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Abstract

ToM is a complex cognitive process consisting of a variety of sequenced achievements that develops

gradually from infancy to adulthood. In this field,  part  of the debate focuses on identifying how

individual  differences  influence  the  development  of  ToM.  Several  recent  studies  have  found  a

relationship between ToM development and executive functioning, emphasizing working memory,

inhibition, cognitive flexibility or planning. In line with these results, the aim of this research was to

explore the role of different aspects of executive functions in ToM. To achieve this, 90 children aged

between 4 and 8 years were assessed in ToM and executive function tasks. We found that executive

functions were related to ToM in different ways depending on the level of ToM. This supports the

view that as ToM skills evolve there is a change in the executive skills that support them.
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Introduction

Research in the field of child development has paid considerable attention to Theory of mind (ToM),

a concept that refers to the gradually developing human capacity to understand, predict, attribute and

even  manipulate  our  own  and  others’  mental  states  (Wellman  et  al.  2011).  Within  this  field,

considerable amount of research has suggested a qualitative change in how children understand the

mental world between the ages of 3 and 5 (Wellman et al. 2001). During this period, children come to

understand  the  concept  of  desire  and  its  relationship  with  emotions  and  beliefs  (Wellman  and

Banerjee 1991), they start to understand how knowledge is related to visual experience (Wimmer et

al.  1988),  and to learn that  beliefs  may be false,  which has been called (first-order) false belief

understanding  (Wellman  et  al.  2001).  At  the  same  time,  they  become  increasingly  better  at

understanding emotions, and begin to realize that external and internal emotions may be different

(Harris et al. 1986; Sidera et al. 2013). From the age of 6 years, children start to understand second-

order  false  beliefs  (Miller  2009),  which are connected to the ability  to deceive and the growing

capacity  to  understand  non  literal  expressions  such  as  lies  (Talwar  and  Lee  2008),  white  lies

(Williams et al. 2016) or ironies (Happé 1994). Between the age of 7 and adolescence, the capacity to

understand and detect faux-pas will appear (Banerjee et al. 2011), as well as the capacity to recognize

other  complex mental  states  through the eyes  (Baron-Cohen et  al.  2001).  Despite  a  sequence  of

increasingly  difficult  ToM  milestones  having  been  identified  (Wellman  et  al.  2011),  individual

differences exist in the developmental patterns in which they are acquired (Repacholi and Slaughter

2003),  which  indicates  that  other  factors  have  an  influence  on  their  development.  This  issue,

regarding which factors influence ToM skills, has been addressed both in an interindividual and in an

intraindividual  level.  As  for  the  intraindividual  level,  many  studies  have  tried  to  elucidate  the

contribution of other children’s skills to understanding the mind, such as language (Astington and
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Baird, 2005) or pretend play (Lillard et al.  2013). Among them, executive functions have gained

significant attention. Executive functions (henceforth EF) are strongly related to the development of

ToM. The term EF refers to a high-order mental process involved in the conscious control of thought,

action and emotion (Anderson et  al.  2001; Carlson and Moses, 2001; Zelazo and Müller,  2002).

Tasks evaluating ToM usually require a high level of executive functioning, as they entail paying

attention to and following a story,  remembering its  key elements,  and using these to predict  the

behavior of the protagonist. Moreover, alternating between different perspectives regarding the same

event or reality may be required, as well as inhibiting one’s own perspective or knowledge of reality

(Carlson et al. 1998; Russell et al. 1991). Evidence in favor of the relation between ToM and EF is

robust in preschoolers, with much stronger evidence that EF predicts later ToM than the opposite

(Benson et  al.  2013;  Devine  and Hugues  2014;  Müller  et  al.  2012;  but  see  Wade et  al.  2018).

Furthermore,  longitudinal  studies  found  that  children’s  EF  predict  the  development  of  ToM  at

different stages in life (Devine et al. 2016), and that the influence of EF on ToM may vary according

to age (Gao et  al.  2019). Specifically,  other studies found that  different EF have a main role in

predicting ToM depending on age (Wilson et al. 2018). Evidence on the relation between ToM and

EF is less conclusive in older children, so EF may become less relevant for ToM once sufficient

cognitive skills are developed (Austin et al. 2014; Vilenskaya and Lebedava 2017). There are two

possible ways in which EF may have a role in ToM. First, the expression account suggests that EF

skills are necessary for passing ToM tasks (Moses 2001; Gao et al. 2019). According to it, ToM

performance may be poor despite good ToM competence when the executive demands are too high

for the individual. In this sense, lowering the executive demands of ToM tasks may lead to higher

levels of achievement in the latter (see Birch and Bloom 2010). Secondly, the emergence account

proposes that EF skills are necessary for developing ToM (Moses 2001) by improving the capacity to
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learn  from  relevant  experiences  and  reflect  on  our  own  knowledge  (Gao  et  al.  2019),  so  the

importance of EF for ToM is expected to diminish with age.  The training studies of Lecce  and

Bianco (2018) and Gao et al. (2019) support this account by showing that children’s differences in

EF predicts  children’s  improvement  from ToM trainings.  Different components of EF have been

identified,  such  as  working  memory,  inhibition,  cognitive  flexibility  (Miyake  et  al.  2000)  and

planning (Anderson 2002). Some authors, like Moses and Tahiroglu (2010), suggest that the nature

of the relationship between EF and ToM is complex, and possibly not uniform or unidirectional, as

we shall  now discuss. Working memory allows us to keep a specific  representation in mind and

temporarily manipulate it. In this sense, it has been proposed that the ability to mentally keep in mind

two conflicting perspectives on the same stimulus simultaneously, an ability which requires working

memory, is essential in promoting the development of children's understanding of mind (Gordon and

Olson 1998). Various investigations provide support for this hypothesis (Davis and Pratt 1995; Hala

et al. 2003). Examples are the works by Mutter et al. (2006) and Lecce et al. (2017), which reported

that working memory predicted the score in a false belief task better than inhibition. As for inhibitory

control,  this  allows  us  to  deliberately  inhibit  predominant  responses  to  a  specific  stimulus  and

activate a less automatic response (Carlson and Wang 2007). Different studies have found a strong

association between inhibitory control and false belief (Carlson and Moses 2001; Carlson et al. 2002;

Perner and Lang 1999). A relevant issue regarding EF and ToM is that most tasks used to evaluate

EF are not pure, in the sense that they require other components aside from the one being evaluated

(Brocki and Bohlin 2004; Miyake et al. 2000). For this reason, it might be reasonable to argue that

the combination of working memory and inhibitory control produces a higher effect on ToM, as both

components  are relevant  for ToM (Carlson et  al.  2004; Hala,  et  al.  2003; Williams et  al,  2016).

Another line of research has focused on the relationship between ToM and cognitive flexibility, a
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mental process that allows us to change intermittently from one rule (or perspective) to another, and

to  act  accordingly.  This  process  has  been called  rule-switching  (Miyake  et  al.  2000).  Cognitive

flexibility has been linked to false beliefs because in order to understand them we need to distinguish

and alternate between the different knowledge and perspectives that people have of reality (Bunge

and Zelazo 2006; Kloo and Perner 2003). Several  authors argue that  a greater association exists

between ToM and cognitive flexibility than other EF (Low and Simpson 2012), especially in early

school years (Bock et al. 2015; Farrant et al. 2014) and early adolescence (Im-Bolter et al. 2016). It

has also been suggested that planning is involved in the development of ToM. Planning is a mental

process that plans, manages and evaluates goal-directed behavior (Zelazo and Müller 2002). Thus,

planning and understanding people’s minds could be interconnected. Indeed, some researchers have

found an association between planning and ToM (Tager-Flusberg and Joseph 2005). Nevertheless,

this fourth proposal is the least supported empirically and different studies have failed to find this

association (Carlson and Moses 2001; Carlson et al. 2004). On the other hand, there is support for the

idea that the relationship between EF and ToM varies in intensity as a function of the ToM skill or

level (Austin et al. 2014). In this regard, some studies suggest that false belief tasks may have higher

executive demands as compared to other tasks (Sabbagh et al. 2006). Research has also suggested

that different ToM skills may be more linked to some EF than others. For example, deception was

found to be better predicted by inhibitory control (de Villiers and de Villiers 2011), or predicting

false beliefs might be better predicted by working memory (Hughes 1998). This could be explained

in part by the idea that more complex ToM skills may require more complex EF (Marcovitch et al.

2015). Consequently, it is important to distinguish between different levels of complexity of ToM.

Given previous  studies,  there  is  no doubt  that  EF contribute  to  how understanding of  the  mind

develops. However, very few studies have considered the changing role that executive skills have in
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ToM development, beyond the understanding of false belief. For these reasons, the main objective of

this research was to explore the contribution of different executive components to the different levels

of complexity of ToM between the ages of 4 and 8. We expected that EF would be closely associated

with ToM tasks,  but also that  the different  components  of EF would have a different  predicting

weight for different levels of ToM. 

Materials and methods

Participants

The sample consisted of 90 typically-developing children aged between 4 and 8 years (see Table 1)

from 5 different schools in the north-east of Spain. They were divided into 3 age groups (4-, 6- and 8-

year-olds) of 30 participants (15 of each gender). No significant gender differences emerged in the

mean  age  of  the  participants  within  each age  group (Mann-Whitney  test;  p  >.05).  Furthermore,

neither non-verbal intelligence nor language differed according to gender in any age group either

(ANOVA test; p >.05). 

Materials and procedure

Written parental informed consent was obtained for each participant before starting the study. No

approval from an ethical committee was required from the institution where the researchers work.

Nevertheless,  in  the  present  study  we  have  considered  the  ethical  principles  established  by  the

European Commission (2013). One assessment session of between 45 and 60 minutes in length were

carried out individually in a quiet place at the children’s schools. ToM, EF, vocabulary and nonverbal

intelligence were evaluated in a session. The same order was always followed for administration of

the tests. The tasks are described below. In order to simplify the data analyses, and according to
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previous research, the ten ToM tasks were divided into three levels of increasing difficulty, and are

explained  in  that  order  here.  In  addition,  the  direct  scores  for  each  of  the  three  levels  were

transformed to a range of 0 to 9 points. A total ToM score was calculated by adding the scores of the

3 ToM levels, having a range of scores from 0 to 27. 

The first ToM level (ToM1) was composed of the three following tasks: First-order false belief. A

version of the task by Perner et al. (1987) was used to evaluate children’s understanding of first-order

false beliefs. Participants were shown a closed egg box and asked about the contents of the box. They

were then shown the real contents (coins). Following this, they were asked test questions: a) about

their beliefs concerning the contents of the box before opening it; b) about what another child would

think was inside; c) and why. One point was awarded for each correct question, meaning the total

score ranged from 0 to 3. Belief-desire based emotion reasoning. An adaptation of the task used by

Hughes et  al.  (2000) was administered using two characters  drawn in black and white,  a box of

Lacasitos® and some lentils. First, children were told that one of the characters liked Lacasitos but

not lentils, and they were asked to attribute the correct emotion to the character according to the food

they were offered. Then the story continued, and in the absence of the first character, a second one

substituted  the  Lacasitos  inside the  tube  for  lentils.  Following this,  the children  were  asked test

questions about the emotion of the first character before and after looking at the real contents of the

tube. Moreover, they were asked to justify their answers. Correct answers were awarded 1 point, and

correct justifications 0.5 points, meaning the score in this task ranged from 0 to 3. Real-apparent

emotion. One of the stories by Harris et al. (1986) with two drawings in black and white was used to

study the children’s capacity to distinguish between real and apparent emotion. Children were told a

story in which the protagonist experienced a sad event, but had a reason to hide her real emotion and

display happiness. Participants were asked to identify and justify both the emotion expressed and felt
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by the protagonist. Questions regarding the emotion of the protagonist were awarded 1 point, and

their justifications 0.5 points each, meaning the total score ranged from 0 to 3. 

The second ToM level,  or  second-order  ToM (ToM2),  comprised  two tasks:  Second-order  false

belief. The administered task was adapted from Hughes et al. (2000) and used four black and white

drawings.  In  the  first  part  of  the  task,  a  first-order  change  of  location  question  was  asked and

justification requested, both answers being awarded 0.5 points. In the second part of the task, the

story continued and a question was asked about the protagonist’s second-order falsebelief, requiring

justification for the answer. One point was given for the correct answer and another for its correct

justification. Finally, two memory control questions were asked. The score for the task ranged from 0

to 3. Deception. An adaptation of the procedure by García et al. (2006) was used to evaluate the

capacity to understand deception,  with the support of 5 drawings. After explaining that a box of

crayons had changed location in the absence of the protagonist, participants were asked about the

false belief of the protagonist and the justification for this. A score of 0.5 points was awarded for the

correct answer, and 0.5 for the justification. Afterwards, participants were told that the protagonist

intended to deceive another character and asked what he would say and why. Two control questions

were used. In this case, 1 point was awarded for the correct answer and another for its justification.

The  third  ToM level  (ToM3)  was  called  advanced  ToM and  included  three  stories:  Non-literal

language. The stories developed by Happé (1994) to evaluate the understanding of lies, white lies and

irony were used. In each case, participants were told a social story with the support of black and

white drawings. The score ranged from 0 to 3 for each story, giving 1 point if the untruthfulness of

the message was identified, 2 points if the intention of the character was also understood, and 3 if an

explanation was given for that intention. Children’s responses were categorized by the first author of

the article. In those tasks which required it, inter-rater agreement was calculated by using a second
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researcher who coded the answers of 5 participants from each age group. Cohen’s Kappa were: k = 1

for  first-order  false  belief,  belief-desire  based emotion  reasoning,  real-apparent  emotion,  second-

order false belief and deception; k = .84 for the white lie story; k = .86 for the lie story; and k = .93

for  the  irony  story.  To  evaluate  EF,  four  tasks  were  administered:  a  working  memory  task,  an

inhibition task, a planning task, and a measure of cognitive flexibility. The raw score for each task

was transformed to a score ranging from 0 to 16. A total EF score was calculated by adding the

scores of the 4 EF tasks, so it has a range of scores from 0 to 64. The test was administered following

the procedure of its manual.  Working memory. The backward digit-span task from the WISC-III

(Wechsler 1991) was administered and scored following its manual. The maximum raw score for the

task is 16, one for each correct item. Inhibition. The task developed by Gerstadt et al. (1994) was

used. Participants were asked to say “day” when they saw a white moon on a black background and

“night” when they saw a yellow sun on a white background. A trial was carried out to ensure that

participants understood the aim of the task. After this preparation phase, 16 items were presented

(without  feedback)  following  the  pattern  proposed  by  Simpson  and  Riggs  (2005):

ABBABAABBABAABAB. The task was administered using the program Superlab Pro version 2.0;

the time of exposure to each image was 8 seconds and the time between images 2 seconds. One point

was awarded for each correct answer. Planning. The mazes subtest from the WISC-III (Wechsler

1991) was administered and scored following the manual’s instructions. Cognitive flexibility. The

Spanish version of the Wisconsin test (Grant and Berg 1997) was used. The number of persistent

mistakes was chosen as a measure of cognitive flexibility, since several studies agree that cognitive

flexibility decreases as the number of persistent mistakes increases (see, for example: Máximo et al.

2004).  In  accordance  with  the  manual,  the  number  of  persistent  mistakes  was  transformed  to

percentiles.  Non-verbal  intelligence.  The  progressive  matrices  test  by  Raven  et  al.  (1996)  was
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administered following the manual instructions and scoring criteria. The raw score was transformed

to percentiles following the Spanish scales. Vocabulary. Receptive verbal ability was assessed by

using the Spanish version of the Peabody Picture Vocabulary Test by Dunn et al. (2006). This test

includes 150 items ordered by level of difficulty. Children are shown drawings in groups of 4 and

asked to indicate  which one corresponds to  the word stated  verbally.  The test  was administered

following the procedure of its manual. 

Data analysis

Data were analyzed using the statistical package SPSS (version 22). Age group differences in EF and

ToM were studied with ANOVA. Pearson correlations were carried out to examine the relationship

between ToM and EF. Also, linear regressions with the stepwise method were used to study the

influence of EF on ToM development. Repeated-measures Student’s T tests were conducted in order

to obtain empirical support for differentiation among ToM levels. 

Results

In this section, we will first show the descriptive values of the EF and ToM variables. Then, we will

present, for each age group, correlations between ToM and EF, as well as linear regressions to study

the predictive value of EF for ToM. 

Descriptive statistics

In the Table 1 we describe the results for each ToM level (and Total ToM) in each age group. Age

group comparisons were conducted using ANOVA. We found age group differences  in all  ToM

levels and in Total ToM (p < .001). Tamhane’s T2 post hoc test showed that 8-year-olds obtained

higher scores in all ToM levels (and Total ToM) compared to 6-year-olds (p < .005), and 6-year-olds

higher scores than 4-year-olds (p < .005). In the Table 1 we describe the results for the different EF
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(and Total EF) in each age group. The ANOVA showed significant age differences in all EF tasks

and in Total EF (p < .001). Tamhane’s T2 post hoc test showed significant differences between 8-

year-olds and 6-year-olds in all EF tasks and Total EF (p < .001); when comparing 6- and 4-year-

olds, significant differences (p < .001) emerged in all comparisons except for inhibition (p > .05).

There were significant differences between Level 1 and Level 2 of ToM in all age groups, and the

same occurred between Levels 2 and 3 (p < .001). Hence, the grouping of the ToM tasks in 3 levels

was empirically supported. 

Relations between ToM and EF in 4-year-olds

Different significant correlations were observed between ToM and EF and ToM for the three ToM

levels  and for  the  total  ToM score  (see  Table  2).  Specifically,  working memory,  inhibition  and

cognitive flexibility correlated significantly with ToM1, ToM2 and Total ToM, whereas planning

only correlated significantly with ToM3. We therefore deemed it appropriate to study the predictive

value  of EF for the different  levels  of  ToM scores  and for  the Total  ToM score through linear

regressions  (see  Table  3).  When  considering  the  Total  ToM  score,  the  EF  variables  that  best

predicted  this  score  were  cognitive  flexibility  and  working  memory.  After  conducting  a  linear

regression with ToM1 as a dependent variable, the best predictor was inhibition, whereas working

memory and cognitive flexibility were the best predictors for ToM2, and planning for ToM3. 

Relations between ToM and EF in 6-year-olds

As occurred with 4-year-olds, ToM correlated significantly with several EF variables in 6-year-olds

(see Table 2). Explicitly, cognitive flexibility correlated significantly with ToM1, ToM2 and Total

ToM. Working memory and inhibition obtained significant correlations with ToM3 and Total ToM.

Finally, planning correlated significantly with ToM2, ToM3 and Total ToM. When we carried out
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linear regressions to study the predictive value of EF for ToM in 6-year-olds (see Table 4), we found

that the best predictors of Total ToM were cognitive flexibility and working memory, as occurred in

4-year-olds. The best predictors for ToM 1 and ToM 2 were cognitive flexibility, and for ToM 3

working memory.

Relations between ToM and EF in 8-year-olds

At the age of 8, inhibition correlated significantly with ToM2, and cognitive flexibility for ToM2 and

Total ToM (see Table 2). Planning or Working memory did not show significant correlations. When

regressions were conducted (see Table 5),  the Total  ToM score was best predicted by cognitive

flexibility, the same as for ToM2. The rest of ToM levels did not have EF predictors. 

Total ToM 

The intensity of the relationship between Total ToM and Total EF diminishes with age (see Table 2).

When we look closer at it, we observe that the strength of the relationship between each EF and Total

ToM is reduced with age. In other words, there is a significant relationship between EF components

and Total  ToM at  the age of  4 years  (with the exception  of planning),  but  the intensity  of this

relationship is lower at the age of 6 years, and even lower at the age of 8 years, when there is only a

significant relationship between cognitive flexibility and Total ToM (and between Total EF and Total

ToM). 

Discussion

The main aim of this study is to explore the influence of EF in ToM in children aged from 4 to 8

years.  Our  results  reveal  that  the  predictive  role  of  EF  components  varies  according  to  the
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developmental level of ToM. We will now analyze these results in detail, attending to the three ToM

levels. 

ToM1

The best predictors of ToM1 were inhibition at the age of 4 and cognitive flexibility at the age of 6.

On  the  other  hand,  although  working  memory  and  cognitive  flexibility  were  not  found  to  be

predictors of ToM1 at the age of 4, they displayed significant correlations. Our results are consistent

with  those  that  found  an  important  contribution  of  cognitive  flexibility,  inhibitory  control  and

working memory to basic understanding of the mind (Carlson and Moses 2001; Hala et al. 2003;

Kloo and Perner 2003; Mutter et al. 2006). Our results do not support the idea that working memory

might be a better predictor of ToM than inhibition (for example, Lecce et al. 2017). However, those

studies only considered false belief, while our measure of ToM1 also included other measures of

basic ToM understanding. Additionally, no correlations were found between EF and ToM1 at the age

of 8, which might be explained by a ceiling effect of ToM1 in this group, and partially by a ceiling

effect in inhibition scores, in accordance with previous studies showing high percentages of answers

in this  task even in  very young children (Montgomery and Koeltzow 2010;  Simpson and Riggs

2005). 

ToM2

With regard to ToM2, cognitive flexibility was the best predictor in all age groups, and working

memory also predicted this level of ToM at the age of 4 years. Therefore, the degree of correlation

between ToM and EF abilities varies according to the developmental level of the child, as working

memory has an important role for this level only at the age of 4 years. Allegedly, most of the older

children already might have mastered the minimum level of working memory required to pass the
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tasks that belong to this level, and thus, what could make a difference at these older ages is cognitive

flexibility, which seems to be the most important EF for this level of ToM. In spite of this fact, other

EF seem to play a role in being able to pass this level of ToM, as inhibition correlated with it at the

age of 4 and 8 years, and planning at the age of 6. Thus, our study is a contribution to the few studies

that have found a relationship between planning and ToM (Hughes 1998; Tager-Flusberg and Joseph

2005), and suggests that this EF skill could gradually gain in importance in ToM development, and

especially for advanced levels of ToM. In fact, planning was not found to correlate with ToM1 level,

correlated significantly with ToM2 level (at the age of 6 years) and ToM 3 level (at the ages of 4 and

6 years).

ToM3

The ToM3 level was best predicted by planning at the age of 4 and working memory at the age of 6

(age in which inhibition and planning also correlated significantly with ToM3). On the other hand, no

individual EF predicted ToM3 at the age of 8, and only the total EF score correlated with ToM3 at

this age. The ToM3 level was best predicted by planning at the age of 4 and working memory at the

age of 6 (age in which inhibition and planning also correlated significantly with ToM3). On the other

hand, no individual EF predicted ToM3 at the age of 8, and only the total EF score correlated with

ToM3 at this age. Before we argued that planning could be more important for higher levels of ToM,

but what could explain that planning only correlated with ToM3 at the age of 4 and 6, but not at the

age of 8? One possibility is that a minimum level of planning capacity is required to pass the ToM

tasks involved at this level (Happé’s tasks), and in this sense 8-year-olds might already possess this

level of planning. 
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In this way, only those 4- and 6-year-olds with very good planning skills are able to understand these

ToM tasks that involve an understanding of non-literal statements. The fact that planning skills at the

age of 4 were very low supports this idea. It is noticeable that we did not find correlations between

cognitive flexibility and ToM3. These results seem to contradict Im-Bolter et al. (2016), who found

that decentration or shifting (which corresponds to our construct of cognitive flexibility) was related

to high ToM capacities (as measured by Happé’s Strange Stories task, as we did in our ToM3 level).

These authors suggested that decentration had a more important role in this level of ToM in older (11

- 12 years of age) than in younger children (7-8 years of age), but still it does not explain why we did

not have any association between ToM3 and cognitive flexibility in the group of 8-year-olds. Maybe

these differences could be explained by the tests and type of measures selected in each study (e.g.,

their measure included the speed in the task but not ours). Future studies could address this issue.

Total ToM

Total ToM was best predicted by cognitive flexibility in all age groups, and working memory was

also a predictor at the ages of 4 and 6. Inhibition, despite not being a predictor, also correlated with

Total ToM at the ages of 4 and 6, and planning correlated with Total ToM at the age of 6. These

results support the view hold by several authors that certain EF are more related to ToM than other

EF (e.g., Bock et al. 2015; Low and Simpson 2012), and that at different ages ToM skills are better

predicted by some EF than others (Im-Bolter et al. 2016; Su and Yu 2015). On the other side, the

intensity  of  the  link  between  Total  Tom and  the  different  EF  (with  the  exception  of  planning)

diminishes  with age,  which is  compatible  with the emergence  account.  The results  of our  study

however cannot be used to discuss the expression account, mainly because we did not control the

executive demands of the different ToM tasks. 
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Regarding  the  developmental  relationships  between  ToM  and  EF,  Devine  and  Hugues  (2014)

proposed a hybrid emergency-expression explanation, according to which EF are important for ToM

skills to emerge and can help or hinder their expression. We believe our results to be compatible with

this proposal, as we have seen that different levels of ToM have different associations with EF at

different levels of development. Nevertheless, more longitudinal and training studies are necessary to

clarify the exact way in which different EF allow the emergence and expression of various ToM

skills at different age points (see Devine et al. 2016; Doenyas et al. 2018). 

Limitations and Future Studies

One limitation is that the ToM tasks we used are not comparable in format, and consequently neither

in the executive  demands they involve  (see,  for example,  Henning et  al.  2011).  Nevertheless,  it

should  also  be  taken  into  account  that  the  social  understanding  skills  we  use  in  our  everyday

reasoning are not homogeneous either, so it might be useful to study the executive demands that

different types of ToM tasks may involve at different developmental levels. Future studies should

find other measures of inhibitory control that reflect how this skill develops, as we found very high

scores  even in  4-year-olds.  Future  studies  should  also  take  into  account  the  distinction  between

conflict tasks (which are decontextualized and abstract) and delay tasks (which involve an affective

component), as some studies have found that the former but not the latter type of inhibition tasks are

related to ToM (Bellagamba et al. 2015). 

Conclusions

The overall results from this investigation confirm that EF are important for understanding the mind.

As predicted, EF played a different role at different developmental levels. Furthermore, we observed

specific EF skills linked to each ToM level, which also depended on age. Future research should aim

16



at elucidating the mutual influence of ToM and EF skills along development, analyzing the role of

EF skills in the emergence and expression of different ToM skills at each developmental point. 
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Table 1. 

Descriptive statistics (mean and SD scores)

4-year-olds

(range: 4;0 to 4;6)

6-year-olds

(range: 6;0 to 6;6)

8-year-olds

(range: 8;0 to 8;6)

Age 51.03 (2.08) 75 (2.02) 99 (1.98)

Non-verbal intelligence 57.83 (25.85) 53.17 (24.96) 55.5 (25.54)

Peabody 99.1 (14.46) 98.6 (12.64) 92.4 (13.56)

ToM1 5.57 (1.97) 7.61 (1.61) 8.92 (.32)

ToM2 2.83 (1.49) 5.5 (1.9) 7.95 (1.31)

ToM3 1.08 (.82) 2.43 (1.93) 4.31 (1.82)

Total ToM 9.48 (3.09) 15.56 (4.18) 21.18 (2.48)

Working memory 2.43 (1.1) 4.13 (1.79) 6.87 (1.04)

Inhibition 13.03 (3.06) 13 (2.91) 15.73 (.69)

Planning 1.55 (1.41) 4.78 (1.93) 7.06 (1.69)

Cognitive flexibility 1.71 (.96) 6.84 (3.75) 10.7 (2.81)

Total EF 18.72 (5.18) 28.75 (7.7) 40.36 (4.27)

Note: Maximum score for ToM1, ToM2 & ToM3 is 9. Maximum score for Total ToM = 18. Maximum score for Executive
Function Tasks is 16. Maximum score for Total EF is 64. 

27



Table 2. 

Pearson correlations between EF and ToM according to age group

ToM1 ToM2 ToM3 Total 

ToM

4-year-olds

Working Memory .549** .642** -.019 .655**

Inhibition .604** .629** .051 .702**

Planning .220 .074 .458* .297

Cognitive Flexibility .594** .609** .211 .728**

Total EF .643** .641** .190 .769**

6-year-olds

Working Memory .29 .279 .595** .516**

Inhibition .210 .317 .513** .462*

Planning .167 .387* .363* .408*

Cognitive Flexibility .383* .589** .334 .569**

Total EF .378* .569** .587** .674**

8-year-olds

Working Memory .119 .045 .334 .286

Inhibition .359 .364* .123 .331

Planning .103 .098 .267 .262

Cognitive Flexibility .092 .398* .332 .468**

Total EF .198 .371* .427* .536**
*1p< .05;**p< .01
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Table 3.  

Linear regressions of the EF components predicting ToM in 4-year-olds group

Non-standardized

coefficients

Standardized

coefficients

T Sig.
B

Typ.

Error
Beta

Total ToMa

Constant 4.218 .925 4.562 .000

Cognitive 
flexibility

1.689 .476 .525 3.545 .001

Working memory .977 .415 .349 2.356 .026

ToM1
b

Constant

Inhibition

.495

.389

1.297

.097 .604

.382

4.013

.705

.000

ToM2
c

Constant

Working memory

.448

.589

.508

.228 .435

.881

2.585

.386

.015

Cognitive 
flexibility

.553 .262 .355 2.110 .044

ToM3
d

Constant .674 .203 3.328 .002

Planning .266 .298 .458 2.727 .011
aR2  adjusted .581
bR2  adjusted .342
cR2  adjusted .458
dR2  adjusted .182
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Table 4.  

Linear regressions of the EF components predicting ToM in 6-year-olds group

aR2  adjusted .407
bR2  adjusted .116
cR2  adjusted .323
dR2  adjusted .331

30

Non-
standardized 

coefficients

Standardized

coefficients

T Sig.
B

Typ.

Error
Beta

Total ToMa

Constant

Cognitive flexibility

8.548

.502

1.647

.168 .450

5.189

2.980

.000

.006

Working memory .865 .352 .372 2.461 .021

ToM1
b

Constant 6.495 .581 11.173 .000

Cognitive flexibility .164 .075 .383 2.191 .037

ToM2
c

Constant 3.456 .602 5.737 .000

Cognitive flexibility .299 .078 .589 3.855 .001

ToM3
d

Constant

Working memory

-.200

.638

.733

.163 .595

-.272

3.913

.787

.001



Table 5.  

Linear regressions of the EF components predicting ToM in 8-year-olds group

Non-standardized

coefficients

Standardized

coefficients

T Sig.
B

Typ.

Error
Beta

Total ToMa

Constant 16.774 1.626
10.31

7
.000

Cognitive 
flexibility

.412 .147 .468 2.799 .009

ToM2
b

Constant 5.959 .896 6.649 .000

Cognitive 
flexibility

.186 .081 .398 2.295 .029
aR2  adjusted .191
bR2  adjusted .128
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