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Foundations of theory of mind and
its development in early childhood
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Abstract | Theory of mind is the human conceptual capacity to understand other people

as agents who have subjective mental states such as beliefs, desires, and intentions. It is the
basis of distinctively human forms of social understanding and interaction that are essential for
communication, cooperation, and culture. In this Review, | summarize the current state of research
about the emergence and development of theory of mind in early childhood. | describe the typical
developmental trajectory and review findings about the cognitive, linguistic, social and neural
foundations of theory of mind development. Finally, | review an ongoing debate regarding whether
there are different —implicit versus explicit— forms of theory of mind that develop independently,
and conclude by providing an outlook on future challenges and perspectives for research in this area.

The way humans view agents, be it others or themselves,
differs radically from the way humans view the rest of
the world. This difference is because agents feel, perceive
and think. Agents see the world from their own subjec-
tive perspective and they rationally plan, form intentions
and act accordingly. This way of seeing others as rational
subjects with individual perspectives on the world is
termed theory of mind (ToM).

At the conceptual heart of ToM lies meta-
representation: the capacity to represent that and how
agents represent the world from their own points of view.
Meta-representation enables a person to see, judge, or
believe that others see, judge, or believe'. The prototyp-
ical form of meta-representational ToM is ‘belief-desire
psychology’. Belief-desire psychology refers to the
ability to represent how others believe the world is, how
they desire it to be, and how they might rationally act to
realize their desires in light of their beliefs. Such belief-
desire reasoning is ubiquitous in everyday life. For exam-
ple, it is easy to make sense of why someone engages in
the seemingly unpleasant action of lifting heavy weights;
it is a rational means of fulfilling a desire (to gain fitness)
in light of a belief (that lifting weights fosters fitness).

In its mature form, subjective meta-representation
comes with a cluster of four specific signatures: differ-
ence, incompatibility, mis-representation, and aspectual-
ity (TABLE 1)°. First, when an observer meta-represents an
agent’s point of view, that point of view can differ from
the observer’s (for instance, representing “They can see
outside the window, but from where I stand, I cannot’).
Second, the agent’s and the observer’s perspective might
not only be different, but incompatible in their contents.
This situation occurs, for example, when the desires
of both agents cannot be fulfilled at the same time
(for instance, ‘She wants it to rain now, but I do not want

it to rain’). Third, in the attribution of beliefs and other
cognitive propositional attitudes, meta-representation
implies the possible ascription of mis-representation.
That is, one can represent another’s false belief, which
can still guide action (for instance, although it is not
raining, ‘He believes that it is raining and so he takes
his umbrella’). Finally, in the assignment of proposi-
tional attitudes to other agents, it matters how — that is,
under what aspects — that agent represents the relevant
objects and situations. Suppose Eve sees Adam enter the
house. Adam is the newly elected mayor of their town,
but Eve does not know this yet. Eve therefore believes
that Adam is in the house, but not that the mayor is in
the house. This belief can drive Eve’s behaviour: if she
were searching for Adam, she would go into the house,
but if she were searching for the mayor, she would not.
In the development of ToM, these characteristic signa-
tures of meta-representation do not necessarily emerge
at the same time. Rather, development proceeds through
intermediate stages in which children acquire various
aspects of the meta-representational framework of ToM.

ToM has general and far-reaching consequences for
people’s social lives. With ToM, a second-person (embod-
ied by the word ‘you’) perspective becomes possible”. I,
as one agent, can now understand you as another sub-
ject with whom I can engage inter-subjectively. This
second-person perspective supports novel types of social
interactions: people can recognize each other as rational
subjects that can share views on the world, talk to one
another, criticize each other, and/or relate empathically
towards each other. Relatedly, ToM enables first-person
plural (embodied by the word ‘we’) perspectives. When
people understand each other as rational agents, they
can not only ascribe individual intentional states to each
other, but also enter into shared intentionality, form
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Table 1| The four signatures of subjective meta-representation

Signature Definition

Difference Representing that

others’ perspectives may
differ from one’s own

Incompatibility Representing that

the content of others’
perspectives can be

incompatible with
one’s own

Mis-representation Representing that

others’ perspectives can
be inaccurate or false

Aspectuality Representing that

agents represent objects
and situations under

specific aspects

Example

Person A represents: Person A cannot
see that it is raining, but Person B can
see that it is raining

Person A represents: Person A wants
it to rain now, but Person B does not
want it to rain now

Person A represents: It is not raining
but Person B thinks it is raining and
brings their umbrella

The umbrella carried by person B is
awork of art made by a famous artist.
Person A knows this, but person B
does not. Person A thus represents:

B believes they are carrying an
umbrella but they do not believe
they are carrying a work of art.

and pursue joint goals, and perform joint cooperative
actions™®. Finally, ToM grounds novel forms of subjec-
tivity and a new first-person singular (embodied by the
word T) perspective. As an agent with the capacity for
meta-representation, I can apply my explicit mental state
concepts to myself and consequently I gain new insights
about and control over my own desires, and thus new
forms of higher-order self-consciousness, reflection, and
self-regulation””.

ToM also has specific real-life consequences. First,
the development of ToM competence goes along with
general measures of children’s peer social skills in early
and middle childhood. These measures include abilities
such as leadership, skills for joining new groups, welcom-
ing new members into existing groups, and standing up
for one’s own opinion in exchanges with peers’. Second,
ToM specifically predicts communicative competence.
In particular, children who are more advanced in their
ToM competence are better at conversation, argument
and persuasion than children with less advanced ToM.
Children with more advanced ToM are more sensitive
to conversation partners’ points of view and tailor their
arguments and persuasion attempts accordingly'®''.
Third, ToM competence is related to the quality of peer
relationships: children with more advanced ToM are
rated as more likeable and popular among their peers'”.
Fourth, children who are more proficient at ToM tasks
tend to act more prosocially, including comforting,
sharing or helping other individuals®. Finally, preschool
ToM competence predicts achievement in primary
school, a relationship that is possibly mediated by social
competence, in that preschool ToM abilities enable sub-
sequent social competence development, which in turn
contributes to school achievement'.

However, ToM does not have exclusively desirable
real-life consequences. Insight into the subjective life
of others can be used for all kinds of purposes from
cooperative and empathic to selfish and manipulative.
For example, advanced ToM reasoning enables chil-
dren to engage in more sophisticated acts of deception
and manipulation such as lying'>'%. In addition, the

aggressive and manipulative behaviour of some play-
ground bullies might build on their sophisticated ToM
functioning'’. Overall, ToM is a foundational form of
social cognition with wide-ranging consequences for
virtually all domains of everyday social life.

In this Review, I describe milestones of development
in early childhood through which children acquire
the elements of ToM. I discuss determinants of ToM
development, with a particular focus on language and
executive function. Of special interest is newer research
on implicit forms of ToM, demonstrated through sim-
plified non-verbal tasks, that supposedly emerge very
early in infancy. Original empirical findings on implicit
ToM as well as problems with replication in this area
are reviewed, and recommendations for future research
directions are outlined.

Developmental milestones

ToM, in its most basic and rudimentary forms, devel-
ops in infancy and early childhood in the first four
to five years of life. In the following, I review crucial
developmental milestones (FIC. 1).

Emergence of basic ToM in infancy. Even in the first
months of life, infants display social perception and
interaction with other humans. For example, infants are
specifically interested in and tuned to visually processing
faces'® and biological motion'. From two months on,
infants socially smile at other people and engage in coor-
dinated social proto-conversations with them®. There is
some evidence that newborns are already capable of sim-
ple forms of imitation such as copying facial gestures”.
However, these imitation findings have been called into
question by failures to replicate the original findings
in large-scale replication studies®". Even if reports of
infant imitation are less reliable than originally thought,
infants display considerable early social perception. But
these behaviours do not necessarily involve any form of
ascribing mental states to others and therefore are not
ToM, even in the broadest sense.

Basic forms of ToM begin to emerge towards the end
of the first year oflife in the context of what is sometimes
termed the ‘9-month revolution™. Children at this age
begin to exhibit a suite of new capacities: they represent
what other agents perceive®, what goals other agents
pursue”, and they form expectations about how other
agents will rationally act to fulfill their goals in light of
their perceptual access®. The emergence of these capa-
bilities marks the advent of children’s perception-goal
psychology”. Perception-goal psychology is the capacity
to track others’ perceptions of their surroundings, the
goals they have, and how they pursue the latter in light
of the former.

Evidence for an emerging understanding of percep-
tion at 9 months of age comes from various sources.
For example, children begin to follow the gaze of other
agents in systematic and differential ways: they follow
an agent’s head turn only when the agent can actually
see (has their eyes open rather than closed, or wears a
transparent rather than an opaque blindfold**). Children
do not follow all head movements, only those that
are related to the attention and perception of others.
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Similarly, when confronted with an ambiguous action
by another agent that could be directed towards one
of two objects, children at this age take the agent’s per-
ceptual access into account. For instance, if the infant
can see two objects but only one is in the agent’s view,
infants expect the agent to act towards the only object
that is visible for them™. This behaviour implies some
representation of what the other agent can see.

Also at around 9 months, infants display an emerg-
ing understanding of goal-directedness. Evidence for
this understanding comes in part from studies in which
infants watch animated scenarios of geometrical figures
that move in such a way that adults perceive them as
agents acting in rich intentional ways’'. Like adults,
infants expect the animated agents to act rationally in
the pursuit of their goals, as indicated by their look-
ing times. For example, when a geometrical figure has
repeatedly approached a particular object on a particular
path, infants assume that the figure will pursue the same
goal (reaching the object) in flexible and efficient ways
when the paths change. Infants are surprised and look
longer when the figure continues to take the same path
as previously if the path no longer leads to the goal object
or if the path leads there in inefficient ways™.

In spontaneous interactions with other agents, infants
also indicate sensitivity to goal-directed intentional
action. When infants see another agent failing in their
goal pursuit, they spontaneously intervene by offering
help. For instance, if an adult accidentally drops an
object needed to continue their action, the infant will
collect and give the agent that object. However, infants
do not do so in analogous control situations in which the
agent does not pursue the goal in question (for example,
if they voluntarily drop the object)*. That is, infants dif-
ferentiate an agent who pursues a given goal and needs
help to achieve that goal from an agent who behaves
similarly but is not in need of help to achieve their goal.

Finally, a rich body of evidence regarding infants’ goal
understanding comes from imitation studies. Infants
from around 9 months of age begin to engage in spon-
taneous imitation of others’ instrumental, goal-directed
actions with objects”. The way they imitate indicates
that they do not just copy the superficial behaviour, but
instead imitate the actions as goal-directed intentional
activities. The clearest example of this phenomenon is
so-called rational imitation. When infants see an ambig-
uous action — for example, an agent switches on a light
using their head — the infant interprets the action as a
means to a goal or as a goal in itself depending on the

9 month revolution

Birth —— Age9months —

* Basic ToM: perception—
goal psychology

e Shared intentionality

Age 1-3 years ——

¢ Refinement of
basic ToM

context and imitate accordingly. When the agent did not
have their hands available, infants imitate the action by
using their hand to turn on the light, indicating that they
saw the use of the head as a means of turning on the
light. By contrast, when the agent had their hands avail-
able but used their head anyway, infants imitate using
their head, indicating that they saw this unusual act as
somehow a goal in itself*".

From the time it emerges, infants’ perception-goal
psychology does not only reveal itself in third-person
interactions, but also in characteristic forms of
first-person plural shared intentionality. Once they
understand what others see, infants engage with them
in joint attention by coordinating and aligning what
they and another agent see to look at things together”.
Once infants understand what goals others pursue and
how they act intentionally towards them, they form joint
intentions to act together towards a shared goal™™.

The conceptual scheme of perception-goal psychol-
ogy that children develop from around 9 months of age
qualifies as the most basic form of ToM. Perception—goal
psychology involves the attribution of simple mental
states, perceptions and goals, and principles of rational,
teleological action explanation and prediction. Infants
at this age can represent that agents act to fulfil their
goals given their perceptual access. Perception-goal
psychology is therefore a precursor, and potentially a
foundation, for belief-desire psychology. Perception
forms a precursor to belief and goals form precur-
sors to desires. However, perception-goal psychology
is characteristically limited in its conceptual power.
With respect to the four characteristic signatures of
meta-representational ToM, perception-goal psychol-
ogy involves only the signature of difference. Thus,
infants understand that different agents can see differ-
ent things or can pursue different goals. They do not
yet understand the other, more stringent aspects of fully
fledged meta-representation: that representations can
be mutually incompatible, can be false, and can involve
fine-grained aspectual information.

The distinction between two types of perspective-
taking helps illustrate that perception-goal psychology
does not yet constitute full meta-representation (FIG. 2).
When acquiring perception-goal psychology, children
come to master so-called level I perspective-taking’”:
they understand that different viewers can see different
things in a given scene. For instance, they understand
that one person might be able to see a tree in front of a
house, whereas a second person can see only the house

4 year revolution

Age 4 years —— Into adulthood —>

¢ Refinement of meta-
representation

e Recursive, higher-
order ToM

e fully fledged meta-
representation ToM

e Belief-desire
psychology

Fig. 1| Milestones in the development of theory of mind. The most basic form of theory of mind (ToM), perception—goal
psychology, emerges from around 9 months of age. It allows agents to represent that others may have different perceptual
perspectives on the world, and different goals, and act accordingly. Fully fledged meta-representation emerges later,

from around 4 years of age, in the form of belief-desire psychology. It involves an appreciation that others subjectively
represent the world in fine-grained aspectual ways that may be incompatible with one’s own view and that may be false.
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a Level | perspective-taking task

1

b Level Il perspective-taking task

fi

Fig. 2| Level I and level Il perspective-taking tasks. a| In a typical level | perspective-
taking task, the participant (bottom) sees two objects on the table, while another agent
(top) can only see one of the objects because the other one is occluded from their
perspective. The crucial question to the participant is which object(s) the other agent
can see. This task measures an understanding of what another agent perceives®’'*.
b|In atypical level Il perspective-taking task, the participant and another agent see
the same object (the numeral on the table), but it appears differently from the different
perspectives (either as a 6 or as a 9). The crucial question to the participant is what

the object looks like to the other agent. This task measures an understanding of how
something looks to another agent®’'%.

but not the tree because it is behind the house from their
perspective. Only later, when children acquire belief-
desire psychology, do they come to master ‘level II
perspective-taking’: they understand that different view-
ers can see the same thing or scene in different, incom-
patible, fine-grained ways. For instance, they come to
understand that a figure that appears to one viewer as a
‘6’ will appear as a ‘9’ to someone sitting opposite.

The 4 year revolution. In the second and third years
of life, perception-goal psychology and basic ToM are
enriched in various ways. For example, children acquire
a more flexible and nuanced understanding of the ways
in which different agents can differ in their goals and
preferences®.

Fundamental developmental changes happen at
around age 4, when new conceptual structures emerge.
This ‘4 year revolution’ marks the onset of a fully fledged
meta-representational ToM. In the course of this major
transition, children gain the ability to succeed in a clus-
ter of tasks that all require meta-representation. Among
these are false-belief tasks, often considered a litmus test
of mature ToM. These tasks explicitly require children
to ascribe a subjective mis-representation to another
agent and explain/predict their actions accordingly. In
the most well known version, the child sees that another
agent puts an object into one box and then the object is
transferred to another box in the agent’s absence (FIG. a).
The critical test question asked of the child is where the
agent believes the object is or where the agent will search
for the object™. Children younger than four systemati-
cally answer incorrectly; they say that the agent thinks
the object is where it really is and accordingly say that the
agent will search in the second box. However, from
around age 4, children succeed at the task by indicating

that the agent will search in the first box. That is, chil-
dren ascribe to the agent a subjective mis-representation:
a false belief that deviates from reality and is incompati-
ble with the child’s own perspective. In a related task, the
child sees a familiar container (such as an egg carton), is
asked what is inside (the child answers ‘eggs’), and then
learns about its unexpected content (a pen). The child
is then asked what they initially thought was in the box,
and what another naive agent would think is in the box.
To answer correctly, the child has to meta-represent
how the world (wrongly) appeared to them previously,
or would appear to another person. Children younger
than four systematically answer incorrectly; they claim
that they initially thought a pen was in the box and that
another agent would think so also. From around age 4,
children succeed by ascribing to both their former
self and another agent the mistaken belief that the box
contained eggs® (FIC. 3¢).

Other tasks that require an understanding of incom-
patible perspectives are also mastered around this age.
These tasks include appearance-reality and level II
perspective-taking tasks. In appearance-reality tasks,
children are confronted with an object that looks different
from what it really is, such as a rubber eraser that looks
like a walnut, and are asked both what the object really
is and what it looks like (FIG. 3d). Before the age of four,
children tend to answer in reality-based ways, respond-
ing ‘it is a rubber eraser and looks like a rubber eraser’.
From around the age of 4, children explicitly acknowl-
edge the incompatible perspectives between appearance
and reality (‘it is a rubber eraser, but it looks like a wal-
nut’)***!. Similarly, from the same age, children begin to
master level II perspective-taking tasks by acknowledging
incompatible visual perspectives (for example, ‘it looks
like a 6 from here, but like a 9 from there’; FIG. 2b).

Children’s emerging meta-representation is also sen-
sitive to the aspectuality of mental representations. From
around 4 years of age, children are newly able to track
how an agent represents a given object or situation and
consequently how they will act. For example, in several
studies children were confronted with events involving
objects with two aspects or identities, such as an object
that is both a pen and a rattle (looks like a pen, can be
shaken as a rattle) (FIG. 3b). In the task, the child watched
the following scenario: an agent saw the object (as a pen)
disappear into one box; then the object was transferred
to another box in such a way that it could be heard but
not seen (the agent heard a rattle being moved). The
child was aware of the two aspects of the object at all
times and knew that the pen/rattle had been moved to the
second box. However, the agent was not aware that the pen
and the rattle are the same object with a dual identity. The
critical test question to the child is where the agent would
look for the pen. Children from age 4 answered correctly
that the agent would look for the pen in the second box
if the agent knew about the dual identity, but would look
in the first box if unaware of the dual identity*.

Mastery of these different tasks from around the
age of 4 indicates that children grasp various signa-
tures of the subjectivity of mental representation.
Representations held by different agents can have mutu-
ally incompatible content, can be false with respect to
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reality, and can represent objects in fine-grained
aspectual ways. Crucially, children’s understanding of
these different characteristics of subjective mental rep-
resentation emerges in a systematic and coherent fash-
ion. Children come to master all these tasks — despite

a Standard false-belief task

:'L

NN
E BB

Test: “Where will they look for the ball?”

¢ Unexpected content false-belief task

Experimenter asks participant:
“What do you think is in there?”
(answer: eggs)

Experimenter reveals content (pen)
and puts pen back into box

Experimenter asks participant the
following questions:

“In the beginning, when | showed
you the box, what did you
think was in there?”

“When we ask your friend Riley
now who has not seen the box
before, what will Riley think is
inside the box?”

their dramatic differences in topic, format, and surface
structure — at the same time and performance across
tasks is highly correlated***>*’. Thus, the 4 year revolu-
tion marks a major cognitive transition and the emer-
gence of a meta-representational conceptual capacity.

b Aspectual false-belief task

Rattle

3

7z
Y Show that the penis

l also a rattle

- Rattle
1z

—

Test: “Where will they look for the pen?”

d Appearance-reality task

. Experimenter then reveals that it is really

Uﬁ"’ # arubber eraser

Experimenter shows the

participant a misleading object

(a rubber eraser that looks like a walnut):
“What do you think this is?”

(answer: walnut)

Experimenter asks participant the
following questions:

“What is this really?”

“And what does it look like?”

Fig. 3 | False-belief and related theory of mind tasks. a| The child (participant) sees another agent put an object into a box.
The agent leaves and the object is transferred to another box. The child is then asked where the agent will look for the object.
To answer correctly, the child needs to meta-represent how the agent represents the location of the object. b| The child
watches an object with two identities (a pen that is also a rattle) be put into one box while shown as a pen and then
transferred to another box while shaken as a rattle. The child therefore knows that the pen/rattle is now in the second box.
Another agent also witnesses the initial placement of the object (as a pen) in the first box and its relocation (as a rattle) to the
second box but is unaware of the dual identity of the object. The child is then asked where the agent will search for the pen.
To answer correctly (‘The first box’), the child needs to meta-represent how the agent represents the placement and
relocation of the object. ¢ | The child sees a familiar container (such as an egg carton), is asked what is inside (answers ‘eggs),
and then learns about the unexpected content (a pen). The child is then asked what they initially thought was in the box, and
what another naive agent would think is in the box. To answer correctly, the child has to meta-represent how the world
(wrongly) appeared to them previously, or would appear to another person. d | The child initially sees a misleading object
(such as a rubber eraser that looks like a walnut) and is asked what she thinks the object is (answers ‘walnut’). The child then
learns that the object is actually something else (a rubber eraser). The child is then asked what the object really is and what

it looks like. To answer correctly, the child needs to meta-represent how the object appears, by contrast to what it really is.
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With this newly acquired capacity, children understand
that others and themselves are rational agents with sub-
jective perspectives on the world — perspectives that
can differ from and be incompatible with each other,
deviate from reality, and that represent the world in
fine-grained, aspectual ways.

These core capacities of meta-representation have
numerous associated capacities. For example, once chil-
dren understand the possibility of subjective, potentially
false representation, they make practical use of this in
attempting to strategically implant mis-representations
in others through lies and deception*. In a broader
context, children’s emerging meta-representation is
not restricted to understanding mental representation.
In the course of the 4 year revolution, children acquire a
broader meta-representational conception of all kinds of
representations — including mental, linguistic, or picto-
rial ones. For example, children acquire meta-linguistic
awareness that some words (homonyms) can have
multiple meanings, and meta-pictorial awareness that
some pictures can have multiple interpretations**.
Meta-representation is also accompanied by new forms
of self-consciousness and time consciousness as children
develop a diachronic sense of themselves in time, with
episodic memory of past experiences, and episodic fore-
sight into potential future ones**~*". Finally, children at the
age of 4 have a basic meta-representational grasp of emo-
tions such as surprise (finding out that one’s belief was
false) and frustration (finding out that one’s desire was not
fulfilled)".

Continuing development. Despite the advances in ToM
at around age four, children have not achieved adult-like
meta-representational capacities at this age. For instance,
the understanding of complex and subtle emotions,
including fake or concealed ones, continues to develop
into middle childhood and adolescence®*. Similarly,
higher-order recursive meta-representation (for exam-
ple, the ability to represent and understand ‘A thinks
that B thinks that C desires that...”) develops gradually
over childhood, adolescence and adulthood***. Complex
pragmatic understanding of indirect speech acts such as
irony or sarcasm and subtle discourse likewise have a pro-
tracted development over the preschool years>”’. These
different forms of sophisticated ToM all require some
form of higher-order, recursive mental state ascription®®.
Thus, their cognitive complexity is plausibly why they
develop in more protracted ways than basic ToM.

In the broader lifespan perspective, many of these
more complex forms of ToM, such as recognizing sub-
tle emotions or understanding discourse pragmatics,
are not an all-or-nothing matter. Rather, differences in
degree of ToM abilities persist even in adulthood™, and
they follow U-shaped trajectories across the lifespan: pro-
tracted developmental acquisition over childhood and
adolescence, mirrored by analogous decline in older age®.

Developmental determinants

ToM development is influenced by and builds on
general cognitive, neural, and environmental deter-
minants. These include capacities for executive func-
tion and language, as well as social and demographic

factors. Some of these determinants constitute enabling
conditions for the emergence of ToM competence. For
example, language seems to be necessary to acquire fully
fledged meta-representational ToM®'. Other determi-
nants are not necessary for ToM competence, but influ-
ence inter-individual differences in ToM performance
in more fine-grained ways. For example, it is certainly
not necessary for a child to have siblings for the child
to acquire ToM, but having siblings accelerates ToM
development®.

Executive function. Executive function refers to
higher-level cognitive processes involved in the control
of action, including working memory, inhibition, plan-
ning and set shifting. There are close developmental
connections between general executive function and
ToM over the lifespan®. The most conclusive evidence
for this link includes longitudinal findings that execu-
tive function (such as conflict inhibition) early in devel-
opment predicts ToM performance in false-belief and
related tasks later in development, but not vice versa®>®.
Furthermore, executive function abilities mediate how
fast and proficiently children acquire ToM from training
experience over time®. Taken together, these individual
studies, confirmed by corresponding meta-analyses®’,
suggest a crucial role of executive function in the
emergence of ToM®.

These findings raise the crucial question of the
underlying proximal mechanisms through which execu-
tive function enables the emergence and development of
ToM. One possibility is that executive function is part of
the cognitive foundation that enables the flexible coor-
dination and confrontation of multiple perspectives and
is fundamental for meta-representation. Support for this
view comes from studies showing that executive func-
tion is specifically related to ToM tasks that require the
handling of diverging and incompatible perspectives by
different agents, and that ‘conflict inhibition’ executive
function tasks account for these correlations®~"". In one
typical conflict inhibition task for children, the partic-
ipant receives commands to perform simple manual
actions from two puppet agents, a bear and a dragon,
and is supposed to follow the bear only while ignor-
ing the dragon’. Such tasks involve working memory
(remembering who said what and whom to follow) and
inhibition (of the impulse to follow the commands given
by one agent), which are also needed for representing
and handling conflicting perspectives in ToM tasks.
Working memory is required to keep in mind different
perspectives and inhibition is required to suppress con-
flicting representations that interfere with the solution
to a given problem (for instance, suppressing the rep-
resentation of reality when answering a question about
the subjective false belief of another agent)”".

Another potentially complementary possibility is
that a more general cognitive capacity for recursive
embedding of representations underlies both execu-
tive function and ToM development. Development of
this capacity for recursion would enable more complex
rule-following in executive function tasks and recur-
sive meta-representational embedding in ToM. That
is, as children learn to form and follow embedded rules
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(for example, IF [IF a THEN b] THEN [IF ¢ THEN d]’)
they can also represent embedded beliefs (for example
‘She believes [that a]’)™.

It is therefore clear that executive function plays a
fundamental role in the emergence and execution of
ToM. Plausibly, the proximal mechanisms of this influ-
ence include the facilitating role of executive function in
flexibly coordinating different perspectives and in recur-
sive reasoning, but more research is needed to delineate
these proximal mechanisms in more fine-grained ways.

Language. The crucial role of language in ToM devel-
opment is documented by a growing body of evidence
with diverse measures, methods and populations®'.
First, numerous findings show that the development
of general language competence, including syntactic,
semantic and pragmatic capacities, is correlated with
ToM performance in typical and atypical development™.
Second — and more informatively, because it is not
merely correlational evidence — training studies reveal
that ToM development accelerates after linguistic train-
ing (confirmed by a corresponding meta-analysis™).
Children between the ages of three and four who receive
even short sessions of linguistic experience subse-
quently show better performance on ToM tasks. This
improvement is relative to children who had an equally
long training session of an equal amount of non-specific
non-linguistic experience’™. According to these stud-
ies, the specific components that seem to accelerate
ToM development are experience with general dis-
course pragmatics (such as engaging in turn-taking
discourse in which each speaker takes into account
and responds to the other’s speech acts), with seman-
tics of specific words (mental state verbs like ‘know’ or
‘think’) and with specific syntactic structures. Of par-
ticular relevance are so-called that-complementation
syntactic constructions, used to report propositional
attitudes (for example, ‘Alice believes that [the apple
is in the box]’). These constructions enable speakers
to embed any kind of proposition (here, ‘the apple is
in the box’) as the content of a propositional attitude
(here, Alice’s belief)”*7°,

Third, studies with children and adults who are deaf
point to a substantial role of language in ToM develop-
ment. Comparisons of deaf children who grow up in
hearing families without native signers and deaf children
who grow up in families with native signers reveal funda-
mental differences: the latter show typical language devel-
opment, quickly become fluent native signers, and show
typical ToM development. By contrast, children in the
former group show delayed language development and
equally delayed ToM development™””. These different
trajectories in ToM development in two populations that
differ primarily in their linguistic experience thus suggest
a crucial role for language in the emergence of ToM.

Relatedly, studies with Nicaraguan Sign Language
provide a quasi-experimental view on language evolu-
tion and its consequences for ToM. Nicaraguan Sign
Language is a language that emerged in the 1970s, ini-
tially as a gesturing and home signing system among
deaf children, and developed quickly into the mature
linguistic system of a growing deaf community’. Signers

from different cohorts were compared on their mas-
tery of complex linguistic constructions used to report
mental states, and their performance on non-verbal
false-belief tasks. In both tasks, signers who acquired
Nicaraguan Sign Language when it was semantically
and syntactically more complex outperformed sign-
ers of a less-complex version of the language from an
older cohort. However, over time as both cohorts pro-
gressed in their linguistic proficiency and complexity,
the performance gap between them narrowed”. These
findings are another piece of evidence for a substantial
role of language in the development of ToM; as language
develops so does ToM.

Finally, perhaps language matters not only in the emer-
gence of ToM capacities but also remains the medium for
ToM cognition throughout the lifespan. When adults had
to engage in a linguistic dual task in which they had to lis-
ten to and repeat sentences while solving ToM problems,
their performance radically declined relative to when the
dual task was a non-linguistic rhythm-tapping task. This
decrement in performance brought adults almost to the
level of 3 year olds* (but see REF™).

The evidence reviewed above is compatible with two
potentially complementary possibilities for the proximal
mechanisms underlying the relationship between lan-
guage and ToM development. Language — particularly
language use in discourse and conversation — might be
a particularly rich basis for learning about mental states
and perspectives. Beyond that role, the specific syn-
tactic devices of language could supply the representa-
tional structures and the medium to make possible
the meta-representation of propositional attitudes®>*.
Similar views that ascribe a substantial role to language
in enabling and shaping higher cognition have recently
been put forward in other domains such as numerical,
spatial or modal cognition®-*¢.

Neural foundations. In addition to cognitive corre-
lates and determinants, there are concomitant neu-
ral changes that support the development of ToM.
Social-cognitive neuroscience has uncovered charac-
teristic neural correlates of adult ToM functioning. In
adults, ToM is subserved by a network that encompasses
the frontal and tempo-parietal areas of the brain®-"".
Electroencephalographic (EEG) work indicates that
representing others’ beliefs involves specific temporal
signatures such as frontal and parietal late slow waves”.
Finally, neurophysiological studies have found single
neurons in the dorsomedial prefrontal cortex that are
specifically tuned to meta-representing others’ beliefs”.

The crucial questions in the development of ToM
concern the neural correlates and how neural changes
support cognitive changes. Recent research suggests that
functional and connectivity changes across the ToM net-
work, in particular between the right temporo-parietal
junction (rTPJ) and more frontal areas, might be the
crucial neural underpinning of the emergence of fully
fledged ToM from around 4 years old”. EEG studies
show that characteristic processes underlying ToM
processing (such as the frontal late slow wave) take
adult shape only from around the age of 4 (REF.%).
Diffusion-weighted magnetic resonance imaging (MRI)
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studies suggest that changes in white matter structure,
particularly the connectivity between the frontal and
temporo-parietal regions, underpin the cognitive
changes in the course of the 4 year revolution’.

Social determinants. Finally, ToM development is also
shaped by a number of social determinants®*. Some
evidence for the role of the social environment can be
seen in the findings of poor ToM capabilities in those
deaf children who are not exposed to sign language and
therefore do not have access to social communication
of the perspectives of other agents. Additional factors
in children’s immediate and broader environments also
affect the development of ToM.

General socio-demographic factors that positively
correlate with ToM development include socioeconomic
status” and the number of siblings in the house®'".
Regarding potential proximal mechanisms, it is plausi-
ble to assume that both higher socioeconomic status and
greater number of siblings increase social, in particular
linguistic, learning opportunities and therefore foster
ToM development.

Other specific social factors that shape ToM develop-
ment pertain to parenting style. The more parents talk
to their children about mental states, the more profi-
cient the children become at ToM'">'*?, Relatedly, many
studies (and a corresponding meta-analysis'®), reveal
that parents who are more competent at identifying and
responding appropriately to the thoughts and feelings of
their children (‘mind-minded’ parents), have children
with higher ToM proficiency'". Parental mental-state
discourse and mind-mindedness plausibly supply chil-
dren with more social-cognitive experiences in which to
learn about mental states more generally. Furthermore,
they enable children to experience and acquire the
requisite linguistic means to represent and talk about
mental states.

In addition, a large body of evidence from cross-cultural
studies suggests that ToM develops in largely analogous
ways across cultures'*>'”, However, minor characteristic

differences have been found in the order of acquisition of
various sub-components of ToM. For example, whereas
children in individualist cultures master some tasks of
understanding opinion diversity before they master anal-
ogous tasks of understanding knowledge access, children
from collectivist cultures reveal the reverse developmental
patternlof',ll')x.

All in all, ToM development is crucially shaped by
social factors. Across cultures, given the requisite lin-
guistic and social input, all children acquire ToM in
largely analogous ways. But the order and speed of
development are influenced by large-scale cultural, and
small-scale family factors.

Implicit theory of mind

As described so far, ToM refers to a high-level conscious
capacity that is tapped by explicit measures. These meas-
ures include direct tasks that involve verbal abilities (that
is, verbal abilities form the dependent measure or ver-
bal instructions are used) and tasks that tap high-level
strategic decision-making, planning and interaction.
However, one fundamental concern with such tasks is
that they might mask the ToM competence of young
children owing to extraneous performance factors'”.

Measures and results. Over the past 20 years, implicit
measures of ToM, with radically reduced linguistic and
other cognitive task demands, have been developed
(TABLE 2). Such measures include the following four
kinds of tasks. In violation-of-expectation looking-time
tasks, infants or young children watch a scene in which
an agent forms a mental state (such as a true or false
belief), as in a standard (explicit) false-belief task (FIG. 3a).
However, unlike in the false-belief task, the participant is
not asked what the agent will do but rather is shown the
agent acting in accordance with their belief (expected)
or not acting in that way (unexpected). The child’s
looking time is measured and compared between the
expected and unexpected conditions. If the child looks
longer at the unexpected outcome, this suggests that they

Table 2 | Overview of measures of implicit ToM and the original and replication findings

Replication findings

Mixed, including successful**’,
partial'*® and non-replications'***!

The basic findings could
largely not be replicated in
direct large-scale replication
studies”**** including a
self-replication'*

Measure Populations tested Original findings
Violation-of- Infants Children look longer at unexpected
expectation (agent acting inconsistently with their belief)
looking time than at expected (agent acting consistently
with their belief) outcomes'’
Anticipatory Infantsand children Infants, children, adults and non-human
looking (ages 1-10 years) primates spontaneously anticipate based
and adults and on the agent’s belief!*!-++5160.161
non-human primates
Interaction  Children (from age 2) Children in their communicative or

cooperative interaction with another agent
adapt their responses to the partner’s belief;

Mixed, including one
positive'®* and several failed
replications'?&!42144

they respond differently, for example, when
the partner has a false belief as compared
to when she has a true belief''*'**

Altercentric  Adults

bias

Participants are slower and more error-
prone in performing a given task when the

Mixed, including successful'®’,

partial'* and non-replications'*®

perspective of another agent who is present
but irrelevant to the task is inconsistent with
their own (relative to when it is consistent)'*°
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formed implicit expectations that the agent would act in
accordance with their belief and are surprised when this
expectation is not fulfilled'*’.

Anticipatory looking tasks use a similar paradigm
in which participants watch videos in which an agent
forms a mental state (such as a true or false belief). In
the video, the agent then sets out to perform an action
and eyetracking is used to measure whether the partici-
pant spontaneously anticipates where the agent will act
next by looking towards a relevant part of the screen.
If the participant systematically anticipates the agent’s
actions based on their belief, the participant has formed
implicit expectations about the agent’s mental state'''~'"%.
This task is suitable for evaluating ToM in infants, older
children, adults and even non-human animals.

A third class of implicit ToM tasks is interaction
tasks, in which participants are involved in a commu-
nicative or cooperative interaction with another agent.
This agent forms a mental state (such as a true or false
belief regarding the contents of a box) and experi-
menters measure whether participants spontaneously
take the agent’s belief into account in their interaction
with the agent (for instance by helping or by interpreting
the agent’s communicative acts accordingly)'*'">.

Finally, in altercentric interference tasks, the par-
ticipant is required to make a judgement (for example,
‘how many dots are there?’) in the incidental presence of
another agent whose perspective is either congruent or
incongruent with the participant’s perspective (for exam-
ple, sees the same or a different number of dots than the
participant). Participants’ reaction times and error rates
are measured to evaluate altercentric interference: slower
and more error-prone responses are expected when the
agent’s perspective is incongruent with the participant’s
perspective than when it is congruent. If such a pattern
is found, it suggests that participants spontaneously and
implicitly take into account the other agent’s perspective,
even though it is irrelevant to the task''®'"”

The first wave of studies with implicit measures,
including violation-of-expectation, anticipatory look-
ing and interaction, suggested that even infants have
meta-representational ToM capacities. Once the tasks
were suitably simplified, infants systematically distin-
guished between true- and false-belief conditions and
formed expectations and acted accordingly"'*'". Initial
evidence with tasks that can also be used with adults —
anticipatory looking and altercentric interference — also
suggested that capacities of ToM remain in operation
throughout the human lifespan in the form of uncon-
scious and spontaneous processes that reveal themselves
in implicit tasks''%.

Theoretical implications. The original positive findings
with implicit measures have had far-reaching theoretical
repercussions. They led to the development of, and have
been taken as evidence for, ambitious novel accounts.
According to nativist accounts, meta-representational
ToM is largely innate and in operation very early in
development, much earlier than suggested by explicit
tasks''*"'*!. Children fail at standard false-belief and
related tasks until the age of 4 merely owing to per-
formance limitations: the tasks have extraneous task

demands (such as verbal and inhibitory) beyond the
requirement for meta-representation. If such task
demands are removed, children should be able to express
their existing meta-representational ToM and pass the
tests. Implicit tasks yield exactly this pattern of findings
and are thus taken as strong evidence for nativism.

By contrast, dual-process theories assume that
there are at least two types of ToM that develop inde-
pendently’>'#*-'*, Type I processes develop early, operate
implicitly and unconsciously, and remain in operation
throughout the lifespan in spontaneous and indirect
tasks. These processes involve a simple ToM, a basic
way of representing mental states that goes beyond mere
perception-goal psychology (though not incorporating
belief-desire psychology). Type II processes — fully
fledged meta-representational ToM — develop later,
are based on language and executive function capaci-
ties, and operate in explicit and conscious ways across
the lifespan. Findings with infants and adults that show
some dissociations between indirect and direct tasks,
and therefore supposedly between type I and type II
processes, have been taken as evidence for this dual
process framework'*>'?.

Replicability and validity. Since the publication of
the original implicit ToM tasks, multiple studies with
infants, children and adults have either failed to rep-
licate the original findings (calling into question their
reliability), or have found that the effects are not stable
under more stringent conditions (calling into question
their validity).

There is a growing body of published studies that
fail to replicate the original results of the implicit tasks
described above: violation-of-expectation'**-'"*!, anticipa-
tory looking'**"*>"*_interaction'**'*'~"* and altercentric
bias'>'*, Furthermore, a survey revealed that there are
additional unpublished studies that also do not find the
same results as the original studies'’. Crucially, although
some of these negative results are in conceptual repli-
cation studies with minor procedural differences from
the original studies (which could account for the dif-
ferent findings), procedural differences are not present
in all of the studies. Many studies that fail to replicate
the original results — in particular, studies with antic-
ipatory looking measures that can be fully automated
— are direct replications with the original stimuli, meth-
ods and procedures, but with much larger samples than
the original studies"**'*’. These studies include a direct
self-replication (with a larger sample) of one of the first
and most influential anticipatory looking studies''' in
which the original effect could not be replicated'.

The validity of the implicit ToM measures has also
been challenged by two sets of findings. Regarding con-
struct validity, some original effects can be replicated
but disappear once problematic confounds have been
removed and suitable controls have been added"**'*. For
example, in a large-scale replication attempt of several
anticipatory looking measures, it was found that only two
out of many conditions proved replicable'*. However,
it turned out that there were procedural confounds in
these two conditions. For example, the correct answer
in training and experimental trials was accidentally made
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identical; as a result, participants may have simply devel-
oped a bias over trials to look at a particular side. The
effects vanished once the confounds in these conditions
were removed. Similar results have been found with other
interactive and altercentric interference tasks'*>'*%*,

Similarly, implicit tasks suffer from a lack of conver-
gent validity. Decades of research with explicit ToM tasks
have shown that tasks that differ dramatically in sur-
face features but share the same meta-representational
deep structure, such as various false-belief and other
meta-representational tasks (FIG. 3), systematically con-
verge. Proficiency in the different tasks ontogenetically
emerges in tandem, and performance on the tasks is
highly inter-correlated*>'*". By contrast, no systematic
correlations have been found between the different types
of implicit tasks, nor even within different tasks of the
same type, all of which are designed to tap the same
underlying construct'?-311351%9,

Status of implicit theory of mind. Returning to the theo-
retical implications, early results showing implicit ToM
in infants were taken as strong evidence for nativism'*’.
Similarly, findings with infants and adults that show
some dissociations between implicit (type I) and explicit
(type II) tasks have been taken as evidence for the gen-
eral dual-process account'?>'*. However, in light of the
discrepancy between positive original and negative rep-
lication findings, there is substantial dispute around the

Box 1| Theory of mind across species

Decades of comparative research with non-human primates strongly suggests that
fully fledged meta-representational ToM is a uniquely human capacity not shared by
our closest living animal relatives: chimpanzees and the other great apes'®*'*°. But it
remains controversial whether more basic forms of ToM might be evolutionarily more
ancient and shared with other species. Numerous studies suggest that basic ToM
(perception—goal psychology) is not uniquely human, but shared at least by great apes,
perhaps other non-human primates, and maybe by even more remote species such

as some birds'®>'*°. But even the perception—goal psychology of non-human primates
might be limited in comparison to that of human children, who possess the capability
from around 1 year of age. Non-human primates seem to use their perception—goal
psychology mainly for competition and manipulation, from a detached third-person
perspective in which other agents are seen as potential competitors to be manipulated
rather than as potential communication or cooperation partners®. In contrast to
humans, they seem not to enter into the characteristic second-person and first-person
plural forms of shared intentionality on the basis of their perception—goal psychology®.

Regarding fully fledged meta-representational ToM, decades of studies with
non-verbal interactive measures have consistently produced negative results.

Even though non-human primates master relevant control tasks that show that they
can engage in smart interaction and take into account basic social information about
the other agents’ perspective, they consistently fail when it comes to false-belief and
related tasks'®. Two eye-tracking studies with apes and monkeys found that subjects
showed some anticipatory looks that tracked how other agents in an observed scenario
would act on the basis of their beliefs. This evidence could suggest that there is some
implicit ToM in non-human primates that reveals itself in looking, but not in more
active behaviour'®"'*'. However, these findings are very difficult to interpret because
they used measures borrowed from human infancy research that turned out to be
non-replicable’®.

Fully fledged ToM therefore seems to be uniquely human. One reason is that even
though humans and other primates share basic perception—goal psychology, the human
form also grounds second-person and first-person plural forms of shared intentionality.
This shared intentionality provides the basis for cooperation, culture and communication
which, in turn, crucially via language and discourse, ground the emergence of fully
fledged meta-representation®®.

existence of implicit meta-representational ToM. One
party to the debate has argued that the positive original
findings are solid enough to warrant belief in implicit
ToM''. They suggest that failed replications presenting
false negatives might largely be accounted for by pro-
cedural differences. Others have expressed more cau-
tious views and argue that it is currently unclear which
results are false positives or false negatives and there-
fore that it is unclear (without more systematic future
experimentation) whether implicit ToM exists'*.

One interesting possibility is that there might be two
classes of implicit tasks. On the one hand, some tasks
strictly require meta-representational ToM such as
false-belief tasks and may not be robustly replicable. On
the other hand, tasks that can be potentially be solved in
simpler ways, for example by level I perspective-taking,
may turn out to be replicable. Empirically, some studies
have found preliminary evidence for such a pattern'*'*.
Theoretically, this pattern of findings would be highly
compatible with a dual-process account. The replicable
implicit ToM tasks tap early-developing more basic type I
processes, whereas more complex and sophisticated,
truly meta-representational type II processes reveal
themselves only later in development in explicit tasks.

Summary and future directions

ToM is the capacity for people to understand others and
themselves as rational agents with subjective perspec-
tives on the world, who act on the basis of their thoughts,
desires, and feelings. At the heart of this capacity —
which is fundamental for virtually all forms of human
social life — lies meta-representation: representing that
and how agents represent the world.

Even though basic forms of ToM are evolutionar-
ily ancient, develop early in human ontogeny, and are
shared with non-human primates (BOX 1), fully fledged
meta-representational ToM emerges slowly across
human childhood. Major changes in ToM capacity occur
at around 9 months and 4 years of age. This trajectory is
based on developing general neuro-cognitive capacities
such as executive function and on linguistic experience.
Developmentally, ToM also has characteristic social
determinants and wide-ranging social and educational
consequences.

There are many crucial aspects of ToM development
and its underpinnings that are still poorly understood.
For example, there is solid empirical evidence that exec-
utive function and language are crucial for acquiring
meta-representation. However, the field lacks detailed
insight into the underlying proximal mechanisms
that permit executive function and language to enable
meta-representation. In the case of language, these ques-
tions relate to similar questions concerning the interplay
of language and thought in other areas. For example,
language plays a key part in the acquisition of spatial®,
numerical® or modal thought** — but it is unclear how.
The current debate concerning the role of language
in ToM research should therefore be part of a much
broader research programme that aims to understand
how language shapes thought during development.

Likewise, the field has a solid understanding of the
neural underpinnings of adult ToM and studies are
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underway to reveal the characteristic neural under-
pinnings of developmental change. However, it is still
unknown how these neural changes underlie cognitive
development. Future research needs to aim at develop-
mental implementation theories, which detail how neu-
ral changes implement or realize cognitive transitions.
New computational theories of the underpinnings of
ToM'**'>> might have a crucial role in this endeavour.
Finally, one of the most pressing questions for future
study concerns the status of putative implicit ToM. The
current complex empirical situation leaves it highly
unclear whether implicit ToM tasks are reliable and
valid, whether there is such a thing as a separate form of
implicit and unconscious ToM, and whether even infants
might have a precocious form of meta-representation.
The only way forward in this situation is a concerted,
collective effort in which researchers join forces to sys-
tematically test the reliability and validity of implicit ToM

156

a platform for replicability research in infant cognition,
such a consortium has recently been formed'*”. This effort
includes authors of original and replication studies and
proponents from across the theoretical spectrum, in a true
adversarial collaboration'*®. In a collaborative spirit, with
a priori planned studies, this consortium will test whether
implicit ToM tasks are replicable across laboratories. The
results will help determine whether there is such a thing
as implicit meta-representational ToM, already present in
infancy and in operation throughout the lifespan.
Although these questions are mainly theoretical,
the answers might also have important practical impli-
cations. The more psychologists understand how this
fundamental form of human social cognition works and
develops, the better equipped they will be to apply this
knowledge, for example, by developing educational and
intervention programmes that foster development.
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