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Links between Theory of Mind and Executive Function:
Towards a More Comprehensive Model

This paper addresses the problem of relationships between the development of theory of mind (ToM) and executive func-
tion (EF). An overview of empirical findings leads to the conclusion that the complex picture of the relations between
EF and ToM development may result from the intertwining of different types and levels of reciprocal influences. It is, on
the one hand, the level of emergence-type vs. expressive-type influences, and, on the other hand, direct vs. indirect ones.
Data from longitudinal and training studies suggest the asymmetry of reciprocal influences between EF and ToM, with
the stronger impact of EF on ToM development, which supports the view that EF is a prerequisite of ToM development.
A model is proposed that explains how different EF and ToM skills are involved in the specific types and levels of influ-

ences. The issue of disentangling in the analysis the different types of reciprocal impacts is also discussed.
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Introduction

The relationship between the development of executive
function (EF) — processes involved in the conscious con-
trol of thought and action (e.g. Zelazo & Miiller, 2002) and
theory of mind (ToM) — the ability to attribute mental states
to oneself and others — is a subject of numerous studies dat-
ing back to a pioneer study of Russell et al. (1991) with the
“windows task”. The first attempt to summarize the main
theoretical frameworks explaining this relationship, and
to evaluate empirical evidence, was made by Perner and
Lang (1999, 2000) in their review of studies carried out
up to the year 1998. Since then, new data have been col-
lected from studies on normal as well atypical development
which shed further light on the relation between these two
kinds of abilities. The main purpose of the present article
is to show the picture that emerges from the current state
of research, to highlight the most important results, and to
outline a theoretical model explaining the links between
EF and ToM. We start with a short description of the main
positions on the relation between EF and ToM, and then
present crucial empirical findings concerning this relation.

Main Positions in the Debate on EF-ToM Link

There are five main theoretical positions explaining the
relation between EF and ToM. The first (T1) (e.g. Perner,
1998) assumes that the development of ToM leads to im-
proved self-control, because insight into the causal conse-
quences of belief, based on the development of metarepre-
sentational capacity, improves the child’s ability to control
her or his own action, especially to inhibit interfering action
tendency, the ability that is the essence of executive con-
trol. According to this position, ToM is a necessary, albeit
insufficient, condition for the development of EF (executive
control), which implies that there are possible cases of intact
ToM and impaired EF, but not cases with the reverse pattern.

The second position (T2), proposed by Russell (1997),
assumed in its earlier version that the development of ex-
ecutive control leads to improvements in ToM through self-
monitoring of action and increasing insight into the inten-
tional nature of action. In the light of data indicating that
there is no deficit in action monitoring in autism, Russell
(2002) revised his theory and suggested that impairment in
ToM abilities in autism might result from an inability to hold

* Institute of Psychology, Adam Mickiewicz University, Poznan; e-mail: adam.putko@amu.edu.pl



www.czasopisma.pan.pl P
M

N www.journals.pan.pl

POLSKA AKADEMIA NAUK

Adam Putko

in mind and shift between arbitrary rules or cognitive do-
mains. The general assumption of this position is held by an
executive emergence account (Moses, 2001), according to
which certain level of executive ability is required to gain
insight into thought and action, and to acquire a belief con-
cept. In sum, both positions assume a significant functional
link between the development of EF or some its aspects, e.g.
executive control, and the development of ToM, but differ
according to the direction of causal dependencies. Whereas
the first position assumes that the development of ToM is a
necessary condition for self-control (one of the aspects of
EF), the second treats the development of EF (executive con-
trol) as a necessary condition for ToM development.

The remaining three positions explain the relationship
between EF and ToM in different ways. In accordance
with one of them (T3), a correlation between performance
on false-beliefs tasks and EF tasks, such as, e.g. the Di-
mensional Change Card Sort task (Frye et al., 1995; Frye,
2000) results from a common conditional reasoning struc-
ture underlying these tasks. Another position (T4) assumes
that a link between EF and ToM is mediated by common
(a strong version of this position) or closely related brain
structures (Ozonoff et al., 1991). And finally, according to
the last position (T5), the relationship between EF and ToM
is the result of executive demands of ToM tasks — some lev-
el of executive abilities is required to give correct answers
in these tasks, especially to predict behaviour of a protago-
nist in the false-belief task (Carlson & Moses, 2001; Leslie
et al., 2005; Moses, 2001; Russell et al., 1991). Since all
these three positions view the essence of the link between
EF and ToM in the existence of some common factor un-
derlying both kinds of abilities, dissociations between EF
and ToM abilities (if the strong version of position T4 is
assumed) provide evidence against these positions.

Important Findings in Studies on Relations
Between EF and ToM

Although each position is supported by some data, none
of them is devoid of criticism. Despite some controversy, an
agreement was reached in several issues. First, all longitudi-
nal studies (Carlson, Mandell et al., 2004; Hughes, 1998b;
Hughes & Ensor, 2007; Schneider et al., 2005) have con-
sistently shown that the earlier level of EF was the only sig-
nificant or better predictor of later level of ToM, but not vice
versa. In accord with these results are also findings from a
microgenetic study by Flynn et al. (2004), in which the vast
majority of children developed a good level of executive
control earlier than a good level of false-belief understand-
ing. Recently Pellicano (2007) examined the pattern of ToM-
EF impairments in young children with autism of normal
intelligence, and found, in 27% of the group, a dissociation
in one direction only: impaired ToM and intact EF, a pattern
consistent with an executive emergence account, according

to which EF is a necessary, but not sufficient, condition for
the development of ToM. Hence these studies provide strong
evidence for position T2, and at the same time against T1.

When Perner and Lang (1999, 2000) formulated the main
conclusions, based on a review of studies conducted by up
to the year 1998, there was no convincing evidence against
position T1, except for the results of the first in this field lon-
gitudinal study by Hughes (1998b). However, the results of
subsequent longitudinal research, as well as those of de Vil-
liers (2005) study, which showed that deaf children exhibit a
deficit in ToM, while the development of EF is normal, all of
them speak against position T1. The dissociations between
EF and ToM abilities, found by Pellicano (2007) and de Vil-
liers (2005), provide, at the same time, counterevidence for
positions T3 and TS5, and for a strong version of T4.

Secondly, longitudinal studies consistently indicate that,
among different executive skills, it is inhibitory control!
(executive control or executive inhibition — terms of similar
meaning, preferred by different researchers) that is relatively
the best predictor of later ToM abilities. Additional support
for this claim is provided by the results of Carlson, Moses et
al. (2004) study, who reported that inhibitory control was
independent of the planning ability predictor of ToM. As re-
gards planning ability, which is usually measured by some
kind of the Tower task, it appeared to be a better predictor
of ToM than inhibitory control, but rather only in autistic
children (cf. Tager-Flusberg & Joseph, 2005). This finding
can be interpreted as indicating that mental-state reasoning
in children with autism depends, to a large extent (in addition
to language skills), on more general cognitive ability, and
that performance on the Tower task reflects this kind of abil-
ity. Against the role of planning ability in the development
of ToM seem also to speak the results of Perner, Kain et al.
(2002), which showed that the level of this ability in children
at risk for ADHD was lower than in normal developing chil-
dren, but there was no difference in ToM abilities between
both groups.

Another consistent finding concerns the role of work-
ing memory. In general, as regards the role of this factor
(or in broad terms, information processing capacities) in
the development of ToM, there are two positions. Accord-
ing to a view represented by Fodor (1992) and Leslie (e.g.
Leslie & Thaiss, 1992), increases in cognitive resources al-
low a child to express or apply ToM abilities. In contrast,
according to the view that sources can be found in the work
of Case (1985), the increase of cognitive resources is not
responsible for the expression, but for the development (ac-
quisition) of ToM — the position represented later, amongst
others, by Davis and Pratt (1995). All longitudinal research
consistently showed that measures of working memory ob-
tained in the earlier period of development were not sig-
nificant predictors of later ToM skills. A significant link

! For example, Carlson and Moses (2001) define inhibitory control
as “the ability to inhibit responses to irrelevant stimuli while pursu-
ing a cognitively represented goal” (p. 1032).
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Figure 1. Hypothetical model of direct and indirect links between EF and ToM based mainly on the results of longitudinal studies (Theory — theory-like
knowledge structures; Sim — simulation; ToM — cognitive component of ToM; ToM,, — perceptual component of ToM; IC — inhibitory control; WM —

working memory; CF — cognitive flexibility; PL — planning ability).

between ToM and working memory was only found within
a given phase of measuring in longitudinal studies but not
between them (e.g. Hughes, 1998b; Schneider et al., 2005),
which is construed as indicating that the role of working
memory is limited to the factor determining the ongoing
process of mental-state reasoning, rather than to the factor
responsible for the development of conceptual knowledge
about mind. This claim is also supported by Davis and Pratt
(1995), who showed that the relationship between working
memory and performance on false-belief tasks is not spe-
cific — measures of working memory correlated also with
performance on a false-photo task, which is structurally
similar to the false-belief task, but does not require mental-
state understanding. According to Carlson, Moses et al.
(2002), differences in working memory capacity can be
important if a task requires that children override a salient
mental representation or a prepotent response based on one
perspective, and at the same time, induce a response based
on another perspective, which could constitute a burden for
working memory (cf. also Carlson, Moses et al., 2004).

The Comprehensive Model of Relations
Between EF and ToM

The above conclusions, drawn primarily from the re-
sults of longitudinal studies, provide some premises to out-
line the comprehensive model of the relations between EF
and ToM, shown in Figure 1. In accordance with the results

of factor analysis, based on data from preschool-aged chil-
dren (cf. Hughes, 1998a), the model assumes that EF is a
complex function comprised of several abilities, such as in-
hibition control, working memory and cognitive flexibility.
This group of abilities also includes planning ability, be-
cause studies (mainly) on executive functioning in autism
(cf. Tager-Flusberg & Joseph, 2005) revealed a significant
relationship between this ability and ToM.

In the group of abilities that constitute ToM we can dis-
tinguish a cognitive and a perceptual component (Tager-
Flusberg & Sullivan, 2000). According to Tager-Flusberg
and Sullivan (p. 61), the cognitive component of ToM en-
compasses the conceptual understanding of the mind as a
representational system, and its basic measure is the false-
belief task. The perceptual component of ToM involves the
ability to “make on-line rapid judgments about people’s
mental state from their facial and body expressions” (p.
62). It could be assumed that the crucial ingredients of the
cognitive component of ToM are theory-based knowledge
structures and the mechanism of simulation, where the first
are used primarily for action prediction, and the second for
belief fixation (cf. Perner, 2000).

The model highlights the two types of links between EF
and ToM: emergence-type and expressive-type, in accor-
dance with the proposal of Moses (2001). The emergence-
type influence can be direct (as in the case of inhibitory
control, which, as shown by longitudinal studies, proved
to be independent of several control variables, including

language, predictor of ToM), or indirect through social
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and language interactions. Other abilities that make up EF
play the role of “expressive” factors, because longitudinal
studies have not confirmed their influence on ToM devel-
opment. To other aspects of relations between the EF and
ToM, included in the model, we return later.

Expressive-Type Influences

The question arises, at what phase of ToM development,
at rather its early or late phase, executive factors associated
with ongoing reasoning in ToM tasks play an important role.
Results obtained by Carlson and Moses (2001) may be help-
ful in finding an answer to this question. This study showed
that performance on ToM tasks correlated substantially
stronger with the battery of “conflict” EF tasks than with
“delay™ EF tasks in the group of 4-year-olds, whereas, in
the group of 3-year-olds, the difference between the strength
of correlations was not significant. Given that children begin
to pass false-belief tasks at about the age of 4, the stronger
relationship between performance on these tasks and a bat-
tery of “conflict” EF tasks suggests that children’s success in
false-belief tasks at this age depends on inhibitory control.
This conclusion is also supported by longitudinal study Sch-
neider et al. (2005), where it was found that the relationship
between ToM and executive control was strongest during
phase 3 in this study, when children were at an average age
of 4, the critical age for false-belief understanding. The in-
crease of relation between ToM and EF with age could also
be noted in Carlson, Mandell et al. (2004), showing that,
when children were at an average age of 2, there was no cor-
relation between the two types of abilities, but during phase
2, when children were at a mean age of 3 years and 4 months,
there was already a significant correlation.

It should be noted that meta-analysis carried out by
Wellman et al. (2001) showed that the manipulation of such
factors as the saliency of the real state of affairs, or the
saliency of mental representations rises, at a certain age,
performance on the false-belief tasks to a level higher than
random, although not removing all difficulties children
have in these tasks. The advocates of an executive expres-
sion account (e.g. Leslie et al., 2005) argue, however, that it
is not known whether these manipulations cover all execu-
tive demands that ToM tasks make for children, or whether
it is possible to reduce all these demands.

Emergence-Type Influences

In addition to the data from longitudinal research, there
are other arguments in favour of an executive emergence ac-

2 The demands of “delay” tasks include only inhibition of responses,
whereas in “conflict” tasks, in addition to the inhibition of an inap-
propriate response, a subject has to activate a conflicting, novel
response (Carlson & Moses, 2001, p. 1047).

count, according to which executive function plays an im-
portant role in the development of conceptual knowledge
about mind. Evidence for this account comes, as noted Mo-
ses et al. (2005), among others, from studies showing that
answers requiring to explain the behaviour of a protagonist
in the false-belief task correlated equally strongly with mea-
sures of EF as answers requiring to predict behaviour (e.g.
Perner, Lang et al., 2002). It is assumed that such executive
requirements as the need to inhibit a reference to a salient
real state of affairs, or to a subject’s own salient mental rep-
resentation, are absent when a question requires to explain
the behaviour of a protagonist in the false-belief task. Simi-
lar correlations were found between EF and other ToM tasks,
which, as assumed, are devoid of these requirements — the
test of source of knowledge and the task in which a subject is
asked to assess the level of certainty of beliefs held by some
other person, who has full or limited access to the relevant
information (Moses et al., 2005). However, Sodian and Hiil-
sken (2005), who in their study on children with ADHD also
used the task requiring to evaluate the certainty of beliefs
(the epistemic state attribution task), seem to interpret the re-
lationship between performance on this task and EF in terms
of an executive expression account.

The discrepancy between researchers as to the interpre-
tation of the links between performance on particular kinds
of ToM and EF tasks may result from the fact that not all
assume that the explanation of behaviour in the false-belief
task, or answering to a question in such a task as the epis-
temic state attribution task, is devoid of executive require-
ments. Unless these tasks make executive demands related
to inhibition, it cannot be excluded that they still make
other executive demands. These demands may be related
either to switching from a subject’s own perspective to the
perspective of another person whose behaviour is to be ex-
plained, or to maintaining in memory relevant information
while inferring some other information.

Could Different Types of Influences
Be Disentangled in the Analysis?

The controversy depicted above about the interpreta-
tion of the links between some EF and ToM tasks leads to
a more general question. It concerns the possibility of the
separation of the two types of EF influences — emergence-
type and expressive-type — in the analysis. To find a task
that will enable the measurement of one of these aspects,
while not making demands related to the second, remains
a problem. It appears that, in the case of tasks that require
reasoning about mental states, both aspects are intimately
tied — to give an explicit correct answer one should pos-
sess not only a proper knowledge but also be able to use
it. There are, however, some ToM tasks that do not require
reasoning about mental states, but rather direct “reading”
them from facial expressions. Some researchers (e.g. Bar-
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on-Cohen et al., 2001; Klin et al., 2000; Tager-Flusberg
& Sullivan, 2000) proposed taking a broader perspective
on ToM research, covering not only the ability to reason
about mental states, but also the ability to recognize men-
tal states on the basis of directly available perceptual in-
formation, such as body movements, gaze and facial ex-
pression. This distinction is reflected in the componential
model of ToM proposed by Tager-Flusberg and Sullivan
(2000), which assumes that abilities related to reasoning
about mental states are relatively independent of those re-
lated to “reading” mental states on the basis of nonverbal
clues.

Therefore, the question is whether EF influences only
more “cold”, cognitive aspects of ToM, or also more
“hot” ToM abilities that make up the perceptual com-
ponent. An answer to this question could be helpful in
determining the scope of the emergence-type influence
of EF on ToM development. Supposedly in the case of
tasks that require only to “read” mental states from facial
expressions, the involvement of executive processes as-
sociated with the inhibition of response, switching be-
tween perspectives or maintaining relevant information
in memory, is minimal.

Data concerning a relation between the perceptual
component of ToM and EF are scarce and ambiguous.
Speltz et al. (1999) found that children with conduct dis-
order (ODD with or without commorbid ADHD), in com-
parison to the control group, performed worse on the test
of emotion recognition and the test of verbal fluency, as
a measure of EF, which may indicate that there is some
developmental link between these skills. In another study
concerning this issue (Radecka, 2007) it was found that
“reading” mental states from facial expression (Baron-
Cohen et al.’s “reading the mind in the eyes” task, as a
measure of the perceptual component of ToM) correlated
only marginally with the results of an extended version of
the Dimensional Change Card Sorting task (DCCS; Hon-
gwanishkul et al., 2005), as a measure of EF, while the
understanding of second-order false-belief (the cognitive
component of ToM) correlated moderately with this task,
even if age, sex and parental education were partialled
out. If such a task as Baron-Cohen’s “reading the mind in
the eyes” task could be considered as a relatively “clean”
ToM task that is devoid of executive demands (e.g. Ka-
land et al., 2002, p. 518), then the lack of correlation
between performance on this task and executive control
speaks against the emergence-type impact of EF on ToM
(or at least on the perceptual component of ToM).

It should be noted, however, that this perceptual task
has, in turn, a greater emotional component than tasks
tapping the cognitive aspect of ToM, such as the false-
belief task. It is evidenced by the results of functional
neuroimaging research indicating that during solving this
task there is activated not only the prefrontal cortex but
also the limbic structures (Baron-Cohen et al., 1999). The

relationship between such tasks as Baron-Cohen’s “eye”
test and other measures of EF should be the subject of
further studies. Alternatively, it might be that the percep-
tual component of ToM is not subjected to a direct de-
velopmental influence by EF, which is marked on Figure
1 by directing emergence-type arrows only towards the
cognitive component of ToM. Possibly the influence of
EF on the perceptual component of ToM may be mediated
by social interactions and becomes noticeable in clinical
groups, in which the disorders of social interactions may
be caused by deficit in EF.

Indirect Links Between EF and ToM

Most existing research has focused on seeking a di-
rect link between EF and ToM. The assumption of a direct
link is held by Moses (2001), who describing an executive
emergence account has stressed that the acquisition of the
crucial concept of ToM - a belief concept - requires a cer-
tain minimum level of executive ability to “distance one-
self from the immediate situation, and some ability to in-
hibit salient but misleading knowledge” (p. 688). Hughes
and Leckam (2004) suggest, however, that the relation-
ship between EF and ToM may not be direct but may be
mediated by social interactions. According to their pro-
posal (p. 597), executive deficits may impoverish social
interactions and in this way influence the development of
ToM; the reverse dependency is also possible: rich social
interactions may provide the opportunity for practising,
and in turn, developing executive skills by children.

The specific kind of interactions are those between
siblings, which, as is shown by the sibling effect (Jenkins
& Astington, 1996; Perner et al., 1994), are an important
environmental factor for ToM development. In Perner
et al.’s (1994) study it was found that children who had
two or more siblings performed on the false-belief tasks
nearly twice as well as children having no siblings. How-
ever, since not all studies have confirmed the presence of
the sibling effect (e.g. Cutting and Dunn, 1999), this may
indicate that it is the interaction between two or more fac-
tors that is responsible for this effect. For example, Cole
and Mitchell (2000) found a relationship between the
number of older siblings of a child and inhibitory con-
trol, but paradoxically they did not find a link between
the number of siblings and ToM skills in children from
primarily working-class families. In another study (Putko,
2004), which used more extended measures of ToM, it
was found that ToM skills depended both on the number
of older siblings and on inhibitory control. The regression
analysis showed, however, that only inhibitory control
was the source of variance in false-beliefs understanding
marginally independent of the number of older siblings.
This may indicate that both effects — influence of the num-
ber of older siblings and inhibitory control on false-belief
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understanding — at least partially overlap with the impact
of inhibitory control being relatively stronger than that of
the second factor.

Asymmetry of Reciprocal Influences

Although the majority of longitudinal studies show that
EF have an impact on the development of ToM but not vice
versa, data obtained in Hughes and Ensor’s (2007) study
indicate that there might occur, at least in part, a reverse
dependency. The possibility of reciprocal influences is also
suggested by the results of Kloo and Perner’s (2003, exp. 2)
study, which demonstrated that children trained in solving
the DCCS task improved their performance on the false-
belief tasks in comparison with the control group which
was trained in solving a task that did not require executive
control. The reverse dependency occurred also: the group
trained in solving the false-belief task improved their per-
formance on the DCCS task, although the effect of this
training was weaker. Since the results of Kloo and Perner’s
study suggest the possibility of reciprocal influences in the
development of EF and ToM, it seems that positions T1 and
T2 would need to be considered as not mutually exclusive
but rather as complementary.

The more compromise solution outlined above could
be treated as a variant of the model presented in Figure
1, allowing the existence of reciprocal direct dependencies
between the development of ToM and EF. But similarly as
suggested by the results of the training study conducted by
Kloo and Perner (2003), the influence of EF development
on ToM seems stronger (as also evidenced by longitudi-
nal studies) than that occurring in the opposite direction.
It cannot be excluded, however, that the greater impact of
EF development on ToM may result from some additive ef-
fects of emergence-type and expressive-type impacts.

Concluding Remarks

The complex picture of relationships between the de-
velopment of ToM and EF that emerges from the current
state of research may be the result of the existence of dif-
ferent types and levels at which these dependencies are
undergoing. On the one hand, this is the level of emer-
gence-type vs. expressive-type dependencies, and, on
the other hand, direct vs. indirect ones. Probably, in this
picture of relationships, are also involved the links result-
ing from the fact that both types of abilities are underlain
by partly common or closely related brain structures. It
seems, therefore, that the assumptions held by the two
competing positions T1 and T2 would be substantially
weakened and instead of speaking about necessary but
insufficient factors for the development of EF or ToM, we
should rather treat these factors as supporting their devel-

opment. A clearer separation of different types and levels
of influences is an important challenge facing future re-
search in this area.
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