
How Theory of Mind and Executive Function
Co-develop

Stephanie E. Miller & Stuart Marcovitch

Published online: 24 November 2012
# Springer Science+Business Media Dordrecht 2012

Abstract Theory of mind (ToM) and executive function (EF) have traditionally been
measured starting in preschool and share a similar developmental progression into
childhood. Although there is some research examining early ToM and EF in the first
3 years, further empirical evidence and a theoretical framework for a ToM-EF relationship
from infancy to preschool are necessary. In this paper we review the ToM-EF relationship
in preschoolers and provide evidence for early development in ToM, EF, and the ToM-EF
relationship. We propose that models of cognitive control (i.e., Hierarchical Competing
Systems Model: Marcovitch & Zelazo (Journal of Cognition and Development 7:477–
501, 2006), (Developmental Science 12:1–25, 2009)); and Levels of Consciousness
Model: Zelazo (Trends in Cognitive Science 8:12–17, 2004) account for the ToM-EF
relationship across childhood through domain-general developments in the ability to
form and reflect on relevant representations that can guide behavior in both ToM and
EF situations. The combination of these models also presents unique, domain-general
considerations for interpreting early ToM from infancy to preschool.

Two hallmarks of cognitive development are thought to emerge in the preschool
years: theory of mind (i.e., ToM, the understanding that others have internal mental
states that guide behavior; e.g., Wellman et al. 2001) and executive function (i.e., EF,
the cognitive processes that play a role in the conscious control of thought and action;
e.g., Zelazo et al. 1997). Despite the seemingly disparate characterizations of these
two abilities, ToM and EF follow a similar developmental progression and share a
consistent relationship during the preschool years (e.g., Carlson and Moses 2001;
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Carlson et al. 2002; Frye et al. 1995; Hughes and Ensor 2005, 2007). The strong
ToM-EF relationship in preschoolers has prompted productive challenges of
domain-specific views of ToM, which have led theorists to consider possible roles
of domain-general abilities in ToM (e.g., Frye et al. 1995; Moses 2001). In addition,
this relationship has led researchers to contemplate the role of social understanding in
the development of EF (e.g., Perner and Lang 2000). However, the ToM-EF rela-
tionship has been examined almost exclusively in preschoolers older than 3 years of
age, due to established theoretical frameworks (e.g., Gopnik and Wellman 1994;
Wellman et al. 2001) and the demanding nature of the tasks. New research paradigms
are emerging that examine the early development (i.e., the first 3 years) of ToM, EF,
and the relationship between the two (e.g., Baillargeon et al. 2010; Carlson et al.
2004; Garon et al. 2008; Hughes and Ensor 2005; Marcovitch and Zelazo 2006,
2009; Southgate et al. 2007; Tomasello et al. 2005).

The purpose of this paper is to examine the ToM-EF relationship from infancy to
preschool. The four specific aims of the paper are to: (1) review evidence for ToM, EF and
the established ToM-EF relationship in preschoolers, (2) examine the evidence for ToM,
EF and a ToM-EF relationship in infants and toddlers (3) suggest a domain-general
representational framework for explaining ToM, EF, and the ToM-EF relationship across
early childhood, and (4) discuss the proposed representational framework’s consistency
with existing data and offer future directions. This framework not only captures the similar
developmental progression underlying ToM and EF, but also provides novel, domain-
general explanations for early ToM behaviors that have not yet been considered.

1 ToM and EF in Preschool

1.1 ToM in Preschoolers

The majority of ToM research has been conducted with preschoolers in tasks where
the understanding of others’ internal mental states (e.g., desires, beliefs, knowledge,
emotions) is typically inferred through overt behavior (see Wellman and Liu 2004).
One of the most researched ToM tasks is the false belief task (e.g., Gopnik and
Astington 1988; Wellman et al. 2001; Wimmer and Perner 1983), designed to assess
children’s ability to detect that others can hold an untrue belief that guides behavior.
Although methods vary, in a typical false belief task children watch as the protagonist
acknowledges the location of an object (e.g., in the box). The object is then moved to
a new location (e.g., in the cupboard) by another character without the protagonist’s
knowledge. The question of interest is whether children can appreciate that the protag-
onist will look for the object in the incorrect location. This task is thought to require
understanding of diverse beliefs (i.e., the protagonist believes the toy is in the box while
the participant believes the toy is in the cupboard) and the understanding of knowledge
and ignorance (i.e., the protagonist is ignorant of the true location of the toy, see
Wellman, and Liu 2004). Children begin to succeed on this task by 4 years of age.

Researchers have proposed that the ability to pass false belief tasks is driven by
domain-specific advancements in conceptual understanding. Specifically, false belief
understanding is hypothesized to represent a conceptual breakthrough in ToM devel-
opment where children now have a concept and framework for interpreting others’
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beliefs. This is part of the theory-theory account of ToM development (e.g., Gopnik
and Meltzoff 1997; Wellman 1990) that postulates that children construct their
understanding of people by creating and refining theories on how unobservable
concepts influence others’ behavior. In this account understanding and concepts for
basic internal mental states (e.g., desires, knowledge) emerge earlier, and understand-
ing others’ false beliefs comes later in development as children gain experience.
Further, abilities like monitoring misinformation in communication have been sug-
gested to contribute to deception and false belief understanding in preschoolers
(Mascaro and Sperber 2009).

Wellman and Liu (2004) found a relatively consistent developmental pattern in
preschoolers’mental state understanding. The earliest skill to emerge is the understand-
ing of diverse desires, when children display an understanding that one individual can
have a desire for something that is inconsistent with another’s desires (e.g., child likes
ice cream, adult likes broccoli). The understanding of diverse beliefs emerges next as
children display awareness that two people can have different beliefs about something.
For example, when the location of an object is unknown, children predict that an adult
will search in accordance with beliefs different from the children’s own beliefs.
Importantly, this understanding emerges only for beliefs when the child is unaware of
the accuracy of the belief (i.e., it is not the same as false belief understanding). Next,
children begin to understand knowledge versus ignorance, in which two individuals can
have discrepant knowledge (e.g., an adult might not know something that is true, for
example if they did not see a toy put into a drawer they would be ignorant of the toy’s
location). Finally, false belief understanding emerges followed by the understanding of
hidden emotions (i.e., the understanding that individuals’ can portray an emotion
different from what they feel). Wellman and Liu favor a constructivist approach when
interpreting this sequence, where understanding earlier mental states (e.g., desires,
diverse beliefs) scaffold understanding of later emerging abilities, such as false belief.
Further, small cultural changes in the sequence of ToM development have been found.
For example, knowledge-ignorance understanding emerges before discrepant desires in
children from China (Wellman et al. 2006), which has been hypothesized to reflect the
role of the culture and environment in children’s construction of these mental con-
cepts and theories.

1.2 EF in Preschoolers

EF is also widely studied in preschool. Whereas ToM refers to understanding
thoughts and behavior in others, EF refers to conscious control of thought and
behavior in oneself. EF is perhaps most noticeable in its absence and is typically
assessed by presenting children with a problem where control over behavior is
difficult because of a conflicting prepotent response (see Zelazo et al. 1997). For
example, in the Dimensional Change Card Sort (DCCS; Zelazo et al. 2003) children
are asked to sort test cards that vary on two dimensions (e.g., shape and color) to
conflicting cards that incorporate one dimension from each of the test cards (e.g., if
they are sorting red squares and blue triangles they have to match them to red
triangles and blue squares). After sorting successfully according to one dimension
(e.g., shape), the experimenter switches the rule and asks children to sort on the other
dimension (e.g., color). Three-year-olds typically find it difficult to resist sorting by
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the previously correct rule (e.g., shape) and fail to use the new rule (e.g., color), but
performance improves dramatically for 4- and 5-year-olds.

EF has been conceptualized as involving three component processes (Miyake et al.
2000; see also Garon et al. 2008): working memory (i.e., the ability to hold and
manipulate information in mind), inhibition (i.e., the ability to suppress irrelevant
responses), and shifting (i.e., the ability to shift flexibly to new responses). Although
failures in EF can be due to any of these component processes at any phase of
problem solving (e.g., problem representation, planning), performance across a wide
range of EF tasks is consistently related (e.g., Carlson et al. 2004; Miyake et al. 2000;
Wiebe et al. 2011). Miyake and Friedman (2012) have proposed that EF involves
studying what is common across these EF processes, specifically maintaining task
relevant information to guide lower level processes toward executing a goal. For
instance, the DCCS likely requires working memory (holding the rule in mind),
shifting (flexibly switching between sorting rules), and inhibition (suppressing the
prepotent response to sort by the first rule). Further, maintaining the goal (e.g., sort by
color) should influence working memory, shifting, and inhibition (e.g., Jacques and
Marcovitch 2010; Miyake and Friedman 2012). Children exhibit large gains across
many different EF tasks throughout preschool (see Carlson 2005), and the study of
EF is fundamental to understanding what underlies cognitive control across these
different situations.

1.3 The ToM-EF Relationship in Preschoolers

A consistent relationship between ToM and EF in preschoolers has led researchers to
examine ToM’s relationship to domain-general abilities of cognitive control (e.g.,
Carlson et al. 2004; Carlson and Moses 2001; Carlson et al. 2004; Frye et al. 1995;
Hughes 1998a, b; Hughes and Ensor 2005, 2007; Perner and Lang 1999). According
to expression accounts (e.g., Moses 2001), foundational EF abilities may be neces-
sary for children to display their knowledge of others’ beliefs and respond accurately
on ToM tasks. For example, in the false belief task children may have difficulty
holding relevant information in mind (e.g., multiple perspectives), inhibiting a pre-
potent response (e.g., suppressing selection of the salient correct location), or switch-
ing responses (e.g., switching from their own perspective to consideration of
someone else’s perspective). Moses has proposed that difficulties in EF abilities
may prohibit children from displaying actual conceptual knowledge of others’ mental
states. For example, children may be aware that another person can hold a false belief
about a situation but have difficulty displaying this knowledge because it is too
difficult to inhibit their own perspective. In support of this hypothesis, children
performed better when inhibitory demands are reduced in deception tasks (e.g.,
Carlson et al. 1998; Hala and Russell 2001) and even very young children are able
to pass versions of a false belief task when less demanding versions of the task are
employed (e.g., looking time as a response measure and very little inhibition
demands, see Onishi and Baillargeon 2005; Southgate et al. 2007).

Moses (2001) also proposed that EF may play a more fundamental role as a
prerequisite for the emergence of ToM. For example, to have an understanding of
others’ mental states, children must first be able to disengage from the consideration
of salient information, such as their own mental states (e.g., Russell 1996). Moses
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suggested that results from Wellman et al.’s (2001) meta-analysis on false belief
provide evidence that manipulations related to EF are important in ToM (e.g., salient
mental states which are more difficult to inhibit influence ToM performance). Further,
when analyzed longitudinally, EF at 24 months was shown to be predictive of ToM at
39, while ToM at 24 months was typically not predictive of EF at 39 months (Carlson
et al. 2004). Although this suggests that EF may contribute to the emergence of ToM,
one potential issue in studying the early ToM-EF relationship lies in establishing age
appropriate measures of toddlers’ ToM. Carlson, Mandell, et al. had difficulty
establishing a ToM-EF relationship at 24 months and have suggested that this may
be due to difficulties in establishing age appropriate measures of toddler ToM. For
example, the authors adapted intention and desire understanding tasks for 24-months-
olds when this ability has already been established in younger children. However,
when different measures of ToM are presented at 24 months (e.g., false belief,
deception), the concurrent ToM-EF relationship is present (Hughes and Ensor
2005, 2007) and the longitudinal relationship of EF contributing to later ToM holds
across ages 2 to 4 years of age, while there is limited evidence that ToM predicts EF
(Hughes and Ensor 2007). These results support an emergence account of the ToM-
EF relationship and demonstrate the need for further examining precursors to ToM
and the early ToM-EF relationship.

In contrast to EF expression and emergence accounts, Perner and Lang (2000)
suggested that understanding underlying mental states and their influence on behavior
in ToM might support children’s EF development. For example, in the hand game
(Luria et al. 1964), children are asked to make the opposite gesture of what the
experimenter is showing them (e.g., if the experimenter shows a flat hand they are
asked to make a fist, if the experimenter makes a fist they are asked to make a flat
hand). Perner and Lang (1999) suggested that the understanding of the natural
tendency to produce the same gesture as the experimenter allows children to recog-
nize the problem and exhibit inhibition over the prepotent response (also see Lang
and Perner 2002; Perner et al. 1999).

Relatedly, Carruthers (2009) suggested that ToM deficits in children with autism
could contribute to EF impairment in this population. Indeed, several studies have
shown that children with autism display deficits on EF tasks (e.g., Ozonoff and
McEvoy 1994; Ozonoff et al. 1991; Rumsey 1985; Rumsey and Hamburger 1990).
However, the relationship between ToM and EF in children with autism has also been
hypothesized to relate to an underlying disability in cognitive control (e.g., Bowler et
al. 2005; Frye et al. 1998; Zelazo et al. 2001; Zelazo et al. 2002). Earlier EF abilities
have been shown to predict ToM in children with autism, while there is no evidence
that early ToM predicted EF (Pellicano 2010).

One theory that stresses the importance of cognitive control in the ToM-EF
relationship is the Cognitive Complexity and Control (CCC) Theory. The CCC theory
postulates that although various processes are involved in EF (e.g., inhibition,
working memory), the development of consciously controlled behavior is related to
a single development in awareness and self-reflection (Zelazo et al. 2003). Frye et al.
(1995) suggested this underlying representational ability involved in creating and
reflecting upon a higher order rule structure is responsible for the developmental shift
in both ToM and EF from 3 to 5 years of age. Specifically, the rule structure necessary
to pass EF tasks is also involved in ToM tasks. For example, in the DCCS, successful
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children flexibly sort cards that vary on two dimensions (e.g., shape and color)
because they understand the hierarchical rule structure (e.g., if color game then red
goes here and blue goes there, but if shape game then squares go there and circles go
here). In the false belief task, a hierarchical rule structure may also be necessary to
shift flexibly between settings and consider multiple perspectives (e.g., if I am
judging for myself with a true belief and the object is represented at A then search
at A, but if I am judging for another with a false belief and the object is represented at
B then search at B). Thus, children appreciate that beliefs can be represented in the
context of reality (which is the typical case) or falsity where beliefs do not need to
correspond with reality. Frye et al. have demonstrated that children’s ability to use
and understand embedded rules was related to children’s performance on ToM tasks.
Although this perspective offers a domain-general account of the ToM-EF relation-
ship, rule construction and reflection has been hypothesized to interact with domain
specific understanding (e.g., understanding of rules and hierarchical rule structure
allows for higher reasoning within a social domain, Frye et al. 1998).

2 ToM and EF in Infants and Toddlers

2.1 ToM in Infants and Toddlers

The toddler years have been referred to as the “dark ages” of cognitive development
by several researchers (e.g., Hughes and Ensor 2007; Meltzoff et al. 1999). ToM was
rarely studied during this period because the consensus was that children under
3 years of age did not demonstrate a mentalistic ToM (i.e., were not capable of
representing internal mental states such as false beliefs, Gopnik and Meltzoff 1997;
Wellman 1990). However, the examination of ToM on a continuum with infants and
toddlers demonstrating lower level ToM abilities (e.g., understanding of intentionality
rather than false belief) is more commonplace (e.g., Wellman 2010). Further, con-
temporary research suggests that even sophisticated ToM abilities related to false
belief representation are present early in life. For instance, Onishi and Baillargeon
(2005) argued that 15-month-old infants demonstrate false belief understanding in a
nonverbal, violation of expectation (VOE) task. In this task, infants observed a
situation where an agent had to search for a toy that was moved to a new location
when the agent was not looking. Children looked reliably longer when the agent
searched at the correct location, implying that they were surprised that the agent did
not search in accordance with her false belief. Other looking time tasks have also
provided evidence that children as young as 13 to 14 months expect agents to act in
accordance with their false beliefs in similar search paradigms (Song and Baillargeon
2008; Surian et al. 2007). Further, Kovács et al. (2010) provided evidence that 7-
month-olds encode another’s beliefs automatically. In their object detection experi-
ment, infants watched a movie where they were led to have a belief about a ball’s
location (e.g., hidden behind a barrier). Infants looked longer when reality was not
consistent with their belief (e.g., when they falsely believed the ball was hidden
behind the barrier and it was later revealed to be absent). Importantly, Kovács et al.
also showed that infants looked longer at an outcome when it was inconsistent with
the beliefs of an agent present in the video (e.g., when an agent should have a false
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belief that an object was hidden behind a barrier and it was later revealed to be
absent). This occurred even when the infant held a true belief and was aware of the
ball’s location and was presented by Kovács et al. as evidence that infants computed
the beliefs of an agent present in the video.

Notably, the interpretations based on looking paradigms have been called into
question. For example, a number of researchers (e.g., Haith 1998; Perner and
Ruffman 2005; Wellman 2010) have argued that longer looking times in these
situations do not necessarily mean that children understand and could correctly
predict how an individual with a false belief would act, which is a more robust
concept than violating expectations. In response to this and similar criticisms,
Southgate et al. (2007) used eye-tracking data in a false belief paradigm to demon-
strate that 25-month-old children look to the location that corresponds to the agent’s
false belief, providing evidence of prediction of the agent’s action. Southgate et al.
(2010) also claimed that 17-month-old infants track the mental belief states of adults
and use this information to inform an actor’s intentions. In this task (see also
Carpenter et al. 2002) infants were shown two unfamiliar objects hidden in two
boxes (e.g., one in an orange box and one in a black box). Infants watched as adults
were either led to have a false belief (i.e., they did not see the objects switch
locations) or a true belief (i.e., they saw the objects switch locations). When an adult
with a false belief named a novel object in a box (e.g., the sefo is in the orange box),
infants referred to the other box (e.g., retrieved the sefo from the black box). This
occurred presumably because infants were aware that the adult held a different belief
and was referring to the toy that was in the prior location. Similar behavioral (e.g.,
Buttelmann et al. 2009) and VOE paradigms in contexts other than false belief search
tasks (e.g., Scott and Baillargeon 2009; Scott et al. 2010) provide similar evidence
that children in their second year of life appreciate internal belief states.

Understanding internal mental states other than beliefs (i.e., discrepant desires and
knowledge vs. ignorance) may emerge before the third year of life as well. For
example, Repacholi and Gopnik (1997) demonstrated that 18-month-olds offer food
consistent with an adult’s desire that is dissimilar from their own and argued this
demonstrates an understanding of discrepant desires. Moll and colleagues (Moll et al.
2007; Moll and Tomasello 2007) revealed that 14- and 18- month old infants chose a
toy with which an adult was inexperienced when the adult indicated excitement for a
new toy in situations of joint play. The authors suggested this was evidence that
infants mark the adults as knowledgeable (i.e., having experience with that toy).

In addition to early ToM understanding, some theorists have hypothesized other
early developing social cognitive abilities are precursors to ToM (e.g., Wellman
2010). For instance, imitation evident in very young infants (Meltzoff and Moore
1977) has been hypothesized to demonstrate the ability to understand others’ actions
in terms of one’s own behavior, which eventually generalizes to understanding
distinct behaviors and intentions (e.g., Meltzoff 2007). Looking time studies (e.g.,
infants gaze longer when action is at odds with the most efficient means to an agent’s
goal, Gergely and Csibra 2003; Woodward 1998) and behavioral studies (e.g., 14-
month-olds imitate agents’ intentions and take into consideration obstacles and
barriers rather than copying actions movement for movement, Gergely et al. 2002)
suggest that infants appreciate intentionality and goal directed behavior in the first
and secondyear of life (see also Behne et al. 2005). Further, pretend play (i.e., when
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children generalize new schemas to inappropriate objects, like talking on the phone
with a banana, Piaget 1962), is proposed to be one of the first abilities to emerge (i.e.,
between 18 and 24 months) that demonstrates the ability to process and infer internal
mental states of agents (Leslie 1987, 1994). Another early emerging ability hypoth-
esized to reflect early social cognition and understanding of intentionality is joint
attention (i.e., behaviors that describe infants’ and agents’ shared reference to an
object, Carpenter et al. 1998). Perspectives on joint attention suggest that more
sophisticated or higher levels of joint attention (e.g., active sharing or manipulating
others’ attention such as pointing to initiate joint attention episodes) may have
stronger links to early social cognition (Tomasello et al. 2005) and controlled
attention (Mundy and Newell 2007).

2.2 EF in Infancy and Toddlers

Similar to ToM, research and evidence for EF abilities in infants and toddlers appears
limited. However, there are indications that children begin to demonstrate controlled,
goal-directed behavior within the first years of life. For example, by 6 months of age,
most children succeed on the delayed response task where children control behavior
to search for a desirable object hidden in one of two locations (Pelphrey and Reznick
2002). In addition, several cognitive and social achievements, such as emotion
regulation (Mangelsdorf et al. 1995), delay of gratification (Kochanska et al. 1998),
and imitation of complex-sequences (e.g., Alp 1994; Wiebe and Bauer 2005) likely
require behavioral control in the first years of life. The A-not-B task and related
variants are also hypothesized to require EF (see Marcovitch and Zelazo 2009). In
this task, children observe an object hidden at one location (location A) and subse-
quently retrieve the object. After they have retrieved the object multiple times, the
object is moved to a new location (location B) and children’s ability to shift search to
the new location is observed. Consistent mastery of the classic A-not-B task is
observed by 12 months of age, and children begin to tolerate increasing delays
between hiding and search (Diamond and Doar 1989; Diamond and Goldman-
Rakic 1989).

There is less work examining the toddler years linking the foundational control
observed in infancy to the more complex EF in preschool. In the second year,
Diamond et al. (1997) observed improvements on a modified A-not-B and working
memory tasks (i.e., in which children had to hold in mind locations where they had
searched previously to find 3 toys hidden in 3 distinct boxes). However, Wiebe et al.
(2010) demonstrated that although there is growth in individual task performance
from 15 to 20 months of age, the longitudinal stability and correlations between
performance on tasks thought to require EF are generally low. This steadily improves
across preschool (Carlson et al. 2004; Hughes and Ensor 2005, 2007) and into
childhood (Wiebe et al. 2008; 2011), suggesting that EF ability is limited and less
cohesive in the first years of life, and develops across infancy and into childhood.

2.3 The ToM-EF Relationship in Infancy and Toddlers

More work is being conducted examining both ToM and EF in the first few years of
life, encouraging us to extend our examination of the ToM-EF relationship before

604 S.E. Miller, S. Marcovitch



preschool to understand the co-development of the two constructs. Unfortunately,
evidence for the ToM-EF relationship before the age of 2 is currently limited to the
examination of precursors to ToM. Mundy and colleagues (Mundy et al. 2007;
Nichols et al. 2005; Van Hecke et al. 2007) proposed that basic EF abilities (e.g.,
inhibitory processes, control of attention) underlie and contribute to the development
of joint attention abilities and social understanding (e.g., inhibiting irrelevant stimuli
is necessary when coordinating attention with others, Van Hecke et al. 2007). The
majority of support for this hypothesis comes from examining joint attention and EF
in children with autism, and it has been suggested that autistic children’s impairment
in social understanding is related to a general EF impairment (e.g., Ozonoff and
McEvoy 1994; Rumsey and Hamburger 1990). In support of this hypothesis, Dawson
et al. (2002) found a relationship between the delay nonmatch to sample task (DNMS,
a task hypothesized to require EF abilities) and joint attention abilities in children
with autism. Further, Griffith et al. (1999) demonstrated that EF at an earlier time
point (mean age of 51 months) was correlated with later initiating joint attention
1 year later, while the reverse correlation was not significant. The study of the joint
attention-EF relationship has also been extended to typically developing children and
Nichols et al. demonstrated that improvement in the DNMS from 14 to 18 months of
age predicted initiating joint attention abilities at 18 months. However, research on
the joint attention-EF relationship is limited, because the primary theories in this
literature (e.g., Mundy and Newell 2007) have dictated that the relationship be
approached from a unidirectional standpoint, suggesting that EF abilities contribute
to the development of joint attention. Although this evidence is an important step to
understanding the role of cognitive control in ToM, it is important to examine the
early ToM-EF relationship more broadly (e.g., examining a bidirectional relationship
including tasks of false belief, diverse desires, and larger batteries of EF).

Although research has not yet focused on the early ToM-EF relationship with
regard to infant false belief, 3 theoretical approaches to early ToM mention the role
and importance of EF in later ToM processing. Mindreading accounts (see Hutto et al.
2011), like Baillargeon and colleagues (e.g., Baillargeon et al. 2010; Lou and
Baillargeon 2010; Scott and Baillargeon 2009), proposed that the ability to represent
internal mental states is present early in life (i.e., at least by 14 months of age) and
older children fail explicit false belief tasks because they demand response inhibition
and response selection in addition to false belief representation (whereas implicit
tasks only involve representation). In Baillargeon and colleagues system based
account infants are born with a psychological reasoning system that is unconsciously
executed when interpreting intentional actions (see also Gergely and Csibra 2003;
Leslie 1994). Subsystem-1 (SS1) is present in the first months of life and attributes
internal motivational states to agents (e.g., goals, desires) and accounts for the agent’s
knowledge of the environment by linking the agent’s perception of the environment
to their own (through a masking mechanism). Subsystem 2 (SS2), present in the
second year of life, allows the infant to hold divergent representations of the self and
other in mind (through a decoupling mechanism). Therefore, in a VOE false belief
tasks infants operating in SS1 would show ignorance because the masking mecha-
nism blocks information unavailable to both the agent and infant (i.e., knowledge of
the correct location). Infants operating in SS2 detect false belief because they
represent both their own and the agent’s beliefs through the decoupling mechanism.
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Baillargeon and colleagues’ framework is distinct because it accounts for infants’
demonstrations of false belief recognition by proposing early mentalistic processing
(see Scott and Baillargeon 2009 for discussion) that may appear absent in older
children because of EF related issues.

The ability to represent sophisticated internal mental states so early in life is not
universally accepted (see Hutto et al. 2011 for a review of alternatives to mindreading
accounts). Other accounts of ToM hypothesize that early ToM performance can be
accounted for without attributing the ability to represent internal mental states to
infants. For example, Perner and Ruffman (2005) suggest that infants may focus on
behavioral rules when responding to others’ actions. Onishi and Ballairgeon’s (2005)
demonstration of false belief in a VOE task reinterpreted from this perspective
suggests that infants construe behavior according to preconceived rules (e.g., agents
search for objects at the last location seen). This behavioral rule provides an expla-
nation for why infants look longer when the agent searches at the location they did
not last see the object hidden. Wellman (2010) hypothesized that infants possess
social cognitive understanding early in life (e.g., goal-directed behavior, intentional-
ity), however children do not demonstrate true false belief understanding and a
corresponding representational theory of mind until later in preschool. Wellman
suggests that early false belief studies show that infants appreciate agents as goal-
directed and track their desires, emotions, and perceptions to predict behavior. Thus,
in a VOE false belief task infants would look longer when an agent searches for an
object at a location where they did not see the object hidden, because infants
acknowledge that the agent did not perceive the object at that location. That is, they
are ignorant of it being moved to the new location rather than possessing a false belief of
the object’s location. The preschool false belief tasks require prediction of agent’s
behavior, which is not required in VOE tasks. This later emerging ability to represent
and predict false beliefs builds on earlier ToM abilities (e.g., such as understanding of
intentionality) as children gain more experience and form theories about other’s minds.
Further, although abilities in EF and language play a role in ToM task performance,
domain-specific development in understanding and representing others minds is critical.

However, Scott et al. (2010) has suggested that recent studies demonstrating infant
false belief across a wide variety of settings (e.g., Buttelmann et al. 2009; Scott et al.
2010; Song and Baillargeon 2008; Southgate et al. 2010) make it difficult for a
behavioral rule or ignorance framework to account for all these findings. Apperly and
Butterfill (2009) offered a moderate theory, in which infants possess an early emerg-
ing efficient system that allows infants to represent belief-like states and demonstrate
false belief in a limited number of situations. This system describes the environment
centered on an individual in terms of encounters (i.e., the relation between the
individual, object, and location). This system also describes what Apperly and
Butterfill term registration, where the encounter is described even when an element
is not present (e.g., object is not in field). Registrations do not necessarily have to
reflect reality, and when an individual has a registration of an object where it is not
located in reality the infant detects this, thus accounting for findings in false beliefs.
This theory parallels ToM abilities in infancy to other early seemingly sophisticated
cognitive processes, such as the ability to discriminate quantities in number cogni-
tion, in which infants perceive and behave with respect to differences in quantities
despite their lack of more explicit mathematics knowledge. Importantly, although
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Apperly and Butterfill attribute some automatic ability to represent belief-like states,
this system is hypothesized to be limited and not equivalent to the later developing
ToM system, which is effortful, reason-based, and dependent on EF and language
(see also De Bruin et al. 2011; Low and Wang 2011).

3 A Representational Model of the ToM-EF Relationship

Accounts examining EF’s role in ToM have focused primarily on how component
abilities are required in social cognition (e.g., inhibiting one’s own perspective of reality
is hypothesized to be important in the case of false beliefs). However, more recent
conceptualizations of EF suggest that a common EF ability related to maintaining goals
and goal relevant information may be necessary across components (e.g., Miyake and
Friedman 2012) and guided by representation (e.g., Jacques and Marcovitch 2010;
Zelazo 2004). EF defined and examined more generally has the potential to further
inform the ToM-EF relationship. Zelazo and colleagues (e.g., Frye et al. 1995; Zelazo
2004) suggested that the development of domain-general abilities in representation
and reflection underlie, ToM, EF, and the ToM-EF relationship. According to these
representational frameworks, cognitive control over prepotent responses is driven by
the ability to represent information in the environment and reflect on these represen-
tations to guide thought and behavior. Although the developments in representation
and reflection have been applied to EF (i.e., one’s own cognitive control), it is likely
that representation and reflection is also critical to understanding cognitive control in
others. Perhaps most central to the current paper is the fact that these reflection
frameworks account for dissociations in EF and can be applied to understand why
children appear to demonstrate sophisticated ToM knowledge early in life (e.g., false
belief knowledge) despite failure on similar tasks in preschool, by focusing on the
representational and reflection requirements of tasks at different ages.

In the following section, these models are expanded upon to provide a develop-
mental model that characterizes the role of representation and reflection in controlled
behavior and ToM, drawing on three related theoretical frameworks. The Levels of
Consciousness (LoC) is the broadest framework (Zelazo 2004) and suggests that
children’s EF is influenced by the level at which children can represent and reflect
upon their environment. The LoC model provides an account of children’s represen-
tational abilities, responsible for developmental shifts and dissociations in the control
of behavior. The Hierarchical Competing Systems Model (HCSM, Marcovitch and
Zelazo 2009) draws on the LoC and details the emergence of EF by focusing on
children’s early ability to reflect on in their environment (e.g., through language) to
overcome habitual responses that also guide thought and behavior. Further, the CCC
theory (Frye et al. 1995; Zelazo et al. 2003) expands on the LoC model (Zelazo 2004)
and has been applied to the ToM-EF relationship in preschoolers by focusing on the
role of rule complexity and use in goal-directed behavior (see Section 1.1). Despite
their similarities, these three models are rarely considered simultaneously. By con-
sidering these models together, we hope to provide a novel means to interpret early
ToM behavior. As all three models focus on underlying abilities in representation and
reflection in cognitive control, we refer to the combination of these models as the
reflection framework.
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3.1 The HCSM: A Representational Model of Cognitive Control

The HCSM (Marcovitch and Zelazo 2006, 2009) provides a framework for examin-
ing the role of representation in thought and behavior and proposes that two founda-
tional systems interact to produce behavior. The habit based system influences
behavior automatically and is typically strengthened by previous experience, whereas
the representational system impacts behavior through conscious representation and
reflection on representations. This model has been extensively applied to EF meas-
ures in infancy and toddlerhood by using variants of the A-not-B search task. From a
HCSM perspective, in the A-not-B task the critical EF trial occurs when the object is
hidden conspicuously at a new hiding location (location B). On B-trials, the two
systems of the HCSM work in opposition during search as the motor habit formed
toward location A competes with the potentially conscious representation of where
the object is now hidden. According to the HCSM, errors on B trials occur if children
fail to reflect on their representation of the object at location B, and are unable to
override the competing habit to search at location A. The HCSM accounts for many
findings in the A-not-B literature (e.g., distinctive locations and labels help form
stronger representations to overcome habit, see Marcovitch and Zelazo 2009). Recent
studies have suggested that the communicative context of the A-not-B tasks also
induces errors (i.e., the experimenter teaches children that objects are hidden at A).
Although the HCSM has focused on motor habits, it is possible that habits could be
representational, leading to a stronger habit formation when communicative cues are
present.

The HCSM is similar to the two-system account proposed by Apperly and
Butterfill (2009). Apperly and Butterfill hypothesize two domain-specific, and possibly
unrelated systems: one for the efficient belief-state processing of the infant and the other
for later effortful ToM processing of the young child and adult. The efficient early
emerging system proposed by Apperly and Butterfill may correspond to the habit-based
system of the HCSM. For example, in the habit-based system infants’ behaviors are
primarily guided by habitual behaviors (e.g., when a toy is present in the environment
the infant automatically attempts to obtain it). This system may also include infants’
automatic attention toward agents (e.g., when an agent is presented in the environment
infants automatically link agents to objects,Woodward 1998). However, these accounts
differ in generality because the HCSM suggests that the habit-based and the repre-
sentational system are domain-general and related systems. Although knowledge and
experience with ToM concepts is necessary (e.g., children need communication and
experience with agents), individuals are only able to develop in their understanding of
these concepts to the extent that they can represent and reflect upon this information.
From this perspective, ToM processing is re-described with consideration of the
domain-general limitations in representation and reflection.

3.2 The LoC Model: Representational Development from Infancy to Preschool

3.2.1 Minimal Consciousness

According to reflection perspectives, developing abilities within the representational
system of the HCSM guides behavior in a variety of contexts. The LoC model
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describes the developing representational system in terms of age related changes of
what children are capable of representing and reflecting on in their environment,
which influences corresponding EF and ToM abilities (see Table 1). Zelazo (1996,
2004) hypothesized that infants are born with the first LoC (i.e., minimal conscious-
ness), in which low level awareness triggered by environmental stimuli produce
automatized action. For example, Zelazo suggested that a representation of a toy
telephone might exist in the lowest LoC, experienced in the moment by the infant as
“a suckable object”, which then triggers the motor schema of sucking. Children could
have various representations (e.g., object, quantity) guide their behavior in minimal
consciousness, but it is important to note that representations in minimal conscious-
ness are unreflective. Infants are unaware of their representation of the “suckable
object” and objects in the environment automatically determine action.

According to the reflection framework, performance on ToM tasks before the first
year of life occurs within minimal consciousness. To date, only Kovács et al. (2010)
have examined ToM (specifically related to false belief states of others) with VOE
tasks during this period. Although they found that infants looked longer when reality
was not consistent with the beliefs of the self and other agents, the authors suggest
that their study may demonstrate automatic processing triggered by social stimuli.
This description is consistent with representational ability in minimal consciousness:
although behavior reflects (minimal) awareness of social stimuli, infants are unaware
of their representation and representation is limited to the immediate environment.
Further, the environment triggers an automatic response (i.e., the infant is unable to
control looking time to agents and objects). Behavior in other social cognitive
abilities in the first year of life aligns with the hypothesis that social cognition is
limited by representational ability. The demonstration of gaze following (Carpenter et
al. 1998), imitation (Meltzoff and Moore 1977), and appreciation of agent-object
associations (Woodward 1998) provides evidence that infants focus on linking agents
to objects. A less mentalistic, reflection framework explanation would require min-
imal awareness of agents and objects in the immediate environment that again prompt
automatic behavior in the infant (e.g., infants automatically follow gaze because gaze
of an agent is linked to objects in the environment). These behaviors can be described
within the minimal consciousness of the infant.

3.2.2 Recursive Consciousness

According to the LoC model, children begin to form stronger representations of their
environment and produce goal-directed behavior at the end of the first year of life
with the emergence of recursive consciousness. In recursive consciousness previous
representations become themselves the contents of consciousness, and this is defined
as a level of reflection. At this level, developments in protodeclarative pointing and
labeling may reflect children’s ability to represent an object and consciously link a
semantic memory to current experience. For example, by labeling or pointing out a
toy phone, the object of minimal consciousness is recursive because it is referred to
(or reflected upon). This allows children to link their current experience to a semantic
label or description in long term memory and represent the phone outside the present
environment. At this stage, the action triggered may take into account the linked
semantic label and children may now put the phone up to their ear, rather than directly
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in their mouth (i.e., behavior is goal-directed as children maintain a goal related to the
description of the item; Zelazo and Zelazo 1998). The ability to control behavior on
EF tasks like the A-not-B task emerges in tandem with the first LoC (Zelazo 2004).
For example, children who label the hiding location (or goal) on the critical B trial of
the A-not-B tasks can use this higher LoC to guide search behavior in place of
automatically triggered action responses (i.e., search at the previously correct loca-
tion). However, it is important to note that verbal labels are not required within
recursive consciousness. Infants may begin labeling based on action (e.g., gesture) or
non-verbal cues (e.g., spatial location or visual representation) to reflect on contents
of consciousness and maintain descriptions of the hiding location in working memory
(see Bremner and Bryant 2001; Horobin and Acredolo 1986; Zelazo 2004).

With the emergence of recursive consciousness in the second year, children build
on the core abilities in domain-specific cognition (e.g., understanding object-directed
behavior, Tomasello et al. 2005; Woodward 1998) and now have the ability to label
their environment and objects that guide behavior. Take the simple example of
watching an agent reach for a ball. In minimal consciousness, the infant would
automatically process the association between the two (e.g., the agent is linked to
that object) but would be unable to represent the association beyond the immediate
context. However, once infants are able to describe objects in their environment (e.g.,
link the agent to their semantic memory of a ball) they are aware of the object at a
higher level and appreciate the agent’s goals toward these objects. This may also be
reflected in infant’s performance on VOE false belief tasks. Similar to the A-not-B
tasks, infants watch as an agent retrieves an object multiple times and form an
association between the agent and the object in VOE false belief tasks1. Next, the
infant observes the object hidden in a new location outside the actor’s presence.
Labeling stimuli in the environment allows children to represent the agent-object
relationship outside the immediate context (e.g., the last place the agent is linked to
the object is at the old location) and become aware of stimuli driving goal-directed
behavior at a higher level. As a result, infants may look longer when agents do not
search at the last place the agent saw the object. The timing of the emergence of
recursive consciousness also corresponds to the emergence of children’s ability to
perform goal directed behavior (e.g., Zelazo 2004; Zelazo and Zelazo 1998) and
awareness of intentional goal-directed behavior in others in other paradigms (e.g.,

1 Although similar, there are important distinctions between the A-not-B task and VOE false belief tasks.
For example, in the A-not-B task, children must respond to where the object is, whereas in the VOE false
belief task infants must respond to where the object is not. These differences in responses are likely due to
the different nature of the representations formed within the task. In the A-not-B task, infants link the object
to a location (initially at location A), whereas in VOE false belief task infant link the agent to an object (i.e.,
object directed behavior). After the switch to a new location (A-not-B) or new location outside the actor’s
presence (false belief), children must continue to either form strong object-location representations in A-
not-B tasks (e.g., object is now at location B) or agent-object representations in false belief tasks (e.g., the
agent-object relationship is linked to the old location) to overcome prepotent responses. In addition,
although both tasks assess infant’s actions, A-not-B measures manual search whereas the false belief
measures looking time. Current representational ability, habit strength, and mode of response are all
important considerations, and can be modeled within the habit based and representational system of the
reflection framework (e.g., searching motor habits may be stronger than looking motor habits). Importantly,
despite these fluctuations across tasks, important age-related changes still emerge (e.g., they both pass these
task around the same age), which the reflection framework suggests can be accounted for via an underlying
ability in representation and reflection.
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Behne et al. 2005; Gergely and Csibra 2003; Gergely et al. 2002; Tomasello et al.
2005).

It is important to note that although children demonstrate behavior consistent with
the representation of a false belief, it may be more of a byproduct of children’s focus
on goal-directed behavior and the new ability to describe the environment outside the
immediate context. These abilities allow behavior to be explained at a lower level that
focuses on associations between object, agents, and goals (see also Ruffman and
Perner 2005). As previously noted, the fact that young 7-month-old children who
cannot label still respond to others’ “beliefs” (Kovács et al. 2010) may reflect an
automatic response in regard to social stimluli, perhaps akin to recognition of
quantities before infants have more sophisticated means to represent this domain-
specific knowledge (see Apperly and Butterfill 2009). In the reflection model,
children represent physical stimuli in the environment at a higher level, but are not
yet aware of the beliefs of others that guide behavior (i.e., they do not label internal
mental states).

3.2.3 Self-Consciousness

The emergence of self-consciousness characterizes the next LoC around 2 years of
age. In this LoC, children’s semantic labels or descriptions are now reprocessed at the
next LoC and children consider these labels in relation to themselves (i.e., what they
are able to do given their representation of the situation). Zelazo (2004) proposed that
means-end behavior and the ability to follow a rule (i.e., if-then statement related to
children’s abilities) are characteristic of this period. Children are now aware of the
relation between themselves and their representation of the environment, and this
relationship drives control of behavior. Consequently, children can follow rules.

Once children are aware of how representations are related to themselves and their
own abilities, it is likely that they appreciate the labels in relation to other individuals
as well. For example, it is during this period that children begin to predict where
agents will look in false belief anticipatory looking tasks (e.g., Southgate et al. 2007).
Reflection based frameworks would hypothesize that children are aware of agents’
representations, and may follow an if-then statement to determine behavior.
Importantly, infants do not necessarily need to be aware how agent’s representations
correspond to reality (i.e., whether the representation is true or false) to use an if-then
statement to predict behavior. Rather, the key development in this LoC is that infants
are now aware of how representations relate to agents’ control of behavior and
children should be able to answer questions that correspond to the representation of
the if-then statement (e.g., if the agent thinks the ball is here, where will he look?).

Abilities in pretend play and deception also emerge during this period (Carlson et
al. 2004; Hughes and Ensor 2005, 2007; Leslie 1987, 1994). Leslie suggested that
pretend play demonstrates early ToM abilities and the emergence of metarepresenta-
tion, which can likely be described in terms of the emergence of a higher LoC.
Metarepresentation requires the ability to represent agents, reality, and pretense and
the relationship between them in a pretend play. This may be accounted for in the
LoC model through recursive consciousness (e.g., forming descriptions for agents or
objects in reality, see Section 3.2.2) and self-consciousness (e.g., representing the
self’s abilities in relation to these descriptions). Although infants appreciate object
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based goals and desires earlier in life, the emergence of self consciousness may be the
first time that toddlers are aware of and can represent internal mental states that guide
behavior (i.e., they now label or have representations of their own or other’s
representations).

3.2.4 Reflective Consciousness I and II

Later in preschool (i.e., from 3 to 5 years of age) the two levels of reflective
consciousness described in the CCC theory emerge (Zelazo 2004; Zelazo et al.
2003, see Section 1.2). In reflective consciousness I, 3-year-olds are able to sort
cards by two rules, demonstrating their ability to reflect on the relationship between
two rules constructed in self-consciousness (e.g., Zelazo and Reznick 1991). In
reflective consciousness II, 4-year-olds can sort cards that vary on two dimensions
flexibly in the DCCS (e.g., shape and color), demonstrating reflection on rule pairs in
reflective consciousness I and understanding of a hierarchical rule structure (e.g., if
color game then red goes here and blue goes there, but if shape game then squares go
there and circles go here, Zelazo et al. 2003; Zelazo and Frye 1998).

With the emergence of reflective consciousness I, children are able to think
flexibly according to two rules, which likely allows children to consider representa-
tions that guide behavior in multiple agents (e.g., the self and other). This may
account for the findings that children appreciate diverse desires, beliefs, and
knowledge-ignorance before explicit knowledge of false belief during this period
(Wellman and Liu 2004). The explicit appreciation of these concepts requires
children to represent internal states according to two rules, similar to perfor-
mance within EF tasks. For example, questions regarding diverse beliefs
requires children to reason according to two if-then statements: if an individual
represents an object at location A then they will search at A, however if an
individual represents an object at location B then they will search at B.
Importantly, these abilities do not require the consideration of these rules in
situations of reality and falsity, as in false belief tasks.

False belief understanding emerges with reflective consciousness II and the ability
to represent sets of rules hierarchically and switch between setting conditions (e.g.,
Frye et al. 1995). Until this point, children were only able to consider beliefs in one
context. For example, even though they appreciate that two people can hold different
beliefs, these beliefs are only executed in one setting (i.e., when both agents are
ignorant of the location). False belief understanding requires switching between
settings of reality and falsity. When children consider agents’ actions in settings of
reality there can only be one rule (i.e., if in setting of reality, agent believes object is
hidden at the location that corresponds to reality then searches there). However in
settings of falsity, the agent is not restricted to beliefs that correspond to reality (e.g.,
if in setting of falsity and agent believes object is in a different location then search
there). It is important to note that false belief tasks with infants do not explicitly
require infants to consider this hierarchical rule structure. In infant tasks, they do not
have to demonstrate knowledge of discrepant beliefs or switch between settings of
reality and falsity. Therefore, it is conceivable that infants can pass looking time and
implicit behavioral tasks on the basis of a lower level representation that guide
behavior.
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4 Framework Predictions and Consistency with the Developmental ToM-EF
Relationship

4.1 A Reflection Based Account of Dissociations and Failures in ToM

The reflection framework provides an account that emphasizes the role of reflection
and representational ability underlying the control of thought and behavior. Children
are hypothesized to fail EF or ToM tasks when an automatic or habit-based response
guides children toward the incorrect answer and they are unable represent or reflect
upon information at a higher level to overcome this prepotent response. Although
children are conscious from birth, it is possible for the information children are
conscious of to be insufficient to guide behavior and cognition, resulting primarily
in automaticity rather than conscious cognitive control over thought and action. This
has been most clearly demonstrated in situations of rule execution and behavioral
control. For example, Zelazo et al. (1996) demonstrated that children are able to state
the postswitch rules on the DCCS (e.g., blue cards go in this box and red cards go in
that box), but perseverate with the preswitch rule (e.g., shape) when asked to sort
cards that vary on two dimensions. The reflection framework suggests that children
who show this dissociation are aware of each pair of rules separately at a lower LoC
and can answer questions when considering the rules individually (i.e., reflective
consciousness I), but are unaware of the hierarchical structure and do not appreciate
the relationship between the pairs of rules in the DCCS context (i.e., reflective
consciousness II). When presented with cards that vary on both dimensions in the
post-switch trial, the lack of awareness in rules structure make it difficult to appreciate
that the cards can be represented and sorted on another dimension and results in
difficulty overcoming the habitual response of sorting by the first rule.

The reflection framework can also explain similar patterns of dissociation in ToM.
Table 2 applies the reflection framework to dissociations in false belief understanding
by describing the ToM tasks that are passed, ToM ability necessary for the task, EF
ability necessary for the task, and the ToM-EF relationship. As in the case of rule
sorting paradigms, children are hypothesized to be aware of representations guiding
agents’ behavior at different LoC across childhood. For example, 3-year-olds can
typically predict where multiple agents will search when the 3-year-old is ignorant
(e.g., if the agent represents the object at location B they will search at B), but answer
according to the prepotent response when asked where the agent will search when the
agent’s representation conflicts with reality (e.g., search where the object is according
to their own perspective that corresponds to reality). According to reflection frame-
works, children are aware that representations guide behavior, but unaware of the
hierarchical structure (e.g., representations that guide behavior can be different in the
context of reality and falsity). Further, although 2-year-olds may gaze to the correct
location in a false belief tasks, this can be explained by an even lower LoC (self-
consciousness) in which infants only need to represent the representations and goal-
directed behavior in one agent (e.g., if the agent represents the object at location B
they will search at B), but do not yet appreciate diverse beliefs and the knowledge-
ignorance distinction. Finally, VOE false belief paradigms may operate in recursive
consciousness where infants need to only label the objects that guide agent’s behavior
to perceive that action does not correspond to the agent’s represented goal (e.g., if
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infants label the agent-object association at location B they will look longer if the
agent searches elsewhere). Thus, the focus on LoC and corresponding habit in the
HCSM provides a framework that explains EF and ToM in terms of the level of
representation necessary to overcome a prepotent response in each task, and can
account for situations in which children appear to demonstrate knowledge when
tested in one context but seem to lack the same knowledge when tested in another
context (see also Munakata 2001). It is important to note that although representa-
tional abilities are critical to ToM (and EF) in the reflection framework, this frame-
work is more than a representational model of ToM. Consideration of the habit-based
system combined with representational ability allows us to determine where children
and even adults (see Apperly et al. 2010) go wrong, by identifying the habits
influencing responses and representations necessary to overcome these habits.

Although the role of representation and reflection in the control of behavior
is most apparent in situations involving conflict between the habit based and
representational system, conscious representation and reflection are also neces-
sary in the absence of conflict. For example, performance on explicit ToM tasks
improves when there is little conflict (e.g., when the object driving behavior
was absent rather than in a location that conflicts with false belief, Wellman et
al. 2001), but a portion of children still fail. Children may fail due to a domain-
general inability to form or reflect on rules. Although reducing the salience of reality
may allow children to consider representations in a false context more easily, some
children may still be unable to switch to a different setting condition. Conversely, it is
possible to exhibit failure in domain-specific knowledge required for representing
beliefs (e.g., Wellman et al. 2001). In support of the latter point, Wellman and Liu
(2004) have demonstrated that abilities that are tested with similar rule structures
(e.g., diverse desires, diverse beliefs, knowledge-ignorance) have slightly different
onsets that also vary by culture (Wellman et al. 2006). In addition, Sabbagh et al.
(2006) demonstrated that superior EF abilities in children from China do not translate
to superior ToM compared to children from the U.S. This evidence suggests that
domain-general processing in representation cannot entirely account for deficits in
ToM performance. This is consistent with both reflection and emergence accounts of
the ToM-EF relationship, which suggest that both EF and domain-specific ToM
knowledge are required for ToM understanding. However, the fact that EF and
ToM abilities correlate, even when EF ability is advanced (as with Chinese children),
suggests that further studies must be conducted to understand the relationship be-
tween domain-general EF abilities and the acquisition of domain-specific ToM
knowledge across cultures.

4.2 The Longitudinal ToM-EF Relationship

ToM and EF should be correlated across the lifespan to the degree that they share the
same underlying representational requirements. From this perspective, the develop-
ment of the ToM-EF relationship may fluctuate and appear interdependent, which
conflicts with emergence accounts, expression accounts, and accounts that stress the
importance of ToM to EF development. It is likely that the contributions of ToM to
EF (and conversely EF to ToM) are dynamic across childhood and dependent on their
relationship to the underlying representational ability. For example, early in life, ToM
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abilities may contribute more to the developing representational system (and indi-
rectly predict EF) because recursive consciousness is thought to emerge when
toddlers begin to label their environment, which is likely to develop within a social
ToM context. Specifically, episodes of joint attention may provide the first instance in
which children are aware of objects at a higher level as they label them for other
people, and thus should be predictive of EF tasks requiring representations main-
tained in working memory. In the next LoC, self-consciousness, early ToM abilities in
self-awareness would be predictive of EF tasks that require single rule use. There is
preliminary evidence that EF is related to JA in the second year of life (e.g., Nichols
et al. 2005) and ToM at age 2 predicts EF at age 4 (Hughes and Ensor 2007, but see
Griffith et al. 1999 for a lack of JA ➔ EF relationship in preschoolers with autism),
however further evidence is needed to support or refute these predictions. Conversely,
there is a wide range of data on the ToM-EF relationship in preschool, much of which
generally supports the reflection framework’s characterization of the ToM-EF rela-
tionship (e.g., Frye et al. 1995; Hala et al. 2003). One consistent finding supporting
emergence or expression accounts that may pose a problem for the reflection frame-
work is the fact that several researchers have demonstrated that EF earlier in pre-
school predicts later ToM, but the reverse relationship is typically not true (e.g.,
Carlson et al. 2004; Hughes 1998a; Hughes and Ensor 2007; Pellicano 2010).
However, as previously mentioned, the ToM-EF relationship likely changes across
development. Although ToM and social developments may be important to early
instances of representation and reflection, children may eventually learn to represent
and reflect on information covertly in their environment and social support may play
less of a role (e.g., Vygotsky 1978). This may lead to a reversal in the ToM-EF
relationship, in which situations involving self control (EF measures) are now
strongly related to the emergence of later LoCs because they provide children with
the first instances in which they need to be aware of rules and rule structure.
Specifically, domain-general EF predicts ToM because ToM involves domain-
specific understanding of mental states in addition to reflection on rules and rule
structures. Further, evidence supports the hypothesis that EF tasks requiring more
complex rule structures in preschool are more strongly related to and predictive of
ToM (Carlson et al. 2002; Carlson et al. 2004; Hala et al. 2003), although Carlson et
al. (2004) found that EF tasks measuring response inhibition are also related to later
ToM. Future work within a reflection framework should take care in identifying and
isolating the representational (rule) structure necessary within each task.

4.3 The Role of Language in the ToM-EF Relationship

The reflection framework also proposes that language is critical in the development of
the ToM-EF relationship, which is consistent with theories on EF (e.g., Jacques and
Zelazo 2005a; b; Luria 1979), ToM (e.g., Astington and Baird 2005; Newton and de
Villiers 2007), and the significant correlations between vocabulary and both EF and
ToM (e.g., Carlson et al. 2004; Carlson and Moses 2001; Hughes 1998b; Hughes and
Ensor 2005; 2007). In the LoC model, language initially plays a role in the emergence
of the second LoC, recursive consciousness, characterized by the ability to represent
and reflect on stimuli in one’s environment by labeling it. It is likely that verbal labels
become the most typical means for labeling and reflecting, thus emphasizing the
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strong link of language to EF and ToM (although see Section 3.2.2 for nonlinguistic
means of representation). Labeling and recursive consciousness are necessary for the
emergence of later LoCs. Further, linguistic ability continues to play a role through-
out development because verbal labeling allows for reflection on the contents of
consciousness at any level (not just reflection on objects in minimal consciousness).
For example, representational accounts hypothesize that 3-year-olds improve on the
DCCS when asked to label the relevant sorting dimensions (Kirkham et al. 2003)
because it helps them reflect on rules represented in reflective consciousness I and
appreciate the hierarchical structure typically achieved in reflective consciousness II
(see Jacques and Zelazo 2005a; Miller and Marcovitch 2011; Müller et al. 2004 for
other labeling manipulations in EF). Similarly, the fact that stating or depicting the
protagonist’s beliefs results in improved false belief performance (Wellman et al.
2001) is consistent with the hypothesis that verbal labels help children reflect on
beliefs and consider how they guide behavior in contexts of reality and falsity.
Finally, when the effects of language ability (and other control variables such as
age) are partialed out, the strength of the ToM-EF relationship is attenuated (e.g.,
Carlson et al. 2004; Hughes and Ensor 2007). This is consistent with the reflection
framework, suggesting that language ability within the representational system
should partially mediate the ToM-EF relationship.

4.4 Competing Representational Theories of EF

Finally, although we have addressed competing theories specifically explaining the
ToM and ToM-EF relationship, there are several relevant theories of representational
ability and cognitive control that may identify avenues for further research distin-
guishing the role of representation in ToM, EF, and the ToM-EF relationship. For
example, the ToM-EF relationship may also be accounted for by Munakata’s (1998)
active-latent representational account, which hypothesizes two types of memory
traces form graded representations that guide behavior. Children rely on latent
memory traces that are tied directly to the stimuli in the environment and are
strengthened through repeated experience with these stimuli and active memory
traces that are based in abstract representations of stimuli. Children’s ability to
maintain active representations relevant to the task is hypothesized to guide children’s
behavior toward controlled rather than habitual responses influenced by latent mem-
ory. Munakata’s (2001) theory accounts for many dissociations in behavior and can
be applied to dissociations in ToM. For example, the representations children rely on
for earlier false belief tasks (e.g., looking time tasks) may not sufficient to guide
behavior in more complex version of false belief task (e.g., Munakata 2001).
Therefore, early evidence of false belief understanding may represent evidence of
children’s early mental state understanding that is not equivalent to older children’s
false belief understanding.

Perner et al. (1999) also propose a theory of executive inhibition stating that EF
tasks require inhibition over competing responses. However, in some cases inhibition
can be automatic, such as in the A-not-B task where stimuli result in a highly
activated schema (after seeing object at B search at B) that automatically inhibits
the competing response (search at A). Conversely, tasks such as the DCCS require
executive inhibition because the stimuli (cards that represent both sorting dimensions)
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naturally activate the competing response, which children must actively inhibit to
switch to the new sorting rule. Contrary to the reflection framework, Perner and
colleagues (Perner and Lang 1999; Perner et al. 1999) propose a unidirectional model
in which ToM predicts EF. Specifically, children must understand that mental states
guide behavior before they can demonstrate executive inhibition.

Competing hypotheses between all three models may be tested within a verbal label
paradigm. All of these theories focus on the representations that children formwithin ToM
and EF tasks, and labeling allows one to manipulate the representations formed. For
example, the reflection framework hypothesizes that generating a label of the contents of
consciousness encourages children to reflect on their representations and shouldmaximize
the role of the representational system in the control of behavior (e.g., Marcovitch and
Zelazo 2009; Zelazo 2004). The active-latent approach may suggest that although
generating labels increases the strength of abstract active representations guiding
behavior (e.g., Kharitonova et al. 2009), other manipulations (e.g., having the child
and experimenter generate a label) may further strengthen the representation (see
Miller and Marcovitch 2011). Finally, the executive inhibition account may hypoth-
esize that labeling how mental states influence action in each paradigm (e.g., under-
standing the prepotent response conflicting with the correct behavior) would
maximize performance. Further, the reflection framework may hypothesize that
labeling the prepotent response may not influence habits formed or may even increase
the likelihood of reflection and task success, whereas the active-latent account may
predict that labeling the prepotent response may actually strengthen latent responses,
thus making it more difficult to switch behavior (Yerys and Munakata 2006).

5 Conclusion

The current paper proposes a framework for a ToM-EF relationship from infancy to
preschool focusing on children’s developing representational ability and its role in the
development of conscious control. The related LoC model (Zelazo 2004), HCSM
(Marcovitch and Zelazo 2006, 2009), and CCC theory (Zelazo et al. 2003) together
form a reflection framework that provides possible explanations for children’s success,
failure, and dissociations on ToM and EF tasks. We have argued for the importance of
considering domain-general representational constraints to domain specific knowledge,
which may provide insight into the nature of infants’ representation on implicit ToM
tasks and the role of reflection in both ToM and EF across childhood.
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