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Abstract  The ability to attribute mental states to oneself and others is fundamental to 
human cognition and social behavior. Research on the development of a Theory of Mind 
in childhood indicates a two-step developmental sequence of desire-understanding 
and belief-understanding in preschool age. There is ongoing debate about the 
significance of recent findings on Theory of Mind in infancy. Neuroimaging studies 
of Theory of Mind reasoning in adults provide some support for a specific Theory 
of Mind network. This claim is contested, however, and many relevant studies 
have not yet been done. There is no hard evidence for a Theory of Mind (and an 
understanding of belief) in non-human primates, but there is evidence for a lower-level 
perception-goal psychology in some animals.

1 � Introduction

A Theory of Mind is the ability to attribute mental states (thoughts, knowledge, 
beliefs, emotions, desires) to oneself and others. This common-sense mentalism is a 
powerful tool in our everyday predictions and explanations of human action. In 
developmental psychology, the child’s conceptual understanding of the mental 
domain has been the focus of much research in the last 25 years (see Flavell 2004; 
Sodian 2005; Sodian and Thoermer 2006; Wellman 2002; for reviews). A critical 
test for the ability to represent mental states independently of reality is an under-
standing of false belief, since the ascription of true beliefs does not require a 
differentiation of beliefs from reality. Wimmer and Perner (1983) conducted the first 
systematic investigation of false belief understanding in children and found that 
children begin to correctly predict a story figure’s mistaken action based on a false 
belief around the age of 4 years. In their classic “Maxi task” (1983) a doll named 
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Maxi is presented to the child and the experimenter tells the child that Maxi places 
his chocolate bar in the green cupboard. Maxi then goes to the playground. While he 
is away, a doll representing Maxi’s mother wants to bake a cake. So she takes the 
chocolate out of the green cupboard, breaks off a piece and instead of putting it back 
into the green cupboard, puts it in the blue cupboard. The experimenter then 
describes how Maxi returns and his mother goes away again. After that, the child has 
to answer several questions. The memory questions relate to the child’s understand-
ing of the story. Basically all children are able to answer these correctly. However, 
the critical false belief question, relating to where Maxi will search for the chocolate, 
is the one that 3-year-olds generally do not pass. However, 40–80% (depending on 
the test condition) of 4- to 5-year-olds answer correctly that Maxi will search for the 
chocolate in the green cupboard. In contrast, younger children tend to make reality-
based action predictions and fail to attribute false beliefs to other persons, as well as 
to themselves. Their general assumption is that Maxi will search for the chocolate in 
the blue cupboard. The nature and theoretical interpretation of this developmental 
phenomenon has attracted great interest in the past 25 years. More recently, Theory 
of Mind has also become a focus of neuroimaging research (see Amodio and Frith 
2006; Saxe et al. 2004, for reviews). Furthermore, Theory of Mind development has 
been found to be related to the development of other cognitive functions such as 
language, memory, self-control, and time-representation (e.g., Astington and Jenkins 
1999; Bischof-Köhler 2000; Perner et al. 2007; Perner and Lang 1999). Therefore, 
it is no longer possible to review all relevant lines of research in a brief chapter. In 
the following sections, we will briefly summarize developmental and neurocognitive 
Theory of Mind research, and then focus on the relation between Theory of Mind 
and language acquisition. Theory of Mind is not only an area of developmental 
psychology, but has also, from the start, focused on the question of whether 
non-human primates and other animals have mindreading abilities. We will conclude 
with a brief overview of recent progress in comparative Theory of Mind research.

2 � Development of a Theory of Mind

Theory of Mind has also been described as a belief–desire psychology, since we 
rely on these two basic concepts in our everyday predictions and explanations of 
human action.

In child development, desire reasoning precedes belief reasoning by about one 
and a half years. Even18-month-old infants have a limited ability to reason 
non- egocentrically about people’s desires, and by the age of two and a half years 
children make correct use of desire terms and grasp causal relations between 
desires and emotional outcomes. For example, they understand that people are 
happy when they get what they have desired (Bartsch and Wellman 1995).

In contrast, false belief understanding emerges only at the age of about 4 years. 
Three-year-olds and younger children fail to understand that a person’s mental rep-
resentation of reality can differ from reality, and they fail to understand how such 
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misrepresentations arise from false or incomplete information. Other conceptual 
distinctions that require an understanding of representational diversity are the 
appearance reality distinction, and the ability to understand that the same entity can 
be perceived differently from two different visual perspectives (Level 2 perspective 
taking). These distinctions are mastered in close conjunction with belief understand-
ing around the age of 4 years (Flavell and Miller 1998). Consistent with the view 
that Theory of Mind development progresses as a two-step developmental sequence, 
Wellman and Liu (2004) found that tasks designed to assess children’s understand-
ing of desires, knowledge and beliefs form a Guttman scale. A meta-analysis of over 
500 studies of false belief understanding showed that belief understanding is a robust 
developmental phenomenon. Although facilitating task conditions lead to success in 
children below the age of 4, there is still a clear developmental trend between the 
ages of about two and a half and 4 years (Wellman et al. 2001). Young children’s 
difficulty with false belief tasks cannot be attributed to language demands, since 
non-verbal tasks have been shown to be equally difficult as verbal ones (Call and 
Tomasello 1999; Sodian et al. 2006); nor can it be attributed to inhibitory demands, 
since the developmental trend persists in tasks with low inhibitory demands, for 
instance tasks requiring an explanation for a mistaken action (Moses and Flavell 
1990). There is evidence for a specific deficit in understanding mental representa-
tions in normally developing 3-year-olds and in autistic children (Leslie and Thaiss 
1992; Perner et al. 1987).

An implicit understanding of belief precedes an explicit one by about 6 months 
(Clements and Perner 1994); also 36-month-olds take other people’s false belief 
into account in communication (Carpenter et al. 2002). Recent eye-tracking studies 
have found evidence for belief-based anticipatory looking in infants as young as 
24 months (Southgate et al. 2007), and 18 months (Neumann et al. 2008). Looking-
time studies indicate that 13- and 15-month-old infants expect belief-based actions 
(Onishi and Baillargeon 2005; Surian et al. 2007). There is ongoing debate about 
whether these findings indicate that infants possess a Theory of Mind or whether 
they should be explained by lower-level heuristics, such as smart encoding or 
behavioral rules (e.g., Perner and Ruffman 2005). There is, however, undoubtedly, 
a rich understanding of goal-directed action in infancy, beginning around the age of 
6 months (Woodward 1998). Around their first birthday, infants conceive of people 
as intentional agents (Tomasello 1999), paying attention to what other people are 
attending to and predicting their behavior from a variety of communicative cues. 
Infants use their intention-reading abilities in inferring others’ goals even when the 
goal-directed action failed (Meltzoff 1995), in responding to bids for cooperation 
(Warneken and Tomasello 2006), and in distinguishing between unwillingness and 
inability of an adult to comply with their requests (Behne et al. 2005). Infants also 
encode what others see and do not see independently of their own visual access to 
an object (Luo and Baillargeon 2007; Sodian et al. 2007), and they use their knowl-
edge of what others have seen in communication (Moll et al. 2007). Thus, recent 
research on infants’ social understanding indicates that the preschooler’s Theory of 
Mind is based on a rich understanding of intentional action in infancy. Longitudinal 
findings indicate that there is, in fact, a specific relation, on an individual level, 
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between infants’ social information processing and preschoolers’ Theory of Mind 
(Aschersleben et al. 2008; Thoermer et al. submitted; Wellman et al. 2004).

Later developments in children’s understanding of the mind include second order 
false belief understanding around the age of 6 years, an increasingly powerful under-
standing of the mind as an active interpreter of information (Chandler and Carpendale 
1998), which entails the notion of interpretive frameworks, rather than just simple 
beliefs. A nascent understanding of interpretive frameworks can be found even in 
6-year-olds who understand the role of social prejudice in interpreting a target action 
(Pillow 1991). However, a full and explicit understanding of the role of theories or 
interpretive frameworks in interpreting natural phenomena develops slowly through 
adolescence and is not even present in all adults (Bullock et al. 2008). Later Theory of 
Mind development also includes elementary knowledge about thinking (Wellman et al. 
1996). During the early preschool years, thinking is construed as an internal activity, 
representing a real or imagined content. However, an understanding of ongoing, 
constructive mental activity, and an intuitive idea of the stream of consciousness 
emerges only around the age of 8 years (Flavell 2003; Flavell and O’Donnell 1999). At 
this age, children understand that a person, seemingly unoccupied from the outside, e.g., 
just sitting on a bench, can still be preoccupied with mental activity on the inside.

3 � Theories

There are several types of explanation for the development of children’s knowledge 
about the mind. To date, the most dominant approach in philosophy and psychology 
is the so called Theory theory (Bartsch and Wellman 1995; Gopnik and Wellman 
1994; Perner 1991; Wellman and Gelman 1998). Theory theorists offer an every-
day, informal framework of related concepts as an explanation for mentalistic 
understanding. The developmental steps in these frameworks are analogous to the 
shift in scientific explanatory frameworks (Carey 1985). Bartsch and Wellman 
(1995) have described some of these critical steps, by arguing that 2-year-olds first 
develop a “desire psychology,” basing their predictions about human behavior 
solely on desires. While desires remain the dominant explanations for people’s 
behaviors at the next developmental stage, 3-year-olds begin to take beliefs into 
account and make use of a “desire-belief psychology.” Finally, the relationship 
between beliefs and desires shifts and 4-year-old children understand that beliefs 
can be seen to “frame” desires and equally motivate human thought and behavior.

Perner (1991) developed an influential three stage model on children’s developing 
representational skills. At the first stage, infants possess “primary representations,” 
where they are limited to perceive things in current reality, e.g., a banana is a 
banana for them. During their second year of life, children entertain “secondary 
representations,” which enable them to take “primary representations” and go 
beyond reality to model hypothetical situations, e.g., they pretend during child play 
that a banana represents a pistol. The third step is “metarepresentation.” According 
to Perner (1991) older children’s correct answers on false belief paradigms like the 
“Maxi task” (Wimmer and Perner 1983) are evidence of a true representational 
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understanding. To grasp the concept of false belief the child has to understand the 
difference between reality and a person’s (false) concept about reality, but also that 
this false concept is believed to be true by the person. Thus, the child has to represent 
the representation of a representation. Theory theorists acknowledge that experiences 
play a major formative role in children’s theory of mind.

Simulation theorists (Goldman 1992; Gordon 1986; Harris 1992) state that 
practice in role-play improves children’s mentalising abilities, as children are enabled 
to understand other’s mental states through role-taking and simulation processes.

Putting more emphasis on social experiences than cognitive theories of Theory 
of Mind, Carpendale and Lewis (2004) have introduced a social-constructivist 
approach. The basic idea is that, when socially interacting with other persons, children 
construe a Theory of Mind (Chapman 1991). Around the end of the first year of 
life, dyadic mother–infant face-to-face interactions are followed by triadic interac-
tions between mother, child and object, allowing the child a gradual and cumulative 
acquisition of important mentalising abilities.

In contrast, other developmentalists (e.g., Carlson et al. 1998; Hughes 1998) believe 
that children’s age-dependent improvement in a set of higher-order cognitive abilities, 
so-called executive functions, accounts for children’s developing Theory of Mind skills.

As an example, until they are 4 years old most children fail the “windows task” 
devised by Russell et al. (1991). In this task the child is required to instigate a false 
belief in the experimenter. First, two boxes with transparent windows are presented, 
so that the child sees the chocolate reward in one of the boxes. Children are then 
required to infer the rule that when pointing at the empty box they can fool the experi-
menter and thus save the reward for themselves. They also have to realize that even 
though they know something to be false, someone else can be tricked into believing 
it to be true. Still, according to the executive function idea, younger children continu-
ally fail false belief tasks, as they lack the inhibitory control to suppress a prepotent 
response to the cognitively salient reality; in this case the reward in the box.

Modularity theorists (Baron-Cohen 1995; Leslie 1994; Scholl and Leslie 1999) 
postulate an acquisition of Theory of Mind through neurological processes. 
According to them, the maturation of a succession of domain-specific and modular 
mechanisms (Fodor 1983) enables organisms to deal with animate versus inanimate 
and agent versus nonagent objects. While the nature of these basic hard-wired 
mechanisms is not determined by experience, theorists in this field do not neglect 
the possibility that experience might trigger its operation and that its expression 
could be influenced by performance factors.

As the following section shows, neuroimaging studies have provided new 
insights into the existence of a brain region specialized in Theory of Mind.

4 � Neural Correlates

A reliable set of brain regions has been connected with false belief reasoning, the marker 
test for Theory of Mind, including the medial prefrontal cortex (mPFC) (e.g., Goel 
et al. 1995; Sabbagh and Taylor 2000) and/or the right and left temporo-parietal 
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junction (TPJ) (Saxe and Kanwisher 2003). The few brain imaging studies with 
children have implicated activation of the mPFC (Kobayashi et al. 2007; Ohnishi 
et al. 2004), TPJ, inferior parietal lobule (Ohnishi et al. 2004) and ventral prefrontal 
cortex (Liu 2006). Evidence for a distinct Theory of Mind system would require a) 
increased brain activity for any task or stimulus eliciting the attribution of mental 
states and b) specialized processes, specifically devoted to Theory of Mind. This 
domain-specific interpretation of Theory of Mind would be challenged by the 
involvement of other processes like inhibitory control, language, executive function 
or recursion, serving a whole range of cognitive functions (domain-general 
processes). While developmental theorists (e.g., Wellman and Liu 2004) point out 
that Theory of Mind is to be understood as a complex ability consisting of more 
concepts than false belief, so far few neuroimaging studies have taken this into 
account. One study by Sommer et  al. (2007) has compared true to false belief 
understanding. The results indicate that some Theory of Mind network regions, 
especially the right TPJ, are recruited only for false, not true belief attribution in 
adults. In line with Apperly et al. (2005) the results stress the importance of devel-
oping new tasks to isolate the distinct neural underpinnings of different mental 
concepts. Furthermore, fMRi studies, investigating the patterns of association and 
dissociation of deficits in patients with brain lesions and autistic children provide 
unique information concerning a distinct Theory of Mind network. Reviewing 
20 years of data on lesion patients and children with autism, Stone and Gerrans 
(2006) argue that it may not be necessary to assume a separate Theory of Mind 
mechanism, since there is empirical evidence that Theory of Mind abilities do not 
solely depend on higher order cognitive processes or metarepresentation per se, but 
on their developmental and “online” interaction with low level precursor mechanisms 
like gaze processing and emotion recognition. This could explain why some studies 
show evidence that toddlers with autism have deficits in joint attention skills, but 
not always early deficits in executive function (Griffith et al. 1999; Rutherford and 
Rogers 2003). The fact that deficits in autistic children are not always apparent 
when they are tested by a computer rather than a person (Ozonoff 1995), hints at 
some indispensable input from lower order social domains to provide for intact 
higher order processes like executive function.

5 � Theory of Mind and Language

Since it is not only Theory of Mind undergoing profound developmental changes 
during the first 5 years of life, but also children’s language skills, and since Theory 
of Mind and language development have been found to be closely associated 
(Astington 2000), there is controversy about whether it is language ability that 
constrains Theory of Mind or vice versa (see Milligan et al. 2007, for a review). It 
has been shown that children’s Theory of Mind assists them in their word learning 
(e.g., Baldwin 1991). In more complex communicative situations, adults’ mentalizing 
ability was found to enhance the efficacy of shared understanding in conversation 
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(Krych-Appelbaum et al. 2007). For the reverse influence, it has been shown that 
parents’ language about mental states facilitates children’s later Theory of Mind 
and emotion understanding (e.g., Slaughter et al. 2007; Taumoepeau and Ruffman 
2006). A longitudinal study by Astington and Jenkins (1999) provided evidence 
that early language ability predicts later Theory of Mind performance, while other 
studies (deVilliers and Pyers 2002; Slade and Ruffman 2005), have found the 
relation to be bi-directional. As a consequence, researchers’ positions on the coevolution 
of language and Theory of Mind are fairly widespread. According to Ruffman 
(2000), since children’s early Theory of Mind -components are of an implicit nature 
manifesting in children’s overt behavior, rather than being insights they can 
consciously reflect and verbalize, it is statistical learning abilities (Saffran et  al. 
1996) that account for individual differences in early, nonverbal false belief under-
standing. Once this implicit understanding is in place, the first children to develop 
explicit understanding are those with better language skills because language 
provides the terms and means for refining implicit intuitions. Recent behavioral 
(Newton and deVilliers 2007) and neuroimaging studies (Kobayashi et  al. 2007, 
2008) of Theory of Mind development, indicating that adults process Theory of 
Mind more verbally than children, support this view. Interestingly, studies investi-
gating the consequences of late acquired aphasia (especially loss of grammatical 
skills), suggest that a mature Theory of Mind functions even in the absence of 
syntactical structures and thus the neural bases of adult Theory of Mind and 
language might be largely distinct (Varley and Siegal 2000). As an example, an 
aphasia patient (Apperly et al. 2006), could still solve first and even second-order 
nonverbal Theory of Mind tasks. However, studies with autistic and normally 
developing children (Astington and Jenkins 1999; Lohmann and Tomasello 2003; 
Slade and Ruffman 2005; Tager-Flusberg and Sullivan 1994) indicate that compre-
hension of syntax is related to mentalising abilities. Accordingly, while syntax 
seems to be critical for developing a Theory of Mind, the structure and expression 
of mature, nonverbal belief reasoning might not depend on linguistic cues.

6 � Theory of Mind in Other Species and Robots

Since Premack and Woodruff’s (1978) seminal publication “Does the chimpanzee 
have a Theory of Mind ?” there has been a lively debate, especially in comparative 
psychology, whether and to what extent non-human animals can be credited with a 
Theory of Mind. Here again, a differentiated view on the different components of 
a Theory of Mind and its precursors seems crucial.

One of the building blocks for a Theory of Mind is the human infant’s ability to 
follow gaze (see Emery 2000 for a review). While chimps are quite prolific gaze-
followers their performance in respect to pointing, another important social cue, is 
mixed. While Call et al. (2000) and Barth et al. (2005) report positive responses to 
pointing and gazing, others found the responses to pointing to be very weak or not 
existing at all (i.e. Povinelli et al. 1997). Furthermore, other animals like ravens, 
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which are not as closely related to humans as chimps, follow a person’s gaze into 
distant space (Bugnyar and Heinrich 2006). Though, in the object choice-task 
ravens, unlike chimpanzees (i.e. Call et al. 2000; Barth et al. 2005), do not rely on 
gaze cues to detect hidden food (Schloegl et al. 2007), indicating an ill-conceived 
understanding of the social function of gaze.

Another important precursor of Theory of Mind is intention understanding. With 
a paradigm Gergely et al. (2002) first tested on preverbal infants, Buttelmann et al. 
(2007b) found that like human infants, chimpanzees imitated an irrational action 
(switching a light on with one’s head) more often, when it seemed necessary  
(the model’s hands were blocked) compared to when it appeared as an act of free 
choice. Thus, to some extent, great apes seem to understand the intentionality and 
rationality of others’ actions.

For the concept of “seeing” in chimps, Povinelli and Vonk (2003) suggest a 
behaviouristic rather than a mentalistic interpretation, while researchers from 
Tomasello’s lab (Tomasello et  al. 2003) advocate the idea that some mental 
states, “seeing” among them, can be understood to some extent by chimps. 
Karin D’Arcy and Povinelli (2002) found that, though chimpanzees in competi-
tive feeding situations approach hidden food more often, this was independent 
of whether the food was behind a barrier blocking the rival’s view or behind a 
barrier but in clear sight of a rival. Their results support the idea that chimps, 
while having competitive strategies, do not reason about what their conspecifics 
see or do not see.

An experiment by Bugnyar and Heinrich (2005) adds to the discussion by showing 
that ravens were able to know what other birds, competing about food with them, 
had or had not seen. While the authors conclude that ravens are candidates for the 
concept “see,” they stress that they cannot rule out the possibility that the animals 
might have learned about another bird’s viewpoint in relation to its later competitive 
behavior through foraging. Thus, they do not infer a full-fledged mentalistic under-
standing in ravens.

In a clever series of two studies, Buttelmann et al. (2007a) investigated whether 
chimpanzees use facial, emotional cues to infer the core concept of desire. In the 
first experiment, great apes were found to base their food- choice on the experi-
menter’s emotional expression. In the second experiment, the chimpanzees first saw 
the experimenter lifting a cup and expressing a corresponding emotion of liking or 
disgust towards its content. Subsequently the animals’ view was blocked. Without 
having visual access as to which cup exactly the experimenter has lifted, the ani-
mals saw the happy-looking experimenter eating food out of one of the containers. 
After that the chimpanzees could choose one of the cups for themselves. 
Chimpanzees more often chose the cup the experimenter had expressed disgust 
towards, obviously inferring that this would be the one still containing food. Thus, 
chimpanzees seem to understand other’s desires and based on that, can make some 
action predictions; in this case that the experimenter had eaten the food he desired. 
It is yet to be investigated whether chimpanzees understand the subjective quality 
of desires and, like 18-month-old human infants, differentiate between their own 
and another person’s desire (Repacholi and Gopnik 1997).
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Call and Tomasello (2008) recently reviewed 30 years of research and concluded 
that while chimpanzees can infer the goals and intentions of others and grasp the 
concepts of perception and knowledge, there is no evidence that they possess any 
false belief understanding comparable to humans. As a consequence, while Bartsch 
and Wellman (1995) have proposed a belief-desire-theory for human’s Theory of 
Mind, they propose a perception-goal philosophy for the primate’s understanding 
of the mental world.

The field of Theory of Mind will further emerge and seek input from other dis-
ciplines. While philosophers, neuroscientists and ethologists have jointly contrib-
uted to Theory of Mind research, robotics is a newly emerging area adding to the 
field. To build a humanoid robot that can participate in social interaction, scientists 
in robotics have to address the same issues as researchers of social cognition. The 
benefit could be bi-directional though. Scassellati (2002), who has performed 
research in this area at the MIT Artificial intelligence lab, points out several advan-
tages of applying robotics as a tool for cognitive science. As an example, the valid-
ity and predictive powers of theoretical models of a Theory of Mind could be tested 
against each other by manipulating the robot in a controlled and detailed way, while 
maintaining the same setting and testing paradigms as with human subjects. By 
varying internal model parameters, one could systematically study environmental 
effects on each step of Theory of Mind development. Furthermore, a humanoid 
robot could be subjected to controversial testing, which would be unethical, expen-
sive or too dangerous to perform on human subjects.

As a first step, Scassellati (2002) has discussed the module theories of Leslie 
(1994) and Baron-Cohen (1995) in the realms of robotics. More concretely, he has 
developed initial implementation details of basic mind reading skills in robots (e.g., 
tracking human faces and eyes and differentiating inanimate from animate objects). 
What thus unites researchers of infant social cognition and researchers constructing 
humanoid robots is that both fields are based on a careful conceptual analysis and 
profound theory building as prerequisites for critical empirical examinations.

References

Amodio DM, Frith CD (2006) Meetings of minds: the medial frontal cortex and social cognition. 
Nat Rev Neurosci 7:268–277

Apperly IA, Samson D, Humphreys GW (2005) Domain-specifity and theory of mind: evaluating 
neuropsychological evidence. Trends Cogn Sci 9:572–577

Apperly IA, Samson D, Carroll N, Hussain S, Humphreys G (2006) Intact first-and second-order 
false belief reasoning in a patient with severely impaired grammar. Soc Neurosci 1:334–348

Aschersleben G, Hofer T, Jovanovic B (2008) The link between infant attention to goal-directed 
action and later theory of mind abilities. Dev Sci 11:862–868

Astington JW (2000) Language and metalanguage in children’s understanding of mind. In: Zelazo 
PD, Astington JW (eds) Minds in the making: essay in honor of David R Olson Malden. 
Blackwell, MA, pp 267–284

Astington JW, Jenkins JM (1999) A longitudinal study on the relation between language and 
theory of mind development. Dev Psychol 35:1311–1320



198 B. Sodian and S. Kristen

Baldwin D (1991) Infants’ contribution to the achievement of joint reference. Child Dev 
62:875–890

Baron-Cohen S (1995) Mindblindness: an essay on autism and theory of mind. MIT Press, 
Cambridge, MA

Barth J, Reaux JE, Povinelli DJ (2005) Chimpanzees’ (Pan troglodytes) use of gaze cues in object-
choice tasks: different methods yield different results. Anim Cogn 8:84–92

Bartsch K, Wellman HM (1995) Children talk about the mind. University Press, Oxford
Behne T, Carpenter M, Call J, Tomasello M (2005) Unwilling versus unable: infants’ understand-

ing of intentional action. Deve Psychol 41:328–337
Bischof-Köhler D (2000) Kinder auf Zeitreise. Theory of Mind, Zeitverständnis und 

Handlungsorganisation (Children’s mental time travel. Theory of mind, concept of time and 
organisation of behavior). Bern: Hans Huber

Bugnyar T, Heinrich B (2005) Food-storing ravens differentiate between knowledgable and igno-
rant competitors. Proc R Soc Lond B 272:1641–1646

Bugnyar T, Heinrich B (2006) Pilfering ravens, Corvus corax, adjust their behavior to social con-
text and identity of competitors. Anim Cogn 9:369–376

Bullock M, Sodian B, Koerber S (2008) Doing experiments and understanding science. 
Development of scientific reasoning from childhood to adulthood. In: Schneider W, Bullock 
M (eds) Human development from early childhood to early adulthood: findings from a 20 Year 
longitudinal study. Erlbaum, Mahwah, NJ

Buttelmann D, Call J, Tomasello M (2007) Great apes’ referential use of emotional expressions. 
In: Poster presented at the 37th Annual Meeting of the Jean Piaget Society, “Developmental 
Social Cognitive Neuroscience”, Amsterdam, The Netherlands

Buttelmann D, Carpenter M, Call J, Tomasello M (2007b) Enculturated chimpanzees imitate 
rationally. Dev Sci 10:F31–F38

Call J, Tomasello M (1999) A nonverbal false belief task: the performance of children and great 
apes. Child Dev 70:381–395

Call J, Tomasello M (2008) Does the chimpanzee have a theory of mind? 30 years later. Trends 
Cogn Sci 12:187–192

Call J, Agnetta B, Tomasello M (2000) Cues that chimpanzees do and do not find hidden objects. 
Anim Cogn 3:23–34

Carey S (1985) Conceptual change in childhood. Cambridge University Press, Cambridge, MA
Carlson SM, Moses LJ, Hix H (1998) The role of inhibitory processes in young children’s difficul-

ties with deception and false belief. Child Dev 69:672–691
Carpendale JJ, Lewis C (2004) Constructing an understanding of mind: the development of chil-

dren’s social understanding within social interaction. Behav Brain Sci 27:79–151
Carpenter M, Call J, Tomasello M (2002) A new false belief test for 36-month-olds. Br J Dev 

Psychol 20:393–420
Chandler MJ, Carpendale JIM (1998) Inching toward a mature theory of mind. In: Ferrari M, 

Sternberg RJ (eds) Self-awareness: its nature and development. Guilford Press, New York,  
pp 148–190

Chapman M (1991) The epistemic triangle: operative and communicative components of cognitive 
competence. In: Chandler M, Chapman M (eds) Criteria for competence: controversies in the 
conceptualization and assessment of children’s abilities. Erlbaum, Hillsdale, NJ, pp 209–228

Clements WA, Perner J (1994) Implicit understanding of belief. Cogn Dev 9:377–395
deVilliers JG, Pyers JE (2002) Complements to cognition: a longitudinal study of the relationship 

between complex syntax and false-belief-understanding. Cogn Dev 17:1037–1060
Emery NJ (2000) The eyes have it: the neuroethology, function and evolution of social gaze. 

Neurosci Biobehav Rev 24:581–604
Flavell JH (2003) 2003 Heinz Werner Lecture Series: Vol. 25. Development of children’s knowl-

edge about the mind. Clark University Press, Worcester, MA
Flavell JH (2004) Theory-of-mind development: retrospect and prospect. Merrill-Palmer Q 

50:274–290



199Theory of Mind

Flavell JH, Miller PH (1998) Social cognition. In: Kuhn D, Siegler RS (eds) Handbook of child 
psychology. Volume 2: cognition, perception and language, vol 5. Wiley, New York, pp 851–898

Flavell JH, O’Donnell AK (1999) Le développement de savoirs intuitifs à propos des expériences 
mentales (Development of intuitions about mental experiences). Enfance 51:267–276

Fodor JA (1983) Modularity of mind. MIT Press, Cambridge, MA
Gergely G, Bekkering H, Király I (2002) Rational imitation in preverbal infants. Nature 415:755
Goel V, Grafman J, Sadato N, Hallett M (1995) Modeling other minds. Neuroreport 6:1741–1746
Goldman AI (1992) In defense of the simulation theory. Mind Lang 7:104–119
Gopnik A, Wellman HM (1994) The theory theory. In: Hirschfeld LA, Gelman SA (eds) Mapping 

the mind-domain specificity in cognition and culture. Cambridge University Press, Cambridge, 
pp 257–293

Gordon RM (1986) Folk psychology as simulation. Mind Lang 1:158–171
Griffith EM, Pennington BF, Wehner EA, Rogers S (1999) Executive functions in young children 

with autism. Child Dev 70:817–832
Harris PL (1992) From simulation to folk psychology: the case for development. Mind Lang 

7:120–144
Hughes C (1998) Executive function in preschoolers: links with theory of mind and verbal ability. 

Br J Dev Psychol 16:233–253
Karin D’Arcy MR, Povinelli DJ (2002) Do chimpanzees know what each other see? A closer look. 

Int J Comp Psychol 15:21–54
Kobayashi C, Glover GH, Temple E (2007) Children’s and adults’ neural bases of verbal and 

nonverbal ‘Theory of Mind’. Neuropsychologia 45:1522–1532
Kobayashi C, Glover GH, Temple E (2008) Switching languages switches mind: linguistic effect 

on developmental neural bases of ‘Theory of mind’. SCAN 8:62–70
Krych-Appelbaum M, Law JB, Jones D, Barnacz A, Johnson A, Keenan JP (2007) I think I know 

what you mean: the role of theory of mind in collaborative communication. Interact Stud 
8:267–280

Leslie AM (1994) ToMM, ToBY, and agency: core architecture and domain specifity. In: 
Hirschfeld LA, Gelman SA (eds) Mapping the mind: domain specifity in cognition and cul-
ture. Cambridge University Press, Cambridge, pp 119–148

Leslie AM, Thaiss L (1992) Domain-specificity in conceptual development: evidence from 
autism. Cognition 43:225–251

Liu D (2006) Neural correlates of children’s theory of mind development. In: Psychology, Ph. D. 
Thesis. Ann Arbor University of Michigan, MI

Lohmann H, Tomasello M (2003) The role of language in the development of false belief under-
standing: a training study. Child Dev 74:1130–1144

Luo Y, Baillargeon R (2007) Do 12.5 -month-old infants consider what objects others can see 
when interpreting their actions? Cognition 105:489–512

Meltzoff AN (1995) Understanding the intentions of others: re-enactment of intended acts by 
18-month-old-children. Dev Psychol 31:838–850

Milligan K, Astington JW, Dack LA (2007) Language and theory of mind: meta-analysis of the 
relation between language ability and false-belief understanding. Child Dev 78:622–646

Moll H, Carpenter M, Tomasello M (2007) Fourteen-month-old infants know what others experi-
ence in jointly engagement with them. Dev Sci 10:826–835

Moses LJ, Flavell JH (1990) Inferring false beliefs from actions and reactions. Child Dev 
61:929–945

Neumann A, Thoermer C, Sodian B (2008) Can 18-month-olds overcome the reality bias in theory 
of mind tasks? New evidence from eye-tracking. In: Poster presented at the International 
Conference of Infant Studies, Vancouver, Canada

Newton AM, deVilliers JG (2007) Thinking while talking. Psychol Sci 18:574–579
Ohnishi T, Moriguchi Y, Matsuda H, Mori T, Hirakata M, Imabayashi E et al (2004) The neural 

network for the mirror system and the ‘theory of mind’ in normally developed children: an 
fMRI Study. NeuroReport 15:1483



200 B. Sodian and S. Kristen

Onishi K, Baillargeon R (2005) Do 15-month-old infants understand false beliefs? Science 
308:255–258

Ozonoff S (1995) Reliability and validity of the wisconsin card sorting test in studies of autism. 
Neuropsychology 9:491–500

Perner J (1991) Understanding the representational mind. MIT Press, Cambridge, MA
Perner J, Lang B (1999) Development of theory of mind and executive control. Trends Cogn Sci 

3:337–344
Perner J, Ruffman T (2005) Infants’ insight into the mind: how deep. Science 308:214–216
Perner J, Kloo D, Gornik E (2007) Episodic memory development: theory of mind is part of re-

experiencing experienced events. Infant Child Dev 16:471–490
Perner J, Leekam SR, Wimmer H (1987) Three-year old’s difficulty with false belief: the case for 

a conceptual deficit. Br J Dev Psychol 5:125–137
Pillow BH (1991) Children’s understanding of biased social cognition. Dev Psychol 27:539–551
Povinelli DJ, Vonk J (2003) Chimpanzee minds: suspiciously human? Trends Cogn Sci 7:157–160
Povinelli DJ, Reaux JE, Bierschwale DT, Allain AD, Simon BB (1997) Exploitation of pointing as 

a referential gesture in young children, but not adolescent chimpanzees. Cogn Dev 12:423–461
Premack DG, Woodruff G (1978) Does the chimpanzee have a theory of mind? Behav Brain Sci 

1:515–526
Repacholi B, Gopnik A (1997) Early understanding of desires: evidence from 14 and 18-month-

olds. Dev Psychol 33:12–21
Ruffman T (2000) Nonverbal theory of mind: is it important, is it implicit, is it simulation, is it 

relevant to autism? In: Astington JW (ed) Minds in the making: essays in honor of David 
R.Olson. Blackwell, Oxford, pp 250–266

Russell J, Mauthner N, Sharpe S, Tidswell T (1991) The “windows task” as a measure of strategic 
deception in preschoolers and autistic subjects. Br J Dev Psychol 9:331–349

Rutherford M, Rogers SJ (2003) Cognitive underpinnings of pretend play in autism. J Autism Dev 
Disord 33:289–302

Sabbagh MA, Taylor M (2000) Neural correlates of theory-of-mind reasoning: an event related 
potential study. Psychol Sci 11:46–50

Saffran JR, Aslin RN, Newport EL (1996) Statistical learning by 8-month-old infants. Science 
274:1926–1928

Saxe R, Kanwisher N (2003) People thinking about thinking people: the role of the temporo-
parietal junction in “theory of mind”. Neuroimage 19:1835–1842

Saxe R, Carey S, Kanwisher N (2004) Understanding other minds: linking developmental psy-
chology and functional neuroimaging. Annu Rev Psychol 55:87–124

Scassellati B (2002) Theory of mind for a humanoid robot. Auton Robot 12:13–24
Schloegl C, Kotschral K, Bugnyar T (2007) Gaze following in common ravens, Corvus corax: 

ontongeny and habituation. Anim Behav 74:769–778
Scholl BJ, Leslie AM (1999) Modularity, development, and “theory of mind”. Mind Lang 

14:131–153
Slade L, Ruffman T (2005) How language does (and does not) relate to theory of mind: a longitudinal 

study of syntax, semantics, working memory and false belief. Br J Dev Psychol 23:1–26
Slaughter V, Peterson CC, Mackintosh E (2007) Mind what mother says: narrative input and 

theory of mind in typical children and those on the autism spectrum. Child Dev 78:839–858
Sodian B (2005) Theory of mind. The case for conceptual development. In: Schneider W, 

Schumann-Hengsteler R, Sodian B (eds) Interrelations among working memory, theory of 
mind, and executive functions. Erlbaum, Hillsdale, NJ, pp 95–130

Sodian B, Thoermer C (2006) Theory of mind. In: Schneider W, Sodian B (eds) Enzyklopädie der 
Psychologie, Themenbereich C, Serie V, Band 2: Kognitive Entwicklung. Hogrefe, Göttingen, 
pp 495–608

Sodian B, Thoermer C, Dietrich N (2006) Two-to-four-year-old children’s differentiation of 
knowing and guessing in a non-verbal task. Eur J Dev Psychol 3:222–237

Sodian B, Thoermer C, Metz U (2007) Now I see but you don’t: 14-month-olds can represent 
another person’s visual perspective. Dev Sci 10:199–204



201Theory of Mind

Sommer M, Doehnel K, Sodian B, Meinhardt J, Thoermer C, Hajak G (2007) Neural correlates 
of true and false belief reasoning. Neuroimage 35:1378–1384

Southgate V, Senju A, Csibra G (2007) Action anticipation through attribution of false belief by 
two-year-olds. Psychol Sci 18:587–592

Stone VE, Gerrans P (2006) What’s domain-specific about theory of mind? Soc Neurosci 
1:309–319

Surian L, Caldi S, Sperber D (2007) Attribution of beliefs by 13-month-old infants. Psychol Sci 
18:580–586

Tager-Flusberg H, Sullivan K (1994) A second look at second-order belief attribution in autism.  
J Autism Dev Disord 24:577–586

Taumoepeau M, Ruffman T (2006) Mother and infant mental state talk relates to desire language 
and emotion understanding. Child Dev 77:465–481

Thoermer C, Sodian, B, Nickelt J (submitted). Understanding the pointing gesture at 14 months 
predicts Theory of Mind at four years. Unpublished Ms. University of Munich

Tomasello M (1999) Having intentions, understanding intentions and understanding communica-
tive intentions. In: Zelazo PD, Astington JW, Olson DR (eds) Developing theories of intention. 
Erlbaum, Mahwah, NJ, pp 63–75

Tomasello M, Call J, Hare B (2003) Chimpanzees vs. humans: it’s not that simple. Trends Cogn 
Sci 7:239–240

Varley R, Siegal M (2000) Evidence for cognition without grammar from causal reasoning and 
‘theory of mind’ in an agrammatic aphasic patient. Curr Biol 10:723–726

Warneken F, Tomasello M (2006) Altruistic helping in human infants and young chimpanzees. 
Science 3:1301–1303

Wellman H, Liu D (2004) Scaling of theory-of-mind tasks. Child Dev 75:523–541
Wellman HM (2002) Understanding the psychological world: developing a theory of mind. In: 

Goswami U (ed) The Blackwell handbook of childhood cognitive development. Blackwell, 
Oxford, pp 167–187

Wellman HM, Gelman SA (1998) Knowledge acquisition in foundational domains. In: Kuhn D, 
Siegle RS (eds) Handbook of child psychology, Vol 2: cognition, perception and language, 5th 
edn. Wiley, New York, pp 523–573

Wellman HM, Cross D, Watson J (2001) Meta-analysis of theory-of-mind development: the truth 
about false belief. Child Dev 72:655–684

Wellman HM, Hollander M, Schult CA (1996) Young children’s understanding of thought-bub-
bles and of thoughts. Child Dev 67:768–788

Wellman HM, Phillips AT, Dunphy-Lelii S, LaLonde N (2004) Infant social attention predicts 
preschool social cognition. Dev Sci 7:283–288

Wimmer H, Perner J (1983) Beliefs about beliefs: representation and constraining function of 
wrong beliefs in young children’s understanding of deception. Cognition 13:103–128

Woodward AL (1998) Infants selectively encode the goal object of an actor’s reach. Cognition 
69:1–34


	Theory of Mind
	1 Introduction
	2 Development of a Theory of Mind
	3 Theories
	4 Neural Correlates
	5 Theory of Mind and Language
	6 Theory of Mind in Other Species and Robots
	References


