointed at the steep hill), would the snowman then be bro-

ken?”  [correct answer: yes] 

 

Third-order Mental Time Travel Task 

The task tested if children anticipated that they would feel regret about a choice if they would 

learn that there was a better option in the past (McCormack & Feeney, 2015). To this end, 

children received two trials: a control trial and an experimental trial. In the both trials, children 

were asked to choose one of two boxes to win its content. Children always won one coin from 

their chosen box. The other box remained closed, and the children did not see what was actually 

inside. Children were then asked to answer the baseline question and the test question. The test 

question differed between the control and experimental trail (see below). 

 

100% 50% 50% 
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Baseline question: “How do you feel now that there was one coin in your box?” 

 

Children rated their emotion on the smiley scale (Figure 3a). The emotion they chose became 

the anchor for the subsequent test question. 

 

Test question: “This is how you felt, when one coin was in your box. Imagine, that there 

were five coins [experimental trial]/ one coin [control trial] in the other box, and you 

did not win them/it. How would you now feel about winning this box with one coin? 

Sadder, happier or the same?” (with ‘this box’ referring to the box they chose), see Fig-

ure 3b and c). 

 
Figure 3. Smiley scale used in third-order MTT task. Example: Figure 4a: Baseline question: 

“How do you feel now that there was one coin in your box? Happy, sad or not happy and not 

sad”, if child answers: “Happy” [Figure 4a à Figure 4c], if child answers: “Sad” [Figure 4a à 

Figure 4b], if child answers: “not happy and not sad” [Figure 4a à Figure 4a] for subsequent 

test question.  

 

Children received scores for their baseline rating and their test question rating in both the con-

trol trial and the experimental trial. From the two scores within each trial (baseline versus test 

question), we computed two difference scores. The difference score from the experimental trial 

was then compared to the difference score of the baseline trial. Children were classified as being 

able to anticipate regret if they rated their emotional change in the experimental trial more neg-

atively than in the control trial. Thus, to pass this task, the difference score of the experimental 

trial needed to be smaller than the baseline trial (for more information and examples of coding, 

see Supplement).  

 

 

a

b c
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Theory of Mind tasks 

Children saw three story lines that tested for their first-order FB understanding (two test ques-

tions), their second-order FB understanding (two test questions) and their third-order FB un-

derstanding (one test question).  

 

Example First-order ToM  

In this version of the standard-change-of-location FB task (Wimmer & Perner, 1983), the child 

saw that Protagonist A placed his object O (a ball) in one of two boxes (box 1). Protagonist A 

then left the scene and Protagonist B entered the scene, relocated O to box 2 and left again.  

After that, the following test question was asked.  

 

• First-order FB Test Question 1: “When A comes back, where will A look for O 

first?”  [correct answer: box 1] 

 

Example Second-order and third-order ToM 

Children listened to the video “The school soccer team” (Liddle & Nettle, 2006) and answered 

the following questions: 

 

• Second-order FB Test Question 2: Which sentence is true? 

A) Max does not know that the soccer coach wants Max and Paul to both play on the 

soccer team.* [correct answer] 

B) Max knows that the soccer coach wants Max and Paul to both play on the soccer 

team.* 

• Third-order FB Test Question: Which sentence is true? 

A) The soccer coach thinks that Max believes that he wants that Max to play on the 

soccer team.* 

B) The soccer coach thinks that Max believes that he wants that Max does not play on 

the soccer team.* [correct answer] 

 

*German translation with that-complement for want (“möchte, dass”) 
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Results 

 

Coding 

Correct trials were coded with “1”, incorrect trials with “0”. All trials of a task were added to a 

sum score. In the first- and second-order tasks, children were able to receive a sum score be-

tween 0 and 2. In the third-order task, in contrast, children received only one trial per task and 

could therefore score 0 or 1. To be categorized as passers (indicated by a “+” in Table 2), chil-

dren needed to solve all trials of a task correctly (i.e., two trials in the first- and second-order 

tasks and one trial in the third-order tasks). Children’s performance across three tasks of one 

ability (ToM or MTT) was categorized in performance patterns. We expected children to per-

form in one of four specific performance patterns (see Table 2). Performance that deviated from 

these patterns was categorized as “other”.   

 

Table 2.  Pattern of success (+) and failure (-). Performance that deviated 

from these patterns was categorized as “other”.   

 Pattern A Pattern B Pattern C Pattern D 

First-order Task – + + + 

Second-order Task – – + + 

Third-order Task – – – + 

 

 

Plan of Analysis  

In a first step, we aimed to test whether the development of both ToM and MTT abilities follow 

a stepwise order. To ensure that this sequence indicates progressive development, we ran 

Guttman scaling analyses on ToM and MTT separately (Wellman & Liu, 2004). We expected 

children to perform in one of four performance patterns, see Table 2. To analyze the reliability 

of the ToM and MTT Guttman scales, coefficients of reproducibility and coefficients of scala-

bility were computed.  

In a second step, we compared whether children’s performance pattern in ToM aligned with 

their performance pattern in MTT. To test the consistency of performance, we computed a 

Weighted Kappa of the cross table of the four expected performance patterns. Additionally, 

correlations of the sum scores between first-order, second-order and third-order tasks were cal-

culated controlling for children’s age in months.  
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Stepwise Development in Theory of Mind and Mental Time Travel 

The proportion of children who passed each task is presented in Table 3 for MTT tasks and in 

Table 4 for ToM tasks. 

 

Table 3. Precents of children passing Mental time travel tasks across age groups. 

 
3-year-

olds 

4-year-

olds 

5-year-

olds 

6-year-

olds 

7-year-

olds 

8-year-

olds 

MTT 1 30 50 70 75 90 95 

MTT 2 15 20 25 70 89 85 

MTT 3 5 10 25 35 25 65 

 

 

Table 4. Precents of children passing ToM tasks across age groups. 

 
3-year-

olds 

4-year-

olds 

5-year-

olds 

6-year-

olds 

7-year-

olds 

8-year-

olds 

ToM 1 35 95 85 85 95 95 

ToM 2 25 45 40 55 80 90 

ToM 3 35 30 20 20 40 65 

 

In general, performance in both ToM and MTT followed a stepwise order (see Figure 5). Chil-

dren first passed first-order tasks, then second- and finally third-order tasks. Performance of 

83% of the children (100 of 120) fit this three task Guttman scale of ToM tasks, and perfor-

mance of 85% of the children (102 of 120) fit the Guttman scale of MTT tasks. The coefficient 

of reproducibility (Green, 1956) for the scalogram analysis of ToM tasks was CR(TOM)=.89 

and CR(MTT)=.90 for MTT tasks (Jobling & Snell, 1961). The Coefficient of Scalability is 

CS(ToM)= 0.66 for ToM, and CS(MTT) = 0.72 for MTT (Menzel, 1953).  
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Figure 5. Number of children performing in each Performance pattern by function of their age 

in Theory of Mind (left) and Mental time Travel tasks (right). 

 

 

Consistency of Performance across Theory of Mind and Mental Time Travel 

Table 5 shows children’s performance patterns in MTT as a function of their performance pat-

tern in ToM. The consistency of performance (without category “other”) is moderate (K = .31). 

Correlations between the two first-, second- and third-order tasks respectively showed signifi-

cant results only for the second-order tasks (r = .26, p < .01). First-order tasks (r = -.03, p =.75) 

and third-order tasks (r = .11, p =.23) did not correlate significantly when controlled for chil-

dren’s age. 
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Table 5. Number of children per performance pattern in Theory of Mind and Mental 

Time Travel.  

Pattern MTT A MTT B MTT C MTT D MTT other 

ToM A 3 4 0 1 1 

ToM B 8 9 6 2 5 

ToM C 3 8 12 7 6 

ToM D 3 1 9 10 2 

ToM other 8 3 3 2 4 

Note. Pattern A reflects failure across all task, pattern B reflects success only in first-

order task, pattern C reflects success in first- and second-order task, pattern D re-

flects success across all tasks. 

 

 

 

General Discussion 

 

The guiding question of the current study was whether two cognitive abilities – ToM and MTT 

– rely on joint cognitive foundations and thus, emergence and develop in parallel and correlated 

ways across childhood. To address this question, we aimed to investigate the emergence of both 

first-order ToM and MTT and subsequent development in higher-order forms of both ToM and 

MTT. The results show a stepwise development of first-, second- and third-order tasks in both 

ToM and MTT separately and a fairly consistent performance pattern across both abilities. 

However, separate correlations of first-, second-, and third-order tasks of ToM and MTT 

showed only a relationship of second-order mental state ascription and counterfactual reason-

ing.  

To our knowledge, this study was the first attempt to directly compare children developing 

abilities in these two domains across different levels of recursive embedding. Overall, evidence 

from earlier studies investigating both abilities separately was confirmed in that we found par-

allel developmental trajectories in the two domains. However, the study does not provide con-

clusive evidence for actual associations of the two abilities and thus, no stringent evidence for 

shared foundations in meta-representational reasoning. Of course, absence of a solid relation-

ship between ToM and MTT as evidence for joint underlying foundations does not amount to 



Appendix D: Schidelko, Baumann, Proft, Rakoczy (2023) 

 
 

lxi 

evidence of absence of any joint foundation. There might be an actual relationship between 

children’s developing abilities in these two domains that could not be reliably shown in the 

study because of different reasons. There are different possibilities regarding how this may be 

the case about which we can here only speculate. 

One possibility is that we failed to detect an actual relationship because of the methodological 

implementation of the tasks, especially children’s MTT abilities. The three orders of MTT were 

operationalized as reasoning about future possibilities, counterfactual reasoning about past 

events, and anticipation of regret. However, our implementations of these tasks might have 

been artificially difficult as they imposed additional task demands. For example, the first-order 

MTT tasks testing for children’s reasoning about future possibilities posed additional task de-

mands in physical reasoning. In this task, children were asked to catch one of two bananas that 

were falling from trees. Performance in this task might heavily rely on children’s physical rea-

soning abilities to imagine the physical trajectories of the falling bananas in addition to their 

MTT abilities. Future studies, therefore, need to carefully operationalize these concepts in order 

to measure children’s MTT abilities in valid ways. To this end, future work will need to test 

whether operationalizations which do not rely on imaginations of physical trajectories may suc-

ceed in measuring children’s abilities for reasoning about future possibilities and finding a re-

lationship to children’s first-order ToM. First support for the relevance of the operationalization 

in possibility reasoning tasks comes from a study that required reasoning about future possibil-

ities based on object identities (Alderete & Xu, unpublished) rather then about locations based 

on physical trajectories. As in this task, even three-year-olds performed competently, perfor-

mance diverged strikingly from performances in studies that used tasks that rely physical tra-

jectories (Beck et al., 2006; Leahy & Zalnieriunas, 2021; Robinson et al., 2006).  

Another possibility is that both ToM and MTT actually rely on meta-representational thought 

but we failed to detect a related performance as the proficiency and flexibility with which chil-

dren can engage in meta-representational thought might vary with its content. Children’s 

amounts of experience in the two domains might diverge in that they are more familiar with 

mental state reasoning than with MTT. Their life is full of social interactions with their parents, 

siblings, friends and teachers who actively motivate them to engage in mental state reasoning. 

In contrast, reasoning about other points in time might be less relevant in children’s daily life. 

Children are not as frequently confronted with situation that require them to reason, for exam-

ple, counterfactually. Indirect evidence for this claim comes from training studies that show 

that children’s performance in ToM task benefits from practice in mental state reasoning 
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(Hofmann et al., 2016). Future studies will need to address this in comparing children’s perfor-

mance in less familiar meta-representational task implementation (as, for example, the false 

sign task that requires reasoning about false representation of a sign posts) with their emerging 

MTT abilities.   

A further line of future research will need to address the more general question of the underlying 

developmental trajectory of recursive meta-representational thought. Different underlying de-

velopmental trajectories could account for the stepwise development of higher-order forms 

found for both ToM and MTT. One possibility is that each additional level of recursive embed-

ding has to be learnt anew and thus, shows developmental delay which leads to a prolongend, 

stepwise development of higher-order meta-representational thought. Evidence for this claim 

would come from studies showing protracted, but parallel and correlated developmental pro-

gress and reasoning on the same level of embedding across domains. Another possibility is that 

higher-order meta-representational reasoning requires another qualitative change of the under-

lying thought system – another conceptual change in ToM development after the transition to 

first-order meta-representational thought (Miller, 2009; Perner, 1988). This developmental 

transition is needed for children to understand the recursive nature of mental states, that is, that 

mental states can be recursively embedded within each other. This principle of recursion in 

mental states needs to be understood to be then applied (Perner, 1988). Once children gain the 

insight to apply recursive operations on mental states, or, meta-representations, more generally, 

they are virtually able to hold meta-representations of any order of embedding. According to 

this idea, protracted development beyond second-order embeddings rather reflects performance 

limitation due to task factors or limited memory capacities but do not reflect competence limi-

tation in recursive meta-representational thought itself. Future studies need to test this claim by 

measuring developing recursive abilities in different domains of meta-representational thought. 

To specifically address the hypothesis that task features (such as length of story line, unneces-

sary information) other than the level of complexity cause developmental delay after the cog-

nitive transition to second-order ToM, task demands of higher-order ToM tasks should be re-

duced to a minimum. Additionally, higher-order ToM tasks should provide memory aids such 

as second-order FB tasks (Sullivan et al., 1994). Evidence of a more similar performance in 

such modified second- and higher-order task independent of the order of complexity would 

provide first evidence for the influence of task demands on the protracted performance beyond 

second-order reasoning.  
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Supplementary Material 

 

Method 

Design 

One of three female experimenters (E) tested the children in two separate test sessions. The 

sessions were at least one day and at most 14 days apart (M = 5.39 days apart, SD = 3.44). Test 

session A examined Theory of Mind (ToM) abilities and lasted 10 – 15 minutes while test 

session B examined Mental Time Travel (MTT) abilities lasting 20 – 25 minutes. The order of 

session A and B was counterbalanced between subjects. The session format was an interactive 

online study conducted via a video conferencing platform (primarily BigBlueButton, rarely 

Zoom in case of connection issues), where tasks were presented remotely on a computer, laptop, 

or tablet screen (for details of this general procedure, see Schidelko, Schünemann et al., 2021). 

The tasks were embedded in videos displayed in full screen mode on the child’s screen via the 

conference platform and required the children to answer verbally. The child was able to see 

herself and E via the webcam in the beginning and in the end of the test session. During the 

tasks, the child and E were able to communicate through audio streaming only as tasks were 

presented in full screen mode. In the beginning of the first test session, E apprised the child that 

she could repeat a question if the child had any comprehension difficulties. At the outset of the 

first test session, the caretaker verbally gave consent to the child’s participation in the study 

and to the recording of video and audio during the test sessions. This verbal consent was rec-

orded and stored separately from the recording of the two test sessions. Furthermore, the care-

taker and child were advised that they can abort the participation at any given moment.  

 

Participants 

The final sample comprised one-hundred-and-twenty 3- to 8-year-old children (36 – 107 

months, M = 71.51 months; 61 female) consisting of twenty 3-year-olds (aged 36 – 46 months; 

M = 40.85 months, SD = 2.70; 10 female), twenty 4-year-olds (aged 48 – 59 months; M = 

53.95 months, SD = 3.65; 10 female), twenty 5-year-olds (aged 60 – 71 months; M = 64.95 

months, SD = 3.38; 10 female), twenty 6-year-olds (aged 72 – 83 months; M = 77.90 months, 

SD = 3.54; 11 female), twenty 7-year-olds (aged 85 – 95 months; M = 89.75 months, SD = 

3.40; 9 female), and twenty 8-year-olds (aged 96 – 107 months; M = 101.65 months, SD = 

3.47; 11 female). E1 tested 75 children, E2 tested 23 children and E3 tested 22 children of the 

final sample. Twenty additional children were tested but excluded from data analyses because 
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of uncooperative behavior (n = 1), language issues (n = 1), procedural issues in the form of 

distracting siblings or parental interference (n = 2), technical issues during the test sessions (n 

= 8), concentration difficulties resulting in an error rate at or above 50% in the control questions 

of the first-order MTT task or in the first-order change-of-location tasks (n =6) or because they 

did not show up to the second test session (n = 2). 

 

Material 

Generally, if the child gave a wrong answer to a control question, the question was repeated 

and if the child again gave a wrong answer, E corrected their response.  

 

First-order MTT task 

First, the children were introduced to a monkey whom they were supposed to help catch bana-

nas (Figure 1). The bananas fell down from two trees, one with two holes and a wall beneath it 

(50% chance of catching a banana) and another one with just one hole beneath it (100% chance 

of catching a banana). First, the children were familiarized with the bananas falling into the 

holes and then disappearing (3 trials). Afterwards, they watched as the monkey tried to catch a 

banana on his own (3 trials) by placing the bucket in either one of the three differently colored 

holes (see below for counterbalancing procedure). Then, the children were asked to help the 

monkey catch a banana. They received two test trials and were asked the following test ques-

tion: “In which hole should the monkey put the bucket, so that he catches a banana for sure?” 

Children answered by naming the color of the hole.  

 

 
Figure 1. First-order MTT task material for the first test trial with the question: “In which hole 

should the monkey put the bucket, so that he catches a banana for sure?”.  

 

Counterbalancing Procedure  

The first three familiarization (no bucket) trials followed the same order across participants: 

• Familiarization trial 1: 100% - red; 50:50 - green | blue 
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• Familiarization trial 2: 50:50 - red | green; 100% - blue 

• Familiarization trial 3: 50:50 - red | blue; 100% - green 

 

The following variables varied in the last three (with bucket) familiarization trials: 

• Side of wall: Banana on uncertain (50%) side fell down on the left or the right side of 

the wall  

• Order in which bananas fell from tree: banana on the certain (100%) side fell first or 

banana on the uncertain (50%) side fell first 

• Color of hole in which bucket was placed and successfully caught a banana 

• Color of the certain hole in the last familiarization trial: single (100%) hole was red, 

green or blue  

• Success/ no success in last familiarization trial: banana was caught or not caught in last 

familiarization trial  

• If success in last familiarization trial: banana was either caught on certain (100%) side 

or uncertain (50%) side 

 

The side of the certain (100%) hole in the last familiarization trial was not counterbalanced but 

always on the left side of the screen. This was done as the certain (100%) hole in the first test 

trial was always on the right side of the screen, so that the monkey wouldn’t look towards the 

correct choice (i.e. the certain hole) when entering the scene in the first test trial. 

 

Fixed test trials across participants: 

• Test trial 1:  

left: 50:50 red | blue; right: 100% - green. After the children chose the hole, they 

wanted to put their bucket it, the banana on the 50:50 tree always dropped first and 

into the blue hole 

• Test trial 2:  

left: 100% blue; right: 50:50 green | red. After choosing the hole, the banana on the 

100% tree dropped first and afterwards the 50:50 banana dropped into the red hole 
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Second-order MTT 

The task was based on the pig and discs task (McCormack et al., 2018) and tested if children 

could reason counterfactually about double determined events. Two test trials with different 

scenarios were implemented in an animated video accompanied by a narrating voice.  

The children first received familiarization trials and answered control questions. First, children 

watched how a white snowball quickly rolled down a steep hill and then how a grey snowball 

slowly rolled down a flat hill. They then watched as the two snowballs rolled down the hill at 

the same time with the white snowball arriving first. Next, a snowman appeared in the valley 

between the hills and was destroyed by the white snowball rolling down the steep hill (Control 

Question 1). The event is repeated with the grey snowball rolling down the flat hill and destroy-

ing the snowman (Control Question 2). After that, both snowballs rolled down the hills at the 

same time and the snowman was again destroyed (Control Question 3). Then, a tree appeared 

at the steep hill, which stopped the white snowball from rolling down the steep hill and thus 

from destroying the snowman (Control Question 4). In the additive test trial and in the subtrac-

tive test trial, again, both snowballs rolled down the hills and the snowman got destroyed (Test 

Questions, Figure 2).  At the corresponding points in the story, the following control and test 

questions were asked while the video was paused and the still image of the scene was still 

visible:  

• Control Question 1: “What just happened when the white snowball rolled down the 

hill?” [correct answer: the snowman was destroyed] 

• Control Question 2: “What just happened when the grey snowball rolled down the hill?” 

[correct answer: the snowman was destroyed] 

• Control Question 3: “What just happened when both snowballs rolled down the hill?” 

[correct answer: the snowman was destroyed] 

• Control Question 4: “What happens when the tree is standing there on the steep hill and 

the white snowball rolls down the hill?” [correct answer: the snowman was not de-

stroyed/remained intact] 

• Test Question (subtractive scenario): “If the white snowball had not rolled down the hill 

this time, would the snowman then be broken?”  [correct answer: yes] 

• Test Question (additive scenario): “If there had been the tree on the steep hill this time, 

would the snowman then be broken?”  [correct answer: yes] 
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Importantly, the snowman was irreparably destroyed by either one of the snowballs. Thus, in 

each trial a new snowman was introduced that looked slightly different. Furthermore, the out-

come was dichotomous: The snowman was either broken or not.  

 

 

Figure 2. Second-order MTT task material for the subtractive scenario. Both snowballs rolled 

down the hills (a). The quick white snowball destroyed the snowman first (b), then the grey 

snowball ran into the resulting pile of snow and was destroyed as well (c). Children were then 

asked the test question: “If the white snowball had not rolled down the hill this time, would the 

snowman then be broken?”. The additive scenario was the same, except that it was a different 

snowman and an animated finger pointed at the steep hill while the test question was asked: “If 

there had been the tree on the steep hill this time, would the snowman then be broken?”. 

 

 

Third-order MTT 

The task was based on the boxes task (McCormack & Feeney, 2015). First, the children were 

familiarized with a smiley scale that they could use to express their emotions. The base smiley 

a

b

c
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scale included three faces, a sad face, a neutral face, and a happy face (Figure 3a). The base 

scale could be extended to the left by an even sadder face (Figure 3b) or to the right by an even 

happier face (Figure 3c). The children learned how to use the extendable smiley scale in two 

familiarization trials. Children expressed the emotion by naming the background color of the 

face they were referring to.  

 
Figure 3. Base smiley scale with a blue “sad face”, a red “not happy and not sad face” and a 

green “happy face” [a]. Extension with a purple “even sadder” face [b].  Extension with an 

orange “even happier” face [c]. 

 

Then the children received one control trial and one experimental trial. In the control trial the 

children saw two boxes and could choose which one they would like to open. They then re-

ceived one coin from their chosen box which was added to their collection of coins from the 

previous games. Then, they were asked: “How do you feel now that there was one coin in your 

box?”. Children rated their emotion on the base smiley scale by naming the background color 

of the face they were referring to or by naming the emotion (e.g. “happy”). The emotion they 

chose became the anchor for the next question: “This is how you felt, when one coin was in 

your box. Imagine, that there was also one coin in the other box, and you did not win it. How 

would you now feel about winning this box with one coin? Sadder, happier or the same?” (with 

‘this box’ referring to the box they chose and the corresponding faces appearing as the emotions 

were named, see Figure 4). The other box remained closed, and the children did not learn what 

was truly inside.  

a

b c
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The experiemntal trial was the same as the baseline trial only differing in the colors of the boxes 

and the test question. The children again first rated their emotion after winning one coin and 

were then asked: “This is how you felt, when one coin was in your box. Imagine, that there 

were five coins in the other box, and you did not win them. How would you now feel about 

winning this box with one coin? Sadder, happier or the same?”.  

 

Figure 4. Third-order MTT task material for the two baseline and test questions and the corre-

sponding still images on the screen. Example answer: “How do you feel now that there was one 

coin in your box?” [a]. Child answers: “Happy” [a ® b]. Test question: “This is how you felt, 

when one coin was in your box. Imagine, that there was also one coin in the other box, and you 

did not win it. How would you now feel about winning this box with one coin?” [b] “Sadder…” 

[c], “happier…[d]”, “or the same?”. 

 

Coding of Third-Order Mental Time Travel Task 

For both trials (control and experimental), children received a score for their initial emotion 

rating (happy = 1, neutral = 0, sad = -1) and a score for their emotion change rating (sadder than 

before = -1, same = 0, happier than before = +1). Children’s ratings were summed up for each 

trial respectively. If this final score was lower in the experimental trial than in the control trial, 

the child was classified as passer. 

Example 1: Child answered the first baseline emotion rating in the control trial with “happy” 

(1) and the emotion change test question in the control trials with “same” (0). The child, thus 

receives a baseline score of 1 (1 + 0 = 1). The same child answered the first baseline emotion 

rating in the experimental trial with “happy” (1) and the emotion change test question in the 

experimental trial with “sadder” (-1) and thus received a test trial score of 0 (1 + (-1) = 0). Then, 

the two scores were compared (control trial: 1, experimental trial =0). The child score in the 

experimental trial was lower than in the control trial. The child was thus classified as passer. 

 

 

 

 

 

a b c d
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Theory of Mind Tasks 

Children saw three story lines that tested for their first-order False Belief (FB) understanding 

(two test questions), their second-order FB understanding (two test questions) and their third-

order FB understanding (one test question). 

 

First Story line (First-order ToM) 

In this version of the standard-change-of-location FB task, the child saw that Protagonist A 

placed his object O (a ball) in one of two boxes (box 1). Protagonist A then left the scene and 

Protagonist B entered the scene, relocated O to box 2 and left again.  After that, the following 

control and test questions were asked.  

 

• Control Question 1: “In which box did A place O in the beginning?” [correct answer: 

box 1] 

• Control Question 2: “In which box is O now?” [correct answer: box 2] 

• First-order FB Test Question 1: “When A comes back, where will A look for O first?”  

[correct answer: box 1] 

 

Second Story line (First-order and second-order ToM) 

In this version of the change-of-location FB task, protagonists A and B watched Object O (a 

cat) going into box 1. Protagonist A then left the scene. Protagonist B watched as O moved to 

box 2 and the following control and test questions were asked: 

• Control Question 1: “In which box was O in the beginning?” [correct answer: box 1] 

• Control Question 2: “In which box is O now?” [correct answer: box 2] 

• First-order FB Test Question 2: “When A comes back out of the house, where will A 

look for O first?”  [correct answer: box 1] 

 

The story line then continued as Protagonist B left the scene and Protagonist A re-entered the 

scene. Protagonist A then learnt that O is in box 2 now.  After that, Protagonist B re-entered 

the scene, the video froze, and the children were asked the following control and test ques-

tions: 

• Control Question 3: “O is now in box 2. Did A see that?” [correct answer: yes] 

• Control Question 4: “Did B see that A saw that?” [correct answer: no] 

• Second-order Test Question 1: “Where does B think A will look for O first?” [correct 

answer: box 1] 
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Third Story line (Second-order and third-order ToM) 

Children listened to the video “The school soccer team” (adapted from Liddle & Nettle, 2006) 

and answered test question after that.  

 

Shortened excerpt from “the school soccer team” (adapted from Liddle & Nettle, 2007) 

Max and Paul are best friends. Their favorite thing to do is playing soccer together. Max and 

Paul both want to play on the school soccer team. But Max thinks that he cannot play soccer 

as well as Paul. Max thinks that the soccer coach is just choosing Paul for the school soccer 

team. But the soccer coach thinks that Max and Paul are both good soccer players. He wants* 

both of them to play on the school soccer team. But the soccer coach knows that Max does 

not think that he will make the team. 

• Second-order FB Test Question 2: Which sentence is true? 

A) Max does not know that the soccer coach wants Max and Paul to both play on the 

soccer team.* [correct answer] 

B) Max knows that the soccer coach wants Max and Paul to both play on the soccer 

team.* 

• Third-order FB Test Question: Which sentence is true? 

A) The soccer coach thinks that Max believes that he wants that Max to play on the 

soccer team.* 

B) The soccer coach thinks that Max believes that he wants that Max does not play on 

the soccer team.* [correct answer] 

 

*German translation with that-complement for want (“möchte, dass”) 

Children chose a sentence by naming the color of the image on the screen or by repeating the 

sentence (see Figure 5).  
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Figure 5. Still images of the animations of the third-order ToM test question in the story “the 

school soccer team”. A voice slowly read out the two selectable sentences, which were 

backed by an associated animation that appeared on the screen (e.g., “The soccer coach thinks 

[a à b] that Max believes [b à c] that he wants that Max to play on the soccer team [c à 

d]”) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a
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c
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