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CHAPTER 1 
 

Introduction 

 

 

 

 

 

Abstract: This dissertation presents four studies aimed at measuring the 

development of Theory-of-Mind in both typically developing children and 

children with PDD-NOS. In this chapter, the reader can find an overview 

introducing Theory-of-Mind and PDD-NOS, elaborating on the objectives 

of this dissertation, leading to the construction of the Theory-of-Mind 

Storybooks and concluding with the outline of this dissertation. 
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Theory-of-Mind in young children 

Theory-of-Mind is an important social cognitive ability children develop for 

the most part between their third and sixth year of life. It refers to the ability 

of children to read minds. More precisely, it is the ability to attribute mental 

states to oneself and others and to use these attributions in understanding, 

predicting and explaining behavior of oneself and others. By imagining the 

interior of others (their mental states), children try to understand and predict 

the exterior of others (their behavior). Typically developing children acquire 

the understanding that behavior is mainly driven by mental states (such as 

desires and beliefs) and not by the objective reality in itself (Wellman, 

1990). Theory-of-Mind is a core human capacity needed to fully understand 

the social environment and for showing socially adequate behavior 

(Astington & Jenkins, 1995). It is important for social interaction: to explain 

and predict others’ actions; for communication: to assess the listener’s 

knowledge state and to tailor messages; and for narrative: to understand the 

motives, intentions, desires and beliefs of characters. 

Over the years this capacity has been referred to by many names: 

consciousness of the feeling of their fellows, folk psychology, imputation to 

others of firsthand experience, naive psychology, second order 

intentionality, inter-subjectivity, meta-representation, belief-desire 

reasoning, belief-desire psychology, natural psychology, common sense 

psychology, social referencing, conceptual role-taking, mindreading, mental 

simulation, mentalising, social intelligence, perception of intentionality, 

mental attribution, mentalistic theory of behaviour and representational 

theory of mind (Whiten, 1994). However, it is best known under the name 

‘Theory of Mind’, and is in this dissertation further abbreviated as ToM.  

The term ‘Theory of Mind’ was coined by Premack and Woodruff 

(1978), who did research on a 14-year-old chimpanzee. They demonstrated 

that this chimpanzee could understand mental states of humans and as a 

consequence could also predict their behaviors. They suggested that this 

ability to reflect on mental states was theory-like because mental states are 

unobservable entities which we infer to be underlying people’s actions and 

because reference to mental states allows us to explain and predict other 

people’s behavior with remarkable power (Baron-Cohen & Swettenham, 

1997).  

Since the article of Premack and Woodruff, a massive amount of 

ToM research followed. Soon it was picked up by developmental 

psychologists and research was undertaken in both typically developing 

children and clinical groups. Research focused mainly on the mastering of 
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false beliefs, which is considered a cornerstone in ToM development. A 

belief is a thought or an idea. It is a mental representation of reality, which can 

be true or false. A false belief is a belief that does not correspond with reality. 

Mastering a false belief means that a child is able to comprehend that a 

person can have a wrong belief and will also react upon this wrong belief. 

Thus, a child can predict the behavior and/or emotion of another person 

based upon the wrong belief of that person. For instance, take two girls 

named Sally and Anne. They are in a room. Sally has a ball and puts this 

ball in a basket. She then leaves the room. Next, Anne takes the ball out of 

the basket and puts it in a box nearby. And then she leaves. A bit later, the 

first girl Sally comes back and looks for her ball. If a child were asked 

“Where will Sally look for her ball?” and that child would answer “in the 

basket”, this child clearly comprehends that Sally has a false belief and will 

act upon this false belief. A child that answers “in the box” however does 

not (yet) comprehend false beliefs and is misled by its own true belief. The 

former experiment is known as the Sally and Anne test (Baron-Cohen et al., 

1985) and is often used in ToM research. It is considered a typical false 

belief task. 

A considerable amount of research has been undertaken in the field 

of ToM, covering a variety of perspectives (for substantive overviews, see 

Baron-Cohen et al., 2000; Frith & Hill, 2003). Research has focused on the 

origin of ToM, the development of ToM and its precursors (such as joint 

attention and perception). Research has been undertaken in animals (such as 

apes and birds), in children and adults, in people with autism and other 

clinical conditions (such as mental retardation, prelingual hearing loss and 

schizophrenia). Also other aspects have been investigated, for instance 

influencing factors (such as test situation, language, verbal intelligence, 

executive function, central coherence, culture, upbringing, presence of older 

peers in the family, social economical status and gender), neurobiological 

aspects (role of (orbito)-frontal cortex and limbic system in particular 

hippocampus and amygdale) and clinical aspects (such as ToM training). 

Not much research is undertaken into the developmental patterns of ToM 

and the ToM abilities of children with PDD-NOS, a lesser variant of autism. 
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Children with PDD-NOS 

Autism is a severe developmental disorder characterized by impairments in 

social relatedness and communication, and a pattern of stereotypical or 

repetitive behaviors (APA, 1994, 2000). In 1985, Baron-Cohen and 

colleagues suggested that children with autism lack a ToM; they lack the 

ability to attribute independent mental states to themselves and others. This 

has been linked to their abnormal social, communicative, and imaginative 

development (Baron-Cohen, 1995). Despite the massive amount of research 

on ToM problems in autism (for an overview see Baron-Cohen, 2000) little 

is known about the ToM functioning of children with PDD-NOS.  

PDD-NOS is the abbreviation for Pervasive Developmental Disorder 

Not Otherwise Specified. In other words there are no specific diagnostic 

criteria for this disorder. To provide insight in what PDD-NOS is, we first 

describe the pervasive developmental disorders that are well described, 

namely the autistic disorder and Asperger’s syndrome (also see Table 1). 

Children with an autistic disorder have problems in three domains: they 

have qualitative impairments in social interaction, qualitative impairments 

in communication (verbal & non-verbal) and restricted repetitive and 

stereotyped
 
patterns of behavior, interests, and activities (impairments in 

flexible thoughts and actions) (APA, 1994, 2000). These problems are 

observable before the age of three. Children with Asperger’s syndrome have 

approximately the same problems, but they do not have clinically significant 

delays in language, cognition and adaptive skills. This does not imply
 
that 

individuals with Asperger’s syndrome have no problems with
 

communication (APA, 2000, pp. 80). For instance, they evidence pragmatic 

problems. Children with PDD-NOS also have pervasive developmental 

problems, but they do not satisfy the criteria for an autistic disorder or for 

Asperger’s syndrome. It is a group of children with a severe and pervasive 

impairment in reciprocal social interaction and problems in one of the other 

two autism domains, namely an impairment in communication skills or 

stereotyped behavior, interests or activities (DSM-IV-TR). Taken together, 

they comply with three to a maximum of five criteria of autism (Buitelaar & 

Van der Gaag, 1998) and do not meet the criteria of a specific pervasive 

developmental disorder. 
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Table 1: Diagnostic criteria for autistic disorder and PDD-NOS  

  (DSM-IV-TR, 2000) 
  

299.0 Autistic Disorder 

A. A total of six (or more) items from (1), (2), and (3), with at least two from (1), and 

one each from (2) and (3):  

 1. qualitative impairment in social interaction, as manifested by at least two of the 

following:  

  − marked impairment in the use of multiple nonverbal behaviors such as eye-

to-eye gaze, facial expression, body postures, and gestures to regulate social 

interaction  

− failure to develop peer relationships appropriate to developmental level  

− a lack of spontaneous seeking to share enjoyment, interests, or achievements 

with other people (e.g., by a lack of showing, bringing, or pointing out 

objects of interest)  

− lack of social or emotional reciprocity 

 2. qualitative impairments in communication as manifested by at least one of the 

following:  

  − delay in, or total lack of, the development of spoken language (not 

accompanied by an attempt to compensate through alternative modes of 

communication such as gesture or mime)  

− in individuals with adequate speech, marked impairment in the ability to 

initiate or sustain a conversation with others  

− stereotyped and repetitive use of language or idiosyncratic language  

− lack of varied, spontaneous make-believe play or social imitative play 

appropriate to developmental level  

 3. restricted repetitive and stereotyped patterns of behavior, interests, and activities, 

as manifested by at least one of the following:   

  − encompassing preoccupation with one or more stereotyped and restricted 

patterns of interest that is abnormal either in intensity or focus  

− apparently inflexible adherence to specific, nonfunctional routines or rituals  

− stereotyped and repetitive motor manners (e.g., hand or finger flapping or 

twisting, or complex whole-body movements)  

− persistent preoccupation with parts of objects 

B. Delays or abnormal functioning in at least one of the following areas, with onset 

prior to age 3 years: (1) social interaction, (2) language as used in social 

communication, or (3) symbolic or imaginative play.  

C. The disturbance is not better accounted for by Rett’s Disorder or Childhood 

Disintegrative Disorder. 
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Table 1: Diagnostic criteria for autistic disorder and PDD-NOS  

  (DSM-IV-TR, 2000) 
 

299.80 PDD-NOS (Including Atypical Autism) 

This category should be used when there is a severe and pervasive impairment in 

the development of reciprocal social interaction associated with impairment in 

either verbal or nonverbal communication skills or with the presence of 

stereotyped behavior, interests, and activities, but the criteria are not met for a 

specific Pervasive Developmental Disorder, Schizophrenia, Schizotypal 

Personality Disorder, or Avoidant Personality Disorder. For example, this 

category includes "atypical autism" - presentations that do not meet the criteria for 

Autistic Disorder because of late age at onset, atypical symptomatology, or 

subthreshold symptomatology, or all of these. 

 

Children with PDD-NOS are often not included in research, 

probably because PDD-NOS is not a specified disorder and is often 

considered a catchall diagnosis for children who do not fit the criteria for 

one of the other pervasive developmental disorders (Filipek et al., 1999). As 

a result, children with PDD-NOS are difficult to define as a group. 

Meanwhile, PDD-NOS is thought of as the most prevalent pervasive 

developmental disorder in the population, namely 15-36 per 10,000 children 

(compare with autistic disorder: 7-10 per 10,000; Asperger’s syndrome: 2.5-

8 per 10,000) (Chakrabarti & Fombonne, 2001; Fombonne, 2003; Lingam et 

al., 2003; Williams et al., 2006a). This high prevalence should give motive 

to involve this group in research, also in ToM research. Since children with 

PDD-NOS have a lesser variant of autism, it can be hypothesized that they 

also have lesser ToM problems than children with an autistic disorder or 

Asperger’s syndrome. Therefore, this dissertation is finally aimed at the 

ToM functioning of children with PDD-NOS. 

 

 

Objectives of this dissertation 

A lot of ToM research has been aimed at isolated ToM aspects, especially 

on the understanding of false beliefs. Comprehending and correctly acting 

upon the false belief of another person is a skill no three-year-old masters, 

but most four-year-olds do (for a meta-analysis on false belief research, see 

Wellman et al., 2001), whereas children with autism tend to have serious 

problems with false belief tasks. On average,  the latter group of children 

only begin succeeding on such tasks when they are eight years old and have 

a mental age of minimum six years old (Yirmiya et al., 1996). Hence, both 
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within autism research and typically developing ToM research, false belief 

understanding became a central issue. As a by-product, false belief 

understanding and ToM understanding have been put on a par, being used as 

exchangeable synonyms, which off course they are not. False beliefs, 

though a cornerstone of ToM understanding, only form a part of ToM 

understanding. Also other constructs play an important role, like the 

understanding of desires and emotions (Astington, 2001). In Table 2 (at the 

end of this chapter), an overview of the development of ToM and its 

precursors - the developmental stepping stones to an eventual awareness of 

mental states - in young children can be found. Only recently, the focus of 

research has moved to a more developmental view (Wellman & Lagattuta, 

2000; Steele, Joseph & Tager-Flusberg, 2003) aiming at a wider range of 

ToM components. 

In order to get insight in the development of ToM, it is important to 

test the ability of children concerning different relevant ToM aspects, like 

emotion understanding, belief understanding linked to actions (such as false 

beliefs) and emotions, desire understanding linked to actions and emotions. 

It would also be interesting to involve ToM related aspects, like the 

understanding of the difference between mental and physical entities 

(thinking of an apple versus holding an apple in your hands). These different 

ToM parts have been operationalised in different tests (for a classic work, 

see Wellman, 1990). These tests have often been used independently of one 

another, subjecting children only to a few tests at a time. From a 

developmental point of view though, it would be interesting to subject 

children to all of these tests at the same measurement. However, 

bombarding children with so many different tests at once would wear them 

out and result in less reliable test results. A compromise would be to join 

these different tasks in one overlapping instrument, favoring mutual 

comparison between the different tasks. Such an instrument would have an 

additional advantage of optimizing reliability, since the total score is a 

summation of multiple factors. 

The goal of this dissertation was to get insight in the development of 

early ToM in children with PDD-NOS, a lesser variant of autism. We have 

chosen to focus on early ToM development, that is, ToM typically 

developing children develop between their third and fifth year. In order to 

get insight in development, repeated measurements were required, but no 

instrument existed that was easily applicable for such a purpose and that 

was also applicable for children from three years on. Therefore, the first 

objective of this dissertation was to construct a ToM instrument, 
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incorporating different relevant ToM tasks, applicable to a wide age range in 

both typically developing children and children with autism. In order to 

enable comparisons between children, psychometric properties concerning 

validity and reliability were calculated as well as norm scores. Determining 

the validity, reliability and norms of the ToM instrument constituted the 

second objective of this dissertation. 

If a reliable comprehensive ToM instrument is available, the 

development of ToM can be mapped out as a whole, in addition to the 

different components within ToM. The developmental trajectories of those 

components can then be compared with one another. Consequently, the third 

objective of this dissertation was to map the development of ToM in 

typically developing children as a whole and for its different components. 

Only then, the results of children with ToM problems, such as children with 

PDD-NOS, can be reliably assessed and evaluated.  

In order to get insight into ToM development, both a cross-sectional 

research design (consisting of a single measurement) and a longitudinal 

research design (consisting of repeated measurements) can be applied. In 

general, most of ToM research is cross-sectional. For the most part of this 

dissertation, at least for the part focusing on typically developing children, it 

builds on such cross-sectional findings. However, such designs are not 

sufficient to really describe developmental trajectories. Since the ultimate 

goal of this dissertation was to get insight in the development of early ToM 

in children with PDD-NOS, we have included a longitudinal study. This 

leads to the fourth objective of this dissertation, which was to map the ToM 

problems of children with PDD-NOS over time, again not only focusing on 

ToM as a whole but also on the different ToM components. Based upon the 

contribution of these components, in children with PDD-NOS and typically 

developing children, we hoped to get more insight in the properties of ToM 

functioning in children with PDD-NOS. This approach encompasses a more 

developmental perspective, which various ToM researchers have pleaded 

for (Steele, Joseph & Tager-Flusberg, 2003; Wellman & Lagattuta, 2000). 

 

 

The Theory-of-Mind Storybooks 

As discussed, we have developed a new comprehensive ToM instrument 

(the authors are Blijd-Hoogewys, van Geert, Serra & Loth). The instrument 

is called the ToM Storybooks. It contains multiple tasks on different aspects 

of ToM and associated aspects children develop between their third and fifth 

year.  
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The ToM Storybooks consist of six storybooks in which a main 

protagonist, named Sam, experiences all kinds of feelings, desires and 

thoughts. Concerning these experiences, many ToM and ToM related 

questions are asked to the child. There are five components, namely 1) 

recognition of emotion, 2) distinction between physical and mental entities, 

3) understanding that seeing leads to knowing, 4) prediction of behaviors 

and emotions from desires, and 5) prediction of behaviors and emotions 

from beliefs.   

The ToM Storybooks hold more tasks and a broader variation of 

tasks than the average ToM test, which makes it more stable and reliable 

than its competitors. However, the test is also longer than the average ToM 

test, it takes approximately 45 minutes. In order to hold the attention of 

children, we tried to keep the assessment fun by developing vivid stories, 

illustrated with appealing colorful pictures and also by adding some 

interactional objects (children can open doors, stick emotions upon empty 

faces, etcetera).  

To enable longitudinal research, we developed three parallel series 

of the ToM Storybooks. The additional series contain identical tasks, based 

upon the same underlying test structure, but consist of different protagonists 

(Lotje, Pieter and Hanna) and different stories.  

 

 

Outline of this dissertation 

The ultimate goal of this dissertation was to get insight in the development 

of early ToM in children with PDD-NOS. Because a new test was 

developed for this purpose, first, the psychometric qualities of this test had 

to be dealt with (Study 1) and norm scores needed to be calculated (Study 

2). Since we wanted to research the development of ToM in children with 

PDD-NOS, we found it also necessary to obtain a comprehensive picture of 

ToM development of typically developing children. Therefore, the 

developmental trajectory of typically developing children is researched in 

more detail (Study 3). After that, we returned to the original goal of this 

dissertation: the development of ToM in children with PDD-NOS (Study 4).  

Chapter 2 presents the construction and validation of the ToM 

storybooks. First, the construction of the instrument is discussed, together 

with example tasks, structure of the tasks, testing and scoring procedures. 

Then, the validity and reliability of the ToM Storybooks is covered, in both 

typically developing children (n=324, 3-12 years) and children with PDD-

NOS (n=30). The following questions are dealt with: Is the content validity 
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of the ToM Storybooks good? Is the internal consistency of the test items 

good? What is the test-retest reliability of results? What is the inter-rater 

reliability between raters evaluating the answers of children? Is there a good 

convergent validity with other ToM tests? And is there a good divergent 

validity? The final conclusion is that the ToM Storybooks have good 

psychometric qualities. They comply with the requirements for a good 

instrument and can be used for research. The next step was to calculate 

norm scores.   

Chapter 3 focuses on calculating norm scores, to enable comparison 

between children. Two questions are asked: Are gender specific norm scores 

required? And, which norming procedure should be followed? In 

psychology, in general, monotonically rising regression models are used to 

calculate norm scores. We claim that a non-linear smoothing procedure, 

based upon a Loess or locally weighted least squares estimate, is more at 

place, because it more faithfully follows regressions in the raw scores. Both 

types of norming procedure are presented in this chapter; and their 

advantages and disadvantages are dealt with. Based upon the results of 324 

typically developing children ToM quotient scores, confidence intervals and 

age equivalents were calculated. The norm scores were calculated for a 

broad age range, namely from three up to twelve years old. This was done, 

because in the end we want to evaluate the results of children with PDD-

NOS. The latter group is known to have ToM problems and often function 

at a lower ToM developmental age than their typically developing peers. 

Hence, we will need to test children with PDD-NOS that are older than 

typically developing children for whom the test is primarily intended.  

Based upon the norm scores presented in chapter 3, comparisons can 

be made between children. As a result, we could elaborate more on the ToM 

functioning of typically developing children and children with PDD-NOS 

(Chapter 4 and Chapter 5 respectively).  

Chapter 4 presents the ToM development of typically developing 

children based upon cross-sectional results with the ToM Storybooks. The 

following question is dealt with: Is ToM development gradual or does it 

show developmental discontinuities? The latter is a well-known 

phenomenon in developmental psychology: before truly mastering a new 

ability children can show developmental regressions. This phenomenon has 

been illustrated in language development, social cognition, creativity, 

reasoning, auditory localization and face perception (see Strauss & Stavy, 

1982). It is not unthinkable that it is also visible in ToM development. 

Temporary accelerations, delays and regressions in ToM functioning over 
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time were indeed found. Following this discovery, additional questions were 

asked: Are the observed discontinuities real or due to artefacts? Are the 

discontinuities supported by additional indicators of discontinuity? Are the 

discontinuities not only observable in the ToM total score, but also in the 

ToM sub-scores? And are the discontinuities gender specific? In order to 

answer these questions non-linear smoothing techniques and dynamic 

growth model building was used.  

Chapter 5 elaborates on the cross-sectional and longitudinal 

research findings in children with PDD-NOS. In discussing the ToM 

strengths and weaknesses of these children, a two-dimensional ToM 

continuum is introduced. The following questions are answered: Do 

children with PDD-NOS evidence ToM problems in comparison with their 

typically developing peers? Are their ToM problems subject to age changes? 

Is their ToM functioning susceptible to learning effects? And is there a 

meaningful relationship between their ToM scores and their daily social 

skills?  

Finally, chapter 6 gives a summary of the findings and offers a 

general discussion. The results of the different chapters are united, 

potentialities of the ToM Storybooks within research settings and clinical 

settings are discussed, and future research directions are dealt with. 
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Table 2: A chronological review of the development of ToM and its 

precursors 
 

Neonate  

Expressing emotions and reacting upon emotions of others can be considered an early 

rudimentary form of social interaction, developing during the first year of life. The 

following skills are acquired during the first months: 

- 12-21 days old: imitate facial and manual gestures (Meltzoff & Moore, 1977)  

- 8 weeks: social smile elicited in interpersonal contexts (Schaffer, 1996) 

- first months: react to facial expressions (Meerum Terwogt & Harris, 1993) 

- use of emotion expressions in order to determine own appreciation (Feinman, 

1992) 

- 5 months: sensitive to little changes in eye gaze during social interaction (Symons 

et al., 1998) 

- 8-9 months: understanding intentional actions (Colonessi, 2005)  

- 9 months: begin to understand others as intentional agents and start to intentionally 

communicate with others (Tomasello, 1999) 

- 9-12 months: track the intentions and expectations of others (Reddy, 1991) 

- 9-15 months: sharing, directing and following attention of others (Carpenter et al., 

1997); shared attention mechanism comes online (Baron-Cohen & Ring, 1994) 

- 10 months: proto-declarative pointing as a spontaneous gaze-directing behavior 

(Butterworth, 1991) 

- end of first year: imitate what others do with objects (Meltzoff & Moore, 1983) 
 

First year  

When a child is one years old, it comprehends that it’s ‘self’ is different from the world 

around. Gradually the child starts to comprehend pretence, which can be received as an 

indicator of mind-reading abilities (Leslie, 1987). The following skills are acquired: 

- distinguish between self and other person (Baron-Cohen, 1991a; Butterworth, 

1994) 

- 12-15 months: pretending that objects have other identities and qualities (Baron-

Cohen et al., 1992) 

- 12-14 months: joint attention, following a pointing gesture to the target indicated 

by the direction of pointing (Mundy & Neal, 2000) 

- 18-month:  understand that people’s actions are intentional and goal-directed (infer 

what action another person is trying to perform, even though the person is 

unsuccessful in its attempt) (Meltzoff, 1995) 

- 18 months: symbolic play (Flavell, Miller & Miller, 1993) 

- 18 months: sensitive to other’s intentions and capable of pretence (Leslie, 1987) 

- 18 months: some limited ability to reason non-egocentrically about people’s 

desires (Repacholi & Gopnik 1997); react upon intentions (Wellman & Lagattuta, 

2000)  

- 18-24 months: visual perspective taking, understand what other people see from 

their point of view (Flavell, 1992) 

- 18-24 months: object related pretend play (meta-representational capacity; Leslie, 

1987) 

- 18-24 months: using mental state words like seeing and wanting (Wellman 1993)  
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- 20 months: use of emotion words like happy, angry, sad and scared (Flavell et al., 

1993) 

- understand the link between emotions and behavior (Flavell et al., 1993) 
 

Second year 

Children of two years old are able to attribute mental states to others. This is easily 

observable in their play with dolls: attributing emotions and desires to their dolls or action 

mans. The following skills are acquired: 

- comfort younger siblings in distress (Harris, 1989; Zahn-Waxler et al., 1992) 

- 2.5 year: talk about causes and consequences of emotions (Flavell et al., 1993) 

- 2.5 year: more complex understanding of desires and perspectives (Gopnik & 

Metlzoff, 1994; Leekam, 1993) 

- 2.5 year: the child has a desire theory, it explains and predicts behavior based on 

desires of people (Wellman & Woolley, 1990) 

- 2.8 years: use mental terms - such as think, know and remember - for mental 

reference  (Wellman, 1990) 
 

Third year 

During the third year of life mental state understanding increases. Next to desires, children 

come to understand straightforward first-order beliefs: that is the child’s acknowledgment 

of another person’s mental states. They move up to a simple desire belief theory. The 

following skills are acquired: 

- understanding the difference between physical and mental entities, even when 

close impostors are concerned (Wellman, 1990) 

- understanding desire-based emotions (Yuill, 1984) 

- understanding true beliefs, beliefs that agree with reality as the child knows it 

(Hala & Carpendale, 1997) 

- the child talks about other’s actions in terms of their desires and beliefs (Colonessi, 

2005) 

- the child has a simple desire belief theory; the child has a mentalistic (not yet a 

representational) understanding of desires and beliefs (Bartsch, 1996; Wellman, 

1990) 

- able to make the distinction between thinking and actual doing (Wellman & 

Lagattuta, 2000) 

- knowing the difference between an accident and an intentional act (Leekam, 

1993); understanding that the same outcome can be either intended or unintended 

(Shultz & Wells, 1985) 

- fantasizing about things that do not exist (Flavell et al., 1993) 

- understanding that own experiences are independent of those of others (Flavell et 

al., 1993) 

- understanding that seeing leads to knowing (Astington & Gopnik, 1991; Pillow, 

1989; Pratt & Bryant, 1990) 
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Fourth year 

In this year, the child comes to comprehend false beliefs and moves up to a complete belief 

desire theory. The following skills are acquired: 

- understanding that mental processes are subjective and independent of reality 

(Leekam, 1993) 

- understanding that a same situation can lead to different emotions (Harris, 1989) 

- understanding of cognitive emotions, like surprise (Harris, 1989) 

- understanding of false beliefs (Hala & Carpendale, 1997; Wellman, 1990; 

Wimmer & Perner, 1983) 

- complete belief desire theory (Wellman, 1990) 

- tell fibs and play hide-and-seek (two forms of deception), but quite  ineffective 

because clues revealing the truth are not taken full account of (Baron-Cohen, 

2001a) 

- end of fourth year: full attainment of first-order meta-representations (Baron-

Cohen, 2001a, 2001b) 

- 4-5 years: a representational understanding of beliefs (Gopnik, 1993; Gopnik & 

Astington, 1988; Perner, 1991) 
 

Fifth year 

ToM develops further: 

- understanding of belief-based emotions (Hadwin & Perner, 1991) 
 

Sixth year 

ToM develops to a higher level. The child is able to comprehend second-order mental 

states: that is the understanding of another person’s mental states about the mental states of 

a third person.   

- understanding of second-order beliefs (Perner & Wimmer, 1985) 

- understanding that earlier experiences influence mental states (Flavell et al., 1993) 
 

Further 

ToM seems fully developed at the age of six. After this period, social cognition expands 

further: 

- 10-12 years: understanding social and self-conscious emotions (Harris et al., 1987) 

- 13 years: tell the difference between irony and deception (Baron-Cohen, 2001a) 

- 13 years: recognize sarcastic remarks as having a mocking and belittling purpose 

(Demorest et al., 1984) 

- ... 



 

CHAPTER 2 
 

Measuring Theory of Mind in Children. 

Psychometric Properties 

of the ToM Storybooks. 

 

 

Abstract: Although research on Theory-of-Mind (ToM) is often based on 

single task measurements, more comprehensive instruments result in a 

better understanding of ToM development. The ToM Storybooks is a new 

instrument measuring basic ToM-functioning and associated aspects. There 

are 34 tasks, tapping various emotions, beliefs, desires and mental-physical 

distinctions. Four studies on the validity and reliability of the test are 

presented, in typically developing children (n=324, 3-12 years) and children 

with PDD-NOS (n=30). The ToM Storybooks have good psychometric 

qualities. A component analysis reveals five components corresponding 

with the underlying theoretical constructs. The internal consistency, test-

retest reliability, inter-rater reliability, construct validity and convergent 

validity are good. The ToM Storybooks can be used in research as well as in 

clinical settings. 
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INTRODUCTION 

 

From the beginning of the last century, research has been undertaken on the 

social empathy of children (e.g. Butterworth & Light, 1982; Piaget, 1929; 

Selman, 1980). However, this topic only attracted the full attention of 

developmental psychologists after Premack and Woodruff (1978) 

introduced the term Theory of Mind in their chimpanzee research. Under the 

flag of ‘Theory-of-Mind’ it has become one of the most prolific research 

areas in social developmental psychology. Theory-of-Mind (ToM) is the 

social cognitive ability to attribute mental states to oneself and others and to 

use these attributions in understanding, predicting and explaining behavior 

of others and oneself (Mitchell, 1997). ToM is also referred to as ‘folk 

psychological abilities’ or as ‘mind reading skills’. It is a core human 

capacity needed to fully understand the social environment and for showing 

socially adequate behavior (Astington & Jenkins, 1995).  

After the pioneering work of Premack and Woodruff (1978), 

research in normal ToM development proceeded with Wimmer & Perner 

(1983) who aimed their research at the understanding of wrong beliefs in 

young children. This was soon followed by studies in deviant ToM 

development. Concerning the latter, a great deal of research has been aimed 

at children with autism, starting with the studies of Baron-Cohen, Leslie and 

Frith (1985). They formulated the assumption that children with autism lack 

a ToM and that this deficit can explain a crucial part of the social 

impairment of these children. Since then a considerable amount of research 

has been undertaken in both typically developing children and children with 

autism (for a review see Wellman et al., 2001, and Baron-Cohen, 1989a, 

2000, respectively). 

The majority of ToM research in children focuses on the 

comprehension of false beliefs. A false belief (FB) is the ability of a child to 

predict the action of a second person, while the child knows that this second 

person has an incorrect belief about the situation. Well-known paradigms 

used to test this are the Maxi test, which is an unexpected transfer test 

(Wimmer & Perner, 1983), and the Smarties test, which is an unexpected 

content test (Perner et al., 1987). In the Smarties test, a child has to predict 

what a second person will say what is in the Smarties container, given that the 

child has seen that a pencil has been put in it (he holds a true belief) whereas 

the second person has not witnessed this (he holds an incorrect belief). 

Children only succeed on such tasks if they acknowledge that people act 

according to their own beliefs, even if those beliefs are, according to the child, 
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wrong: the second person will say that the container holds smarties (and not a 

pencil).  

The mastering of FB is considered to provide stringent evidence of a 

mature ToM (Hala & Carpendale, 1997). As a result, the question of how 

and when children appreciate FB has moved centre stage in research on 

social cognitive development (Russel, 2005). In addition, FB 

comprehension appears to be a universal milestone that occurs around the 

age of four, across different cultures (e.g. Callaghan et al., 2005; Wellman et 

al., 2001). However, equating FB understanding with the possession of a 

ToM is too simplistic. ToM comprises far more than that, like for instance 

the understanding of desires and emotions (Astington, 2001). In addition, 

various ToM precursors are also involved. Already in the first and second 

year of life, a child develops socio-cognitive skills important for later ToM 

understanding, such as understanding intentional actions, engaging in 

pretend play, joint attention and imitation (e.g. Callaghan et al., 2005; 

Colonessi, 2005).  

Lately, the focus of research has moved from specific FB 

understanding to a more developmental view (Wellman & Lagattuta, 2000; 

Steele et al., 2003) aiming at a wide range of ToM components that children 

develop between their second and sixth year (Wellman & Lagattuta, 2000).  

In this period, ToM evolves from a simple desire theory to a complete 

belief-desire theory, from true beliefs to false beliefs, and from the 

understanding of first-order beliefs to second-order beliefs. Which 

mechanisms underlie this development remains subject of discussion (for a 

review, see Astington & Gopnik, 1991; Hala & Carpendale, 1997; Leekam, 

1993) (for a discussion, see Astington, 2001; Scholl & Leslie, 2001; 

Wellman & Cross, 2001; Wellman et al., 2001). Roughly, three viewpoints 

can be distinguished: the theory-theory view, the modular view and the 

simulation view. The theory-theory view assumes that the ability to form 

theories is an innate capacity, founded on a general learning mechanism. 

The child learns through hypothesis testing (Carruthers, 1996; Gopnik, 

2003; Gopnik & Wellman, 1992; Perner, 1988, 1991, 1993, 1995; Wellman, 

1990; Wellman & Bartch, 1988). The modular view assumes that ToM has a 

specific innate basis, part of which is modular and which is activated on the 

basis of maturation (Baron-Cohen & Ring, 1994; Fodor, 1983, 1992; 

German & Leslie, 2000; Leslie, 1987, 1992, 2000; Leslie et al., 2004). The 

simulation view emphasizes the aspect of putting oneself in another 

person’s shoes, and thus of truly ‘empathizing’, which is the ability to 

recognize, perceive and feel directly the emotion of another person (Gallese, 
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2007; Gordon, 1992, 1996; Harris, 1992). Recently, a rapprochement seems 

to emerge between the different views on mindreading abilities, resulting in 

a more hybrid position combining both the theory-theory view and the 

simulation view (Keysers & Gazzola, 2007; Stueber, 2006). 

Relatively regardless of the view one holds on the underlying nature 

of ToM, the majority of researchers broadly agree on a number of 

observable aspects or components that constitute ToM knowledge in 

children. In deciding which aspects to incorporate in the present study, we 

leaned heavily upon the work of Wellman (1990), not only focusing on core 

ToM components, like desires and beliefs, but also on associated aspects, 

like the recognition of emotions, perception knowledge and the difference 

between physical and mental entities. The result is a comprehensive test of 

ToM components and associated aspects. 

 

 

Comprehensive ToM tests 

Test psychologists recommend the use of comprehensive instruments 

composed of multiple tasks. Since aggregation favors broader applicability 

and reliability, such instruments can reduce standard errors and make 

measurements more reliable and valid. The total score of such a test is a 

compound score; that is, a score built of different parts. Research on ToM 

has shown that compound scores are more stable, because they average over 

multiple factors and lead to a more accurate measurement of the underlying 

skill (Hughes et al., 2000). In using such scores, a more adequate diagnostic 

procedure might be attained, which can help in studying the potential nature 

and causes of ToM differences in children (Hughes & Dunn, 1998). In 

addition to providing a single, quantitative measure of the level of ToM 

ability, it also allows investigators to compare different relevant ToM 

components or aspects in the same child and thus to discover how these 

aspects are related during the course of development.  

In current research on ToM, such comprehensive tests are seldom 

used (for exceptions, e.g. Happé, 1994; Tager-Flusberg, 2003; Wellman & 

Liu, 2004). On the contrary, most research is based on single task 

measurements involving single aspects of ToM. These assessments may be 

quick and efficient, but provide no information about the nature and 

coherence of different aspects of ToM, and the stability of ToM ability over 

time. Examples of comprehensive ToM tests are the ToM battery of Happé 

(1994), the Tom-Test of Steerneman and colleagues (Steerneman et al., 2002; 

Muris et al., 1999), the ToM tasks of Tager-Flusberg (2003), and the ToM 
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tasks of Wellman and Liu (2004). The first three comprehensive tests 

incorporate both simple and more advanced aspects of ToM. The ToM 

battery of Happé (1994) incorporates first-order-belief tasks, first-order 

deception tasks; second-order-belief tasks and second-order deception tasks. 

The ToM tasks of Tager-Flusberg (2003) consist of three batteries tapping 

early (pretend & desire), middle (perception/knowledge, location-change FB, 

unexpected-contents FB & sticker hiding) and more advanced ToM aspects 

(second-order-belief, lies and jokes, traits and moral commitment). The Tom-

Test (Steerneman et al., 2002; Muris et al., 1999) consists of three subscales 

tapping ToM precursors (e.g., recognition of emotions and pretense), first 

manifestations of a real ToM (e.g., first-order-belief and FB) and more 

advanced ToM aspects (e.g., second-order-belief and humor). The last 

comprehensive test, the ToM tasks of Wellman and Liu (2004), confines itself 

to simple ToM tasks only. The tasks tap various desires, diverse beliefs, 

knowledge access, content FB, explicit FB, belief emotion and real-apparent 

emotion.  

 

 

The ToM Storybooks  

Many ToM tests are aimed at testing school-aged children. However, ToM-

problems often occur long before this age, as the CHAT (CHecklist for 

Autism in Toddlers; Baron-Cohen et al., 1992) and M-CHAT (Modified 

CHAT, Robins et al., 2001) illustrate by identifying potential ToM problems 

at the age of 18 months on. We did not have the intention to measure ToM 

functioning from this age on, but wanted to develop a comprehensive test 

that can be used to assess basic ToM functioning in an age range that is as 

wide as possible. The aspects we aim at are ToM aspects that normally 

develop in the preschool years, but that also show further refinements 

during the school age period. Therefore, in accordance with Wellman and 

Liu (2004), we decided not to include second-order-belief tasks or other 

more advanced ToM aspects. At the time of the instrument building, the test 

of Wellman and Liu had not yet been published; in contrast to the ToM 

battery of Happé and the ToM-test of Steerneman and colleagues. Since the 

latter two tests were considered too complex to be used in preschool 

children, we developed a new test, the ToM Storybooks. In the 2002 paper 

from the current authors (Serra et al., 2002) a preliminary version of the test 

was presented. The following requirements were set for the final version: 

the test must comprise a wide and representative range of ToM components, 

cover a broad age range in order to allow for direct comparisons between 
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children of different ages based on a continuous developmental trajectory 

and, finally, be optimally accessible and attractive to the youngest age range 

in particular, since that is the age range where the most rapid developments 

in ToM occur. 

In this paper, we present four studies on the validity and reliability of 

the ToM Storybooks. The first study presents the construction of the new 

ToM Storybooks. The second study is aimed at the content validity of the 

test. The third study addresses the reliability of the test. Is the internal 

consistency of the test items sufficiently high? Are measurements 

repeatable, what is the test-retest reliability? What is the correspondence 

between raters evaluating the answers of children? The fourth study is 

aimed at the construct validity of the test. Is there convergent validity; does 

this test correlate highly with other tests that are known to measure ToM? 

As regards divergent validity: do the results obtained with this test differ 

sufficiently from tests not aimed at ToM, like an intelligence test and a 

language test? Since research has already shown that ToM results correlate 

positively with verbal intelligence scores (e.g. Hughes et al., 1999) and 

language scores (de Villiers, 2000; Happé, 1995; Tager-Flusberg, 2000), we 

expect the test to show a positive correlation with language and IQ-tests.  

An important question regarding the validity of the ToM Storybooks 

is whether the test is able to distinguish typically developing children, from 

children with autism spectrum disorders. A related question is whether the 

results regarding validity and reliability obtained with typically developing 

children also hold for the children with autism spectrum disorders. The latter 

group is known to have ToM problems (Buitelaar et al., 1999; Dissanayake & 

Macintosh, 2003; Hill & Frith, 2004; Serra et al, , 2002; Yirmiya et al., 1998). 

We aimed to test children with PDD-NOS. If the test is able to distinguish the 

ToM functioning of children with PDD-NOS from that of typically 

developing children, it is by definition also suitable for distinguishing 

children with more severe impairments in ToM functioning, for instance 

children with a more severe pervasive disorder like an autistic disorder.  

 

 

 

STUDY 1: DEVELOPMENT OF THE TOM STORYBOOKS 

 

We wanted to develop a comprehensive ToM test that assesses a variety of 

ToM components and associated aspects, which develop during the 
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preschool years and also tend to further refine and increase during the early 

school years. The construction of the test is explained below.  

 

 

Setting and participants 

We tested 324 typically developing children that came from preschools, 

kindergartens and elementary schools. All children had a Dutch linguistic 

background, and did not have any language acquisition problems that could 

have hampered their performance on the ToM tasks (for the effect of 

language on ToM performance see for instance Garfield et al., 2001; 

Lohmann & Tomasello, 2003). Two Dutch language tests were used, 

depending on the age of the child. For 3-6 year olds, the Reynell was 

administered (test for receptive language comprehension; Van Eldik et al., 

1997); and for 6-9 year olds, the TvK (Taaltest voor Kinderen, Language 

Test for Children; Van Bon, 1982) was used (subtests ‘vocabulary’ and 

‘sentence construction’). Language scores were available for 249 children 

(Reynell: n=170, TvK: n=79). Those children who did not receive a 

language test were older than 6 years and judged as having appropriate 

language skills by their teachers. 

The sample consisted of 157 girls and 167 boys. The ages ranged 

from three up to and including eleven years (see Table 1 for the age 

distribution). Because the most rapid changes in ToM occur before the age 

of five years, there is an overrepresentation of young children
1
. 

 

Table 1: Distribution in age groups of the typically developing children 
 

 Age (in years) 

 3 4 5 6 7 8-9 10-11 Total 

Boys 32 31 31 31 15 14 13 167 

Girls 29 24 32 26 16 12 18 157 

All 61 55 63 57 31 26 31 324 

 

 

                                                           
1 Also children older than five years were tested, in order to determine the upper-age limit 

of the test. In addition, testing older children makes comparisons between children with and 

without ToM problems easier. 
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Construction of the ToM Storybooks 

Different components  

Primarily based on Wellman’s work (1990), core ToM components like 

desires and beliefs were included, but also emotions and associated aspects 

like the distinction between physical and mental entities, and understanding 

that seeing leads to knowing were included. 

Emotion recognition is an important aspect, since discriminating and 

labeling facial expression of emotions lay the foundation for the ability to 

respond empathically to others (Feshbach, 1982). By the end of the first 

year, typically developing children respond differently to facial expressions 

of emotion in others (Baron-Cohen, 1994). At 20 months they use emotion 

words like happy, angry, sad, and scared (Flavell et al., 1993). At 3 years, 

they understand desire-based emotions (Yuill, 1984), and at 5 years belief-

based emotions (Hadwin & Perner, 1991). 

Beliefs and desires are considered core components of ToM. At 1,5 

years children understand that other people have desires (Repacholi & 

Gopnik, 1997); at 2,5 years they have a desire theory (Wellman & Woolley, 

1990); at 3 years a simple desire belief theory, they understand first-order 

beliefs (Bartsch, 1996; Wellman, 1990; Wimmer & Perner, 1983), and at 4 

years a complete belief desire theory is established (Wellman, 1990). Four-

year-olds have a representational understanding of beliefs (Gopnik, 1993; 

Gopnik & Astington, 1988; Perner, 1991). Finally, 4-year-olds can 

distinguish true and false beliefs (Hala & Carpendale, 1997; Wellman, 

1990; Wimmer & Perner, 1983). 

Concerning the associated aspects, during their second year children 

comprehend the difference between physical and mental entities (Wellman, 

1990). At 3 years, they understand that seeing leads to knowing (Astington 

& Gopnik, 1991; Pillow, 1989; Pratt & Bryant, 1990). 

The tasks used in the ToM Storybooks are based on tasks from 

former research. In table 2, an overview can be found of the origin of the 

tasks. The different components are ordered by the age children are able to 

successfully accomplish such tasks. 

 

Task structure  

We developed 34 tasks in total. Task examples can be found in Appendix A. 

The order of tasks and the number of questions per task are described in 

Appendix B.  
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Storybook structure  

The 34 tasks follow each other in a natural way; they are interwoven in 

stories. The stories feature a main protagonist, named Sam. A coherent 

drawing style was used (for instance, Sam always wears the same cloths). 

Each task is illustrated with a full color picture. The drawings are enlivened 

by the use of toy doors that can be opened, magnetic emotion faces that can 

be placed on the characters, and patches of soft fur that can be caressed, if 

wanted
2
. Transitions between tasks are also accompanied by drawings and 

text, to keep the story going and to avoid too much switching between tasks.  

There are six storybooks in total: How is Sam feeling?, Sam goes to 

the park, Sam goes swimming, Sam visits his grandparents, Sam at the farm, 

and Sam’s birthday. The order in which the six books are presented to the 

child is partly fixed and partly variable. The administration starts with the 

book ‘How is Sam feeling?’ and finishes with the book ‘It’s Sam’s 

birthday’. The order of the other four books is chosen by the child. By 

offering this choice, we intend to involve the child more in the testing, 

increasing the child’s commitment and motivation. The four books can be 

considered parallel tests: they have an identical underlying structure and 

correlations between the different books are high (see Table 3).  

Although we conceive of the storybooks featuring the character Sam 

as the default version of our ToM test, three additional versions of the test 

were developed, based on different protagonists. They are designed to be 

used in a time-serial design, preventing trivial learning effects that might 

result from mere repetition. In the present article, we will confine ourselves 

to the default version of the test, featuring Sam.  

 

Table 3: Correlations between the four parallel books within  

 the ToM storybooks 
  
 Book 3 Book 4 Book 5 

Book 2 .67 .79 .74 

Book 3  .72 .74 

Book 4   .77 

 

 

                                                           
2 Non-graphical elements are distributed sparsely across the text; manipulation of these 

elements is not a necessary condition for answering the test. None of the children from 

clinical populations to which the test has been administered so far has shown any sign of 

disturbance or aversion for the non-graphical elements. 



Psychometric Properties of the ToM Storybooks 

 

31 

Testing procedure 

The test takes 40 to 50 minutes, including a short break. The child sits at the 

left side of the administrator, so it can see the drawings clearly (the drawings 

are on the left side of the book, while the accompanying text for the 

experimenter can be found on the right side). The drawings remain in front of 

the child during the questioning in order to prevent mistakes due to memory 

requirements (in agreement with Charman et al., 2001). 

 

 

Scoring procedure 

Scoring items  

The 34 tasks consist of 95 questions, namely 77 ‘test questions’ and 18  

‘justification questions’ in total. The test questions (for instance, Where will 

Sam look for his rollerblades? In the toy trunk or in the box?), can be 

considered a quick and less thorough method of testing, since they do not 

require justifications from a child. The answers to these questions are coded 

as correct or incorrect (1 or 0 points; maximum score=77). Because 

justifications are considered to better reflect the ToM knowledge of a child, 

most tasks also include such questions. Justification questions (for instance, 

Why will Sam look in the box?) result in 2, 1 or 0 points, depending on the 

correctness of the mental state terms spontaneously used by the child 

(maximum score=36) (for the scoring procedure see the right four columns 

of Appendix B). 

In order to enable the standardized evaluation of the justifications, a 

category system has been developed, based on the category system used by 

Rieffe (1998), on different categories from Wellman (1990), and on an 

exploration of the empirical data (the elaborate category system can be 

requested from author EB). Two rules of thumb are followed in scoring the 

justifications. First, a justification can only be scored if the preceding test 

question is answered correctly. Second, the correctness of categories varies 

over the different types of questions. For instance, a desire answer can only be 

considered a correct category if it was used within a desire task and not within 

a FB task. Therefore, for each justification question, correct answer categories 

are determined. They are chosen from 21 formulated justification categories; 

in Appendix C definitions of these categories can be found.  
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ToM sumscore as an estimation of ToM ability  

To assess the properties of the test items in estimating the ToM ability, a one-

parameter logistic model (OPLM; Verhelst et al., 1995) was used. The key 

idea in OPLM, a unidimensional Item Response Model, is that for each item 

the probability of responding correctly to the item can be described by a 

particular monotonic increasing function of ToM ability. In OPLM, the 

particular functions of the items may differ in the item location (some ToM 

items are more difficult to master than others), and in the item discrimination 

(some items discriminate children better in their ToM ability than others). For 

the justification questions, with 3 response categories (2 points, 1 point or 0 

point), a polytomous OPLM was used.  

The OPLM showed a good fit for the 95 ToM items (77 test questions 

+18 justification questions), except for the three items of the inferred belief 

control task. For those items, a higher ToM ability did not result in a higher 

probability of giving a correct answer. Therefore, those items were eliminated 

from the ToM test. The OPLM of the 92 remaining items revealed a good fit 

for all items. All items contribute significantly to estimating the ToM ability. 

The correlation between OPLM ToM ability estimate and the ToM sumscore 

was 0.99. Thus, the ToM sumscore and the OPLM ToM ability estimate yield 

approximately the same results for ordering the children on their ToM ability. 

Therefore, we confine ourselves to a ToM sumscore; weighted values are not 

required. The testing with the ToM Storybooks results in a maximum total 

score of 110 points (ToM-total score), consisting of a maximum of 74 points 

for answers to the ‘test questions’ (3 inferred belief control questions are 

excluded) and a maximum of 36 points (=18*2) for answers to the 

‘justification questions’. 

 

ToM quotient score  

In addition to a total score, a ToM Quotient score (ToMQ) can be 

calculated. Norms for the ToM sumscores were obtained by applying a non-

linear smoothing method over the raw data. Smoothness of the estimated 

curve is induced by weighing neighbouring observed scores (see for 

instance Simonoff, 1996; Härdle, 1991). A Fourier-series tenth-order 

polynomial based on a Loess smoothing technique (locally weighted least 

squares estimate) has been applied, which enables us to calculate the 

conversion curve. This curve enables us to determine the value of the 

smoothed curve at any possible age between 3 and 11 years. The conversion 

curve was calculated with the help of the TableCurve 2D programme 

(Systat, 2000).  
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Raw ToM sumscores were converted to Z-scores and converted to 

quotient scores (Wechsler, 1981). This is a standardized normed score, with 

an average of 100 and a standard deviation of 15 (for more details on the 

norming procedure of the ToM Storybooks, we refer to Blijd-Hoogewys et 

al., submitted b).  

 

 

Conclusion 

The ToM Storybooks have been developed with the aim of providing 

practitioners and researchers with a comprehensive ToM test assessing 

different basic ToM components and associated aspects. The test was 

administered to typically developing children. 

The test consists of 34 tasks divided over six storybooks. It holds 74 

test questions and 18 justification questions, resulting in a maximum total 

score of 110. The ToM sumscore can be considered a good estimation of 

ToM ability, as the OPLM results illustrated. Weighted values are not 

required. Also, a ToM quotient score can be calculated. 

As far as typically developing children are concerned, the test 

focuses on the age range between three and six, given the rapid 

developments of ToM that occur in this period. However, the test has 

standardized norms and is applicable up to the age of 12. As a result, an 11-

year-old child with ToM problems can be compared to a typically 

developing 5-year-old but also to a typically developing 11-year-old. Thus, 

the test is particularly suited for studies requiring age comparisons, based on 

the same instrument (e.g. cross-sectional research, assessment of clinical 

populations at various ages).  

 

 

Criteria for subgrouping 

Since ToM evolves over time, one expects the ToM total scores to 

increase with age. There is indeed a significant positive correlation between 

ToM total score and chronological age in the NT group (N=324, r=.76, 

p<.001) (see Table 4 for the ToM total scores over age).  

The dependence of the scores on age poses a number of problems for 

the analyses of reliability and validity. Hence, where needed, analyses were 

carried taking into account an age correction or by using distinct age groups. 

In the group of 324 typically developing children, we distinguished three age 

groups. The subdivisions were made based on theoretical expectations 
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(expected levels of ToM functioning: low level, intermediate level and master 

level) and pragmatic grounds (approximate equal groups). The youngest 

(n=87; 3-4.5 years old) represents the age at which ToM development is at its 

beginning, at least as measured with the ToM Storybooks.  The eldest 

(n=118; 6.5-11 years old) represents the age at which the ToM aspects 

measured with the ToM Storybooks is expected to have consolidated. The 

fastest growth of ToM is expected to occur in the intermediate age group 

(n=119; 4.5-6 years old).  

Because this article discusses different psychometric studies, each 

with different sub-studies, we enclose an overview of the statistical analyses 

performed and their results (see Table 9). These results are discussed in more 

detail below. 

 

Table 4: ToM total scores over age 
 

Age Number Average ToM score  

  Test Justification Total 

3 27 36.30 (8.06) 0.11 (0.42) 36.41 (8.07) 

3.5 34 43.09 (10.30) 0.50 (1.11) 43.59 (10.97) 

4 26 51.69 (9.55) 5.42 (6.18) 57.12 (14.32) 

4.5 29 55.28 (7.38) 6.55 (4.59) 61.83 (10.89) 

5 30 57.70 (7.28) 7.33 (4.16) 65.03 (10.46) 

5.5 33 82.88 (6.29) 10.88 (4.75) 73.76 (9.95) 

6 27 62.04 (7.49) 11.07 (5.52) 73.11 (12.21) 

6.5 30 60.80 (6.94) 10.17 (3.97) 70.97 (9.96) 

7 31 67.39 (4.74) 15.71 (4.23) 83.10 (7.84) 

8+9 26 69.56 (4.36) 16.80 (4.49) 86.36 (7.96) 

10+11 31 70.39 (4.53) 18.17 (4.28) 88.56 (7.71) 

Note. Average ToM scores and corresponding standard deviations are reported. 

 

 

 

 

STUDY 2: CONTENT VALIDITY 

 

Our test, the ToM Storybooks, consists of different tasks on ToM components 

and associated aspects taken from literature. It contains tasks aimed at 

assessing five subtypes of abilities, namely emotion recognition, 

understanding of desires and beliefs, making the distinction between physical 

and mental entities, and seeing leads to knowing (compare Appendix A). To 

assess whether those subtypes are indeed present, a component analysis was 

performed.  
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We expected the subtypes to be correlated, and the correlation to 

depend on age. That is, the degree of differentiation is expected to be the 

largest at ages where ToM has rapid growth. Less differentiation, and hence 

greater correlations between subtypes, is to be expected in early stages of 

ToM.  

 

 

Subjects and method 

The analyses were based on the 324 typically developing children from 

Study 1. We calculated composite variables for the ToM Storybooks: for the 

different tasks, means were calculated over theoretically similar items. This 

resulted in 21 composite variables (between brackets are the number of test 

questions + number of justification questions) (for example of the tasks see 

Appendix A): emotion recognition (5+0) and  emotion naming (5+2) (parts 

from the emotion recognition tasks); desire action (3+1), desire emotion 

recognition (5+1), and desire emotion naming (5+0) (parts from the desire 

tasks); standard belief emotion recognition (2+0) , standard belief emotion 

naming (2+1), standard belief action (3+1), changed belief action (1+1), not 

own belief action (1+1), not belief action (2+1), inferred belief (control) 

action (4+0), and (explicit) FB action (5+2) (parts from the belief tasks); 

mental physical senses (8+2), mental physical others (4+1), mental physical 

future (4+1), real imaginary (7+0), close impostor senses (4+0), close 

impostor others (2+1), and close impostor future (2+1) (parts from tasks 

aimed at the distinction between physical and mental entities); and finally, 

the variable seeing-is-knowing (1+1). 

 

 

Statistical analysis 

The scores of the three age groups (group 1: n=87, 3-4.5 years old; group 2: 

n=119, 4.5-6 years old; and group 3: n=118; 6.5-11 years old) were analyzed 

using a Simultaneous Component Analysis with Equal Pattern (SCA-P; Kiers 

& Ten Berge, 1994). SCA-P, which is a variant of Principal Component 

Analysis, estimates one pattern matrix for all three groups. As a result, the 

interpretation of the components (or factors) is equal for all groups, but the 

correlations between components and standard deviations of the component 

scores can differ across groups. To determine the number of components, the 

scree-test (Cattell, 1966), the eigenvalue-greater-than-one rule (Kaiser, 1960), 

and the substantive meaning of components, was used. Only minimum 
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loadings of .400 were considered. Finally, composite variables had to show 

adequate specificity for their components. Subsequently, internal consistency 

reliability was calculated for the components found. 

 

 

Results 

The scree plot of the SCA-P did not give a clear indication for 5 

components. The eigenvalue-greater-than-one rule indicated that 7 

components should be retained. We established the number of components 

on the basis of the substantive content of the components, determining 

whether increasing the number of factors still allowed the items of a factor 

to measure a clinical concept. A solution consisting of five components 

provided the best interpretation. This solution accounted for 53.8% of the 

variance. The pattern matrix was rotated using the oblique Promax rotation 

criterion. The resulting structure matrix revealed a reasonably simple 

structure of five components (see Table 5A): component 1 = belief action; 

component 2 = emotion recognition; component 3 = mental physical; 

component 4 = belief emotion; and component 5 = desire emotion. Two 

composite variables (from the original 21 formulated) also had loadings on 

other components, not being entirely specific, namely the composite 

variables ‘mental physical senses’ and ‘close impostor future’. Two other 

composite variables did not fit this structure, namely desire action and 

seeing-is-knowing. The correlations between the components varied from 

.248 to .454 (see Table 5B). 

Cronbach´s alphas, corrected for age, for these five components 

were calculated: component 1 (10 items, α=0.79), component 2 (4 items, 

α=0.47), component 3 (9 items, α=0.80), component 4 (25 items, α=0.62) 

and component 5 (14 items, α=0.61). Since the scores on the justification 

items depended on the child’s answer on the related dichotomous items, 

justification items were not included in the calculation of the alphas, in 

order to avoid artifacts. 

To assess the degree of differentiation in the three age groups, inter-

factor correlations between the five components were computed within the 

three age groups. The correlations between the components were largest in 

the youngest group (average correlations, standard deviations of the 

correlations: M=0.47, sd=0.08), and comparable in the intermediate age 

group (M=0.26, sd=.013) and in the eldest group (M=0.26, sd=0.15).



Psychometric Properties of the ToM Storybooks 

 

37 

Table 5: SCA-P structure matrix and component correlation matrix 
 

 

5.A. Structure matrix with correlations between 5 components and 21 composite variables. 
 

 Component 

 1 2 3 4 5 

emotion recognition   .926    

emotion naming  .924    

standard belief emotion recognition    .833  

standard belief emotion naming    .831  

desire action   .418   

desire emotion recognition     .944 

desire emotion naming     .956 

mental physical senses .459  .669 .494  

mental physical others   .570   

mental physical future   .455   

close impostor senses   .682   

close impostor others   .520   

close impostor future  .475 .523   

real imaginary    .460  

seeing-is-knowing      

standard belief action .772     

changed belief action      

(explicit) false belief action   .430   

not own belief action .807     

not belief action .820     

inferred belief (control) action .683     

(explicit) FB action .560     
 

Extraction Method: Principal Component Analysis. 

Rotation Method: Promax with Kaizer Normalization. 

Note: correlations <.400 and >-.400 were omitted. 
 

 

5.B. Component Correlation Matrix 
 

Component 1 2 3 4 

1     

2 .250    

3 .454 .377   

4 .388 .291 .388  

5 .248 .294 .322 .267 
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Conclusion 

The component analysis resulted in a structure that largely corresponds with 

the underlying theoretical constructs from the test. The five components 

appeal to the five subtypes of abilities named in Appendix A), except for  

the composite variable ‘seeing leads to knowing’ which did not appear as a 

separate component. This is not surprising, since the composite variable 

consists of too few questions (only two). The internal consistency reliability 

is satisfying (although some Cronbach´s alphas are not >.70), since it 

concerns alphas on subparts of the test each containing a limited number of 

items, that are also corrected for age. The inter-factor correlations are 

consistent with the expectations: they are high in the youngest children 

implying that ToM abilities are not (yet) differentiated. 

 

 

 

STUDY 3: RELIABILITY 

 

In order to examine the reliability of the ToM Storybooks, we calculated the 

internal test consistency, test-retest reliability and inter-rater reliability. In 

addition, we examined the possibility of diminished test performance due to 

nuisance factors such as fatigue or boredom. 

 

 

Subjects and method 

For the internal test consistency, the data of the 324 typically developing 

children from Study 1 were used. For the test-retest reliability, a subgroup 

of 45 typically developing children (age 3-7) was tested again, with the 

second administration occurring two to three weeks later. We presume that 

ToM ability remains relatively constant when reassessed after such a short 

period. The test-retest reliability was also measured for children with PDD-

NOS (n=18; age 5-9) (a subgroup from the clinical group that will be 

presented in Study 4, see Table 7), with the second administration after one 

week. In order to determine the inter-rater reliability of the justifications, the 

test results of a subsample of ten children were randomly chosen from both 

research groups (n=10 typically developing children and n=10 children with 

PDD-NOS). For the analysis of possible diminishing test performance at the 

end of the test, the data of the 324 typically developing children was used.  
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Statistical analyses 

The internal consistency was established by means of a Cronbach’s alpha. 

The test-retest reliability was established by means of a Pearson product-

moment correlation coefficient. The inter-rater reliability was calculated on 

the basis of Cohen’s kappa’s. Five independent raters scored the justifications 

and the correlations between these five raters were calculated. This was done 

in two manners: a flexible manner by points awarded to the justifications (2, 1 

or 0 points) (compare Appendix B) and a stringent manner by justification 

category chosen (compare Appendix C). To examine whether the test scores 

were affected by nuisance factors such as fatigue or boredom, it was checked 

if the results over the various storybooks showed a significant decline. Books 

2 to 5 were considered, because they have a similar item structure (see Study 

1). Since children could choose the order of the books, the average total score 

of the actual presentation of those books were compared. If nuisance played a 

part, the last presented book should result in a lower score than the first 

presented book.  

 

 

Results 

The internal consistency of the ToM Storybooks was good. After correction 

for the influence of age, Cronbach’s alpha for the dichotomous items was .90. 

The test-retest reliability for the typically developing children was good (M1 

ToM-total score =59.91, sd1=18.46 versus M2 ToM-total score=66.76, 

sd2=19.73; r=.86, p<.001). The children’s scores rose significantly on the 

second administration (M=6.84, sd=10.33; paired samples t-test, p<.001). The 

test-retest reliability for the children with PDD-NOS was also good (M1 ToM-

total score =80.22, sd1=14.37 versus M2 ToM-total score =79.67, sd2=15.67; 

r=.98, no significant difference). The inter-rater reliability was high (Cohen’s 

Kappa =.97-.99 for the 0-2 points awarded, .81-.97 for the 21 categories). 

Concerning nuisance effects, no statistically significant decrease in total 

scores per book were found during the test administration; this applied for the 

total group as well as for the three separate age groups separately (for test 

performance from beginning to end of testing, see Table 6).  
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Table 6: Test performance from beginning to end of testing  
 

 Book 2 Book 3 Book 4 Book 5 

Age group 1 (3-4.5 years)   9.07 (3.37)   8.79 (3.38)   8.76 (3.45)   8.70 (2.85) 

Age group 2 (4.5-6 years) 12.78 (3.44) 13.02 (2.57) 13.00 (2.97) 13.06 (3.55) 

Age group 3 (6.5-11 years) 15.48 (3.25) 15.60 (2.41) 15.84 (2.89) 15.82 (3.01) 

Total group 12.77 (4.19) 12.83 (3.84) 12.90 (4.15) 12.89 (4.24) 

Note. Mean scores per book and standard deviations are depicted. 

 

 

Conclusion 

Based on the minimum standard for reliability of .70 (Nunnally & 

Bernstein, 1994, p. 265), the internal consistency (Cronbach's α=.90) of the 

total score was good (.90). This is an adequate value for a test aimed at 

young children and is consistent with findings from comparable research on 

standard and complex FB tasks (Hughes et al., 1999, 2000 obtained alphas 

of .83-.84; Muris et al., 1999 obtained alphas of .84-.92) and suggests that 

the different tasks measure the same underlying construct. Also, the test-

retest reliability is good, both in typically developing children (r=.86) and in 

children with PDD-NOS (r=.98). This is consistent with findings from 

comparable research (r=.77: Hughes et al., 2000; r=.88: Muris et al., 1999). 

However, a significant increase in ToM total scores was found at the second 

measurement in typically developing children. Such a rise is not surprising, 

since it can be expected that young children learn from being tested 

(Grigorenko & Sternberg, 1998). The average score rise (M=6.86, 

SD=10.33) is of the same magnitude as those obtained with most standard 

psychometric measures on cognitive skills for young children. For instance, 

a difference of six IQ points can also be found in test-retest research with 

intelligence tests (e.g. Tellegen et al., 2003). A similar observation has also 

been reported in ToM research in typically developing children (Muris et 

al., 1999). The children with PDD-NOS did not show such a rise. They 

seemed not to have learned from their former experience. This finding may 

form an important point of attention in evaluating children with suspected 

ToM problems.  

The inter-rater reliability of scoring the justifications is high (Cohen’s 

Kappa>.80, namely .81-.97, even concerning the more stringent scoring 

criterion) (see also Charman et al., 2001; Muris et al., 1999). There were no 

differences in difficulty in judging the justifications of typically developing 
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children versus children with PDD-NOS. There was also no evidence for a 

statistically significant negative effect on the test scores due to increasing 

fatigue or boredom during the test administration.  

 

 

 

STUDY 4: CONSTRUCT VALIDITY 

 

We tested both the convergent and divergent validity of the ToM 

Storybooks. Concerning convergent validity, correlations with three similar 

tests were calculated. Concerning divergent validity, correlations with 

language and intelligence tests were calculated. The latter can be considered 

moderator variables in performance on ToM tests, but should not be 

considered to be equal to ToM. Despite their diversity, we do expect to find 

a positive relationship between ToM scores and scores on a language test, 

since ToM questions make a relatively strong appeal to lexical and syntactic 

knowledge (see for instance Garfield et al., 2001; Lohmann & Tomasello, 

2003). We also expect a positive relationship with verbal IQ (Hughes et al., 

1999). 

 

 

Subjects and method 

Children were referred to an outpatient clinic for child and adolescent 

psychiatry. After an extensive psycho-diagnostic and psychiatric 

examination (which included parent interviews and play contacts with the 

child), the children were diagnosed as having PDD-NOS (Pervasive 

Developmental Disorder Not Otherwise Specified) according to DSM-IV 

criteria (APA, 1994).  

The clinical group consisted of 30 children with PDD-NOS. Their 

ages ranged from four up to and including eight years (see Table 7). There 

were 24 boys and 6 girls, resulting in a sex ratio of 4 to 1, which is the 

average sex ratio found in children with autism (compare Yeargin-Allsopp 

et al., 2003).   

In order to check the validity of the clinical diagnosis, two additional 

tests were administered: the Vineland Adaptive Behavior Scales (VABS) 

(Sparrow et al., 1984; Dutch version: Researchgroup Developmental 

Disorders, State University Leiden, 1995) and the Children’s Social 

Behavior Questionnaire (CSBQ; Luteijn et al., 2000; Dutch version: VISK; 

Luteijn et al., 2002; Hartman et al, 2007). The VABS is an interview in 
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which parents are questioned about the actual social behavior and skills of 

their child. We used parts of the expanded form of the VABS. For each 

child the discrepancy between the Vineland age equivalent (in months) and 

the chronological age (in months) was computed (VA-CA). The results 

showed that these children had large and negative discrepancy scores in 

receptive language, playing skills, interpersonal relationships and coping 

skills (see also Serra et al., 2002) as can be expected in children with 

pervasive developmental disorders. Their problems with expressive 

language and daily living skills (community) were less profound (Paul et al., 

2004) (compare Table 7). The parents also filled in the CBSQ. This is a 

questionnaire in which parents report autism-related behavior. It can be used 

to facilitate selection of PDD samples for research purposes (Hartman et al., 

2006). The CSBQ scores of our group are comparable to those known for 

children with HFA and PDD-NOS (compare Table V in Hartman et al., 

2006) (total score, M=48, sd=18; ‘tuned’, M=10, sd=5; ‘ social’, M=13, 

sd=5; ‘orientation’, M=8, sd=3; ‘understanding’, M=5, sd=3; ‘stereotyped 

behavior’, M=6, sd=3; ‘change, M=2, sd=2). 

Next, all children participated in an extensive psychological 

examination which included the assessment of intelligence (Wechsler 

Intelligence Scale for Children-Revised: Wechsler, 1974; Dutch version, 

1986) and the level of language comprehension. Concerning the latter, two 

Dutch language tests were used, depending on the age of the child. For 3-6 

year olds, the Reynell was administered (test for receptive language 

comprehension; Van Eldik et al., 1997); and for 6-9 year olds, the TvK 

(Taaltest voor Kinderen, Language Test for Children; Van Bon, 1982) was 

used (subtests ‘vocabulary’ and ‘sentence construction’). 

Concerning convergent validity, two additional questionnaires and 

one test were included. The CSBQ (Luteijn et al., 2000) measures, among 

other things, ToM related knowledge, namely in the subscale ‘difficulties in 

understanding social information’. The VABS questionnaire  (Vineland 

Adaptive Behavior Scales questionnaire; Frith et al., 1994; Dutch 

translation: Hoogewys et al., 1999) consists of 32 theoretically derived 

items aimed at discriminating between social behaviors for which 

mentalizing (ToM) is essential (Interactive Sociability Scale, abbreviated as 

IS scale) or not (Active Sociability Scale, abbreviated as AS scale, 

concerning social behaviors that can be acquired without mentalizing). Both 

CSBQ and VABS questionnaire were administered for the clinical group 

(n=30 PDD-NOS, 4-8 years).  
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Also a second ToM instrument was administered, namely the Tom-

Test, a Dutch test that questions a wide variety of ToM aspects (Steerneman 

et al., 2002, 1999). In contrast with the ToM Storybooks, it also includes 

second-order-belief tasks. From the 30 children with PDD-NOS, 23 

received the Tom-Test (age 4-8). 

There were also four groups of typically developing children 

involved in Study 4. The first group is a subsample of 30 control children 

drawn from the 324 typically developing children from Study 1. They were 

matched on age and gender with the PDD-NOS group. This control group 

was used to make comparisons with the clinical group. The second is a 

subsample of 249 typically developing children (drawn from the group of 

typically developing children in Study 1; 3-9 years). For these children, 

language scores were available (Reynell: n=170, TvK: n=79; 59 boys and 

48 girls). This control group was used to explore the relationship of ToM 

scores and language scores in typically developing children. The third is a 

subsample of 107 typically developing children (drawn from the 324 

typically developing children in Study 1; 3-7 years). For these children, 

intelligence scores were available. They received a nonverbal intelligence 

test. Depending on the age of the child this consisted of the SON-R 2½-7 

years (Snijders-Oomen Non verbal intelligence scale: Tellegen et al., 1998) 

or the SON-R 5½-17 years (Snijders-Oomen Non verbal intelligence scale - 

Revised: Snijders et al., 1988)
3
. This control group was used to explore the 

relationship between ToM scores and IQ scores in typically developing 

children. The fourth group is a subsample of 106 typically developing 

children (drawn from the 324 typically developing children in Study 1, 3-8 

years; 54 boys and 52 girls). For these children, VABS questionnaire scores 

were available. This control group was used to explore the relationship 

between ToM Scores and VABS questionnaire scores in typically 

developing children. 

 

 

Statistical Analyses 

With regard to convergent validity, we calculated Pearson product-moment 

correlations between the ToM Total score and the CSBQ subscales, the 

                                                           
3 For pragmatic reasons, children with PDD-NOS were tested with the WISC. The division 

between verbal IQ and performance IQ can be very informative in children with autism 

spectrum disorders. Since the NT group also consists of children younger than 6 years, the 

WISC could not been applied and a non-verbal intelligence test was preferred. 
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VABS questionnaire and the Tom-Test. Divergent validity was tested by 

comparing the ToM Quotient scores with language scores and IQ scores by 

calculating Pearson product-moment correlations.  

 

 

Results 

The ToM scores of children with PDD-NOS are significantly lower than 

those of the matched control children (ToM total score: M=67.60, sd=18.23 

versus M=77.23, sd=15.24, p=.001, one-tailed; ToM-Q score: M=85.10, 

sd=21.28 versus M=101.09, sd=13.79, p<.001, one-tailed). They had 

significantly lower scores on the mental physical tasks, the belief-action 

tasks, the belief-emotion tasks and the desire-action tasks. No significant 

differences were found for the emotion-recognition tasks and the desire-

emotion tasks (see Table 8). 

The correlations of the ToM Storybooks with other tests can be found 

in Table 9. The correlations of the ToM total score with the CSBQ subscales 

in children with PDD-NOS were negative and significant (p=.01, one-tailed): 

subscale 1 ‘not optimally tuned to the social situation’ (r=-.26), subscale 2 

‘reduced contact and social interest‘(r=-.26), subscale 3 ‘orientation problems 

in time, place, or activity’ (r=-.60), subscale 4 ‘difficulties in understanding 

social information’ (r=-.47), subscale 5 ‘stereotyped behavior’ (r=-.39), and 

subscale 6 ‘fear of and resistance to changes’ (r=-.41). The lower children 

with PDD-NOS scored on the ToM Storybooks, the more problems they 

exhibited on the CSBQ-subscales. 

The correlations of the ToM Storybooks with the VABS questionnaire 

subscores are significant for the IS scale (r=.19 and r=.35, for respectively 

typically developing children and children with PDD-NOS, p=.01, one-tailed) 

and show a trend for the AS scale (p=.06, one-tailed, for both typically 

developing children & children with PDD-NOS). Thus, a higher ToM score 

implies higher sociability. 

The correlation of the ToM Storybooks with the Tom-Test is high 

(M=47.09, sd=9.74 versus M=87.39, sd=11.36, scores of respectively Tom-

Test and ToM Storybooks, r=.79, p<.001, tested two-tailed). Children with 

PDD-NOS evidence ToM problems on both the ToM Storybooks and the 

Tom test. 

The correlation with language comprehension in typically developing 

children varies for the different language tests from .43 to .47 (p≤.001, tested 

two tailed; a common variance of 18 to 22%) (see Table 9). Concerning IQ, in 

typically developing children only a performance IQ was obtained. The 
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correlation with ToM-Q was.47 (p=.001, tested two-tailed; a common 

variance of 22%); while in children with PDD-NOS, there was no significant 

correlation with performance IQ (r=.07). However, the correlation of their 

verbal IQ with ToM-Q was.41 (p<.05, tested one-tailed; a common variance 

of 17%).  

 

 

Table 8: ToM results of children with PDD-NOS 
 

 Control group PDD group Analysis 

Total score:    

   Total ToM-score 77.23 (15.24) 67.60 (18.23) MC, p<.001 

   ToM-Q score 101.09 (13.79) 85.10 (21.28) MC, p<.001 

    

Subscores:    

   Emotion Recognition (0-14): 9.82 (2.62) 9.53 (2.84) ns 

   Mental Physical:    

      Real-mental items (0-24) 16.56 (3.42) 14.43 (3.82) MC, p<.001 

      Real-imaginary items (0-8) 7.28 (1.15) 6.30 (1.64) MC, p<.001 

      Close impostors (0-12) 8.81 (2.07) 8.13 (2.78) MC, p=.01 

   Desires:    

      Predicting action (0-5) 3.43 (1.05) 2.83 (1.18) MC, p<.001 

      Predicting emotion (0-12) 7.94 (3.08) 8.03 (2.62) ns 

   Beliefs:    

      Predicting action (0-26) 16.31 (6.32) 13.03 (7.01) MC, p<.001 

      Predicting emotion (0-6) 4.06 (1.43) 3.40 (1.52) MC, p<.001 

Note. MC=Monte Carlo analyses. 

 

 

Conclusion 

The results show that children with PDD-NOS evidence ToM problems. 

Children with PDD-NOS have problems with beliefs, both in predicting 

behaviors and emotions. In addition, they have problems on emotion 

recognition, real-imaginary, real-mental, close impostor, and desire-action 

tasks. These findings largely agree with the findings from Serra and 

colleagues (2002). Despite differences in p-values, the findings from both 

studies coincide. The only contrary finding is that beliefs used to predict 

actions were significantly more difficult for children with PDD-NOS than 

for typically developing children, whereas Serra and colleagues found the 
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opposite. The finding from the present study, however, is more consistent 

with clinical expectations.  

The construct validity of the ToM Storybooks is good, both for the 

convergent and the divergent validity. Concerning the convergent validity, 

substantial correlations with ToM-related tests were found. The correlations 

of the ToM total score with the CSBQ subscales were good. Average negative 

correlations were found with all subscales. The highest correlations were 

found for the subscale ‘difficulties in understanding social information’, 

which can be perceived of as related to ToM skills, and for the subscale 

‘orientation problems in time, place, or activity’, which can be perceived of as 

related to executive functions. It is known that executive functions are 

somehow linked with ToM development (e.g. Carlson et al., 2002). 

The results from the ToM Storybooks also correlated with the VABS 

supplementary items from Frith and colleagues (1994). We found significant 

correlations with the IS Scale (requiring ToM) and a trend for the AS Scale 

(not requiring ToM) with the ToM Storybooks, for both the typically 

developing group and the PDD-NOS group. Our results agree to a large 

extent with the results of Frith and colleagues (1994), except that the latter 

found significant differences for the AS only in the normal control group and 

for the IS only in the autistic group. Purely speculatively, the differences in 

results can be due to the restricted use of FB measurements (Smarties test and 

Three Boxes test instead of a comprehensive ToM test) in a more seriously 

affected group (children with an autistic disorder compared to children with 

PDD-NOS in our research). 

With regard to the convergent validity, the correlation of the ToM 

Storybooks with the Tom-Test of Steerneman and colleagues (2002) is as 

expected. The ToM Storybooks also have adequate discriminant validity. It 

can distinguish children with a normal ToM development from children with 

ToM problems, such as children with PDD-NOS. For future research, 

examining the applicability and discriminatory power of the ToM Storybooks, 

it is recommended to include children with an autistic disorder and other 

clinical groups, like for instance children with ADHD.  

Finally, the correlations between children’s scores on the ToM 

Storybooks and language acquisition tests are high (>.40). Also, correlations 

with IQ scores were inspected. The verbal IQ results of the children with 

PDD-NOS were somewhat lower than the normal sample, which is often 

seen in subsamples of children with autism (compare Joseph et al., 2002; 

Kraijer, 2004; Siegel et al., 1996).  As regards the correlations with IQ 

scores, our research showed a significant correlation with PIQ for the 
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typically developing group (compare Muris et al., 1997; Muris et al., 1999; 

Carlson et al., 2002), but not for the PDD-NOS group. The latter group 

showed significant correlations with VIQ, consistent with findings of other 

researchers (r(230)=.43 in typically developing children, p<.001 in Hughes 

et al., 1999; r(52)=.61 in typically developing children and children with 

PDD-NOS, p<.001 in Muris et al., 1999). Final conclusions on the 

differences between these two groups cannot be drawn since different IQ 

tests were used. Due to the age limitations of IQ tests, different tests were 

used for the children with PDD-NOS in comparison with typically 

developing children. Moreover the PDD-NOS group was much smaller. As 

concerns future research on the relationship between IQ and ToM, the 

present authors recommend the use of a comprehensive ToM instrument, as 

was done in the present study and in studies of Hughes and colleagues, and 

Muris and colleagues.  

Correlations between ToM Storybooks and IQ scores were notably 

high. However, this is not surprising. One could say that, if we look at 

intelligence in a broad way, comprehensive ToM instruments measure a 

specific aspect of intelligence, namely a kind of social intelligence. After all, 

these tests look into the logical reasoning of people and correlations of one 

type of intelligence with another are highly common. In addition, 

intelligence contributes to acquiring ToM skills, making it possible for 

children to understand connections between causes and results. In that view, 

comparison with IQ should perhaps not be considered as a test for divergent 

validity. 

 

 

 

GENERAL DISCUSSION 

 

This article presented the construction and validation of the ToM 

Storybooks. It is a comprehensive ToM test, measuring different basic ToM 

components, but also associated aspects. In Study 1 the construction of this 

test was discussed. The test holds 34 tasks, spread over six storybooks. A 

ToM sumscore and a ToM quotient score can be calculated. In Study 2, 

analyses showed an agreement between the underlying theoretical constructs 

and the components found through component analysis. Study 3 looked into 

the reliability of the test. Internal consistency, test-retest reliability and inter-

rater reliability were found good. Lastly, Study 4 assessed the construct 

validity of the ToM Storybooks. Convergent validity, based on two 
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questionnaires and an additional ToM test, was good. The ToM-score had 

high correlations with language tests and IQ tests, as was expected.  

It can be concluded that the validity and reliability of the ToM 

Storybooks comply with the requirements of an instrument of this sort. The 

separate findings are consistent with findings of other researches, but also 

agree with the more general findings of Wellman and colleagues on FB tasks 

(2001), which show that researchers can vary the tasks over an extended set 

of possibilities without influencing the performance of children. There is no 

indication that the medium in which ToM tasks is presented, in this case 

pictured storybooks, has affected the results in ways that reduce the test’s 

reliability.  

 

 

Additional validity research 

Chapter five of this dissertation provides additional validity of the ToM 

Storybooks, namely criterion validity. In that chapter four quadrants of ToM 

functioning are hypothesized; and two of those quadrants are examined. The 

ToM Storybooks could distinguish well between children belonging to 

quadrant A or D. In Chapter six, there is mention of (ongoing) validity and 

replication studies. 

 

 

A critical remark 

The reliance of this kind of task on language comprehension with this kind 

of population, may lead to potential complications. Children with weak 

language comprehension undoubtedly will have more problems with 

successfully completing the test. The literature shows that there are strong 

relationships between language and ToM (Astington & Baird, 2004; 

Astington & Jenkins, 1999; de Villiers, 2000; Tager-Flusberg, 2000). In 

addition, many children with autism have language problems. In people 

with autism, ToM results are correlated to verbal mental age (Frith et al., 

1991; Prior et al., 1990) and verbal skills (Happé, 1995). However, early 

research has shown that language problems do not contribute to mental state 

impairment, because children with for instance semantic language 

impairment do not show such problems (Leslie & Frith, 1988; Perner et al., 

1989). On the other hand, the influence of language on ToM development 

should not be underestimated (Ruffman et al., 2003; Sparrevohn & Howie, 

1995), also in testing. Language is a medium through which children learn 
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about beliefs (Astington, 2001). Reading storybooks, for instance, form a 

rich source of mentalizing information for children (Dyer et al., 2000).  

 

 

Potentialities of the ToM Storybooks 

The test includes a wider range of ToM aspects commonly tested. It 

includes not only tasks on first-order beliefs and desires, but also tasks on 

associated aspects such as the distinction between mental and physical 

entities. It is a comprehensive test consisting of tasks with different 

developmental challenges. The primary advantage of this test over existing 

batteries is that it targets skills that develop in typically developing children 

prior to the age of five, and further refine and increase during the early 

school years. The test, however, is applicable beyond the age of five; it has 

norm scores up to the age of 12 years and thus allows for comparisons 

between children of widely varying age, which makes it particularly 

appropriate for comparison with clinical groups in which ToM development 

is delayed.  As a consequence, this test may have potential for a range of 

applications to both fundamental and applied work. Moreover, since this 

study covers a wider age range than is normally included in ToM research, 

valid comparisons between older children with ToM problems and their age 

mates with normal ToM functioning can be made. We like to remark that 

the older age group included in this study is not intended for discrimination 

between typically developing children, but between older children with 

clinical diagnosis. Since older typically developing children have, as a 

group, a smaller range in ToM total scores, a lower ToM score on these 

simple ToM tasks is very informative. Because of the use of simple ToM 

tasks and a motivating storyline, the test might also be useful in the field of 

intellectual disability, where autism spectrum disorders and related ToM 

problems are common. However, for future research it is advisable to 

include more complicated ToM tasks, such as a second-order belief task (see 

for instance Hughes et al., 2000) and a ‘faux pas’ task (Baron-Cohen et al., 

1999), so that older children with more subtle problems can also be 

detected. 

The test-retest correlations of the typically developing children 

suggested a small learning effect. As stated before, this is consistent with 

findings from Muris and colleagues (1999). Grigorenko and Sternberg (1998) 

recommended that this effect – the learning potential of individual children – 

be included in normal diagnostics. In that case, the pretest-posttest difference 

can eventually be considered an estimation of learning abilities that are, at 
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least in part, ToM specific. The absence of a comparable learning effect in 

specific groups of children, like we have found in children with PDD-NOS, 

could provide interesting information about the nature of ToM abilities in 

such children. In this line, further research on ToM might profit from 

dynamic testing– as opposed to static testing – where the learning potential of 

a child is quantified on the basis of his or her understanding and use of 

feedback given during testing (Grigorenko & Sternberg, 1998). Dynamic 

indexes can represent a quality step-up compared with static indexes (Fabio, 

2005).  

To conclude, one of the methodological strengths of the current test 

is that it has extended the limitations common in the majority of the 

researches done in the field of ToM. Most research has been undertaken in 

young children only (mostly up to 6 years, with a major focus on 3 to 4 year 

olds), has used only a few tasks (FB tasks, mainly single tasks) and 

considered small research groups (exceptions in the latter can be found in 

Charman et al., 2002; Hughes et al., 1999). The present research, aimed at 

constructing a new ToM Storybooks, used a wide range of tasks (not only 

FB tasks) and consisted of a substantial number of children over a wide age 

range. The test not only allows for comparisons on the basis of raw scores 

but standardized norms and norm scores are also available (Blijd et al., 

submitted a). In our opinion, the ToM Storybooks provide a comprehensive, 

valid and reliable instrument for researchers and clinicians who wish to 

measure Theory-of-Mind in young typically developing children, as well as 

children with an autism spectrum disorder from a broader age range.   
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CHAPTER 3 

 

Norming the ToM Storybooks. 

A comparison between two methods 

 

 

 

Abstract: Although false beliefs tests are valuable for scientific research on 

Theory-of-Mind (ToM), clinical and applied use requires more 

comprehensive tests, containing multiple tasks on different aspects of ToM. 

In order to compare children, normalized scores for these tests are also 

necessary. The ToM Storybooks is a comprehensive ToM test focussing on 

basic ToM components children develop between their third and sixth year 

of life. The test can be administered in children with (or without) ToM 

problems up to the age of twelve and results in an assessment of the general 

ToM knowledge of a child. In order to calculate norm scores for this test, 

324 typically developing children (3-12 years old) were tested. The ToM 

sumscore was normed in two distinct ways: based on a monotonically rising 

regression model and based on a Loess (locally weighted least squares 

estimate) smoothing procedure. Because gender differences were obvious, 

norms for boys and girls separately were computed. Based on z-scores, ToM 

quotient scores were calculated, in addition to confidence intervals and age 

equivalents.  Both norming methods were compared. The Loess smoothing 

procedure, which more faithfully follows plateaus and temporary 

developmental regressions in the raw scores, was judged to be superior.  

 

 

 

 

 
This chapter is based on:  Blijd-Hoogewys, E.M.A., Huyghen, A.N., Geert, P.L.C. van, Serra, M, Loth, F., & 

Minderaa, R.B. (2003). Denken overdacht. De normering van het Theory-of-Mind Takenboek. Nederlands 

Tijdschrift voor Psychologie. 
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INTRODUCTION 

 

Theory-of-Mind (abbreviated as ToM) is the social cognitive ability to 

attribute mental states to oneself and to others and to use these in 

understanding, predicting and explaining behaviour of oneself and others 

(Mitchell, 1997; Premack & Woodruff, 1978). ToM thus relates to the 

ability to adequately take into account the desires, beliefs and feelings of 

others. ToM research is typically based on the paradigm of false beliefs, 

often tested using the Sally and Anne test (from Baron-Cohen et al., 1985). 

The test introduces Sally, who has a ball and puts the ball in a basket. She 

then leaves the room. Later on, Anne takes the ball out of the basket and 

puts it in a box nearby. Children are then asked where Sally will look for her 

ball when she returns. Children who answer ‘in the basket’ are considered to 

understand false beliefs. Children who answer ‘in the box’ do not (yet) 

comprehend false beliefs and are misled by their own true belief. 

Beginning in the mid 80’s, a considerable amount of research has 

been undertaken on ToM, both in the field of developmental psychology 

looking into the normal development of ToM (for a meta-analysis see 

Wellman et al., 2001) and in the field of clinical psychology, focusing on 

the delayed and deviant development of ToM (e.g. Baron-Cohen, 1989b, 

2000; Corcoran et al., 1997; Peterson et al., 2005; Yirmiya et al., 1998). 

This research has addressed the question of the age at which ToM develops, 

which (clinical) groups show ToM-problems and which factors influence 

ToM functioning such as language, executive functions and intelligence (for 

a review see Baron-Cohen et al., 2000). Most research has focussed on false 

beliefs, though ToM comprises of far more, like the understanding of 

desires and emotions. 

Studies on the normal development of ToM show that it develops 

during the first six years. It evolves from a simple desire theory (only taking 

into account desires) to a complete belief-desire theory, from true beliefs to 

false beliefs, and from the understanding of first-order beliefs (thinking 

about the thoughts of another person) to second-order beliefs (thinking 

about the thoughts someone has about the thoughts of a third person) 

(Wellman, 1990). In the end, children comprehend that mental processes are 

subjective and independent of reality. They understand that different people 

can interpret the same event differently and that these interpretations can 

also result in different emotions.  
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Testing ToM in applied and clinical settings 

In applied and clinical settings, ToM has become increasingly important. In 

the treatment of autism, for instance, ToM-problems are seen as an 

important cognitive explanation, next to a weak central coherence and 

problems with executive function (for guidelines in using these theories in 

clinical practise, see for instance Williams & Wright, 2004). A major 

problem in clinical settings is how to accurately determine ToM-problems 

in individual children. Are the tests used in scientific research applicable to 

clinical practice? 

For tests to be used in an applied setting, they need to comply with a 

number of requirements; the most important of which are the following. 

First, the test should be easily administrable. Second, children with ToM-

problems should be easy to detect. Third, the test must be able to specify the 

magnitude of ToM-problems in a particular child.  

Most tests used in scientific research fulfil the first two requirements. 

Using the Sally and Anne test as an example; the test is easy to administer, 

since one only needs two dolls, a blanket, a box, a basket and a ball. The 

instructions are simple and easy to translate from the English version. In 

addition, age limits for the understanding of false beliefs have been found 

consistently over different tasks, different executions and different cultures 

(Callaghan et al., 2005; Wellman et al., 2001; Wellman & Liu, 2004), so 

children with FB problems can be detected. For instance, young children 

with autism fail on these tests (Yirmiya et al., 1998).  

The third requirement, relating to the discriminative power of the 

test, is less often achieved since standard first-order false belief task are not 

sensitive enough to detect children with less profound ToM-problems, such 

as children who use compensatory strategies (for instance with the help of 

alternative, linguistically based, routes; see Fisher et al., 2005). These 

children do succeed on ‘simple’ false beliefs tests. Next to that, such ToM 

tasks often contain only a few questions (mostly two to three); 

consequently, these tests do not differentiate much (for a critical review on 

the use of false belief tasks, see Bloom & German, 2000).  

In order to capture more subtle ToM problems, a comprehensive test 

is required (Blijd-Hoogewys et al., 2008; Hughes et al., 2000). Since ToM is 

a multi-dimensional construct, not only consisting of false beliefs, such a 

test should incorporate tasks addressing a wide variety of mentalizing skills. 

It should also lead to adequate discrimination between development in 

different ToM aspects. A comprehensive test results in a wider range of 

possible total scores, enabling variation in scores, and it leads to better 
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differentiation between children. Examples of comprehensive tests are the 

ToM battery and Strange stories battery of Happé (1994), the Tom-Test of 

Steerneman and colleagues (2002), the advanced test of ToM of Kaland and 

colleagues (2002), the ToM Tasks of Tager-Flusberg (2003), and the ToM 

Tasks of Wellman and Liu (2004).  

As regards the design of comprehensive tests in general, one can 

distinguish two different types: a staircase design and a complete design. 

For the first type, a child has to succeed on a preceding module in order to 

be presented with the next module. These tests adhere to the idea of 

successive progressively developing abilities, postulating a consistent, 

almost monotonic development, where a child cannot comprehend certain 

tasks before it masters its precursors. The second type, using a complete 

design, does not postulate such a development and therefore all tasks are 

administered to all children, irrespective of their age or ability.  

The existing comprehensive tests used in ToM research appear to 

prefer the staircase design. For instance, in Tager-Flusberg ToM test (2003) 

children are presented with tasks on ‘perception/knowledge and first order 

false beliefs’ only if they first succeed on the ‘pretend and desires’ tasks. 

The staircase design used in ToM research coheres well with the 

developmental orders found in normal children, as shown in the meta-

analysis of Wellman and Liu (2004) which compared more than 170 studies. 

They concluded that the developmental order is not one of addition or 

substitution, but one of modification or mediation (pp. 536). Initial ToM 

understanding is broadened or generalised to more mature insights: from the 

understanding of desires, over knowledge and ignorance, to false beliefs and 

then to hidden emotions.  

But, children with ToM problems need not follow the same 

developmental order. It is not sure if children with autism have a delay or a 

deviance in their ToM development (Serra et al., 2002). As Baron-Cohen 

(1991b) showed, children with autism are not only delayed in mastering 

ToM-tasks, but they also acquire these skills in a different order than normal 

children and even than children with a mental retardation. Recent studies 

have affirmed this atypical developmental order (Peterson et al., 2005). As a 

result, the staircase development found in normal children may not apply to 

certain clinical groups of children. Therefore, we recommend the use of 

comprehensive ToM tests based on a complete set of ToM skills instead of 

staircase-designed tests.  

In order to compare children and evaluate their inter-individual 

differences, normative scores are required. At the moment, only a few 
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comprehensive ToM tests have been developed and even fewer of these 

instruments have been normed. An exception is the ToM-Test (Muris et al., 

1999; Steerneman et al., 2002), which uses percentile norms and is widely 

used in applied and clinical settings in the Netherlands. This test has norms 

for children from five to twelve years old. However, it is known that five-

year-olds already have development many ToM-concepts (e.g. Wellman, 

1990). To be able to test children from three years on, we developed a new 

test - the ToM Storybooks - that focuses on basic ToM components.  

 

 

The ToM Storybooks 

In this article, we present the norming of the ToM Storybooks (for the 

construction, reliability and validity of the ToM Storybooks see Blijd-

Hoogewys et al., 2008). This test was developed to obtain an assessment of 

the basic ToM knowledge of a child. The test can be used in children from 

three years upwards. It involves tasks which typically developing five year-

olds should be able to master. However, since children with ToM problems 

are hypothesized to have an underdeveloped ToM (their ToM is not 

maximally developed between three and six), we decided to construct norms 

for a broader age range, from 3 to 12 years old.  

 

 

Different Norming Approaches  

In order to calculate normative scores, one can use different approaches. Raw 

scores can be converted to percentiles, deciles, quintiles, quartiles, Z-scores 

and quotient scores. For the ToM Storybooks scores, we have chosen to 

calculate quotient scores over other methods. Quotient scores are probably the 

best known type of normed scores because they are used in intelligence tests 

(IQ scores). They have an average of 100 and a standard deviation of 15 and 

they provide a simple representation of high and low scores, which are easily 

understood by practitioners.  

A norm can be defined as the expected score determined for a 

specific age. It is based on the distribution of all scores at that age summed 

up in one number, namely the sum of all scores multiplied by the probability 

that this score will occur at that age (Traub, 1994). Because one will never 

possess all possible scores at any specific age, the making of norms is based 

upon age samples and the differences between age groups are smoothed. In 

the past the latter was done manually by using French curves (Angoff, 1971; 
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in Zachary & Gorsuch, 1985). Nowadays, continuous norming is performed 

using statistical smoothing (Zachary & Gorsuch, 1985; Taylor, 1998). In 

that light, different conversion curves can be used. Determining which one 

should be preferred is not simple, since they are based on different 

theoretical assumptions. This article presents two norming methods: one 

based on a monotonically rising regression model and one based on a Loess 

smoothing procedure. Both result in a quotient score, called the ToM-Q. 

 

Norming based on a monotonically rising regression model 

The first norming method originates from methods used in intelligence 

norming. Norms are calculated on the basis of curve fitting using regression 

analysis.  

This method is based on two assumptions: 1) there is a continuous 

positive change in the ToM sumscore and 2) this rise is monotonic. 

Temporal developmental regressions, sudden jumps or plateaus do not 

comply with these assumptions, except for a plateau at the end of the age 

period when the measured construct is considered to be consolidated. 

 

Norming based on a Loess curve 

The second norming method uses a different smoothing technique. It is 

based on a Loess or Lowes, a locally weighted least squares estimate. 

Smoothness of the estimated curve is induced by weighing neighbouring 

observed scores (see for instance Simonoff, 1996; Härdle, 1991). The 

method assumes continuous change. However, unlike the former method, 

the change need not be monotonic. Temporary plateaus and developmental 

regressions are allowed, if they are empirically obvious. This is the primary 

reason for using a Loess curve fit, since plateaus and developmental 

regressions are well-documented phenomena in developmental psychology 

(for a general framework of developmental spurts and plateaus see Fischer 

& Bidell, 2006; for a discussion of regressions in development see Siegler, 

2004). 

The Loess procedure evaluates consecutive windows of data. It first 

calculates moving regressions and then computes a quadratic regression 

model of the first subset of the raw data, taking into account their individual 

weights. The scores in the central part of the window are assigned larger 

weights than those on the extremes. We have chosen to calculate the first 

average point for 0-30% of the data; this is repeated for the next 1-31%, 2-

32%, 3-33% and so on. Finally, all the calculated average points are 

combined into a smooth curve of expected scores.  
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In our view, the 30% window size yields a good compromise 

between a maximally faithful Loess procedure that follows the data quite 

closely (too small windows result in a capricious curve, similar to just 

displaying the raw data) and a simple model fit (with the largest window 

possible, that is 100%, similar to a quadratic model). The 30% window 

results in a curve that is continuous, but also follows the local deviations.  

 

 

Norming the ToM Storybooks 

In this article, we present two different ways of norming the ToM 

Storybooks. First, we calculated standardized scores based on the 

assumption that a measurement norm for a growth process must be a 

monotonically rising function, irrespective of whether actual subjects can 

show developmental regressions or plateaus. Second, we calculated 

standardized scores based on the assumption that developmental regressions 

and other anomalies are not only allowed but are in fact expected in the 

empirical data. Depending on one’s theoretical preference, one method is 

more suitable than the other. However, the key questions should be: Which 

norming curve leads to the best description of the population? And how can 

I it be used in clinical practice? 

 

 

 

METHOD 

 

Subjects and Setting 

The children came from preschools, kindergartens and elementary schools, 

from both provincial and urban regions in the Netherlands. All children had a 

Dutch linguistic background, and did not have any language acquisition 

problems that could have hampered their performance on the ToM tasks (for 

the effect of language on ToM performance see for instance Astington & 

Baird, 2004; Garfield et al., 2001; Lohmann & Tomasello, 2003). Thirteen 

percent of the children came from a disadvantaged social background, 

distributed over the whole age range. This percentage corresponds with the 

percentage as known from the Dutch National Bureau of Statistics. 

The normative sample existed of 324 children. We tested 

approximately the same number of boys and girls per age range.  The ages 

ranged from three up to and including eleven years (see Table 1 for the age 
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distribution). Since the ToM Storybooks measure ToM aspects that should be 

developed at the age of five, we have tested more children before and right 

after this age, resulting in an under-representation of older children. 

 

Table 1:  Age distribution of the normative sample being administered the 

ToM Storybooks (N=324) 
 

 Age (in years) 

 3 4 5 6 7 8-9 10-11 Total 

Boys 32 31 31 31 15 14 13 167 

Girls 29 24 32 26 16 12 18 157 

All 61 55 63 57 31 26 31 324 

 

 

 

Material 

The ToM Storybooks (see Blijd-Hoogewys et al., 2008; Serra et al., 2002) is 

a test that measures a variety of ToM components: emotion recognition, the 

difference between physical and mental entities (including tasks on close 

impostors and real-imaginary distinction), understanding that seeing leads to 

knowing, understanding of desires and beliefs (namely: standard belief, 

changed belief, not own belief, explicit false belief, false belief, inferred 

belief and inferred belief control).  

There are 34 tasks, incorporated in short stories (for example tasks, 

see Appendix A). There are six storybooks in total. The stories are 

illustrated with full colour pictures and enlivened by the use of caressable 

patches of fur, toy doors that can be opened, and magnetized emotion faces 

that can be placed on the characters. The test takes 40 to 50 minutes, 

including a short break.  

 

 

Scoring 

There are 77 ToM test questions (the child has to predict an emotion or 

behaviour) and 18 ToM justification questions (the child has to explain the 

emotion or behaviour choice). The answers to the test questions are coded as 

correct or incorrect (1 or 0 points); the justification questions result in 2, 1 or 

0 points, depending on the correctness of the mental state terms 

spontaneously used by the child. The evaluation of these justifications is 

founded on the category system used by Rieffe (1998), different categories 
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from Wellman (1990) and an exploratory analysis of the empirical data (see 

Appendix B). 

The testing with the ToM Storybooks results in a maximum sumscore 

of 113 points (ToM sumscore), consisting of a maximum of 77 points for 

answers on the test questions (ToM-test score) and a maximum of 36 points 

for answers on the justification questions (ToM justification score).  

 

 

Statistical method 

Determining conversion curves 

For both norming methods not only a model for the change in the average 

score was calculated but also a model for the change in variance. Since the 

average raw scores are expected to increase from some minimal value at the 

youngest ages to a plateau at the oldest ages, variability around the mean is 

likely to vary over the time axis. 

The conversion curves were calculated with the help of the 

TableCurve 2D programme (Systat, 2000). In both cases, the best fitting 

curve (a monotonic or a Loess derived curve) as a function of age was 

chosen. First, the difference between the expected scores and the observed 

scores at all ages were calculated. The square of those differences produces 

the observed variance for every age in the intended age range. Next, given 

these observed variances, the expected variances at every age were 

estimated, also using a monotonic or a Loess derived curve. The square root 

of the expected variance at a particular age results in the expected standard 

deviation for that age. These scores form the basis of our norm score, the 

ToM-Q.  

 

Checking for normality 

Quotient-type norms require that the raw scores are symmetrically and 

preferably normally distributed, such that differences in terms of standard 

deviations clearly correspond with differences in frequencies (e.g. about two 

thirds of the subjects fall within one standard deviation of the middle). Since 

the scores increase with age according to the estimated function, the 

normality assumption must be checked for age-corrected scores, i.e. for the 

residuals. This was done by using the Shapiro-Wilk coefficient of normality 

and QQ-plots. 
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Calculating Z-scores and quotient scores 

The calculation for the Z-scores and ToM Quotient scores was carried out 

using Visual Basic macros in Excel. 

Raw ToM sumscores (So) were converted to Z-scores (Zo), using the 

formula Zo= (So - Sm) / SDm, with So the raw score, Sm the model mean (the 

predicted mean score at age of So) and SDm the model standard deviation.  

 The Z-scores were then converted to quotient scores, using the 

formula ToM-Q = (Z score*15) + 100 (Wechsler, 1981). These scores have 

an average of 100 and a standard deviation of 15. The minimum was set at 

55, which is three standard deviations below the average.  

 

 

 

RESULTS 

 

Preceding analyses 

Before calculating the standardized scores, we answered three preliminary 

questions: Do all items of the ToM Storybooks contribute significantly to 

estimating the ToM ability? Is the ToM sumscore useful for ordering subjects 

on their ToM ability? Are unisex norms sufficient or are gender specific 

norms required?  

 

ToM sumscore as an estimation of ToM ability 

To assess the properties of the items of the ToM Storybooks in estimating 

the ToM ability, the one-parameter logistic model (OPLM; Verhelst et al., 

1995) was used. The OPLM is a unidimensional Item Response Model, 

from which information can be obtained about the characteristics of the 

items, and of the ToM ability of each child. The key idea in OPLM is that 

for each item the probability of responding correctly to the item can be 

described by a particular monotonic increasing function of ToM ability. In 

OPLM, the particular functions of the items may differ in the item location 

(some ToM items are more difficult to master than others), and in the item 

discrimination (some items discriminate children better in their ToM ability 

than others). For the justification questions, with 3 response categories (2 

points, 1 point or 0 point), the polytomous OPLM was used.  

 The OPLM showed a good fit for the 95 ToM items (77 ToM test 

questions +18 ToM justification questions), except for three items, all 

concerning the inferred belief control task. For those items, a higher ToM 

ability did not result in a higher probability of giving a correct answer. 
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Therefore, those items were eliminated from the ToM test. The OPLM of 

the 92 remaining items revealed a good fit for all items. 

 The next question is how to combine the scores on the 92 items of a 

particular child to reflect his/her ToM ability. The OPLM enables us to 

estimate the ToM ability for each child. If the OPLM fits well, and only 

dichotomous items are involved, the (unweighted) sumscore orders subjects 

on their ability (Sijtsma & Hemker, 2000). Unfortunately, this property does 

not generally hold for polytomous items. However, the correlation between 

OPLM ToM ability estimate and the ToM sumscore appeared to be 0.997. 

Thus, the ToM sumscore and the OPLM ToM ability estimate yield 

approximately the same results for ordering the children on their ToM 

ability. Therefore, we may well confine the norming of the ToM Storybooks 

to the ToM sumscore (now with a maximum of 110), which is much easier 

for professionals in the applied field to compute and communicate. 

 

Gender Specific Norms 

On average, girls had slightly higher ToM sumscores on the ToM Storybooks 

than boys (see Table 2; M=71.71 versus M=68.73 respectively). The p-value 

of the difference, based on an independent samples t-test is .098; the variance 

hardly differed between both sexes (20.82 and 20.44) and is considered equal 

(Levene’s test, p=.749).  

When we divided the group in three age groups (n=87, <54 months; 

n=119, 54<78 months; n=118, ≥78 months), we found the gender difference 

to be significant for the youngest and oldest group (p=.05); and the 

variances within these two age groups were not equal (Levene’s test, p=.01 

and p=.05 respectively). Based on these results, we decided to generate 

separate norms for boys and girls. However, since the overall difference 

between boys and girls is relatively small (about 0.15 of the standard 

deviation), norms based on the total sample were also determined. 
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Table 2:   Gender differences on the ToM sumscore, measured with  

the ToM Storybooks, divided over three age groups 
 

Age Boys  Girls  

n M (SD)  N M (SD) 

>54 months 47 42.74 (12.28)  40 48.60 (18.04) 

36 14 36.00 (7.26)  13 35.08 (8.76) 

42 18 38.94 (6.77)  16 47.00 (13.88) 

48 15 53.60 (14.16)  11 66.91 (16.64) 
 

54-78 months 60 73.00 (11.97)  59 71.25 (13.47) 

54 16 66.13 (11.70)  13 63.08 (13.39) 

60 14 73.50 (12.34)  16 64.56 (8.51) 

66 17 75.76 (7.47)  16 78.56 (13.51) 

72 13 77.31 (14.13)  14 78.14 (10.57) 
 

≥78 months 60 84.82 (11.81)  58 88.12 (9.33) 

78 18 72.83 (9.62)  12 79.25 (9.61) 

84 15 86.40 (8.16)  16 88.69 (8.59) 

96 14 90.07 (8.09)   12 91.42 (7.74) 

120 13 93.92 (8.12)  18 91.33 (7.32) 
 

all ages 167  68.73 (20.82)  157 71.71 (20.44) 

 

Note. n= number of subject; M= average ToM sumscore; SD=standard deviation. 

 

 

 

Norming approach 1: the monotonically rising regression 

With regard to the conversion curves, the best fitting (highest r
2
 adjusted) 

and simplest monotonically rising curves as a function of age were chosen 

(see Figure 1). An additional assumption was made, namely that the ToM 

sumscore must become stable at the age of 12 and cannot increase any 

further. We also controlled for the estimated score at the ultimate age not to 

be higher than the maximum possible sumscore (110; the maximum score 

that the chosen model yields is 95. rounded off to the nearest integer). 

For the boys, the estimated ToM-scores were calculated with the 

formula: y = 95.55 –100647.97/age
2
. The r

2
 adjusted was .71. The standard 

deviations were calculated with the formula: y = √(251.63-15.37*√age). 

For the girls, the estimated ToM-scores were calculated with the 

formula: y = 95.50-91946.74/age
2
. The r

2
 adjusted was .67. The standard 

deviations were calculated with the formula: y = √349.45*e
(-age/74.06)

. 
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Before calculating the Z-scores and Q-scores we checked the 

normality assumption for the score distribution. The p-value of the Shapiro-

Wilk coefficient of normality of the residuals equals 0.04, which means that 

the distribution of the residuals may be rejected as a sample of normal 

deviates with a significance level of 0.04. However, visual inspection of the 

residuals using a QQ-plot suggested that the distribution was sufficiently 

close to a normal distribution. The maximum of the distribution was 

moderately shifted to the right. However, we consider the deviation from the 

distribution not serious enough to exclude norms in the form of Z-scores 

and Q-scores. The norm scores were calculated for boys and girls 

separately. 

 

 

Figure 1.  A monotonic regression fit of ToM sumscore data plotted versus 

age, for boys (black line) and girls (dashed line). These two 

regressions are not statistically different, indicating that the 

simple fit does not distinguish any difference between boys and 

girls as they age. 
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Norming approach 2: the Loess curve 

Norms for the ToM sumscores were obtained by using Fourier-series tenth-

order polynomials that provide the best fitting equations for curves that are 

based upon a Loess 30% window model (see Figure 2). 

The Fourier series polynomials were used to calculate the expected 

score for every age in the age range. The r
2
 was .77 for the boys and .71 for 

the girls. Given these observed variances, we used the same Loess 30% 

window technique to estimate the expected variance at every age. For, it is 

assumed that not only the average scores but also the variance may change 

non-linearly, eventually showing developmental regressions and plateaus 

(see Van Geert & Van Dijk. 2002). The Loess curves were transformed into 

Fourier-series polynomials. 

 

Figure 2.  A Loess regression fit of ToM sumscore data plotted versus age. 

for boys (black line) and girls (dashed line). These two 

regressions are statistically different; the Loess distinguishes 

differences between boys and girls as they age. 
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In order to check whether the Loess-fitted models can provide a 

feasible starting point for the calculation of quotient scores, the Shapiro-Wilk 

coefficient of normality of the residuals was calculated. Its p-value is equal to 
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0.37, which implies that the assumption that the residuals are drawn from a 

normal distribution should not be rejected. Nevertheless, the peak of the 

distribution is also slightly shifted to the right, similar to the residuals of the 

monotonically rising regression model. The QQ-plot showed that the 

residuals were normally distributed. Norm scores were calculated for boys 

and girls separately. 

 

 

Gender differences 

Only the Loess curves were able to capture a gender difference (compare 

Figures 1 and 2). The differences between both genders were mainly obvious 

in the youngest age group (Figure 2). If we look at the first derivate as an 

indicator of change, we see that the peaks and valleys are quite different for 

boys and girls (Figure 3). Girls show three distinct moments of 

change/acceleration; boys show only two periods of change, with their first 

change being later. After the age of approximately 78 months (6.5 years), the 

curves for boys and girls merge. 

 

Figure 3.  A Loess curve of the first derivate, as an indicator of change, of the 

ToM Quotient scores plotted versus age, for boys (black line) and 

girls (dashed line). The girls show three distinct peaks, while boys 

only show two. There are distinct gender differences up to the age 

of 78 months (6.5 years).  
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A comparison between the two standardization approaches 

Quotient scores derive their applied functionality from the fact that they have 

a constant average, a constant standard deviation and a constant frequency 

distribution irrespective of age.  

In order to compare the two standardization approaches, we first 

checked the distribution of ToM-Q scores, which should be normal. Visual 

inspection of QQ-plots showed that both distributions were sufficiently close 

to normality. However, the Shapiro-Wilk coefficient of normality had a p-

value smaller than 0.001 in the case of the monotonous curve method and 

equal to 0.11 in the case of the Loess method. Thus, the normality assumption 

should be rejected in the first case and not – or less clearly so – in the second.  

A more relevant comparison between the two models can be achieved 

by calculating the average deviation from the average of 100 and the standard 

deviation of 15 from the quotient values of the standardization sample. The 

deviations for the expected norm scores were 3.03 and 0.95 for the 

monotonous and Loess standardization models respectively and 0.95 and 0.35 

for the expected standard deviations. The differences between both methods 

were statistically significant (Monte Carlo analysis. p< 0.001). The 

standardization method based on the Loess procedure was superior. 

A final way to compare the two standardization approaches is by 

visually comparing the averages of all quotient scores over time. This was 

done by fitting the quotient scores resulting from both methods by means of a 

Loess 30% window model with age as predictor variable. The expectation 

was that the curves showing the average of the scores over age should be 

arbitrarily close to 100. In order to allow a more reliable comparison between 

the curves resulting from both approaches 60% confidence intervals were 

calculated by means of a bootstrapping procedure. Inspection of the curve 

(see Figure 4) taught us that the Loess model approaches the average more 

consistently than the monotonic model and moreover that the confidence 

intervals of the curves show only minor overlap. 
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Figure 4.    Comparing the confidence intervals of the deviations from the 

average ToM quotient score of 100 of two norming methods, the 

monotonic regression model (lines slanting to left) and the Loess 

norming model (lines slanting to right) plotted versus age.   

 

 

 

 

Using the ToM Storybook in the applied setting 

 

A quick-and-dirty method 

Thus far, the norming procedures were based on both the 74 binary ToM 

test questions and the 18 ordinal ToM justification questions. In practice, a 

quick-and-dirty method can be obtained using only the 74 binary ToM test 

questions (for. justifications take a lot of time to get evaluated). However, 

we advise practitioners to use the data including the justifications, since 

these can give additional insight in the ToM problems of children.  Norms 

based on solely the binary (quantitative) data can be requested from the 

authors.  
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Age equivalents 

We wrote an Excel Visual Basic macro to calculate the ToM age-equivalent 

of a child, i.e. the age for which the model mean equals the child’s observed 

score (equal to a ToM of 100). For instance, a boy with a ToM sumscore of 

64 at the age of 66 months has a ToM-Q of 89. This boy functions at the level 

of a 57 month-old child; he displays a ToM-ability delay of nine months.  

 

Confidence intervals 

To calculate confidence intervals for the ToM Storybooks, we first fitted a 

Loess (30% window) regression model for each separate item with the total 

test score as ‘predictor’. The Loess model of each separate item specifies the 

probability curve of the item, i.e. each possible total test score corresponds 

with a specific probability that this item will be answered correctly (this 

procedure is similar to specifying a kind of IRT model). Second, for each 

possible sumscore on the test (i.e. all possible presumed sumscores), we 

calculated the corresponding distribution of observable sumscores based on 

the Loess probability models of each separate test item.  

In order to calculate the confidence interval of an actually observed 

score, we made a weighted sum of all those probability distributions. the 

weights being determined by the likelihood that the observed score occurs in 

each of the probability distributions. Thus, the probability distribution Do of 

presumed scores that range from a score smin to a score smax  is the sum of the 

distributions corresponding with each possible, presumed score s. Ds. 

multiplied by the likelihood of the observed score o given a presumed score 

s. po | s:  

 

 

An attractive property of the distributions and related intervals 

calculated with this method is that they are not symmetric where symmetry 

is not readily expected, namely in the region of very high and very low 

scores. For instance, the extreme low score of 20 has a 50% CI between 21 

and 26 and a 90% CI between 17 and 31, thus expressing the fact that a 

score of 20 is probably a matter of low ToM knowledge in combination with 

bad luck (for details about the procedure and the underlying simulations of 

the score distributions. we refer to www.vangeert.nl). 
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CONCLUSION AND DISCUSSION 

 

In this article, we demonstrated the statistical strengths of a comprehensive 

ToM test and argue for its adoption in the applied and clinical setting. The 

newly developed ToM Storybooks were administered and norms were 

calculated in two distinct ways. The first norming method was based on the 

idea that a cognitive ability, such as ToM, must increase monotonically in the 

population of typically developing children, assuming that the underlying 

ability level cannot regress or decline. The second norming method was based 

on a strongly developmental and performance-oriented approach, which 

accepts the occurrence of plateaus and even temporary developmental 

regressions in the performance level of an ability.  

Preference was given to norm scores in the form of quotients, 

primarily because these are customary in applied contexts and easy to use and 

interpret. Differences in ToM sumscores were found between boys and girls, 

which are in accordance with findings on false belief tasks (e.g. Charman. et 

al.. 2002; Cutting & Dunn. 1999). Because of these gender differences, 

gender-specific norms were calculated. If we had taken boys and girls 

together as one group, this would mainly have lead to an underestimation of 

the ToM ability of young boys. A similar difference in gender, where boys are 

slower than girls, has also been reported in other developmental areas (e.g. 

Luotonen, 1995). 

The comparison between boys and girls turned out to reveal 

developmental differences in the curves in the case of the Loess method but 

not in the monotonic method. Further comparison of the two norming 

methods revealed the Loess fitting method to be superior. First, the 

requirement that quotient scores need normally distributed scores could be 

met by first correcting the scores for developmental trend (either on the basis 

of the monotonically or Loess methods). In doing so, the Loess method 

provided a considerably better approximation to the normal distribution than 

the monotonically rising fit. Second, the expected average of 100 was at each 

age significantly better reached by the Loess method, also supported by the 

visual comparison of the confidence intervals of the deviations from 100. 

Thus, it can be concluded that the quotient scores based on the Loess method, 

which more faithfully follows plateaus and temporary developmental 

regressions in the raw scores, are superior over the scores based on the 

assumption of monotonic increase. 

One of the restrictions of this research is that fewer children in the 

older age regions were tested, which implies a reduction in reliability. This 
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is due to the fact that the test is primarily intended for younger children, up 

to five or six years old. We used a conversion curve that took into account 

the skewed age distribution. Still, the norms for the older children should be 

taken with caution. In future, additional tasks should be included, like for 

instance second-order belief tasks, which are better suited for older children 

(see for instance Hughes et al., 2000).  

Next to that, we presented age equivalents and confidence intervals. 

They were calculated with a new method based on simulations of observed 

score distributions, given certain presumed scores. Confidence intervals 

were determined by calculating presumed score distributions for given 

observed scores.  It should be noted that the distributions on which the 

confidence intervals were based should be treated in ways similar to 

Bayesian marginal (or prior) probabilities, i.e. as probabilities prior to any 

other knowledge about a child’s test score than the test score itself (and the 

implicit assumption that testing has occurred under normal conditions). If 

more information becomes available, e.g. a retest score, the intervals should 

be updated in ways consistent with that new information. Note, however. 

that retesting is likely to result in an increase of the score, due to the 

learning effects that appear to be quite substantial, particularly in young 

children. This was demonstrated by Blijd-Hoogewys and colleagues (2008) 

using the ToM Storybooks in both typically developing children and 

children with autism spectrum disorders. 

In summary, a norming procedure based on a Loess smoothing 

method has resulted in norms for a broad age range that enable the 

practitioner to calculate quotient scores with a consistent, observed average of 

100 and a standard deviation of 15, in spite of developmental phenomena 

such as temporal developmental regressions in the raw scores. In addition, age 

equivalents and reliable confidence intervals have been provided, in order to 

further enhance the measurement of ToM in both typically developing 

children and clinical populations. The two methods proposed - a non-linear 

way of calculating norm scores and the utilization of bootstrapping 

procedures in calculating confidence intervals - can be considered innovative 

and effective contributions to future norming studies. 



 

CHAPTER 4 

 

Discontinuous paths in the development  

of Theory-of-Mind. A nonlinear dynamic 

growth modeling approach. 
 

 

Abstract: Research on Theory of Mind (ToM) has mainly focused on ages 

of core ToM development. This article follows a quantitative approach 

focusing on the level of ToM understanding on a measurement scale (the 

ToM Storybooks) in 324 typically developing children between 3 and 12 

years of age. It deals with the eventual occurrence of developmental 

discontinuities in ToM functioning, using non-linear smoothing techniques, 

dynamic growth model building and additional indicators (moving 

skewness, growth rate changes and variability). The ToM sum-scores 

showed an overall developmental trend that leveled off towards the age of 

ten years. Within this overall trend two discontinuities were found, one at 

the age of around 56 months and another at the age of 72-78 months. These 

temporal decreases in ToM sum-score were accompanied by a decrease in 

growth rate and variability, and a change in skewness of the ToM data, all 

suggesting a developmental shift in ToM understanding. The temporal 

decreases also occurred in the different ToM sub-scores and most clearly so 

in the core ToM component of beliefs. It was also found that girls had an 

earlier growth spurt than boys and that the underlying developmental path 

was more salient in girls than in boys. The consequences of these findings 

are discussed from various theoretical points of view, with an emphasis on a 

dynamic systems interpretation of the underlying developmental paths.  

 
 

 
This chapter is submitted as: Blijd-Hoogewys, E.M.A., Van Geert, P.L.C., Serra, M., & Minderaa, R.B. 

(submitted). Discontinuous paths in the develoment of Theory-of-Mind.  A nonlinear dynamic growth modelling 

approach. 
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INTRODUCTION 

 

Theory-of-Mind has become one of the most intensively studied subjects in 

the field of social cognitive development. It is considered an important 

condition for understanding the social environment and for showing socially 

adequate behavior (Astington & Jenkins, 1995). Theory-of-Mind (ToM) 

refers to the ability to attribute mental states -such as beliefs, desires and 

emotions- to oneself and others and to use these mental states in 

understanding, predicting and explaining the behavior of oneself and others 

(Mitchell, 1997; Premack & Woodruff, 1978). For instance, a child 

comprehends that if Sam wants an ice-cream (a desire) and his mother does 

not allow him one, Sam will be unhappy (the consecutive emotion). Or, a 

child comprehends that if Sam thinks his ball is in the garage (a belief) he 

will look in the garage for his ball (the consecutive action) even though the 

ball may in reality be in the garden. A four-year-old who is questioned 

about the actions of Sam and who also knows the true location of the ball 

will be able to predict the action of Sam correctly. A three-year-old, 

however, will not be able to do so: he will most likely say that Sam will 

look in the garden. The three year old cannot distance himself from the 

knowledge of the true location, and he does not comprehend that others can 

hold beliefs that do not match reality as he sees it. Four-year-olds, on the 

other hand, understand false beliefs (for a meta-analysis on false beliefs see 

Wellman et al., 2001). This difference between three- and four-year-olds has 

been studied intensively.  

 

 

Qualitative versus quantitative approaches of development 

Literature has elaborated on ToM development mainly in a qualitative 

manner. By ‘qualitative’ we mean an approach that focuses on some 

particular developmental phenomenon, such as understanding false beliefs, 

and searches for the age at which this phenomenon is established in 

development. Research has shown that ToM develops at a specific rate and 

according to a particular sequence. It evolves from a simple desire theory to 

a complete belief-desire theory, from true beliefs to false beliefs, and from 

the understanding of first-order beliefs to second-order beliefs (Wellman, 

1990). Deviations from this normal developmental path have been used in 

describing the ToM difficulties of, for instance, children with autism. 

Research has shown that in order for children with autism to be able to 

succeed on false belief tasks they need to have a verbal mental age of about 
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eleven years old (e.g. Happé, 1995). This is a mental age six to seven years 

older than for normally developing children.  

In addition to a qualitative approach of ToM, a more quantitative 

approach can be chosen. By ‘quantitative’ we mean an approach that defines 

a quantitative dimension, for instance the level of false belief understanding 

on a measurement scale, and then studies the changing level of that 

dimension over the course of developmental time. Wellman and Liu (2004), 

for instance, looked in particular into the conceptual changes of different 

ToM aspects. They argue that the ToM developmental order is not one of 

addition or substitution, but one of modification or mediation (Wellman & 

Liu, 2004, pp. 536). Initial insights broaden or generalize into later insights.  

One can question how these generalizations come about. Is there a 

gradual development or are there temporary accelerations, delays or even 

regressions observable during ToM development? Temporary regressions 

are well-known characteristics in developmental psychology. After 

mastering an ability, children can have a temporary relapse before the ability 

consolidates. This phenomenon is often referred to as U-shaped 

development (because a U-shaped curve is visible when this kind of 

development is depicted in a graph), or eventually N-shaped development. 

Such temporary regressions have been found in a variety of domains, 

including language development, social cognition, creativity, reasoning, 

auditory localization and face perception (for an early collection of studies, 

see Strauss & Stavy, 1982). Recent findings on U-shaped curves include 

motor and verbal development (Gershkoff-Stowe & Thelen, 2004), non-

verbal symbol learning (Namy et al., 2004), and face perception (Cashon & 

Cohen, 2004). 

In addition to temporary regressions, developmental curves may also 

show accelerations, which are often the hallmark of rapid changes, i.e. 

developmental transitions (see for instance Fischer and Bidell, 2006). The 

qualitative developments mentioned earlier, for instance the acquisition of 

false belief understanding, are likely to be examples of such transitions. 

Theorists focusing on the dynamics of developmental growth have argued 

that developmental transitions are likely to be preceded by temporary 

regressions (Fischer & Bidell, 2006; Van Geert, 1991). 

Up to now, ToM research has primarily focused on ages of 

transition, whereas the long-term forms of conceptual changes in ToM 

understanding have received less attention than deserved (Wellman et al., 

2001). Focusing on such changes may shed an alternative light on ToM 

development and could make identification of children with ToM problems 
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easier and more accurate. In this article, we hope to illustrate the additional 

value of a quantitative approach to ToM development in typically 

developing children. 

In order to be able to observe the more subtle quantitative aspects of 

ToM-development, such as eventually occurring regressions, temporary 

accelerations and decelerations in the rate of change, one should take two 

issues into account. First, ToM development does not solely depend on the 

development of (false) belief understanding, but also involves other ToM 

components, like for instance desires (Astington, 2001). As a consequence, 

research focusing on quantitative ToM development should involve a series 

of tasks incorporating different core ToM components but also relevant ToM 

precursors and associated abilities (like for instance being able to make the 

distinction between mental and physical states). For that purpose, we 

developed the ToM Storybooks; this instrument contains a variety of tasks on 

different ToM and ToM-related components (for more details, see section 

‘method’ in this article). Second, it is advisable to test children of a wide age 

range. Instead of confining itself to testing children from the age of three to 

six, research should aim at a considerably broader age range, for instance up 

to ten or even twelve years old. The justification for doing so is that there is 

no convincing evidence that by the age of six ToM is fully acquired (e.g. Hala 

& Carpendale, 1997) and stable.  

 

 

Cross-sectional versus longitudinal: tapping ‘first-encounter reaction’ 

In order to study the quantitative changes in ToM development, one can 

choose for a cross-sectional or a longitudinal design. In a cross-sectional 

design, children are tested only once and children of different ages are 

compared with one another. In a longitudinal, or more preferably a time-

serial design, children are repeatedly tested over a longer period and can be 

compared with themselves.  

At first glance, a time-serial design would be superior for the 

purpose set in this article. This is a design with as many measurements as 

are needed to capture the temporary and often non-linear forms of change 

characteristic of a particular developmental phenomenon (van Geert & 

Steenbeek, 2005; Steenbeek & van Geert, 2002). However, such a method 

also brings along considerable logistic problems. Children need to be tested 

repeatedly over an extended period, for instance of eight years (between 

three to eleven years of age). Since so few research has focused on the 

dynamics in ToM development, it is hard to predict at what intervals 
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children should be tested in order to find evidence of developmental 

phenomena such as accelerations and decelerations, transitions and 

temporary regressions. A cross-sectional design provides an answer to the 

question of age-related changes and potential critical points in ToM and is a 

first step towards future time-serial research. 

Next to these logistic problems, there is also a theoretical 

consideration to prefer a cross-sectional design in this particular case (which 

is absolutely not to say that we recommend this in every case). Cross-

sectional research almost by definition taps a ‘first-encounter’-effect. That 

is, the children are not familiar with the particular test or task and thus form 

a hypothesis as to what is expected from them, what the test entails, etcetera. 

From a dynamic testing point of view (Grigorenko & Sternberg, 1998), this 

first encounter may reveal information that later, repeated test 

administrations no longer contain, because they are affected by habituation 

or learning (which is absolutely not to say that such repeated measurements 

are not or less valid, but they do provide different perspectives on the 

measured variable, eventually). 

 

 

Parametric versus non-parametric models 

In order to describe quantitative changes in development, different fitting 

models can be used to represent the general underlying trend. In research, 

linear or quadratic models are often used. Unfortunately, such models do not 

sufficiently take local deviations of the distribution of data into account. This 

may lead to over- and underestimations of the expected average scores in 

certain age periods, and thus conceal local but real accelerations, 

decelerations or regressions, if any occur.  

In contrast, non-parametric models, like the Loess or Lowess estimate 

smoothing procedure, follow local distributions of data as reliably as possible. 

They apply a locally weighted least squares estimate, and are commonly used 

as smoothing techniques (see for instance Härdle, 1991; Simonoff, 1996). 

Such non-linear techniques can be of substantial value for testing dynamic 

changes even when applied to cross-sectional data.  

 

 

Indicators of developmental transitions 

As noted earlier, non-linear phenomena such as accelerations, decelerations 

and temporary regressions might be the hallmark of underlying 
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developmental transitions, i.e. transitions from one pattern of understanding 

to another one. However, the occurrence of such phenomena alone is not 

sufficient to demonstrate the existence of transitions, and additional 

statistical indicators are thus required.  

 In the literature on discontinuous developmental changes, which 

have been studied in the context of catastrophe (or bifurcation) theory, 

statistical indicators known as ‘catastrophe flags’ have been used (see for 

instance Gillmore, 1981; Van der Maas & Molenaar, 1992;Van Dijk & van 

Geert, 2007; Hartelman et al., 1998; Hosenfeld et al., 1997; van der Maas et 

al., 2003; Wimmers et al., 1998). Three of these indicators can also be used 

to demonstrate transitions that are more gradual than the bifurcations 

referred to in the catastrophe-theory literature. These indicators are changes 

in the skewness of the distribution, temporal changes in growth rate and 

change in variability (Van Geert & Van Dijk, 2002; Bassano & van Geert, 

2007; Van Dijk & van Geert, 2007). They can be used with time-serial 

longitudinal data, but also with cross-sectional data, if a first impression of 

the ages at which eventual transition phenomena occur needs to be obtained.  

Changes in the skewness of the distribution over time can be applied 

to ToM development in the following way. We expect that during the early 

state, when no ToM growth has taken place yet (at least as measured by the 

ToM Storybooks), there are random variations around an initial state mean, 

and this variation is likely to be symmetrical. That is, skewness of the 

distribution should be near zero. As ToM growth begins to take off, 

skewness will increase. First a positive skewness will appear, since the 

majority of subjects are still characterized by a relatively low level of ToM, 

with a number of more advanced subjects showing a high growth rate and 

thus considerably higher scores on the ToM Storybooks. As the majority of 

subjects catches up while the more advanced subjects reach the (eventually 

temporal) upper level of ToM, the skewness of the distribution first moves 

towards zero and then eventually to negative values. The resulting negative 

skewness means that the majority of subjects are now close to the 

asymptotic developmental level, with some subjects still lagging behind 

(and thus accounting for the tail to the left). Finally, as all subjects tend to 

reach the asymptotic developmental value, the skewness moves again 

towards zero, representing a symmetrical distribution of values around some 

final-state average (for more explanation, see van Geert & van Dijk, 2002).  

A temporal change in growth rate is another indicator of 

developmental transition. It can be demonstrated in the form of marked 

oscillations in the first derivative of the developmental curve. The first 
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derivative at any point of the growth curve represents the rate of growth at 

that point. A particularly strong instance of change in the growth rate occurs 

in the form of a temporal regression, where the growth rate temporarily 

drops down to negative values. Since the changes in skewness over time are 

related to accelerations in the growth of the developmental phenomenon at 

issue, we expect to find a certain level of coherence between the first 

derivative of the non-linear ToM growth curve and the change of skewness 

over time.  

Change in variability, the third indicator of developmental transition 

discussed in this article, can be observed as intra- and inter-individual 

variability. A temporal increase in the intra-individual variability is 

considered a strong indicator of a developmental transition (van Geert & 

van Dijk, 2002). However, such an indicator can only be used in repeated 

measures designs. Inter-individual variability, which is applicable to cross-

sectional data and which is expressed in terms of standard deviation over a 

certain period of time, might also temporally increase during a transition. 

This increase may be due to a side-effect of changing skewness of the 

distribution. Changes in the pattern of variability among individuals are 

known as anomalous variance and are indicators of a coming transition (see 

Van der Maas & Molenaar 1992). 

 

 

Research questions 

The aim of our study is to describe the form of the curve or pattern of ToM 

development over a considerable time period, namely from 3 to 12 years, 

measured by means of a test that comprises a wide variety of ToM 

components and tasks. We have chosen to focus on non-linear aspects of the 

developmental curve, including local accelerations, decelerations and 

regressions.  

We expect to find discontinuities in the developmental pattern of 

ToM. Our research questions focus on the veracity of these discontinuities. 

Are the discontinuities real or due to artifacts? Are the discontinuities 

supported by additional indicators of discontinuity? Are the discontinuities 

not only observable in the ToM total score, but also in the ToM sub-scores 

and in both boys and girls? 
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METHOD 

 

The ToM Storybooks 

Children’s ToM knowledge was tested with the ToM Storybooks, version 

Sam (a revision of the test used in Serra et al., 2002; see also Blijd-

Hoogewys et al., 2008; Blijd-Hoogewys et al., submitted a). The ToM 

Storybooks is a test that measures a variety of ToM components and 

associated aspects, based on the work of Wellman (1990).  

The ToM tasks are incorporated in short stories. The stories are 

illustrated with full color pictures and enlivened by the use of caressable 

patches of fur, toy doors that can be opened, and magnetized emotion faces 

that can be placed on the characters. The test takes 40 to 50 minutes, 

including a short break.  

In total, there are 34 tasks spread over six storybooks in total. A 

maximum sum-score of 110 points can be obtained, which can be divided 

into five sub-scores: 1) emotion recognition (maximum=14 points), 2) 

distinction between physical and mental entities (real-mental, real-imaginary 

and close impostors; maximum=44 points), 3) understanding that seeing 

leads to knowing (maximum=3 points), 4) understanding of desires 

(maximum=17 points), and 5) understanding of beliefs (maximum=32 

points). The latter encompass tasks on standard belief, changed belief, not 

own belief, explicit false belief, false belief, inferred belief and inferred 

belief control.  

Each task incorporates one to five questions, including both test 

questions and justification questions (for an overview of questions per task, 

see Appendix A). There are in total 74 binary test questions and 18 

justification questions. The answers to the test questions are coded as 

correct or incorrect (1 or 0 points; maximum of all test questions=74). The 

justification questions result in 2, 1 or 0 points, depending on the amount 

and correctness of the mental state terms spontaneously used by a child 

(maximum of all justification questions=36). In order to evaluate the 

justifications, a category system is used. This system is based on the 

category system used by Rieffe (1998), on various categories from Wellman 

(1990) and on an exploration of the empirical data. For each justification 

question, correct answer categories were determined (for a short review of 

correct answers, see Appendix A, column ‘answer’). 

The ToM Storybooks have good psychometric qualities. The internal 

consistency, test-retest reliability, inter-rater reliability, divergent and 

convergent validity are good (see Blijd-Hoogewys et al., 2008). 
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Subjects and setting 

We tested 324 children. The ages ranged from three up to and including 

eleven years, with approximately the same number of boys and girls per age 

range (see Table 1 for the age distribution). 

The children came from preschools, kindergartens and elementary 

schools, from both provincial and urban regions in the Netherlands. All 

children had a Dutch linguistic background, and did not have language 

acquisition problems that could have hampered their performance on the 

tasks (for the effect of language on ToM performance see for instance 

Garfield et al., 2001; Lohmann & Tomasello, 2003). Thirteen percent of the 

children came from a lower social background, distributed over the whole 

age range. This percentage corresponds with the percentage as known from 

the Dutch National Bureau of Statistics. 

 

Table 1:  Age distribution of sample being administered the ToM Storybooks 
 

 Age (in years) 

 3 4 5 6 7 8-9 10-11 Total 

Boys 32 31 31 31 15 14 13 167 

Girls 29 24 32 26 16 12 18 157 

All 61 55 63 57 31 26 31 324 

 

 

Procedure 

All subjects were individually tested in a quiet room at school. Test 

administrators were carefully instructed to follow standard procedures. For 

practical reasons, kindergarten children were tested at home. If necessary, 

the parent was allowed to be present during testing but was requested not to 

interfere.  

 

 

Statistical method 

In order to acquire insight in non-linear changes in ToM development, we 

used a descriptive non-parametric method, namely Loess curve smoothing. 

Such a model is superior to a monotonic regression model, even over a low-

order polynomial model which is the standard in psychology, in revealing 

temporary regressions (see Blijd-Hoogewys et al., submitted a). Where 

used, the Loess smoothing was based on a window size of 30%. The Loess 

procedure evaluates consecutive windows of data (in this case 30% of the 
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data; thus 0-30%, 1-31%, 2-32%, and so on), each time calculating the 

average point of the regression and finally resulting in a smooth curve of 

these points (for an explanation of the Loess smoothing procedure, see 

Blijd-Hoogewys et al., submitted a).  

Next to that, we used random permutation techniques, and more 

generally, Monte-Carlo analyses, which are assumption-free techniques.
 

Wellman and colleagues (2001) have argued for the use of more assumption-

free techniques, such as bootstrap methods, in ToM research. It entails a 

simulation of the test statistic at issue as based on the null hypothesis, which 

can be compared to our empirical ToM data (Good, 2001; Manly, 1997; 

Todman & Dugard, 2001). The test statistic is the measure used to specify a 

distinction or property of interest, for instance the difference between average 

scores at different ages. In order to test the statistical significance of non-

linear properties of the developmental curve, we used interval differences of 

moving averages (a moving average is the average of scores for a particular 

period, for instance two months, which is then moved across the data; an 

interval difference is the difference between a moving average at time t and 

the moving average at a later time, t+i). 

 

 

 

RESULTS 

 

Non-linear phenomena in the curve of ToM scores 

In order to reveal non-linear properties, we used Loess curve smoothing. The 

resulting smoothed curves of the ToM sum-scores of children 

(maximum=110 points) reveal that there are three points of developmental 

interest (see Figure 1). In order to determine the exact timing of these points, 

we inspected the minima and maxima of the second derivative of the 

developmental curve at issue. The second derivative is the acceleration of the 

growth and is a better technique to pinpoint the exact timing of these points 

than the first derivative (remember that the first derivative is the rate of 

growth). The three points corresponded with the most marked inflection 

points in the developmental curve.  

The first is a bend in the curve at around 56 months (4 years and 8 

months). The second is a bend at around 72 months (6 years), followed by a 

dip or temporal regression of the curve, which shows its deepest point at 78 

months (6 years and 6 months). This dip (which one might alternatively call a 

temporary regression or a local U-shaped development) is the most striking 
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deviation from monotonicity in the non-linear developmental curve based on 

the data from boys and girls taken together. More detailed analyses can be 

found in the sections on gender differences and differences between ToM 

components. 

 

Figure 1.  The Loess fitting curve of the ToM sum-score data plotted versus 

age displays a discontinuity. Based upon the second derivative of 

this curve three points of developmental interests were found, 

namely at 56, 72 and 78 months.  
 

 
 

In the remainder of this article, we refer to these non-monotonic 

changes by means of the more common term ‘discontinuity’. We use this 

term in its most general meaning, thus referring to a change in a rate or 

direction of change that is expected to rise monotonically.  

 

 

Are these discontinuities real? 

Since development is tacitly assumed to imply continuous improvement, 

temporary regressions or discontinuities are seldom welcomed 

enthusiastically (Siegler, 2004). Nevertheless, before taking the data as valid 

evidence for the existence of such discontinuities, it should be checked 

whether the discontinuities are not simply the result of inadequate selection 

procedures or of statistical anomalies, namely accidental sampling effects or 

the influence of specific, biased or incompetent testers. In this section, we 
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confine ourselves to the most pronounced discontinuity in the 

developmental curve, which is the dip at around 72-78 months.  

The first objection against the reality of this observed discontinuity 

is that we have made a serious error in the selection of children around the 

ages at which the temporary regressions have been found. However this is 

highly unlikely, the selection procedure has been carried out with the utmost 

care and selection criteria were uniform over all ages.  

The second objection is that the discontinuities in general and the 

78-month dip in particular are statistical artifacts. Consequently, the null 

hypothesis to be tested is that the generic curve underlying the data is 

actually a monotonically rising curve and that the dip is due to accidental 

sampling variations. Accordingly, it was hypothesized that sampling 

accidents amounted to statistical variations in the representativeness of the 

local samples (e.g. the sample of subjects around the age of 75 months), 

resulting in an accidental over-representation of low-scoring individuals. In 

order to test this null hypothesis, we first specified both duration and 

temporal position of the empirically found discontinuity (the 72-78 month 

dip). The best fitting monotonic growth curve (i.e. a curve without 

regressions) was determined and a regression model for the variances was 

fitted (the best fitting curve was of the form y = a + b/x
1.5

). Since we had no 

prior assumption about where a discontinuity in ToM ability should occur, 

we tested for the accidental occurrence of apparent discontinuities anywhere 

along the time interval between the lowest and highest ages from our set of 

data. Because a theoretical expectation about the length of the discontinuity 

is also lacking, the null hypothesis should also be tested for different time 

windows (it is understood that such durations must be within the limits of a 

few months, longer durations would hardly be interpreted as ‘temporary 

dips’). By means of a Monte Carlo technique - simulating distributions of 

scores based on the null hypothesis - we calculated the probability that the 

null hypothesis model yields a discontinuity, comparable to the observed 

discontinuity, somewhere along the observed age interval. This method is 

based on bootstrapping samples and is assumption-free (compare Wellman 

et al., 2001). Moreover, it accounts explicitly for the unbalanced distribution 

of ages (e.g. fewer older children in the sample). The discontinuity was 

defined as the maximal difference between moving averages of the sum-

scores simulated on the basis of the null hypothesis model, and was 

calculated for a series of predefined intervals (e.g. from one to three 

months).  
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First, we tested for all possible locations and for different durations 

of discontinuities across the entire age span. The pattern of the p-values 

supported the conclusion that it is unlikely that the observed discontinuity is 

an accidental sampling effect of an otherwise continuous, monotonically 

rising simple curve (Monte Carlo, p=.01 through p=.05, depending on the 

length of the tested interval). Thus, it is highly likely that the observed 

discontinuity is caused by a real discontinuity in the data. When we took 

another indicator for discontinuity, namely negative slope (also calculated 

over an interval of variable length), we found converging evidence (Monte 

Carlo, p=.02; the p-value refers to an average duration for the discontinuity, 

as determined on the basis of the first significance test). 

Next, we checked if the data were experimenter-dependent, implying 

that the discontinuity is in fact caused by anomalous test administrations by 

a particular test assistant who, for some accidental reason, is associated with 

the age range at which the dip is found. We defined eight groups of data sets 

by leaving out the data of one particular tester or a group of similar testers at 

a time. If the temporary discontinuity is due to an anomalous tester, it 

should disappear in the dataset from which this particular test assistant is 

lacking. We repeated the statistical procedure described above for each of 

the reduced data sets. The resulting p-values showed that the discontinuity 

remained significant for each of the reduced data sets and was thus not due 

to an anomalously operating experimenter (Monte Carlo, <.001 through 

p=.05). 

In summary, neither selection errors, nor accidental sampling errors 

nor a deficient experimenter can account for the occurrence of the observed 

discontinuity.  

 

 

Additional indicators for discontinuity 

In order to further corroborate the validity of the observed discontinuities, 

we can, first, check whether the change in the average sum-scores is backed 

up by changes in additional statistical indicators, namely changes in 

skewness, growth rate and variability. Second, we can check whether the 

observed discontinuities in the sum-scores are due to a particular sub-group, 

more precisely whether they are due to subjects with either low, average or 

high sum-scores, or to either boys or girls. Thirdly, we wish to know 

whether the discontinuities occur in all components of ToM, i.e. in all sub-

scores, or whether they are due to particular components (e.g. due to 
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additional components instead of core ToM components; e.g. due to the sub-

score ‘distinction between physical and mental entities’).  

What we expect to find is that the discontinuities in the average sum-

scores over time are associated with changes in skewness, growth rate and 

variability that are indicative of an underlying transition, that the 

discontinuities occur irrespective of the score level (low-average-high) and 

the subject’s gender, and finally, that they occur in all ToM sub-scores, 

especially in the core ToM sub-scores like the understanding of desires and 

beliefs. We begin with a section discussing the association with additional 

indicators. 

 

Skewness and variability as indicators of an underlying transition 

In the introduction, we discussed three qualitative indicators of 

developmental transition, namely skewness, temporal changes in growth 

rate and change in variability. Before further analyzing the developmental 

ToM pattern, we first wished to determine whether the hypothesized 

properties stated are indeed characteristic of a developmental transition of 

the kind we now expect to find in the ToM-data. In order to do so, we 

mathematically simulated a transition model in order to check whether the 

expected qualitative indicators occur. A good example of a developmental 

transition is a two-step growth process (for details on how such models can 

be specified and simulated, see Van Geert, 1991, 1994; a two-step growth 

process can easily be extended towards a three- and more-step model if 

needed).  

A simulation sample consisting of 600 individual two-step growth 

curves with randomized initial level, growth rate and final state level was 

simulated over 100 time steps (meaning that the age range between 3 and 12 

was divided into 100 time points). The skewness, growth rate (first 

derivative) and variability (standard deviation) for each simulated time point 

of the 600 cases was calculated. Then, time trajectories of skewness, growth 

rate and variability over the 100 simulation groups could be inspected and 

compared, with the aim of finding characteristic qualitative properties. 

Note that by taking skewness, growth rate and variability measures 

from each simulated time point (we have 100 time points), we in fact 

discarded all available information about the individual (longitudinal) 

trajectories. In fact, by taking a random sample at each point in time from all 

the simulated cases, we simulated a purely cross-sectional measurement, 

formally similar to the cross-sectional data collected in our ToM study. The 

qualitative properties of the time-series of skewness, growth rates and 
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variability were conserved in these purely cross-sectional samples, thus 

showing that time-serial longitudinal datasets are not necessarily needed in 

order to discover ‘flags’ or markers indicating underlying growth patterns. 

Figure 2 shows the pattern of changes in the skewness, first 

derivatives and standard deviation based on a simulation of a two-step 

growth process. It shows a series of two peaks in the skewness, the first 

derivative and the standard deviation. The skewness and first derivative 

peaks largely coincide (covariance of the series is on average 0.7). The 

skewness peaks precede the growth rate peaks (first derivative) and the 

latter precede the variability peaks (standard deviation).  

 

Figure 2.  Loess curves of the three qualitative indicators of developmental 

transition based on simulated data. The skewness peaks precede 

the growth rate peaks and the latter precede the variability peaks. 
 

 
Legend: FD= first derivative (or growth rate), SD= standard deviation (or variability). 

 

In contrast with the simulation data, the empirical data provide only 

one case for each time point (i.e. each age of a participant). This implies that 

skewness must be calculated over a moving time window, comprising a 

sufficient number of cases (we have chosen 21 successive data points, this is 

averagely a period of 6.34 months). Successive data points are likely to 

show the progress (or eventually regression) corresponding with their time 

window (e.g. the period from 34 to 40 months that spans the first time 
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window). Skewness must differ from the mere change in the variable (if it 

does not, it adds nothing to our analysis), and thus be defined independent 

of the change. A good way of doing so is to calculate skewness over the 

residual values, i.e. the sum-scores minus the corresponding value of the 

smoothed, non-linear growth curve. Since the nonlinear smoothing 

procedure adapts itself optimally to the local averages, the residuals should 

be expected to be symmetrically divided around zero, except if the skewness 

varies as a function of developmental time, which is what we expected to 

find. 

After calculating the skewness of the residuals, the skewness data 

were smoothed by means of a Loess smoothing method, with a window size 

of 30%. First derivatives (i.e. local growth rates) of the developmental curve 

were then calculated and also smoothed. Lastly, the variability (moving 

standard deviation) was calculated. The resulting curves are represented in 

Figure 3 (we used standardized values, so the three criteria can be presented 

using one scale).  

 

Figure 3.  Loess curves of the three qualitative indicators of developmental 

transition based on empirical data. A mixture between a two-step 

and a three-step growth process is obvious. There are two peaks, 

both in the skewness and in the first derivative curve. 
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Legend: FD= first derivative (growth rate), SD= standard deviation (variability). 
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Figure 3 shows a mixture between a two-step and a three-step 

growth process. There are two large peaks, with a smaller peak in between, 

most clearly observable in the variability measure and less in the other two 

measurements. The qualitative similarity with the model simulation of a 

two-step process is striking. There are two peaks, both in the skewness and 

in the first derivative (i.e. growth rate) curve. As is the case in the 

simulation, the peaks of skewness largely coincides with those in the first 

derivative (growth rate), and the skewness peaks come somewhat earlier 

than those of the first derivative. Note that the model simulation was not 

meant to model the current data set, but to show which type of co-varying 

pattern in skewness and growth rate should be expected in a two-step 

developmental process. The covariance of the series, after standardizing, is 

0.88, which is comparable to (and even higher than) the high covariance that 

the simulation model predicted. 

Before concluding that the skewness and first derivative data support 

the notion of a two-step developmental process, we need to know what the 

probability is that a similar covariation of skewness and first derivative 

curves can be obtained if the underlying statistical variation of the sum-

scores is in fact symmetrical across age (and not varying systematically, as 

hypothesized). That is, what is the probability that a null hypothesis model 

produces the same or higher covariance? According to the null hypothesis 

model, the distribution of the sum-scores around the predicted value is 

symmetrical. The predicted value at any age is the value of the non-linear 

developmental curve at the age point in question. The variability of the sum-

scores around each expected point is given by the standard deviation of the 

observed residuals. The null hypothesis model can be tested by generating 

random series of sum-scores based on a normal distribution model, with 

means equal to the successive values of the nonlinear growth curve and 

standard deviations equal to the observed standard deviation of the 

residuals. Two hundred such series were generated, Loess smoothed with a 

30% window and then standardized. Covariances were calculated between 

each smoothed series and the first derivative time series. Only 2 out of the 

200 series had a covariance greater than or equal to the observed covariance. 

This means that the p-value of the observed covariance, i.e. the probability 

that the observed covariance can be explained by the null hypothesis model 

is approximately 2/200, i.e. 0.01 (‘approximately’, because the number of 

null hypothesis simulations – 200 – is rather limited). We can thus conclude 

that the skewness data provide further independent evidence for the 

existence of at least a two-step process in the development of ToM. 
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Discontinuities in sub-groups and sub-scores 

After having checked additional indicators of a transition, we now proceed 

with the question of whether the observed discontinuities in the sum-scores 

are due to a particular sub-group (ToM level or gender).   

Firstly, we divided the children in four groups, based upon local 

percentile borders, which divides the group of subjects into four score 

levels, from low to high. Per 33 children (a tenth of the data set), children 

were divided in four groups: a group below P25, a group between P25 and 

P50, a group between P50 and P75, and a group higher than P75.  A 30% 

Loess smoothing was computed. All groups showed a clear temporary 

regression effect (see Figure 4); the discontinuity was most obvious in the 

middle two groups. 

 

Figure 4.  Loess curves of percentile borders of the ToM sum-scores plotted 

versus age. 
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Note: Children were divided in 4 groups: a group below P25, a group between P25 and 

P50, a group between P50 and P75, and a group higher than P75. All groups showed two 

clear discontinuities. 

 

Secondly, we compared the curves for both genders. In doing so, 

some differences became obvious (see Figure 5). The girls showed two 

deviations from monotonic increase: an increase between the fourth and fifth 
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year, followed by a plateau (first regression) and then again a growth spurt 

between the fifth and sixth year, followed by a dip (second regression) and 

ending with a last growth spurt. The boys showed only one dip, which was 

more pronounced than the simultaneous dip of the girls. Through slope 

hunting techniques, we investigated the statistical significance of these dips 

in the null hypothesis model.  

 

Figure 5.  Loess curves of the ToM sum-scores plotted versus age, for boys 

(black line) and girls (gray line).  
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Note: The girls show two regressions, the boys only one. 

 

 The slope hunting technique went as follows: first, a moving average 

of age was calculated for windows of 30 consecutive ages in the data set. A 

corresponding moving slope (i.e. a slope over a moving window of 30 

consecutive sum-scores from the sample) was then calculated for the sum-

scores, for boys and girls separately. Next, the lowest value of all slopes was 

determined. At the end, we tested the position of all local slopes minima and 

compared all combinations by place, amount and distance, with our original 

Loess curve. The dip of the boys appeared to be significant (Monte Carlo, 

p=.007). The dip of the girls was more flat and appeared not to be 

significant (Monte Carlo, p=.20). However, this dip appeared around three 

months earlier than in boys. If we reckon with the fact that ToM develops 
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earlier in young girls than in young boys (Charman et al., 2002), the earlier 

appearance of the dip in the girls seems a meaningful phenomenon. The 

probability that the occurrence of a dip of this magnitude appearing up to 

three months earlier but not later than in the boys is about 0.03 (Monte 

Carlo). 

Finally, we wished to check whether the dip is observable in all ToM 

sub-scores and preferably in the core ToM sub-scores (on desires and 

beliefs). For this purpose the sub-scores were rescaled, to make comparisons 

easier. Loesses with a window size of 20% were calculated1. All ToM sub-

scores showed dips at the same ages as the dips found for the ToM sum-

score (Monte Carlo, p=.01) (see Figure 6). The curves of the core ToM sub-

scores showed the same characteristics as that of the ToM sum-score; the 

sub-score on beliefs and the additional sub-score on only false beliefs 

(maximum score=9) even displayed the most distinct dips. The deepest 

point of the dip in the sub-scores was at the same age as the dip based upon 

the ToM sum-score (at 78 months). 

The comparison between sub-scores for various ToM components 

was also carried out for boys and girls separately. A similar pattern was 

observable, again with the core ToM sub-scores displaying the most obvious 

dips. When we looked at the additional sub-score for false beliefs, similar 

findings were found. However, boys now evidenced two statistically 

significant discontinuities (Monte Carlo, p=.006 and p=.005). They 

appeared at the same age as the discontinuities found for the ToM sum-

scores. For girls, the first discontinuity is again not significant (p=.18), 

however the combination of the slopes of both discontinuities is statistically 

significant (MC, 100 simulations, p=.05). Thus, although one discontinuity 

has a reasonable chance to occur by coincidence, however, two chance 

discontinuities are very unlikely.  

 

 

                                                           
1 Since the range of the sub-scores is obviously considerably smaller than that of the total 

test, a window size of 30% as used for the sample of total scores does not have sufficient 

temporal resolution. For this reason, a smaller window size of 20% was selected. 
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Figure 6.  Loess curves of the ToM sub-scores plotted versus age. All ToM 

sub-scores showed dips at the same ages as the dips found for the 

ToM sum-score. 
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Legend: ER= Emotion Recognition, D= Desire, B= Belief, FB= False Belief, MP= Mental 

Physical. The deepest point of the dip based upon the ToM sum-score is pointed out with 

the arrow and dotted line. 

 

 

Is there a two or three step developmental model? 

As we mentioned before, girls evidenced a three-step development and boys 

more a two step development. However it is highly probable that also boys 

show a three-step development. It is hypothesized that the first transition is 

observable only in girls, because of differences in major parameters - in 

particular the value of the main parameter, which is the growth rate - and 

not because of differences in the underlying variables affecting the growth 

of ToM.  

In order to show that this interpretation is indeed feasible, we fitted a 

three-step growth pattern of ToM-knowledge, based on the emergence of 

two underlying, supportive variables, one around the age of 56 months (A) 

and another around the age of 72 months (B) (see Figure 7). These 

supportive variables are hypothetical and may for instance include executive 

functions, which are known to be important in ToM functioning (for the 

relation between ToM and executive function see e.g. Carlson et al., 2002).  
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Figure 7. A three-step growth pattern (broad striped line) fitted over the 

smoothed ToM sum-score data (interrupted line), taking into 

account the emergence of two underlying, supportive variables A 

and B. The top graph shows the fit of girls, the bottom part shows 

the fit of boys. The underlying variables A and B are of the same 

magnitude and occur at the same age in both genders.  
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 The growth model that was fitted to the smoothed data is of the type 

described by Van Geert (1991) and by Fischer and Bidell (2006) and 

contains positive parameters, i.e. a supportive relationship, for the A and B 

levels and negative parameters, i.e. a competitive relationship, for the first 

derivative of the hypothetical A and B levels (which corresponds with the 

actual change in these levels) (for an explanation of the underlying logic of 

the model, see Fischer & Bidell, 2006, and Van Geert, 1991, 1994). Figure 7 

shows the fit with the smoothed curves of boys and girls separately, based 

on underlying hypothetical variables A and B which are of the same 

magnitude and occur at the same age in both sexes. Table 2 shows the 

values of the model parameters.  

 

Table 2. Values of the model parameters used for the dynamic systems 

growth model. 
 

 Girls Boys 

Growth rate   0.15   0.10 

Support from A   0.33   0.10 

Support from B   0.24   0.16 

Competition from the growth of A   0.00   0.00 

Competition from the growth of B -3.20 -2.50 

  

A striking difference between boys and girls is that the parameter 

values cause faster growth and more effect of supportive and competitive 

variables in girls than in boys. The first plateau, which is observable in the 

girls thanks to their higher growth rate, is in fact concealed in boys, as a 

consequence of their lower growth rate and lesser effect from the A-variable 

(which is a hypothetical variable emerging around the age of 4.6 years). The 

second plateau is observable in both girls and boys. Although the 

competitive effect of B on ToM is greater in girls than in boys, the 

observable effect is more salient in boys. This finding may lead to the 

conclusion that girls evidenced a three-step development and boys only a 

two step development. However, in dynamic growth models, parameters 

often show nonlinear co-variations, e.g. competitive effects among variables 

can be masked by higher growth rates. The dynamic growth model (see 

Figure 7) showed that the expression of the steps in the form of observable 

plateaus and marked dips may depend on the values of the growth 

parameters, in particular the value of the main parameter, which is the 

growth rate. It can be concluded that a dynamic growth model involving the 

effect of two variables affecting the growth of ToM, one occurring around 
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the age of 56 months and the other around the age of 72 months, can 

account for the variety of non-linear phenomena observed in the data, 

including the differences and similarities, the plateaus and dips between 

boys and girls. 

 

 

 

DISCUSSION 

 

Discontinuity in the development of ToM  

Our findings support the general developmental view of ToM. Based on 

cross-sectional analyses, our test results show that ToM increases with age 

(with the greatest increase between 42 and 56 months, that is between 3.5 

and 4.7 years of age), and that it continues to develop after the age of six. 

The development before the age of four and a half is evidently continuous. 

However, after this age discontinuities occur. Two temporary regressions, 

one around the age of four years and eight months and one at the age of six 

to six and a half, are found not only in the ToM sum-score curve but also in 

the ToM sub-score curves.  

The regressions can be viewed as indicators of discontinuity in ToM 

development. We have demonstrated that the probability that the main 

regression (72-78 months) is either a statistical selection artifact or an 

experimenter artifact is very small. The application of additional indicators 

– skewness, growth rate and variability – provided further support for the 

occurrence of a transition –or two transitions – in the development of ToM. 

Also, the discontinuity found cannot be accredited to gender differences. 

Both boys and girls showed a marked regression around the age of six. 

However, girls also showed evidence for an additional earlier regression, 

around the age of five.  

We have chosen to illustrate that there are discontinuities in ToM 

development, first with the overall data, and second to go into more detail 

by taking into account gender and ToM sub-scores. When we looked at the 

core ToM-components, like desires and beliefs, we found that the two 

discontinuities (at 56 and at 72-78 months) were statistically obvious in both 

boys and girls.  

There are different views on the manner in which ToM develops in 

preschoolers. For instance, one view assigns central importance to the 

occurrence of a conceptual change. This change takes place between the age 

of three and four/five (Wellman et al., 2001; Gopnik, 1993; Perner, 1991). A 
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second view implies continuous increases in ToM-related processing 

abilities rather than radical conceptual shifts in understanding mental states 

(e.g. German & Leslie, 2000; Carlson & Moses, 2001; Birsch & Bloom, 

2004). Our data show evidence in favor of both views. There is a pattern of 

overall continuous change, with a steep growth of ToM knowledge around 

the age of four, followed by a more continuous increase of ToM knowledge 

leveling off towards the age of five and interrupted by a temporary 

regression around the age of six, which occurs in boys and girls alike. 

Differences between these two views seem to cohere with the difference 

between a qualitative and quantitative approach of development. In this 

article, we have demonstrated the advantages of a quantitative approach if it 

is used to focus not only on general monotonic trends but also on eventual 

non-linearities in the data, such as temporary regressions, peaks in skewness 

etcetera.  

Overall, we found boys and girls to follow the same developmental 

path. However, we also found some gender differences in ToM 

development. Up to now, gender differences have seldom been reported in 

ToM research. In fact, most studies find no statistically significant 

differences between boys and girls, which might be due to the use of tests 

that are insufficiently capable of capturing subtle individual ToM 

differences (Baron-Cohen et al., 1997a), or have insufficient statistical 

power. Similar to the study of Charman and colleagues (2002), our study 

included a more extensive sample than the majority of current studies do. In 

addition, we employed statistical techniques that are sensitive to more subtle 

developmental patterns. Under such methodological conditions, eventual 

gender differences are more easily recorded from the data, not only in the 

appearance of ToM skills but also in the rate of ToM development. The 

early ToM-growth in girls was more rapid than that of boys. Gender 

difference in the rate of ToM development has been hypothesized before by 

Baron-Cohen and colleagues (Baron-Cohen et al., 1997a) and by Charman 

and colleagues (2002) who found that young girls have a ToM-advantage, 

which disappears as children get older. Such a higher early rate of growth 

results in a greater likelihood of a later temporary standstill (van Geert, 

1994), which has indeed been demonstrated in our data, for girls showed 

two discontinuities and boys only one. The more rapid ToM growth in girls 

might be due to the fact that, from the beginning, girls are more focused on 

sociability. For instance, already in one day old neonates, a definite sexual 

dimorphism is observable (Connellan, et al., 2000). Next to that, girls also 

have better verbal abilities than boys (Halpern, 2000), stronger syntactic 
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abilities and a larger amount of social experiences (Charman et al., 2002). 

Language is considered an important factor in ToM functioning (e.g. 

Garfield et al., 2001; de Villiers & Pyers, 2002). Finally, there is evidence 

that females show more pronounced responses of the mirror neuron system 

than males (Cheng et al., 2006), and the mirror neuron system has been 

hypothesized to directly relate to ToM-related abilities in both adults and 

children (for a review see Oberman & Ramachandran, 2007; and see also 

further in this article).  

 

 

Potential explanations for the observed temporary regressions 

In this article we reported the discovery of one or two temporary 

regressions, indicative of either a two- or three-step development. The 

literature on U-shaped growth and non-linear growth curves in general 

provides some hints on possible explanations.  

The first explanation is that the discontinuities reflect a temporary 

conflict between competence and performance (Marcus, 2004). According 

to this view, the development of ToM-competence follows in reality a 

monotonically rising function, but for some accidental reason, performance 

on ToM-tests gets a little worse around the age of six, maybe because a 

particular performance component interferes negatively. The question is of 

course what this performance factor is. In addition, one may question 

whether this competence-performance distinction is relevant on the level of 

testable psychological functions. Dynamic systems theory, as advocated by 

the late Esther Thelen and her collaborators, makes no distinction between 

these two levels, and sees a temporary regression as a direct consequence of 

dynamic interactions between components that are responsible for the 

production of answers to ToM-questions (Gershkoff-Stowe & Thelen, 

2004). According to this view, there is no Theory-of-Mind in the sense of an 

identifiable, internal conceptual structure. All behavior is soft-assembled, 

and temporary regressions reflect the ‘continuous changes in the collective 

dynamics of multiple, contingent processes’ (Gershkoff-Stowe & Thelen, 

2004, page 11).  

Another point that we wish to re-emphasize is that, from a 

dynamical point of view, cross-sectional data provide ‘first-encounter’- 

results (see section Cross-sectional versus longitudinal research), which 

might be more sensitive to the factors causing the temporary regression than 

results from frequently repeated measurements. The possibility that the 

regression effect is, among others, sensitive to testing conditions, does not 
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reduce its developmental significance. The question is of course which 

continuously changing aspect or aspects of ToM-related behavior is or are 

responsible for the observed discontinuities.  

According to Brainerd (2004), temporary regressions in performance 

occur if a particular performance class – for instance the class of ToM-

related questions – is served by opposing strategies, or dual processes. It is 

conceivable that up to the age of six, the child has employed an intuitive and 

direct solution to ToM-problems, while at around the age of six a new 

approach begins to emerge, which is more cognitive and reflective in nature 

(we will discuss this point further in our overview of the mirror neuron 

system and its potential relation to ToM). The emergence of a second 

strategy requires a form of reorganization of components responsible for 

ToM-performance, and the observed discontinuities are likely to reflect this 

reorganization (Werker et al., 2004; Feldman & Benjamin, 2004; Friend, 

2004; Marcovitch & Lewkowicz, 2004; Rogers et al., 2004). That such 

discontinuities indeed occur as a consequence of continuous, long-term 

growth in a developing system has been demonstrated by modeling 

development, either by means of connectionist networks (Rogers et al., 

2004) or by means of dynamic systems models of the type advocated by 

Van Geert, Fischer and others (see Demetriou & Raftopoulos, 2004, for a 

discussion regarding U-shaped growth). In these models, long-term 

development is context-specific and dependent on dynamic interactions 

among many components – biological, cognitive, emotional, behavioral – 

that constitute the developing system (Van Geert, 1991, 1994, 1998; Fischer 

& Bidell, 2006; Fischer & Rose, 1994). Relationships between the multiple 

components in a system can be supportive, competitive, conditional or 

neutral. The dynamics of these relationships over time explain the 

emergence of phenomena such as accelerations, decelerations and 

regressions.  

Based on dynamic modeling and indirect evidence from brain 

development, neo-Piagetian theory predicts relatively major shifts in 

development around the age of six years, dependent on the context or 

content of the developmental function (Fischer, 1980; Fischer & Bidell, 

2006; Case, 1991). The shift is broadly associated with a marked increase in 

more reflexive, coordinated ways of thinking in contrast with the more 

intuitive, uni-dimensional ways of thinking that precede it. Although the 

application is purely speculative, it might be so that around the age of six 

the intuitive ToM judgment, which is considered to be largely based on 

biologically founded forms of empathy (Preston & de Waal, 2002) is 
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supplemented by a more reflective, cognitive form of ToM-reasoning. In 

this regard, it has been shown that six-year-olds have little trouble assigning 

false beliefs to others, but only arrive at a truly interpretive ToM at the age 

of seven (Carpendale & Chandler, 1996; Lalonde & Chandler, 2002). As 

predicted by the theories discussed earlier, this emergence of a new ToM-

specific strategy might explain the temporary regression found in our data.  

The previous explanations all rely on the notion of distinctive, 

developmentally ordered strategies for solving ToM-problems. In fact, there 

is supportive but indirect evidence of two ’approaches’ to ToM: an intuitive 

(or automatic) and a reflective (or controlled) route (Lieberman, 2007). 

Indirect evidence for an intuitive, neuro-physiologically-based 

understanding of ToM-related properties of other persons comes from the 

rapidly growing literature on the neuronal systems that underlie the 

spontaneous understanding of human actions and psychological states of 

others. An example of such systems is the mirror neuron system (for the 

relationship between the mirror neuron system and autism, see for instance 

Gallese, 2006; Hadjikhani et al., 2006; Iacoboni & Dapretto, 2006; Lepage 

& Théoret, 2006; Oberman & Ramachandran, 2007; Williams et al., 2006b; 

but see Hamilton et al., 2007 for critical remarks). There is 

neuropsychological evidence that specific parts of the brain, such as the 

medial prefrontal cortex and the temporal-parietal junction are involved in 

the processing of ToM-related information (Frith & Frith, 2003; Kobayashi 

et al., 2007; Lieberman, 2007; Saxe & Wexler, 2005).  

The literature cited shows that the severity of neurophysiological 

dysfunction in specific areas of the brain is related to the severity of 

problems in the social domain of autistic children and adults. The ToM of 

people with autism is thus likely to rest heavily on reflective representation. 

It is hypothesized that through cognitively mediated routes people with 

autism are able to compensate for the lack of an intuitive ToM (Baron-

Cohen et al., 1993; Dissanayake & Macintosh, 2003; Eisenmajer & Prior, 

1991). It is a strategy they can only master if a verbal mental age of eleven 

years is attained (e.g. Happé, 1995). Typically developing subjects, on the 

other hand, use the direct biology-based routes as well as the more cognitive 

ones. Their understanding of ToM is a combination of approaches and 

strategies (Lieberman, 2007), the combination of which changes across 

development (Kobayashi et al., 2007). It is not unlikely that the regressions 

found in our study reflect a major reorganization in the composition of this 

complex of strategies, but the necessary neurocognitive evidence to support 

such hypothesis is lacking for ages under six. 
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It should be noted that the discontinuities found in our data need not 

reflect a difference in ToM understanding per se but could reflect a 

developmental difference in other factors necessary for the task. For 

instance, attention, inhibition and ‘curse of knowledge’ may play a role (e.g. 

Birch & Bloom, 2004; Carlson & Moses, 2001; German & Leslie, 2000). At 

the age of six, the development of executive functions undergoes its first 

active stage of maturation (Brocki & Bohlin, 2004). It is not unthinkable 

that this development also has consequences for the ToM development of 

children (Carlson et al., 2002). In the future, paediatric structural and 

functional neuroimaging might give more insight into spurts of cognitive 

functions that (positively or negatively) influence ToM performance.  

Finally, data recently collected on children with PDD-NOS (Blijd et 

al., submitted c) show a highly comparable dip in ToM-scores. However, in 

accordance with the developmental delay in ToM typical of such children, 

the dip occurs at a slightly later age than in the typically developing 

children. The delay in the dip supports the conclusion that the dip is a 

genuine phenomenon of ToM-development, and not of interference with 

some other non-ToM factor, which is not necessarily delayed in children 

with PDD-NOS. 

 

 

A three step developmental model 

Visual inspection of the graphs revealed that girls showed two plateaus and 

boys only one. The dip of the boys coincided with the second (more 

shallow) dip of the girls. The dynamic growth model showed that the 

observable effects of the parameters that are likely to govern the occurrence 

of the dips depend on their covariation with the growth rate parameter. In 

short, the proposed dynamic growth model explains the non-linear 

phenomena observed in the data, including the differences and similarities, 

the plateaus and dips between boys and girls.  

 

 

Limitations of the research and prospects for further study 

One of the restrictions of this research is that it had fewer children in the 

older age range (from 8 years on), which implies a reduction in reliability at 

the older ages. Also, the test was probably too easy for the older children 

since we did not include more advanced ToM tasks that are typically 

mastered at later ages. Perhaps additional regressions would have been 
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found at the older ages if second-order belief tasks (Perner & Wimmer, 

1985) or more complex emotional constructs would have been used. 

However, not having included such tasks does not change anything to our 

main message, that there are discontinuities in ToM development.  

Since this research is based upon a new test administered only in 

Dutch children, one could wonder to what extent cultural and linguistic 

differences and the choice of particular stories and tasks affected the 

individual age limits. However, meta-analyses have shown that such factors 

have only little effect upon the general development of ToM skills in 

normally developing children (Wellman et al., 2001). Concerning false 

belief tasks, it is illustrated that researchers can vary the tasks over an 

extensive set of possibilities without seriously influencing the group 

performance of children. We trust that the medium, in which the ToM tasks 

are presented here, the ToM Storybooks, has provided valid results.  

The major limitation of our research is that the growth curve of ToM 

is based on cross-sectional data and should be seen only as a first attempt to 

describe non-linear aspects of ToM development. But as has been argued in 

this article, cross-sectional data address the child’s ’first encounter’-reaction 

to explicit ToM questions. This first-encounter is likely to reveal properties 

that a repeated measure design might eventually conceal, due to repetition 

and learning effects. However, in order to obtain a better account of non-

linear phenomena in ToM, further time-serial longitudinal research is 

required. After all, individual developmental routes can deviate considerably 

from developmental pathways based on averages of cross-sectional 

measurements (see conservation curves of Van der Maas, 1993). Only a 

longitudinal design provides the opportunity to investigate long-term 

changes and short-term stability of ToM and its components. The findings 

from the current article can serve as a guideline for the age periods in which 

more extensive measurements are needed to find evidence of discontinuities 

in ToM development. In addition, there is already some converging 

evidence from longitudinal ToM research both in typically developing 

children (Serra et al. 2002) and children with PDD-NOS (Blijd-Hoogewys 

et al., submitted c), further supporting the robustness of this developmental 

phenomenon. 

Further longitudinal research looking into developmental 

discontinuities in ToM development is recommended. It is essential that 

such studies comprise a number of repeated measurements that is sufficient 

to capture the expected non-linearities and that growth models are fitted that 

are sensitive to such eventual non-linearities.  
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In sum, this article has explored the existence of temporary 

regressions in ToM development. Because little is known about the 

dynamics in ToM development, a cross-sectional design was applied in 

combination with non-linear fitting methods. Data from the ToM 

Storybooks, a comprehensive measurement of ToM, showed that a two or 

three step developmental model can be distilled. There are discontinuities: 

one at the age of four years and eight months, and one between the ages of 

six to six and a half. These non-linear phenomena could not be explained as 

accidental sampling effects and were supported by additional indicators of 

discontinuity, namely changes in skewness, growth rate and variability. The 

discontinuities were observable not only in the ToM total score, but also in 

the ToM sub-scores and in both boys and girls. Finally, the dynamic growth 

models presented in this article might serve as a starting point for the 

formulation of a theory of ToM in a broader developmental context. 
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CHAPTER 5 

 

Temporal patterns in the development of 

Theory of Mind. A longitudinal study in 

children with PDD-NOS. 

 
 

Abstract: Children with PDD-NOS are often not included in Theory-of-

Mind research, although they experience specific Theory-of-Mind problems. 

This study is aimed at establishing whether their problems are only of 

quantitative nature, whether they display a spontaneous yet delayed Theory-

of-Mind development, whether their Theory-of-Mind problems are subject 

to age changes and whether Theory-of-Mind growth is reflected in more 

adequate social behavior over time. Thirty children with PDD-NOS (3-8 

years old) were tested six times over a period of 20 months with the Theory-

of-Mind Storybooks, which is a comprehensive test measuring basic 

Theory-of-Mind knowledge. Their Theory-of-Mind knowledge was 

compared to two control groups. At the first measurement, children with 

PDD-NOS displayed quantitative problems with belief, desire and mental-

physical tasks. There were no qualitatively different Theory-of-Mind score 

profiles indicative of a deviant development. The Theory-of-Mind problems 

and developmental progress were subject to age trends. At the last 

measurement, children with PDD-NOS have caught up their delay, on the 

one side as a result of aging and on the other side as a learning effect due to 

repeated measurements. The correlation between Theory-of-Mind and 

everyday social behavior was positive but relatively weak. Children with 

PDD-NOS display Theory-of-Mind problems. Their development is 

delayed, not deviant. One of the most interesting findings of the present 

study is the observation of a temporary anomaly and regression in the 

Theory-of-Mind development of children with PDD-NOS. This anomaly is 

qualitatively similar to the one found in typically developing children. 

Consistent with the observed delay in Theory-of-Mind development, it 

occurs at a later age than seen in typically developing children. 
 

This chapter is submitted as: Blijd-Hoogewys, E.M.A., Van Geert, P.L.C., Serra, M., & Minderaa, R.B. 

(submitted). Temporal patterns in the development of ToM. A longitudinal study in children with PDD-NOS. 
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INTRODUCTION 

 

Theory-of-Mind problems in autism 

Theory-of-Mind (abbreviated as ToM) is the ability to attribute mental 

states to oneself and others and to use these attributions in understanding, 

predicting and explaining behavior of oneself and others (Premack & 

Woodruff, 1978; Mitchell, 1997). ToM is considered an important condition 

for understanding the social environment and for showing socially adequate 

behavior (Astington & Jenkins, 1995). Children with autism have serious 

problems with social interaction. Linked with this, it has been suggested that 

they lack a ToM (postulated by Baron-Cohen et al., 1985). They are known 

to have problems with first-order beliefs (inferring about what another 

person thinks) and second-order beliefs (inferring about what another person 

thinks about yet another person’s thoughts) (for reviews see Baron-Cohen, 

2000; Perner et al., 1989; Yirmiya et al., 1998). This difficulty in mental 

state attribution has been found in both children and adults with autism 

(Beaumont & Newcombe, 2006).  

In the beginning, ToM research in autism concentrated on the 

absolute presence or absence of ToM. Later, this point of view was nuanced; 

it was postulated that ToM impairments may occur in various degrees 

(Baron-Cohen et al., 1993) and that children with autism may not be ToM 

blind but rather ToM weak-sighted. This degree of weak-sightedness is 

subject to inter- and intra-individual variability. ToM may differ over 

individuals but also within an individual the level of ToM comprehension is 

not fixed, but may develop over the years. It has been reported that children 

with autism can eventually develop early ToM aspects (such as the 

understanding of desire and pretending) and basic ToM aspects (such as the 

understanding of perception/knowledge, false beliefs and hiding) (Peterson 

et al., 2005). However, more advanced ToM aspects appear more 

problematic (such as the understanding of second-order false beliefs, lies 

and jokes) (Steele et al., 2003; Brent et al., 2004). Still, there are individuals 

with autism who not only pass first-order belief tasks but also second-order 

belief tasks, although they are either older than typically developing 

children or have a higher mental age (Baron-Cohen, 1989b; Happé, 1995; 

Sparrevohn & Howie, 1995; Yirmiya et al., 1996; Ziatas et al., 1998). It 

often concerns individuals with AS (Asperger’s syndrome), an ASD (autism 

spectrum disorder, which refers to the whole spectrum of autism, also 

referred to as autism) with no cognitive or language delays. It appears that 

they have less severe ToM problems than individuals with HFA (high 
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functioning autism, an autistic disorder of normal intelligence) (Baron-

Cohen et al., 1997a, b, 2001; Dissanayake & Macintosh, 2003; Jollife & 

Baron-Cohen, 1999; Klin, 2000) or even do not differ from TD (typically 

developing) (Bowler, 1992; Dahlren & Trillingsgaard, 1993; Ozonoff et al., 

1991; Ziatas et al., 1998). However, other studies found that individuals 

with AS do evidence qualitative difficulties in using mental state terms 

context-appropriately (Kaland et al., 2005).  

Passing ToM tasks seems strongly related to a higher verbal mental 

age (Dissanyake & Macintosh, 2003; Happé, 1995; Sparrevohn & Howie, 

1995; Tager-Flusberg & Sullivan, 1994; Ziatas et al., 1998). Children with 

lesser variants of ASD often have better developed language skills, hence 

resulting in better results on ToM tasks. However, equating the social 

cognitive ability of these individuals with a typical ToM seems not 

legitimate, since their apprehension is probably not achieved through social 

cognitive mechanisms as seen in TD but rather through learning experiences 

and acquired compensation strategies (Hermelin & O’Connor, 1985; Tager-

Flusberg & Sullivan, 2000), also known as the ‘hacking’ hypothesis 

(Bowler, 1992; Happé, 1994; for a critical note see Brent et al., 2004). This 

compensation strategy has been illustrated both in AS (Frith & Happé, 

1999) and AD (autistic disorder) (Dissanayake & Macintosh, 2003). So, 

possibly through compensation, individuals with ASD can to a certain 

degree mask their social cognitive deficits. Nonetheless, several studies 

have shown that they perform much slower (Bowler, 1992; Kaland et al., 

2007) and that more advanced ToM tasks or more naturalistic tasks are often 

failed (Abell et al., 2000; Baron-Cohen et al., 2001; Heavey et al., 2000; 

Klin, 2000; Klin et al., 2004; Roeyers et al., 2001). Though, it has been 

reported that adults with ASD can succeed on even the latter sort of tasks 

(more complex tasks), if they are provided with sufficient support through 

structure and context in these tasks (Ponnet et al., 2005). However, in daily 

live they often remain awkward and socially impaired, since daily live is far 

more complicated than a test situation, less structured and often requires 

rapid and intuitive understanding of mental states of others. A more 

cognitively mediated route seems not always sufficient.  

 

 
A continuum of Theory-of-Mind problems  

In recent years, the focus of ToM research has shifted from a categorical 

approach to observing individual differences and nuances in ToM 

functioning (for a substantial overview, see Repacholi & Slaughter, 2003). 
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Looking at the apparent degree in ToM impairments, the idea of a 

continuum of ToM functioning comes to mind, with at the extreme low end 

a complete lack of ToM and at the extreme high end a complete mastery of 

ToM as seen in TD. However, the disadvantage of such a one-dimensional 

continuum is that it impedes the distinction among subgroups with different 

ToM problems, for instance among children with AD, AS or PDD-NOS 

(Pervasive Developmental Disorder Not Otherwise Specified, a lesser 

variant of autism), whereas there exists support for the assumption that the 

degree of ToM impairment is linked to the severity of the autism diagnosis 

independent of the level of intelligence and language ability (Tager-

Flusberg, 2003). 

To improve the making of distinctions among subgroups, we suggest 

a continuum which distinguishes two dimensions, one referring to the 

quantitative aspects and one to the qualitative aspects of ToM. Quantitative 

aspects relate to the degree of successful use of the skill in question, for 

instance as measured by the score on a ToM test. Qualitative aspects 

concern the composition of a ToM-score in terms of underlying components 

(e.g. first-order and second-order beliefs), it concerns the profile structure of 

the ToM skill in question . In this way, four quadrants can be distinguished 

on the basis of these two theoretical dimensions (see Figure 1). 

Children in the ‘B’ quadrant show both quantitative and qualitative 

deficits in ToM, which can be considered to be characteristic of children 

with severe AD and a deviant ToM development. Children in quadrant ‘C’ 

also show a deviant qualitative ToM profile, but the few skills they are 

equipped with are not differently used in comparison with the TD group. 

Children with AS might be seen as representatives of this type of ToM 

profile, being able to successfully answer first-order belief tasks, but having 

more problems with second-order belief tasks and more naturalistic tasks. 

Children in the ‘A’ quadrant are characterized by a normal qualitative 

profile, but they are delayed in terms of successful use of these skills. 

Hypothetically, children with PDD-NOS belong to this quadrant. It is 

imaginable that a significant subgroup of these children will be able to 

eventually complete the developmental trajectory but with some delay 

(therefore the upward arrow from A to D quadrant). The ‘D’ quadrant 

defines the group of children with a typically developing ToM. The B, C 

and D quadrants have been well established through research. However, the 
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A quadrant, where children with PDD-NOS are supposedly situated, is at 

present less clearly understood
1
. 

 

 

Figure 1:  Two-dimensional ToM continuum depicting four quadrants  

of ToM functioning 
 

 
 

Legend. AS= Asperger syndrome, AD= autistic disorder, TD= typically developing. 

  

 

 

Development of Theory-of-Mind in autism 

It is clear that children with autism evidence ToM problems, but also that 

they undergo some ToM development: they do come to master some ToM 

abilities. How this development takes place, is as yet unclear and it is also 

                                                           
1 Alternatively, the A quadrant could be indicated as the group with ´Acquired ToM´, the B 

quadrant as ´Bad ToM´, the C quadrant as ´Compensated ToM´ and the D quadrant as 

´Developed ToM´.    
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unclear whether their ToM development is either delayed or deviant (a 

question that has been brought up for the first time in Baron-Cohen, 1991b). 

A delay is when the same developmental sequence is followed but at 

a slower pace. A deviance is when a child wanders off from the TD 

trajectory: in such cases the level of ToM functioning is lower as can be 

expected by the mental age; the ToM ability is out of line with other skills 

from related domains (Burack, 1992), and the pattern of abilities regarding 

ToM components is qualitatively different from the TD group.  

Research has not been conclusive on whether children with autism 

evidence either a delayed or deviant ToM development, also because, 

according to Burack (1992), the definitions of delay and deviance have not 

been used correctly. Burrack (1992) argued that the evidence Baron-Cohen 

(1989b) brought up for a delay was actually pointing out a deviant ToM 

development. Subsequent studies continued referring to a delay in ToM (for 

reviews see Happé, 1995; Yirmiya et al., 1998). Illustrative is a recent study, 

which found that the developmental order of ToM components in children 

with AD differs from that in TD (Peterson et al., 2005). These differences 

were highly regular and scalable. Children with autism had a distinctive, 

autism-specific difficulty with false belief understanding (Peterson et al., 

2005). This evidences a deviant ToM development. Yet again the difference 

was referred to as a delay. Oppositely, in children with PDD-NOS a delayed 

ToM development has been demonstrated, though a deviant ToM 

development could not be ruled out (Serra et al., 2002). 

Next to the question whether there is a delayed or deviant ToM 

development in children with autism, one can also question if and how this 

development is reflected in their social behavior. Does it lead to less social 

inadequate behavior? It has been reported that ToM functioning correlates 

with everyday social behavior in children with autism, as measured by the 

parent-rated VABS (Vineland Adaptive Behaviour Scales, sub-domain 

Socialization; Tager-Flusberg, 2003) and the VABS additional items (Frith 

et al., 1994). However, there is also research that did not confirm this 

correlation (Dissanayake & Macintosh, 2003). 

 

 

Relevance of longitudinal Theory-of-Mind studies 

Despite the fact that the development of ToM ability in children with autism 

is plausible, significant ToM changes over time are rarely recorded 

(Holroyd & Baron-Cohen, 1993; Ozonoff & McEvoy, 1994; considering a 

time period of 7 and 3 years respectively). In our view, this might be 
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attributed to the fact that mainly older children were tested (too old to find 

meaningful ToM changes, though it has been shown that there is no 

evidence for a plateau in ToM development in children with autism in their 

early adolescence, see Steele et al., 2003), also perhaps too many children 

were situated in the B quadrant (where no development can be expected). 

Next to that, often only one or a few ToM tasks were used (these tasks have 

higher standard errors and lower reliability than more comprehensive tasks 

using compound scores; if a greater number of tasks is used, ToM changes 

are indeed found, again see Steele et al., 2003). Finally, longitudinal 

research has often confined itself to a very limited amount of repeated 

measurements (often just two measurements, one at the beginning and one 

at the end), not giving much evidence of the developmental process, and 

most conclusions on ToM development are even based on extrapolation of 

findings from different single cross-sectional measurements.  

Ideally, research looking into ToM development in children with 

autism should involve subjects in an age range in which ToM can be 

expected to develop, using a comprehensive ToM task and applying more 

frequent, repeated measurements over an extended period of time. Despite 

the recommendations of prominent researchers to undertake longitudinal 

research (e.g. Baron-Cohen, 1989b; Sparrevohn & Howie, 1995) and using 

comprehensive ToM tests (Astington, 2001; Hughes et al., 2000; Serra et 

al., 2002; Tager-Flusberg, 2003; Wellman & Liu, 2004), little longitudinal 

research has been carried out in children with autism up till now (for 

exceptions see Serra et al., 2002; Steele et al., 2003). Consequently, our 

knowledge of the developmental trajectory of ToM is mainly based on 

single, cross-sectional measurements (for meta-analyses, see Wellman et al., 

2001; Wellman & Liu, 2004). However, in order to understand real 

individual trajectories, subjects should most preferably be followed from the 

stage of ToM precursors to the level of mature ToM. 

Following a substantial number of children during their entire 

trajectory of ToM development is virtually undoable. A compromise 

between following real individual trajectories and confining oneself to 

single cross-sectional measurements is to measure temporal trajectories 

using a dense time-serial design. In such research, a group of children with 

various starting ages are followed for a limited period of time, which does 

not cover the entire developmental trajectory, but which lasts long enough 

to cover a substantial part of the total trajectory, and thus to give 

information about the temporal properties of change. Characteristics of 

developmental routes may give more insight in ToM abilities of children 
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with ASD, and may also give insight in whether they have a deviant or 

delayed ToM development. 

 

 

Relevance of studying children with PDD-NOS 

Research into ToM problems involves mostly individuals with AD. 

Individuals with AS are included far less frequently and few studies include 

children with PDD-NOS. It is not surprising that the latter group is left out 

in research, since the diagnosis PDD-NOS is ambiguous (it is considered a 

heterogeneous rest group) and can often not easily be measured by means of 

standardized clinical instruments. However, it has been speculated that 

PDD-NOS is more prevalent in the population than AD (Chakrabarti & 

Fombonne, 2001; Fombonne, 2003; Lingam et al., 2003). Furthermore, in 

the scope of a ToM continuum, they may represent an important link. If 

ToM problems are related to severity in pervasive developmental diagnosis 

(see Tager-Flusberg, 2003), it can be expected that children with PDD-NOS, 

a lesser variant of autism, have lesser ToM problems. We hypothesized that 

they are situated more at the higher functioning end of the qualitative 

dimension, but do evidence some quantitative ToM problems (the supposed 

A quadrant).  

It has been postulated that children with PDD-NOS have a lesser 

variant of autism because they evidence fewer autistic symptoms, especially 

in the domain of repetitive, stereotyped activities (Walker et al., 2004). They 

also have milder problems with expressive communication; they seem to be 

better in their use of syntax and pragmatics (Paul et al., 2004). Since 

language is considered an important factor in ToM functioning (Astington, 

2001; Astington & Baird, 2004), especially syntactic ability, both in TD (de 

Villiers, 2000) and autism (Tager-Flusberg, 2000; compare with Colle et al., 

2007), one could reason that children with PDD-NOS might also perform 

better on ToM tasks. Indeed, the scarce research undertaken in children with 

PDD-NOS has shown that, compared to children with AD, they perform 

better (Buitelaar et al., 1999). Compared to TD (Serra et al., 2002) or 

compared to children with language impairment (Sicotte & Stemberger, 

1999), they perform worse. Compared to socially immature children, with 

acting-out behavior and social anxiety, no differences were found (Muris et 

al., 1997). However, it should be noted that the latter research was based on 

a single first-order-belief task (Smarties task), which is likely to have lower 

discriminative power for this clinical group.  
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For the current study, we have chosen to test solely children with 

PDD-NOS. Taking into account the ToM two-dimensional continuum, we 

expect children with PDD-NOS to have specific ToM problems, which are 

primarily of quantitative nature (they perform worse than TD children, but 

do not show a different ToM profile). In addition, we expect to find a delay 

and not a deviance in their ToM development.  

 

 

The present study 

In summary, three points are pertinent. First, studies have shown that there 

are individual differences in ToM functioning in children with ASD, 

characterized by varying degrees of ToM impairments. We assume there is a 

two-dimensional ToM continuum, consisting of a qualitative and a 

quantitative dimension. Based on these dimensions, four quadrants were 

formulated, with at the extreme lower left severe ToM problems and at the 

extreme upper right typically developing ToM. Second, a comparable 

continuum is presumed also within ASD ranging from AD over AS to PDD-

NOS (Mayes et al., 1993; Sicotte & Stemberger, 1999). Children with PDD-

NOS are an overlooked group in research and could also be considered an 

overlooked quadrant within the two-dimensional ToM continuum. 

Concerning this continuum, children with PDD-NOS are supposed to be 

situated in the A-quadrant: on the qualitative dimension of ToM they are 

comparable to TD children, but they are low on their respective quantitative 

level of ToM. Third, ToM develops over time, also in children with ASD. 

We assume that children with PDD-NOS evidence a delayed ToM 

development, not a deviant one.  

In this article, a PDD-NOS group is compared with a TD group. In 

doing so, cross-sectional and longitudinal researches are combined, with the 

aim of obtaining more insight into the nature of their ToM problems and 

ToM development. 

As regards the cross-sectional part, ToM problems can express 

themselves through quantitative and qualitative differences in comparison 

with the TD group. Applied to test scores, quantitative differences imply 

that the ToM total score is lower than in the TD group. Qualitative 

differences mean that there are differences in the ToM score profile 

(differences in ToM sub-scores) in comparison with the TD group. The 

latter can be considered an indication for a deviance in the underlying 

developmental patterns. The quantitative and qualitative differences 

between the TD and PDD-NOS group are likely to show age differences, 
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with ToM difficulties being more obvious in some age periods than in 

others.  

Concerning the longitudinal part, the PDD-NOS group is repeatedly 

tested over a period of 20 months, with intervals of four months. As already 

mentioned, we expect a delayed ToM development in the PDD-NOS group. 

Next to that, we expect the ToM development to depend on age, with 

learning gradually declining with age, as expected from TD data. 

Considering this, we would like to remark that ToM development need not 

be continuous. Temporary regressions can occur, as has been described in 

motor and verbal development (Gershkoff-Stowe and Thelen, 2004). After 

mastering an ability children can have a temporary relapse before the ability 

consolidates. This is a well-known characteristic in developmental 

psychology, which has also been demonstrated in ToM development in TD 

children. In a previous study on ToM development in TD, we reported two 

regressions in ToM functioning, namely one at the age of 56 months and 

one at the age of 72-78 months (Blijd-Hoogewys et al., submitted b). Such 

anomalies can find their counterpart in research of children with PDD-NOS. 

However, we expect this anomaly to occur at a somewhat later age, because 

we expect children with PDD-NOS to have a delayed ToM development. 

Serra and colleagues (2002; Figure 2, page 9) already reported such a 

regression in ToM functioning in children with PDD-NOS, namely 

approximately at the age of 60 months, which was indeed later as the one 

seen in TD.  

Additionally, the relationship between ToM problems and social 

behavior is examined. It has been reported that ToM functioning correlates 

with everyday social behavior, as measured by the parent-rated VABS 

(Tager-Flusberg, 2003). Thus, it can be expected that ToM problems to 

correspond with these behavioral scores and that gains in ToM score over 

time also correspond with gains in social functioning as measured by these 

behavioral scores. However, if ToM scores of children with PDD-NOS are 

mainly an expression of the children’s cognitive and reflective 

understanding (referring to the ´hacking´ hypothesis), it is likely that 

progress in ToM test scores does not or only weakly relate to everyday 

social functioning.  

In this study, five questions are addressed: 1) Do children with PDD-

NOS evidence ToM problems? 2) Are their ToM problems more distinct at 

certain ages? (For instance, ToM problems are more pronounced in younger 

children than in older children.) 3) Do children with PDD-NOS evidence a 

developmental progress in ToM functioning? 4) Is the nature of this 
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developmental progress subject to age changes? 5) Is there a meaningful 

relationship between their ToM scores and behavioral scores? Or differently 

put, if there is a ToM growth, is this also visible in their daily social 

behavior?  

An indirect goal of this article is to present evidence for a two-

dimensional ToM continuum. The presence of ToM weaknesses but also of 

ToM strengths and the susceptibility to learning effects may locate children 

with PDD-NOS more towards the right end of the supposed ToM 

continuum, closer to ToM functioning as seen in TD. 

 

 

 

METHOD 

 

Subjects 

Children with PDD-NOS 

These children were referred to an outpatient clinic for child and adolescent 

psychiatry. After an extensive psychiatric examination (which included 

parent interviews and play observations with the child), the children were 

diagnosed as having PDD-NOS according to DSM-IV criteria (APA, 1994). 

All children demonstrated, in varying degrees, the triad of impairments 

observed in pervasive developmental disorders with a central deficit in 

social relatedness. 

Originally the clinical group consisted of 40 children. Their ages 

ranged from three up to and including eight years (M=78.88 months old, 

sd=22.13; gender ratio=4:1). All children participated in an extensive 

psychological examination which included the assessment of intelligence 

and language comprehension, and tests that could validate the diagnosis. 

Depending on the age of a child, different tests were applied. 

Intelligence of children up to 6 years was tested with the SON-R 2½-

7 years (Snijders-Oomen Non verbal intelligence scale: Tellegen et al., 

2003); for children older than 6 years, the WISC-R was applied (Wechsler 

Intelligence Scale for Children-Revised: Wechsler, 1974; Dutch version, 

1986).  

Concerning language comprehension, two Dutch language tests were 

used. For 3-6 year olds, the Reynell was administered (test for receptive 

language comprehension; Van Eldik et al., 1997); and for 6-9 year olds, the 

TvK (Taaltest voor Kinderen, Language Test for Children; Van Bon, 1982) 

was used (subtests ‘vocabulary’ and ‘sentence construction’).  
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To support the clinical diagnosis, two additional tests were 

administered: the Vineland Adaptive Behavior Scales (VABS) (Sparrow et 

al., 1984; Dutch version: Research group Developmental Disorders, State 

University Leiden, 1995) and the Children’s Social Behavior Questionnaire 

(CSBQ; Luteijn et al., 2000; Hartman et al., 2006; Dutch version: VISK; 

Luteijn et al., 2002). The VABS is an interview in which parents are 

questioned about the daily social skills of their child. The following parts of 

the VABS were used: Communication, Daily Living Skills and 

Socialization. For each child the discrepancy between the Vineland age 

equivalent (in months) and the chronological age (in months) was computed 

(VA-CA). The parents also filled in the CSBQ, which focuses on autism-

related behavior. This questionnaire can be used to facilitate selection of 

ASD samples for research purposes (Hartman et al., 2006). 

Based on the results of the aforementioned psychological 

examination, we excluded 10 children. Six children were excluded due to 

gross intellectual delay (IQ<70)
2
; they also had extremely low language 

scores. Four other children were excluded due to extremely low scores on 

the CSBQ (score < 16), indicative of a questionable validity of their clinical 

diagnoses. In the end, 30 children remained in the sample (M=78.95 months 

old, sd=15.58)
3
. There were 24 boys and 6 girls, resulting in a gender ratio 

of 4 to 1, which is the average gender ratio found in children with autism 

(compare Yeargin-Allsopp et al., 2003). Concerning the VABS, they had 

large and negative discrepancy scores in Receptive Language, Playing 

Skills, Interpersonal Relationships and Coping Skills as can be expected in 

children with ASD (Serra et al., 2002). Their problems with Expressive 

Language and Daily Living Skills were less profound (compare Paul et al., 

2004) (see Table 1). The CSBQ scores of our group are comparable to those 

known for children with HFA (High Functioning Autism) and PDD-NOS 

(Hartman et al., 2006, Table V) (see Table 2).  

                                                           
2 We excluded children with an IQ-score lower than 70 because we expected ToM-data to 

become unreliable in these children, due to for example not understanding task instructions 

or to difficulties processing the verbal information.    
3 This clinical research group has already been reported on in a previous paper which was 

aimed at the psychometric properties of the ToM Storybooks (Blijd-Hoogewys et al., 2008). 
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Table 2: CSBQ results of the children with PDD-NOS: means (standard 

deviations) 
 

 This study Hartman et al., 2006 

Subscales PDD-NOS 

(N=30) 

HFA  

(N=102) 

PDD-NOS  

(N=544) 

NC 

(N=232) 

Total score   48.30 

(17.72) 

  47.22 (15.37)   37.84 (15.94) 10.28 (9.05) 

Tuned 10.03 (4.52) 12.14 (5.23) 12.36 (5.60)  4.24 (3.71) 

Social  13.67 (4.98) 10.22 (4.66)  7.75 (4.91)  1.38 (1.99) 

Orientation  8.07 (3.10)  7.71 (3.80)  6.42 (3.80)  1.45 (2.10) 

Understanding 5.27 (3.03)  8.89 (3.29)  6.12 (3.91)  1.94 (2.13) 

Stereotyped 6.40 (3.37)  5.19 (4.22)  2.90 (3.18)  0.74 (1.24) 

Change 2.24 (1.43)  3.09 (1.27)  2.30 (2.16)  0.55 (1.13) 

Legend. NC = normal control 

 

 

Two control groups of typically developing children 

We had a cross-sectional TD pool of 324 children (3-11 years old) at our 

disposal, who were tested in a previous study (Blijd-Hoogewys et al., 

submitted a). These children had no language acquisition problems that 

could have hampered their ToM performance. From this pool of children 

two control groups were selected. One control group was matched for age 

with the clinical group at the first measurement (referred to as group A) and 

a second control group was matched for age with the clinical group at the 

fifth measurement (referred to as group B) (see later for the design of this 

study, Table 3). By doing so, we were able to compare scores obtained 

through longitudinal testing with scores for which we are sure that no 

learning effects due to repeated measurements have taken place.  

The 30 children in the PDD-NOS group were matched on the basis 

of age alone, with children from the TD group
4
. Matching consisted of 

looking for the closest age mate in the typically developing group, and four 

additional age mates with ages around that of the PDD-group child in 

question. The difference with the closest age mate was on average 6 days. 

The average difference in age between the youngest and oldest member of 

each group of five was about 40 days. The choice of five age matches is 

based on the wish to obtain the most reliable estimation of the scores, while 

                                                           
4 Gender differences in ToM functioning have been established before (Blijd-Hoogewys et 

al., submitted a), however they do not apply when the entire age range is concerned. 

Therefore, matching based on age alone was considered to be sufficient. 
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keeping the ages of the matches as close as possible to the age of the PDD-

NOS child in question. The estimated age-specific score of the TD children 

is calculated by taking the average of the scores of the 5 age matches. By 

taking the average of five, the estimated scores come close to the ideal of a 

norm score on the variable of choice. 

 

  

Material 

The ToM Storybooks 

We used the ToM Storybooks (see Blijd-Hoogewys et al., 2008; Serra et al., 

2002). This instrument consists of six storybooks in which a main 

protagonist, named Sam, experiences all kinds of feelings, desires and 

thoughts. The child is asked a variety of questions about Sam’s experiences.  

The tasks focus on ToM and associated aspects that children develop 

between the ages of three to six years old. They cover five components: 1) 

Recognition of emotion, 2) Distinction between physical and mental entities, 

3) Understanding that seeing leads to knowing, 4) Prediction of behaviors 

and emotions from desires, and 5) Prediction of behaviors and emotions 

from beliefs (see Appendix A).  

There are 34 tasks in total. The tasks are spread over the six 

storybooks and are naturally interwoven in the stories (for the order of tasks 

and questions, see Appendix B). Each task is illustrated with one or more 

full color pictures. Transitions between tasks are also accompanied by 

drawings, to keep the story going and furthermore to avoid too much 

switching between situations. The test takes 40 to 50 minutes, including a 

short break. 

 

Scoring procedure 

Each task incorporates one to five questions, including both test questions 

and justification questions (see Appendix B). There are in total 74 test 

questions and 18 justification questions. The answers to the test questions 

(for instance: Where will Sam look for his rollerblades? In the toy trunk or 

in the box?) result in 1 or 0 points (correct or incorrect; maximum 

score=74). Because justifications are considered to better reflect the ToM 

knowledge of a child, most tasks also include ‘justification questions’ (for 

instance: Why will Sam look in the box?). The justification questions result 

in 2, 1 or 0 points, depending on the sort and correctness of the mental state 

terms spontaneously used by a child (maximum score=36). In order to 

enable a standardized evaluation of the justifications, a category system is 
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developed, based on the category system used by Rieffe (1998), on different 

categories from Wellman (1990), and on an exploration of the empirical 

data. For each justification question, correct answer categories were 

determined (see the right four columns of Appendix B). 

On the basis of these scores, a ToM total score can be calculated 

(maximum=110), which can also be transformed into a ToM quotient 

(abbreviated as ToM-Q). This is a standardized norm score, with an average 

of 100 and a standard deviation of 15. There are norm scores for children 

from three up to twelve years old. Norms were obtained by applying a non-

linear smoothing method over the raw data (for more details on the norming 

procedure of the ToM Storybooks, we refer to Blijd-Hoogewys et al., 

submitted a). In order to chart ToM-strengths and ToM-weaknesses of a 

child, sub-scores can be calculated: 1) Emotion recognition (maximum 

score= 14), 2) Distinction between physical and mental entities (real-mental, 

real-imaginary and close impostors; maximum score=24+8+12), 3) 

Predicting behaviors and emotions on the basis of desires (maximum 

score=5+12), and 4) Predicting behaviors and emotions on the basis of 

beliefs (maximum score=26+6). Understanding that seeing leads to knowing 

does not form a sub-score, for this component contains too few questions.  

 

Psychometric qualities 

The ToM Storybooks have good psychometric qualities: the internal 

consistency is good (Cronbach’s α=.90, with age correction), as is the test-

retest reliability (r=.86) and the inter-rater reliability (Cohen’s Kappa =.97-

.99) (Blijd-Hoogewys et al., 2008). A regression model showed that 

chronological age, mean verbal intelligence and mean non-verbal 

intelligence explain a significant proportion of variance in ToM-score of the 

children with PDD-NOS from the current study (R=.77, R
2
=.59, F=19.32, 

p<.001). Considering the contribution of the individual predictors, the 

results indicated that both chronological age and verbal intelligence are 

clearly linked to the ToM total score (chronological age: β=.70, p<.001; 

verbal IQ: β=.34, p=.05). This is in concordance with other studies that have 

found that ToM-knowledge can be predicted by chronological age and 

verbal intelligence (e.g. Hughes et al., 1999; Serra et al., 2002) and studies 

that illustrate the strong connection between linguistic skills and ToM 

ability (e.g. Astington & Baird, 2004). Some studies also emphasize non-

verbal intelligence as an important factor (Muris et al., 1997; Carlson et al., 

2002). In the case of the ToM Storybooks however, non-verbal intelligence 

lost predictive power when verbal intelligence was also included (β=-.06, 
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p=.65), probably due to the correlation between verbal and non-verbal 

intelligence (r=.37, p=.05). 

 

Parallel versions of the ToM Storybooks 

There are three additional versions of the ToM Storybooks. Each of them 

contains identical tasks and is based upon the same underlying test structure, 

but consist of different protagonists (version Lotje, version Pieter and 

version Hanna) and different stories (e.g. going to the zoo instead of going 

to the park). In comparison with version Sam, each of the additional 

versions consists of six storybooks, holding 34 tasks in total. The additional 

versions can be considered parallel versions since they mutually correlate 

highly (r=.87-.95 for the ToM total score, p<.001). The parallel versions are 

designed to be used in longitudinal and repeated testing research, avoiding 

the effect of habituation, recognition and trivial learning effects that might 

result from mere repetition with the same instrument, say version Sam. 

 

The VABS 

As mentioned earlier, the VABS (Vineland Adaptive Behavior Scales; 

Sparrow et al., 1984) was used in the screening phase, as a support for the 

clinical diagnosis. At the end of the research period, a second VABS 

interview was administered from the parents. Since this instrument provides 

an objective and standardized assessment of socialization skills (Fombonne 

et al., 1994; Frith et al., 1994), it was used as a validity check for the 

presumed ToM growth at the last measurement. 

To compare pre- and post-experiment VABS results, a VABS 

developmental quotient was computed by dividing the VABS 

developmental age by the chronological age (according to the method as 

used by Gevers et al., 2006). Such a quotient accounts for maturation during 

the period in which the measurements took place. 

 

 

Procedure and Design 

The children with PDD-NOS were tested individually at the out-patient 

clinic. Their ToM-knowledge was assessed at six different times with an 

interval of approximately four months (resulting in a total research period of 

20 months) (see Table 3). During the research period, children did not attend 

a ToM training or a social skills training. 

The comparisons of the PDD-NOS group with the TD group were 

done at measurement one and five, which both involved the Sam version of 
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the test. The reason for not taking measurement six as a point of comparison 

is that this involved another ToM Storybook version, whereas the cross-

sectional TD data were entirely based on the Sam version of the ToM 

Storybooks. For comparisons within the PDD-NOS group, all six 

measurements were taken into account. 

 

Table 3: Overview of groups tested 
 

 Time 1 Time 2 Time 3 Time 4 Time 5 Time 6 

Clinical (n=30)1 + + + + + + 

 Sam Lotje Pieter Hanna Sam Lotje 

       

Control       

 A  (n=30) + - - - - - 

  Sam      

 B  (n=30) - - - - + - 

      Sam  

Note. 1 n=27 with 6 measurements, n=3 with 5 measurements (two measurements missing 

at time 2, one at time 6), mean number of months between times 1 and 2: 3.96 (SD=.33), 

between times 2 and 3: 4.15. (SD=.39), between times 3 and 4: 3.99 (SD=.32), between 

times 4 and 5: 3.88 (SD=.32), between times 5 and 6: 4.07 (SD=.54), and overall between 

times 1 and 5: 20.07 (SD=.41). 

 

 

 

Statistical method 

In view of the complex nature of some of the statistical tests required by our 

research questions and the small and irregularly distributed samples, we used 

random permutation techniques, and more generally, Monte-Carlo analyses 

(abbreviated as MC).
 
This method entails a simulation of the test statistic at 

issue as based on the null hypothesis (Good, 2001; Manly, 1997; Todman & 

Dugard, 2001). It is highly flexible and robust, and is free of parametric 

assumptions.  

 

 

 

RESULTS 

 

ToM problems in children with PDD-NOS 

Concerning the first question – whether children with PDD-NOS evidence 

ToM problems – the ToM scores of the PDD-NOS group at the first 
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measurement were compared with predicted scores from control group A 

(obtained through stratified sampling, see before). Quantitative differences 

in ToM were charted by comparing ToM total scores and ToM Q-scores; 

qualitative differences were charted by comparing the profiles of ToM sub-

scores. 

For each variable, the 30 scores of the PDD-NOS children were 

compared with the 30 scores based on averages of five age mates. The 

hypothesis is that TD children score higher on the variable than their age 

mates with PDD-NOS. The hypothesis was tested by means of a procedure 

in which the scores of the PDD-NOS and TD group were randomly 

permuted over two groups of 30 subjects, and differences in average scores 

were compared with the observed differences. Random permutations were 

done pairwise, i.e. over pairs of similar-age children. By doing so, the age 

composition of the randomly permuted groups is always similar to that of 

the real PDD-NOS. 

Children with PDD-NOS had significantly lower ToM total scores 

(MC, M=67.60, sd=18.23 versus M=77.70, sd=12.14; p<.001) and ToM-Q 

scores (MC, M=85.10, sd=21.28 versus M=100.00, sd=6.76; p<.001) at the 

first measurement than control group A (see Table 4, column ‘Measurement 

1’). More concretely, in terms of norm scores, children with PDD-NOS 

scored one standard deviation lower than their TD peers (theoretically ToM-

Q=100, with sd=15). In terms of total scores, children with PDD-NOS 

scored about 5/6
th

 pooled standard deviation lower than their TD peers.  

Table 4 also gives an overview of ToM-strengths and -weaknesses in 

the PDD-NOS group based on their ToM sub-scores (note that these are 

relative scores, with a maximum score of 10). At the first measurement, they 

had significantly lower scores on tasks concerning mental physical 

distinctions (RM, RI & CI), belief-action, belief-emotion and desire-action. 

No significant differences were found for tasks concerning emotion 

recognition and desire-emotion. 

We can conclude that the PDD-NOS group showed a significant 

quantitative difference on ToM total scores and most ToM sub-scores. The 

question then arose whether this difference corresponded either with a delay 

or a deviance. The latter would be visible as a qualitative difference in the 

ToM score profile. In order to check this, we compared the differences in 

the shape of ToM sub-score profiles. If these are parallel, there is no 

evidence for any qualitative difference.  
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In order to compare the profiles, we normalized the scores: we set the 

average total score of both groups to one, so as to compensate for the 

difference in averages, conserving the eventual differences between the sub-

scores. Having done so, Figure 2 shows that all profile differences of 

children with PDD-NOS are considerably smaller than one standard 

deviation from the sub-scores profile of control group A, which leads us to 

conclude that there is no reason to assume that the ToM profiles of the 

PDD-NOS group are qualitatively different or deviant. Their absolute scores 

(remember that the scores in Figure 2 are normalized scores) of course are 

lower, indicative of a delay. 

 

Figure 2: Relative average sub-scores of the ToM Storybooks  
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Legend. PDD-NOS= Pervasive Developmental Disorder Not Otherwise Specified. TD= 

Typically Developing children. SD= Standard Deviation. ER= Emotion Recognition, BA= 

Belief Action, BE = Belief Emotion, DA= Desire Action, DE= Desire Emotion, RI= Real 

vs. Imaginary, RM= Real vs. Mental, and CI= Close Impostors. 

 

 

Age trends in ToM skills of children with PDD-NOS 

The second question focuses on whether ToM problems of the PDD-NOS 

group are subject to age trends. That is, are there ages in which the 

differences with the TD group are more distinctive than in others? In order 
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to answer this question, we looked at smoothed curves of ToM total scores 

and ToM sub-scores. We did not consider ToM-Q scores, since by 

definition no age effects can be expected, since quotient scores are corrected 

for age. 

The data were smoothed using a Loess smoothing technique (locally 

weighted least squares estimate; Härdle, 1991; Simonoff, 1996); a Loess 

30% window model was applied. Figure 3 shows the smoothed curves of the 

ToM total scores for the PDD-NOS group and the total pool of TD group 

(N=324). Considering the latter, also the curves of plus and minus one 

standard deviation are depicted. The figure clearly illustrates that the PDD-

NOS group had lower ToM total scores. However, the difference with TD 

varied with age. Until about 70 months of age, the difference was about 1.5 

standard deviation from the average TD score (this is not so for the earliest 

ages), which is a considerable difference (Cohen, 1988; Parker & Hagan-

Burke, 2007; Rice & Harris, 2005). Then the average PDD-NOS score rose 

above the average TD score, at 90 months it showed a sharp drop to below 

2.5 standard deviations from the typical average, and then moved back to 

about a standard deviation less than the typical average. 

 

Figure 3:  Smoothed curves of ToM total scores for both children with PDD-

NOS and the typically developing norm group 

 

 
Legend. PDD-NOS= Pervasive Developmental Disorder Not Otherwise Specified. TD= 

Typically Developing children. SD= Standard Deviation. 
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Taken in isolation, these rapid fluctuations could easily be attributed 

to random sampling fluctuations. However, in a previous article, we could 

shown that the anomaly in TD - the pattern of a temporary rise followed by 

a dip - was neither a statistical artifact of sampling-based fluctuations nor 

the effect of tester-bias (Blijd et al., submitted b). Interestingly, the anomaly 

in TD occurred somewhat earlier (deepest regression point at 78 months), 

consistent with the finding that children with PDD-NOS are delayed in 

ToM-development in comparison to their normally developing peers. 

The same was found for the ToM sub-scores. We report the graphs 

for four sub-scores (see Figure 4: 4A, 4B, 4C and 4D).  

 

Figure 4: Smoothed curves of four ToM sub-scores for both children with 

PDD-NOS and the typically developing norm group 
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Figure 4: Smoothed curves of four ToM sub-scores for both children with 

PDD-NOS and the typically developing norm group 
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Legend. BA=Belief Action, BE=Belief Emotion, DA=Desire Action, DE=Desire Emotion, 

PDD-NOS= Pervasive Developmental Disorder Not Otherwise Specified. TD= Typically 

Developing children. SD= Standard Deviation. 

 

 

Developmental progress of ToM skills in children with PDD-NOS 

The third question, whether the ToM functioning of children with PDD-

NOS shows a developmental progress can be answered by investigating 

whether they have significantly higher scores at the last measurement in 
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comparison with the first. We compared ToM total scores, ToM-Q scores 

and ToM sub-scores of the PDD-NOS group on the first and the fifth 

measurement with the expected scores from the two control groups (group 

A and B). The time interval between the first and fifth measurement is 16 

months.  

The average ToM total score of the PDD-NOS group at 

measurement five was significantly higher than at measurement one (MC, 

increase: M=17.63, sd=12.17, p<.001). The same was found for ToM-Q 

scores (MC, increase: M=13.87, sd=17.12, p<.001). The increases were of 

such an extent that at measurement five, there were no longer significant 

differences between the PDD-NOS group and TD group (group B) in ToM 

total scores (MC, M=85.23, sd=12.97 versus M=85.85, sd=8.03) and ToM-

Q scores (MC, M=98.97, sd=20.92 versus M=99.73, sd=5.67) (see Table 4: 

column measurement 5). Also, the ToM sub-scores at measurement five 

were significantly higher than those at measurement one. Significant 

differences between the PDD-NOS group and TD group at measurement 

one (compared with group A) were no longer significant at measurement 

five (compared with group B), except for the tasks concerning belief-

emotion.  

There seems to be a larger ToM increase than can be expected due to 

mere aging, since their ToM increase is higher than that seen in the TD 

group. It can be assumed that the additional growth effect is due to learning 

effects induced by test repetition. This leads to a supplementary question: 

Did the repeated ToM measurements lead to learning effects?  

This question is answered in the following way. We first computed 

percentile scores (P10, P20, …, P100) for the ToM total scores of the TD 

group (N=324). Then, the percentile score at measurement one of each child 

with PDD-NOS was determined. Taking into account this percentile score, 

the expected ToM total scores of the following measurements were 

computed and compared with the empirically found ToM total scores. Since 

these analyses were limited to comparisons within the PDD-NOS group, we 

used the total time interval of 20 months (instead of 16 months). Profit 

scores - the additional gain in comparison to the expected gain on basis of 

the cross-sectionally determined norm scores - for the second until the sixth 

measurement were calculated. On the basis of these profit scores, we 

visualized the developmental progress in the PDD-NOS group (see Figure 

5). They showed a classical learning curve: at the beginning they profited 

more due to repeated measurements, however, the longer they were tested, 
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the less additional learning effect it had on their ToM scores. The additional 

gain in ToM total scores was statistically significant (MC, p<.001).  

 

Figure 5: Developmental progress of percentile ToM scores in children with 

PDD-NOS, in addition to expected progress merely due to age. 
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Age trends in ToM developmental progress in children with PDD-NOS  

Concerning the fourth question, whether the developmental progress is 

subject to age changes, we looked at the change over time in the ToM total 

scores and ToM sub-scores. More precisely, we looked at the extent and 

acceleration of ToM development at the different ages. This was defined by 

means of the slope of the developmental curve of each individual child, 

specified by a simple linear regression. Since only the PDD-NOS group was 

concerned, again the time interval of 20 months was considered 

(measurement 1 trough 6).  

The average slope of the ToM total scores in the PDD-NOS group 

was significant (see Table 5). The relationships between the slopes – the 

amount of increase - and age was negative, as expected (MC, r=-.63, 

R
2
=.40, p<.001). The older children were, the higher their starting score, and 

the lower their developmental increase possibilities.  The slopes of half of 
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the ToM sub-scores were found to be significantly correlated with age; the 

slopes for the belief sub-scores did not correlate at all.  

 

Table 5: Average slopes of ToM scores in children with PDD-NOS 
 

 M (SD) r R
2
 sign. 

Total score:     

   Total ToM-score 0.90 (0.64) -0.63 0.40 p<.001 
     

Subscores:     

   Emotion Recognition 0.06 (0.15) -0.62 0.38 p<.001 

     

   Mental Physical     

      Real-mental items 0.21 (0.14) -0.44 0.19 p=.01 

      Real-imaginary items 0.07 (0.07) -0.28 0.08 p=.13 

      Close impostors 0.06 (0.13) -0.33 0.11 p=.08 
     

   Desires     

      Predicting action 0.03 (0.06) -0.28 0.08 p=.14 

      Predicting emotion 0.05 (0.18) -0.59 0.35 p<.001 
     

   Beliefs     

      Predicting action 0.34 (0.30) -0.09 0.01 p=.65 

      Predicting emotion 0.05 (0.18) -0.18 0.03 p=.33 

 

A Loess smoothing procedure was applied to the slopes (amount of 

linear growth) of the ToM total scores over age (at the first measurement). 

The smoothed trend showed a clear decline in expected growth up to the age 

of 75 months, followed by a period in which the expected slopes remain 

more or less similar. Visual inspection of the residuals (difference between 

observed slope and slope as predicted by the non-linear trend curve) showed 

a striking increase in the residuals around the age of 75 months. This 

phenomenon is statistically independent of the fact that the temporal trend 

of the slopes flattens around that time, and could thus provide an additional 

indication of an anomaly in ToM-development in children with PDD-NOS.  

In order to check whether the temporary increase in residuals is 

statistically significant (i.e. not explainable by random fluctuation of the 

residuals, as expected under the null hypothesis), we proceeded as follows. 

We first fitted a non-linear model of the squared residuals (Loess 

smoothing) in order to obtain a model of the temporal change in the 
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variance. The variance model was used to calculate the temporal evolution 

of the standard deviation (square root of the variance), and then to calculate 

the time evolution of the coefficient of variation (CoV or standard deviation 

divided by expected mean; see Van Geert & Van Dijk, 2002). Ideally, the 

coefficient of variation should be a constant value independent of the 

average slope and thus independent of age. Figure 6 shows that the slope 

decreases with age and that the coefficient of variation has a marked 

anomaly around the age of 80 months, which just precedes the dip in the 

ToM scores. The coefficient of variation anomaly is a form of anomalous 

variance, which is considered a ‘flag’ for a discontinuous change (e.g. van 

der Maas & Molenaar, 1992; Van Dijk & Van Geert, 2007) (for other 

indicators of developmental transition, see Chapter 4 of this dissertation). 

The peak in the coefficient of variation was significant (MC, p<.05). 
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Figure 6: Peak in coefficient of variation 

 

 
Upper figure: Relationship between slope and Coefficient of Variation (CoV). Slope (as a 

measure of growth over 20 months) decreases with age. CoV is for the most part stable (as 

expected), but peaks around the age of 80 months. The peak is statistically significant 

(p=.02). 

 

Lower figure: The peak in CoV just precedes the dip in the scores of the first measurement. 

The anomalous variance, as expressed by the sudden peak in CoV, precedes the dip, which 

is consistent with the assumption that the dip corresponds with a discontinuity in ToM 

development. 
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ToM skills in children with PDD-NOS: link with daily social skills 

For the last question – whether there is a meaningful relationship between 

ToM and everyday social behavior– the correlations of ToM scores and 

VABS scores are calculated, and it is investigated whether gains in one 

correspond with gains in the other. 

We found ToM Total scores to correlate with VABS raw scores, 

both at the first measurement (Communication, r=.72; Daily Living Skills, 

r=.55; Socialization, r=.24) and the sixth measurement (Communication, 

r=.44; Daily Living Skills, r=.43; Socialization, r=.16). Note that the 

correlations at the last measurement were considerably lower.  

We have shown that the children displayed a significant increase in 

ToM scores over time (third question). Oppositely, the VABS scores were 

rather stable (see Table 6). Only Play/Leisure of the Socialization sub-

domain and Daily Living Skills of the Community sub-domain showed a 

significant improvement in age equivalent score and in VABS quotient 

scores at the sixth measurement (QQ-plots showed normal distributions, 

therefore paired samples t-tests were used) (Play/Leisure: M2=.89, sd2=.31 

versus M1=.60, sd1=.18, p<.001; Daily Living Skills: M2=.86, sd2=.20 versus 

M1=.79, sd1=.19, p=.05). However, the growth in these VABS sub-scores 

did not correlate with the slope of ToM total scores. The amount of VABS 

growth did not correspond with the amount of ToM growth, which could 

already be suspected through the lower correlations between ToM and 

VABS at the last measurement in comparison with those at the first 

measurement. 

 

Table 6: Mean Scores (Standard Deviations) for VABS sub-domains 
 

 Developmental 

Quotient at 

measurement 1 

Developmental 

Quotient at 

measurement 6 

Communication 

Receptive + Expressive language 

 

0.81 (0.22) 

 

0.80 (0.23) 

Community 

Daily living skills 

 

0.79 (0.19) 

 

0.86 (0.20)* 

Socialization 

Interpersonal relationships 

 

0.63 (0.28) 

 

0.62 (0.20) 

Play and leisure time 0.60 (0.18) 0.89 (0.31)** 

Coping Skills 0.70 (0.22) 0.64 (0.21) 

Note. **p≤.001, two-tailed; *p<.05, two-tailed. 
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DISCUSSION 

 

In summary, the following results were found. At the first measurement, 

children with PDD-NOS had significantly lower levels of ToM-knowledge 

in comparison with TD children. This was observable in their ToM total 

scores, ToM quotient scores and ToM sub-scores. At the end of the research 

period, however, children with PDD-NOS no longer showed significant 

differences in their ToM total scores and ToM quotient scores, in 

comparison with TD children. Their scores had ameliorated considerably 

over time.  

Closer inspection of the ToM sub-scores showed that some ToM 

aspects were not problematic from the start (emotion recognition and desire-

emotion tasks), while others did form a problem but ceased to do so at the 

end of the testing period (belief-action, desire-action and mental physical 

tasks). One ToM aspect remained problematic until the end, namely 

predicting emotions on the basis of beliefs. Note that false belief 

understanding (a belief-action task) was more difficult at the first 

measurement, but had improved considerably at the last measurement. 

These findings largely agree with the findings from Serra and colleagues 

(2002) who conducted a longitudinal study in children with PDD-NOS 

using a previous version of the ToM storybooks. In the current research, 

children with PDD-NOS had problems with beliefs, both in predicting 

behaviors and emotions. In addition, they had problems with desire-action, 

real-imaginary, real-mental, and close impostor tasks. Some of these ToM 

problems were less pronounced and therefore not significant in the study of 

Serra and colleagues (2002). The only contradictory finding is that Serra and 

colleagues found their PDD-NOS group not to have difficulties in using 

beliefs to predict actions, while the current PDD-NOS group did evidence 

such problems, which is more consistent with clinical expectations. The 

somewhat different findings in the current study may be attributed to the 

larger sample size used for this study (n=30 instead of n=11), the wider age 

range aimed at (3-8 years instead of 4-5 years), and the longer period of 

time children were followed (20 months instead of 6 months). To 

summarize, despite the obvious differences in design, the findings from the 

present study and the study of Serra and colleagues largely agree: Children 

with PDD-NOS evidence ToM problems in comparison with control 

children. So, research question number one “Do children with PDD-NOS 

evidence ToM problems?” can be answered affirmatively. 
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Further inspection of the ToM differences between the PDD-NOS 

and the TD group at the first measurement, suggested that these differences 

were subject to age trends. So, also research question number two “Are their 

ToM problems more distinct at certain ages?”can be answered affirmatively. 

At the age of 78-85 months, no differences were found between both 

groups. This was found in both the ToM total scores and sub-scores. This 

finding is not surprising, since around that time both groups underwent 

temporary regressions in their ToM functioning, which greatly obscured the 

comparison between the groups. The TD group showed an anomaly at the 

age of 72-78 months (which is the difference between the preceding peak 

and the following dip in the scores). The PDD-NOS group showed an 

anomaly somewhat later at the age of 85-90 months. As explained in the 

introduction, the occurrence of temporary regressions is a well-known 

characteristic in developmental psychology. Serra and colleagues (2002) 

reported regressions in ToM development at 56 months in TD, and 

somewhat later, at 60 months, in PDD-NOS. In a previous study in TD 

(Blijd-Hoogewys et al., submitted b), we recorded two regressions: a small 

one at the age of 56 months (in accordance with Serra et al., 2002) and a 

more profound one at the age of 72-78 months (which Serra et al., 2002 

could not assess, because their research group was younger). In the current 

study aimed at children with PDD-NOS, the second, more profound 

temporary regression was found, again at a somewhat later age, namely at 

85-90 months. This anomaly was supported by an additional temporary 

increase in the coefficient of variation found in the longitudinal data, 

indicative of a true discontinuous change (Van Geert & Van Dijk, 2002). 

This anomalous variance preceded the dip and supports the assumption that 

the observed dip is an expression of an underlying developmental 

discontinuity, for instance a change in the way children understand and 

answer ToM questions. To recapitulate, the TD group entered into the 

regression period before the PDD-NOS group did. As a result, for a certain 

period the PDD-NOS group appeared to be better at their ToM, at least in 

comparison with their peers. But then, in their turn, they entered into the 

regression period, while the TD group was already catching up with their 

normal developmental trend. As a result, the PDD-NOS group temporarily 

had a considerably lower ToM as expressed in their ToM scores. After a 

while however, the difference between both groups at the first measurement 

stabilized again.  

The former findings can be considered the first indications of a 

delayed development of ToM in children with PDD-NOS. To unravel 
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whether there is truly a delay or a deviance, we looked at their ToM sub-

score profiles. When we corrected for the delay in their scores, we found no 

differences between the shape of their ToM sub-scores and that of the TD 

group. Put differently, there were no qualitative differences, which is in 

accordance with the prediction based upon the two-dimensional ToM 

continuum. The qualitative similarity of the score profiles suggests that their 

development is not deviant. All scores are delayed in a similar way. The 

delay in the development of ToM in children with PDD-NOS was mainly 

obvious in the preschool phase (between 4.5 and 6 years of age); their ToM 

scores were 1.5 standard deviations lower than in TD children.  

The scores of the PDD-NOS group ameliorated as the research 

period prolonged. So also research question three “Do children with PDD-

NOS evidence a developmental progress in ToM functioning?” can be 

answered affirmatively. It appeared that the developmental increase in ToM 

was not only due to aging, but that there was also an additional effect due to 

learning caused by the repeated measurements, this notwithstanding the 

precaution taken to use parallel versions of the ToM Storybooks every four 

months. The children with PDD-NOS evidenced a statistically significant 

classical learning curve on top of the predicted age-related increase. This is 

in accordance with dynamic testing theory, which states that repeated 

measurements may lead to learning effects beyond trivial habituation effects 

(Grigorenko & Sternberg, 1998). In intelligence tests, for instance, quotient 

scores can be influenced by practice effects (Kaufman & Kaufman, 1983; 

Wechsler, 1974; Tellegen et al., 2003), with even a rise of 10 points for 

Performance IQ. We found an increase of 14 ToM-Q points, i.e. about one 

standard deviation, over a period of 16 months, in children being tested 

every four months. Learning effects have also been demonstrated in ToM 

research (Muris et al., 1999) and with the ToM Storybooks (Blijd-

Hoogewys et al., 2008). A single repeated measurement after two weeks 

sufficed to induce a significant score increase in TD children of three to 

seven years old. One explanation for this learning effect over time in the 

current research is that having heard and being questioned about mental 

states so often, has lead to practice effects in the ToM of these children. This 

effect has been hypothesized earlier: reading storybooks to children might 

benefit their development of mental states (Dyer et al., 2000). The current 

research affirms this finding in children with PDD-NOS.  

We also tested whether there were age trends in the developmental 

progress of ToM (research question four “Is the nature of the ToM 

developmental progress subject to age changes?”). Older children with 
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PDD-NOS had higher starting scores, which reduces their potential 

developmental range, due to ceiling effects. This was obvious in both ToM 

total scores and ToM sub-scores. However, the relationship between the 

slopes of the growth curves and average age was nonlinear, with the 

negative relationship between slope and age leveling off at around 80 

months, which occurs just before the anomaly in ToM total scores sets in.  

In addition to observing development in the ToM functioning of 

children with PDD-NOS, we also found a development in their socialization 

skills, as measured with the VABS interview (research question five “Is 

there a meaningful relationship between their ToM scores and behavioral 

scores?”). At the end of the research period they displayed a significant 

increase in their score on Play/Leisure and on Daily Living Skills. However, 

the growth in both VABS sub-domains did not correlate with the slope of 

ToM total scores and only the correlation of ToM with Daily Living Skills 

could be judged as sufficient. This supports the hypothesis that children 

with PDD-NOS show social cognitive progress, but less corresponding 

behavioral progress. At the one side, this could be attributed to the 

hypothesis that their ToM is more cognitively mediated rather than 

intuitively reflected. On the other side, additional information processing 

problems, as known in autism, may also play a substantial role in catching 

up with their ToM delay, such as executive function problems, a weak 

central coherence and generalization problems.  

In the introduction of this chapter, a two-dimensional ToM 

continuum was presented resulting in four quadrants of characteristic ToM 

functioning. It was assumed that this continuum correlates with severity of 

autism diagnosis. It was hypothesized that children with PDD-NOS belong 

to one quadrant evidencing mainly quantitative problems, not qualitative 

problems in their ToM. This hypothesis was verified, providing evidence of 

criterion validity of the ToM storybooks: the ToM Storybooks are able to 

discriminate between children form quadrant A and quadrant D. From this 

study, no conclusions can be drawn about the other quadrants or other 

pervasive developmental disorders, like children with AD and AS. 

Longitudinal research, based upon repeated measurements, involving such 

groups is desirable to further test the hypothesized ToM quadrants. We 

expect that children with AD and AS show some spontaneous ToM 

development. After all, a subgroup of adolescents and adults with such a 

diagnosis are known to succeed on basic ToM aspects (Kleinman et al., 

2001). However, we expect more qualitative problems in their development. 

It has been suggested that individuals with HFA and AS who succeed on 
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ToM tasks do so by using cognitively mediated routes, also referred to as 

the hacking hypothesis (see Dissanayake & Macintosh, 2003). Such a ToM 

is not considered an intuitive skill to use mental states (Abell et al., 2000), 

but more a compensation strategy that is less appropriate in complex and 

rapidly evolving social situations (Frith & Happé, 1999). One can imagine 

that the development of such a ToM shows a deviant profile in comparison 

with that in TD, although a deviant mechanism should not automatically be 

expected to lead to deviant ToM scores. It could as well lead to a ToM 

delay. 

Going back to the two-dimensional ToM continuum, could it be that 

children in quadrant B and C (AD and AS respectively) merely use 

cognition in order to understand mental states of others, and that individuals 

in quadrant C (AS and possibly also HFA, an AD of normal intelligence) 

master this cognitive skill more profoundly? Is it possible that children in 

quadrant A and D (PDD-NOS and TD respectively) use a more intuitive 

form of ToM? But is that sufficient for children with PDD-NOS? We have 

illustrated that the ToM development in PDD-NOS is delayed. One can 

imagine that, due to the delay, ToM is not sufficiently developed before the 

window of opportunity closes, before it can become a fully automatic, 

encapsulated ability to mind-read (e.g. Papp, 2006). In that case, children 

with PDD-NOS will never catch up with their TD peers, and will also to a 

certain extent, have to rely on cognitively mediated ToM-strategies, a more 

consciously ToM. If this is so, the distinction between delayed and deviant 

development of ToM is likely to become blurred, and development that was 

once delayed may become deviant. Note that also TD children are suspected 

to use a more cognitive and reflective way of ToM when they age. The dip 

found in TD children might reflect the emergence of a second strategy (see 

Blijd-Hoogewys et al., submitted b), perhaps indicating the closing of the 

window of opportunity, after which development of ToM becomes 

considerably slower or is less easily influenced by practice . If this is so, it 

would be highly advisable to stimulate children with PDD-NOS in their 

ToM development before this age, for instance by mere testing them 

repeatedly with a ToM test. For, this study showed that repeated testing with 

the ToM Storybooks stimulated ToM development. If application in daily 

live is aimed at, training of context-specific applications of ToM seems 

more advisable, like with the training of Steerneman and colleagues or with 

specialized social skill training programs. 

The spontaneous ToM development found in children with PDD-

NOS might shed a different light on ToM training studies. Such studies do 
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not habitually incorporate natural development. For instance, a recent ToM 

training study (Gevers, et al., 2006) reported an average increase of 9.90 

total ToM points, which is an increase of 1.49 standard deviation (on the 

ToM test, a similar test, with a maximum total score of 72; Muris et al., 

1999), after a training period of seven months. The authors reported a rise in 

first-order beliefs, but no progress in the recognition of emotions, distinction 

of physical-mental items and false beliefs. Furthermore, significant progress 

was found in all Socialization sub-domains of the VABS. Our study 

followed a group over a period three times as long (20 months) without 

ToM training and resulted in an average increase of 15.63 total ToM points, 

which is an increase of 1.11 standard deviation (on the ToM Storybooks, 

with a maximum total score of 110), only slightly lower than the one 

reported in the former mentioned ToM training study. We found a similar 

rise in ToM scores. 

To summarize, this article found that children with PDD-NOS 

evidence ToM problems, that their ToM development is delayed, that their 

growth trajectory is nonlinear (there is an anomaly at 85-90 months), and 

that this nonlinearity is delayed in comparison to their TD peers (evidencing 

an anomaly at 72-78 months). The ToM problems of children with PDD-

NOS were quantitative and not qualitative of nature. These results are in 

accordance with what we predicted based upon the two-dimensional ToM 

continuum.  

Further research is required to validate or invalidate the hypothesized 

ToM quadrants, in particular longitudinal research in children with AD and 

AS. Concerning such research, it is recommended to add more complex 

ToM tasks (like second-order belief tasks) in order to tap a broader 

developmental range in ToM abilities, and to explore the influence of other 

factors, like for instance language ability and executive functions. Further 

exploration of the quantitative, qualitative and nonlinear aspects of ToM 

development in TD children as well as children with different types of ToM 

problems may be expected to provide further insight into the complexities of 

disorders affecting social interaction and communication. 
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Theory-of-Mind research 

Theory-of-Mind (abbreviated as ToM) refers to the ability to attribute 

mental states – such as beliefs, desires and intentions – to oneself and others 

and to use these attributions in understanding, predicting and explaining 

behavior. It is a social cognitive ability which typically developing children 

develop roughly between their third and sixth birthday.  

To assess ToM ability in children, researchers often use single task 

measurements, involving single aspects of ToM, most commonly the 

comprehension of false belief, like the Smarties test (Perner et al., 1987) and 

the Sally and Anne test (Baron-Cohen et al., 1985). These assessments may 

be quick and efficient, but provide little information about the bigger 

construct of ToM and its developmental pathway over time. ToM is a 

complex ability that comprises far more than the understanding of false 

beliefs, and includes for instance also the understanding of desires and 

emotions. Therefore, more comprehensive ToM tests are advisable, in order 

to get more insight in the development of ToM. In fact, research has shown 

that comprehensive ToM tests using compound scores are more stable, 

because they average over multiple factors and lead to a more accurate 

measurement of the underlying skill (Hughes et al., 2000). In using such 

scores, a more adequate diagnostic procedure is attained, which can help in 

studying the potential nature and causes of ToM differences and ToM 

problems in children (Hughes & Dunn, 1998). 

A well-known group of children with severe ToM problems is 

children with an autistic disorder (for an overview, see Baron-Cohen, 

1989b, 2000). Less is known about the ToM functioning of children with 

lesser variants of autism, like children with PDD-NOS (Pervasive 

Developmental Disorder Not Otherwise Specified). Little research is 

devoted to this clinical group, in spite of the fact that they form a much 

larger group within population and within clinical practice than children 

with an autistic disorder. Therefore, the goal of this dissertation was to get 

insight in the development of ToM in children with PDD-NOS. Since so 

little is known, we decided to focus on the development of early ToM 

abilities. Early ToM abilities are those abilities typically developing 

children acquire between their third and fifth year of life.  

It was stipulated that a design using multiple repeated measurements 

is the best procedure in order to follow the ToM development over time. In 

order to do so, an instrument was needed that could assess early ToM 

abilities, that could pinpoint the specific ToM problems of children with 

PDD-NOS in comparison with typically developing children, and that was 
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applicable in a longitudinal design. At the onset of this dissertation, such a 

test was not available. Hence, the first objective of this dissertation was to 

construct a comprehensive ToM instrument, incorporating different relevant 

ToM tasks, applicable for a wide age range in both typically developing 

children and children with PDD-NOS. The test was called the ToM 

Storybooks. Alternative versions were developed in order to enable repeated 

measurements. These alternative versions are based upon the same task 

structure but consist of different task content so explicit recognition of 

identical items would not occur. 

In order to enable comparisons between children with PDD-NOS 

and typically developing children, the second objective of this dissertation 

was to determine the psychometric qualities of the test and to calculate 

norm scores for ToM as a whole and for its different components. Following 

the validation and norming of the ToM Storybooks, the third objective was 

to describe the development of ToM in typically developing children. 

Finally, the fourth objective was to map the development of ToM in children 

with PDD-NOS. 

The group of typically developing children consisted of 324 subjects 

between 3 and 12 years of age, who were tested only once. The group of 

children with PDD-NOS comprised 30 children between the ages of 3 and 8 

years, followed over a period of 20 months, and were tested every 4 months. 

All statistics were based on random permutation techniques, and more 

generally, Monte-Carlo analyses, which are assumption-free techniques.
 

Wellman and colleagues (2001) have argued for the use of more 

assumption-free techniques, such as bootstrap methods, in ToM research. 

These techniques entail a simulation of the test statistic at issue as based on 

the null hypothesis, which can be compared to empirical ToM data (Good, 

2001; Manly, 1997; Todman & Dugard, 2001). They are highly flexible and 

robust methods. 

 

 

Construction of the ToM storybooks 

Chapter two focuses on the first and part of the second objective of this 

dissertation, which is the construction and validation of the ToM 

Storybooks. We wanted to develop a comprehensive ToM test that assesses 

a variety of early ToM components and associated aspects, applicable for a 

wide age range in both typically developing children and children with 

PDD-NOS. In deciding which aspects to incorporate in the test, we relied 

primarily upon the work of Wellman (1990), not only focusing on core ToM 
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components, like desires and beliefs, but also on associated aspects, like the 

recognition of emotions, perception knowledge and the difference between 

physical and mental entities. In the end, five subtypes of abilities were 

aimed at, namely emotion recognition, understanding of desires and beliefs, 

making the distinction between physical and mental entities, and seeing 

leads to knowing. These aspects should be completely developed in 

typically developing five-year olds. 

Different tasks were selected and formulated in Dutch (for example 

tasks, see Appendix A). This resulted in a total of 34 tasks consisting of 

multiple questions. Because there were so many tasks, different procedures 

were followed to keep the testing fun and reliable. First of all, the tasks were 

assimilated in six story lines (six storybooks), so children could more easily 

follow the tasks and would not get tired of testing. Next to that, each task 

was illustrated with a full color picture. Also transitions between tasks 

received accompanying drawings and text, to keep the story going and to 

avoid too much switching between tasks. Furthermore, the drawings were 

enlivened by the use of toy doors that can be opened, magnetic emotion 

faces that can be placed on the characters, and patches of soft fur that can be 

caressed, if wanted. And finally, children could choose the order in which 

four of the books were read to them (this applied to books 2 to 5, which 

have similar underlying structures), aimed at increasing the child’s 

commitment and motivation.  

There are 95 questions in total, including 18 justification questions. 

Each answer receives zero or one point (correct versus incorrect), unless it 

involves a justification. In the latter case, zero to two points is awarded, 

dependent on the correctness and quality of the justification in question. In 

order to score the justifications in a standard fashion, a category system was 

developed. This was based on the category system used by Rieffe (1998), on 

different categories from Wellman (1990), and on an exploration of the 

empirical data. The result was a system which could reliably categorize 

answers (see Appendix B & C). The inter-rater reliability for this system 

was high (Cohen’s Kappa =.81-.97; based upon five independent raters).  

After omission of psychometrically inadequate items, 92 items 

remained. The answers resulted in a compound ToM sumscore with a 

maximum total score of 110 points (ToM-total score). A one-parameter 

logistic model (OPLM) based upon this sumscore showed a good fit. Thus, 

the ToM sumscore can be considered a good estimation of the ToM ability 

of a child.  
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Over a period of one and a half years, the ToM Working Group 

(Blijd-Hoogewys, Van Geert, Loth & Serra) developed four different 

versions of the ToM Storybooks: version Sam, version Lotje, version Pieter 

and version Hanna. Earlier, a preliminary version was developed by Van 

Geert (drawings), Serra and Loth (story lines) (reported on in Serra et al., 

2002). Based on this preliminary version, the current versions were 

developed
1
. Concerning the versions Sam and Lotje, the story lines were 

developed by Serra, Loth and Blijd-Hoogewys. Concerning the versions 

Pieter and Hannah, the story lines were developed by Serra and Blijd-

Hoogewys. The accompanying drawings were made by Blijd-Hoogewys 

and van Geert. The author of this dissertation subjected each version of the 

ToM Storybooks to pilot studies, undertaken in both typically developing 

children and children with autism spectrum disorders. Based upon the 

results of these pilot studies, alterations were made to the text or drawings 

and subsequent pilot studies were initiated.  

Results showed that the ToM Storybooks have good psychometric 

qualities (for a quick overview, see Table 9 in Chapter 2, pp. 44). A 

component analysis resulted in a structure that largely corresponds with the 

underlying theoretical constructs from the test, affirming content validity. 

The internal consistency of the ToM Storybooks was good (α=.90). The 

test-retest reliability in both typically developing children and children with 

PDD-NOS was good (r=.86 and r=.98 respectively). The short term (after 2 

to 3 weeks) test-retest correlations in typically developing children 

suggested a learning effect, consistent with other test-retest researches (such 

as with intelligence tests). This was not seen in children with PDD-NOS. 

The inter-rater reliability was high (Cohen’s Kappa =.97-.99). No nuisance 

                                                           
1
 The following major adjustments were made. First, we have adjusted the drawings by 

applying a more coherent drawing style (for instance, the characters always wear the same 

cloths, and unnecessary details were removed). Second, the different tasks follow one 

another more naturally; and transitions between tasks are more often accompanied by 

additional drawings and text. Third, in order to keep the children motivated and interested, 

the drawings were enlivened by the use of non-graphical elements that are distributed 

sparsely across the text. They include patches of soft fur, toy doors that can be opened, and 

magnetic emotion faces that can be placed on the characters. The manipulation of these 

elements is not a necessary condition for answering the test. We like to point out that none 

of the children from the clinical populations to which the test has been administered so far 

has shown any sign of disturbance or aversion for the non-graphical elements. Fourth, 

based on item- and factor-analyses, items have been removed or changed (for instance, in 

the emotion recognition tasks the emotion ‘curious’ was removed and the emotions ‘anger’ 

and ‘fear’ were added). 
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effects were found. The discriminant validity was good. The ToM 

Storybooks are able to identify children with ToM problems, in that the 

scores of children with PDD-NOS were significantly lower than those of 

matched control children. Convergent validity was good: the test displayed 

significant correlations with other tests as suspected. There were high 

correlations with the ToM test (r=.79), negative correlations with the CSBQ 

(a.k.a. the ‘VISK’; the lower the ToM score, the more autism-related 

behavioral problems reported by parents), and positive correlations with the 

VABS questionnaire (a higher ToM score implies higher interactive 

sociability). Divergent validity was as expected: ToM scores correlated with 

language comprehension and intelligence.  

One of the methodological strengths of the current test is that it has 

extended the limitations common in the majority of the researches done in 

the field of ToM. Most research has been undertaken in young children only 

(mostly up to 6 years, with a major focus on 3 to 4 year olds), has used only 

a few tasks (mainly false belief tasks) and considered small research groups. 

This dissertation, aimed at constructing a new test, used a wide range of 

tasks (not only false belief tasks) and consisted of a substantial number of 

children over a wide age range. 

It can be concluded that the validity and reliability of the ToM 

Storybooks comply with the requirements of an instrument of its sort. The 

psychometric values found are consistent with findings from comparable 

research on standard and complex false belief tasks (Hughes et al., 1999, 

2000; Muris et al., 1999; Wellman et al., 2001). Ergo, the first and part of 

the second objective of this dissertation were achieved successfully. That is, 

constructing and validating a comprehensive ToM instrument, incorporating 

different relevant ToM tasks, applicable for a wide age range, applicable in 

both typically developing children and children with PDD-NOS, and 

deployable in making comparisons between both groups.  

 

 

Calculating norm scores for the ToM storybooks 

Chapter three is dedicated to the second part of the second objective, which 

is the calculation of norm scores for the ToM Storybooks. Such scores are 

needed in order to compare children and to evaluate inter-individual 

differences. We decided to calculate quotient scores, equivalent to 

intelligent scores, with an average of 100 and a standard deviation of 15. 

Such scores are well-known norm scores for practitioners. The ToM 

Quotient score is referred to as ToMQ. 
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The norm scores were calculated based on the test administered as a 

complete design - in which all children received all tests - instead of as a 

staircase design - in which a child has to succeed on a preceding module in 

order to be presented with the next module. The latter is based on the idea 

that ToM develops in a consistent manner with successive progressively 

developing ToM abilities, which we believe is doubtful taking into account 

developmental discontinuities. 

Despite the fact that the ToM Storybooks contain ToM items 

typically developing children develop between their third and fifth year of 

life, we constructed norm scores for a wider age range, namely up to 12 

years old. Such norms will enable us to employ the test with children who 

have ToM problems and whose ToM development is likely to be delayed.  

Traditionally, norm scores are obtained on the basis of curve fitting 

of the raw data using regression analysis. Such curves are monotonically 

rising, not taking into account possible developmental regressions. The 

latter are even considered unwanted. However, sudden jumps or plateaus are 

recurring and well-known features in many developmental abilities. They 

are thought of as specific properties of developmental progress. They should 

also be taken into account in calculating norm scores. Therefore, we 

introduced a different way of calculating norm scores, based upon a non-

linear smoothing method of the raw data. This is the Loess smoothing 

method, which stands for locally weighted least squares estimates. By 

taking into account the weights of neighbouring observed scores, the 

resulting smoothed curve more faithfully follows plateaus and temporary 

developmental regressions in the raw scores.  

In order to validate the use of the Loess method, we compared it 

with a monotonically rising regression model. Because gender differences 

were obvious in the youngest and oldest children, separate norms for boys 

and girls were computed. Based on Z-scores, ToMQ scores were calculated, 

in addition to confidence intervals and age equivalents. 

It could be concluded that the Loess smoothing procedure was 

superior over the monotonically rising regression model. First of all, only 

the Loess model could reveal differences between boys and girls (see Figure 

2 in Chapter 3, pp. 62). Next, the normality assumption could not be kept 

for the monotonically rising regression model. The Loess method provided a 

considerably better approximation to the normal distribution for each age 

segment. Third, the average deviation from the average of 100 and the 

standard deviation of 15 were higher for the monotonically rising regression 

model in comparison with the Loess model. And fourth, confidence 
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intervals illustrated that the Loess model approached the average of 100 

more consistently than the monotonic model (see Figure 4 in Chapter 3, pp. 

65).  

With this chapter, objective two of this dissertation is completely 

achieved. The psychometric qualities are good (see Chapter two) and norm 

scores are calculated. As a result, children with differing ToM levels can be 

compared and the distribution of ToM can be established over a wide age 

range. The next two chapters pursue these objectives, with Chapter four 

focussing on the ToM development in typically developing children, and 

Chapter five in children with PDD-NOS.  

 

 

ToM development in typically developing children 

Chapter four coincides with objective three of this dissertation: mapping the 

ToM development in typically developing children. The principal point-of-

departure is that ToM development need not be gradual and continuous, but 

is expected to evidence developmental discontinuities, such as temporary 

accelerations, decelerations, delays and regressions. Such temporary 

discontinuities are well-known characteristics in developmental psychology 

and are thought of as hallmarks of underlying developmental transitions. 

Preceding the mastering or acquisition of a new ability, children can show 

developmental regressions. Children evidence a temporary relapse before 

their ability consolidates.  

 In order to explore eventual temporary discontinuities, a quantitative 

approach of the data was adopted. This refers to an approach that defines a 

quantitative dimension, for instance the level of false belief understanding 

on a measurement scale, and which studies the changing level of that 

dimension over the course of developmental time. The research was less 

aimed at qualitative aspects of ToM, that is, it was less concerned with the 

composition of ToM in terms of underlying components (e.g. first order and 

second order beliefs). 

In order to study the quantitative changes in ToM development, we 

opted for a cross-sectional design: children were tested only once and 

children of different ages were compared with one another. Such a design 

focuses on ’first encounter’-effects, i.e. how children react to explicit and 

formalized ToM-questions the first time they are confronted with it by 

means of a test. This procedure may provide a solid base to identify the 

potential critical points in the dynamics of ToM development and may result 

in a more profoundly documented starting-point for future time-serial 
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research. For, little to nothing is known about at which ages transition 

phenomena occur - such as accelerations, delays and regressions - in ToM 

development.  

Since transition phenomena are non-linear, we applied similar non-

linear smoothing techniques as in the norming procedure, namely Loess. 

Next to that, dynamic growth model building and additional statistical 

indicators – such as moving skewness, growth rate and variability – were 

used in order to demonstrate possible developmental transitions.  

The findings showed that there is a three-step developmental model 

of basic ToM. The ToM sum-scores showed an overall developmental trend 

that leveled off towards the age of ten years. The greatest increase was 

obvious between 3.5 and 4.7 years of age. Within the overall increasing 

trend two statistically significant discontinuities were found, one at the age 

of 56 months and another at the age of 72-78 months (see Figure 1 in 

Chapter 4, pp. 79). The most pronounced discontinuity, the one at 72-78 

months, was researched more into detail. It was accompanied by a decrease 

in growth rate and variability, and a change in skewness of the ToM data, all 

suggesting a developmental shift in ToM understanding. The statistically 

significant temporal decrease also occurred in the different ToM sub-scores 

and most clearly so in the core ToM component of beliefs (see Figure 6 in 

Chapter 4, pp. 88). The temporal decrease occurred in boys and girls alike. 

The discontinuity could not be accredited to gender differences, although it 

should be noted that girls had an earlier growth spurt than boys (see Figure 

5 & 7 in Chapter 4, pp. 87 & 90 respectively). In Chapter four, the 

consequences of these findings are discussed from various theoretical points 

of view, with an emphasis on a dynamic systems interpretation of the 

underlying developmental paths. 

 With the achievement of the third objective of this dissertation, a 

new discovery was made, namely that there are non-linear phenomena in the 

ToM development of typically developing children. They evidence temporal 

regressions in their ToM development. Taking into account these temporal 

regressions is important to get more insight into the dynamics of ToM 

development. Next to that, the eventual absence or delay of these temporal 

regressions in children with ToM problems, may serve as an extra parameter 

in comparing children with and without ToM problems.  
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ToM development in children with PDD-NOS 

Chapter five looks into the development of ToM in children with PDD-

NOS. In doing so, it complies with the fourth objective of this dissertation.  

As mentioned before, children with PDD-NOS are often not 

included in ToM research. However, they may be considered a distinct 

group concerning ToM problems. We hypothesized that children with PDD-

NOS experience less severe ToM problems than autistic children, obvious 

mainly in quantitative differences but not in qualitative differences, 

indicative for a delayed ToM development instead of a deviant one.  

Based upon quantitative and qualitative ToM aspects a two-

dimensional ToM continuum was hypothesized (for a definition of 

quantitative and qualitative ToM aspects, see this Chapter, pp. 137, second 

paragraph). This continuum contains four quadrants (see Figure 1, in 

Chapter 5, pp. 102). It was hypothesized that the degree of ToM functioning 

is correlated to the severity of the autism diagnosis: children with PDD-

NOS, typically developing children, children with an autistic disorder, and 

children with Asperger’s syndrome occupy different quadrants. The study 

was aimed at examining the characteristics of the ToM problems and the 

ToM development in children with PDD-NOS.  

In order to map ToM development a longitudinal research was 

undertaken. A group of 30 children with PDD-NOS was followed over a 

period of 20 months, and were tested every four months. This time interval 

is long enough to overcome trivial learning effects and short enough to 

follow ToM development closely. In addition, we made use of parallel 

versions of the ToM Storybooks version Sam (namely version Lotje, Pieter 

and Hanna) to further avert trivial learning effects due to mere repetition of 

the same test. Based upon the two-dimensional ToM continuum, it was 

hypothesized that the ToM development of children with PDD-NOS would 

be delayed, not deviant, in comparison to typically developing children. 

Next to that, it was hypothesized that children with PDD-NOS would 

probably also show a temporary regression in their development, as was 

found in typically developing children (see Chapter 4), but that this 

temporal regression would also be delayed.  

Five questions were addressed: 1) Do children with PDD-NOS 

evidence ToM problems? 2) Are their ToM problems subject to age 

changes? 3) Do children with PDD-NOS evidence a developmental progress 

in ToM functioning? 4) Is the nature of this developmental progress subject 

to age changes? 5) Is their ToM growth also visible in their daily social 

behavior?  
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All questions were answered affirmatively. Children with PDD-NOS 

displayed ToM problems, but also a spontaneous ToM development. This 

development was delayed as was hypothesized. The same developmental 

sequence was followed but at a slower pace. Also the anomaly as known 

from the typically developing group was delayed in this group (an anomaly 

at the age of 85-90 months as compared to 72-78 months, see Figure 3 in 

Chapter 5, pp. 118). This anomaly was supported by an additional 

temporary increase in the coefficient of variation, indicative of a true 

discontinuous change. Taking into account the different timing of the 

anomaly in typically developing children versus children with PDD-NOS, 

the latter group of children can wrongly appear to be better or worse than 

their typically developing age mates. This is an important finding which 

should be taken into account when assessing the ToM of children at the age 

of 70-90 months old. The fact that the anomaly was also found in children 

with PDD-NOS makes the findings from Chapter four even more robust. It 

also provides additional evidence for a delayed ToM development in 

children with PDD-NOS. Next to the fact that they showed the same 

qualitative ToM score profile as typically developing children (see Figure 2 

in Chapter 5, pp. 117), they also evidenced similar developmental 

phenomena. 

Despite the precautions taken to prevent trivial learning effects due 

to simple recognition of items for instance, the ToM development of 

children with PDD-NOS was influenced by the repeated measurements. A 

classical learning curve was found (see Figure 5 in Chapter 5, pp. 121), 

consistent with findings from intelligence research and ToM research. The 

consequences of this finding for ToM trainings are discussed. On the one 

hand ToM training studies should correct their results for natural ToM 

development (for instance, one experimental group undergoes the ToM 

training, while the other - age and gender matched - experimental group 

undergoes a waiting list condition of the same period of time). On the other 

hand, training studies should also look into the mere effect of repeated 

testing (for instance, one experimental group undergoes the ToM training, 

while the other - age and gender matched - experimental group undergoes a 

repeated measurements design). From a learning theoretical point of view, 

repeated testing with long enough intervals and with parallel tests probably 

amounts to a form of exposure learning, i.e. exposure to items invites 

children to reflect on the questions and actively seek for answers. 

Concerning the fifth question in the longitudinal study, it was found 

that ToM functioning was related to daily social skills. However, the 
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amount of ToM growth was not reflected in the VABS interview measuring 

the daily social skills. It was hypothesized that this might be due to the fact 

that the ToM of children with PDD-NOS is more cognitively mediated and 

less intuitively reflected than that of typically developing children. This 

difference may explain the weak link with daily social skills in children with 

PDD-NOS. Otherwise, also other autism related problems may have played 

a role, like executive function problems, a weak central coherence and 

generalization problems. Further research looking into this subject is 

needed. 

Indirectly, this longitudinal research provided evidence for the 

hypothesized ToM quadrants, at least for one quadrant, which consists of a 

group that has been overlooked in previous research. It concerns a group of 

children with only quantitative ToM problems, not qualitative ones. This 

group has just a delay in ToM and not a deviant ToM. It is a group with 

PDD-NOS and not with an autistic disorder. Further longitudinal research is 

required to validate the other quadrants and to look into the nature of ToM 

problems in children with an autistic disorder and children with Asperger´s 

syndrome in comparison with children with PDD-NOS. Possibly neuro-

imaging research could give further clues in disentangling the four 

quadrants. For instance, are brain regions differently involved when 

answering ToM tasks in individuals with Asperger’s syndrome in 

comparison with individuals with PDD-NOS and neuro-typical individuals?  

 

Past and future of the ToM storybooks 

The ultimate goal of this dissertation was to get insight in the ToM 

development of children with PDD-NOS. However in order to reach this 

goal, three additional objectives were formulated, which were all attained. 

First, we constructed a comprehensive ToM instrument: the ToM 

Storybooks. This instrument incorporates different relevant basic ToM tasks 

and is applicable for a wide age range. Second, the ToM Storybooks proved 

to have good psychometric qualities and norm scores were calculated. Third, 

the development of ToM in typically developing children was described and 

showed a non-linear growth pattern, including a dip in ToM development. 

This dip proved to be an indicator for developmental discontinuity, not only 

in typically developing children, but also in children with PDD-NOS.  

Recurring themes over the different chapters were gender differences 

in ToM functioning, quantitative versus qualitative differences in ToM 

functioning, developmental discontinuities in ToM functioning, and the use 
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of non-parametric techniques (Loess smoothing)and random permutation 

techniques (Monte Carlo analysis). They resulted in a host of new findings, 

in comparison with other ToM studies. These new findings concern gender 

differences (girls are more rapid in their ToM development), the occurrence 

of a dip in the development of ToM in typically developing children 

(serving as an indicator for discontinuity in ToM development), the delay of 

this dip in children with PDD-NOS, the developmental progress of children 

with PDD-NOS due to repeated testing, and filling one of the quadrants of 

the hypothesized two-dimensional ToM continuum.  

Because psychometric qualities are good and norm scores are 

available, the ToM Storybooks can be used in applied and clinical settings, 

which on a small scale is already happening. The test is used at the 

University Centre for Child and Adolescent Psychiatry Groningen (a 

subdivision of Accare) and at the Autism Team North Netherlands (a 

subdivision of Lentis). In addition, the instrument has been and is used in 

several other research projects: a small study on discriminant validity of the 

ToM Storybooks comparing the ToM problems of children with PDD-NOS 

and children with ADHD (Blijd-Hoogewys et al., 2002), a small study on 

divergent validity concerning executive function problems, motor problems 

and sensory problems in children with ASD (Meindertsma, 2007), a small 

validation study in Chinese children (Teng, 2003), a small validation study 

of the ToM Storybooks in Finland (Vesterinen, 2008), a large replication 

study in Italy (Molina & Bulgarelli, 2007, in press; Molina et al., 2008), , a 

longitudinal study in Switzerland (Thommen), an effect study on supporting 

social and emotional development in young children (4 – 6 years old) 

through picture books (Kwant, ongoing), an effect study of a ToM training 

study (van den Broek, 2005), an effect study of cognitive behavior therapy 

in sexually abused children and children exposed to intra-familiar violence 

(Douma-Slothouber et al., submitted), an explorative study in hearing 

children from death parents (van Bavel, 2006), an explorative study in 

children who experience auditory hallucinations (Bartels, ongoing), an 

explorative study in children with a semantic language impairment (van 

Dijk, 2005; van Pol, 2005), an explorative study in children with an autism 

spectrum disorder and co-morbid mental retardation (Gordts & Nys, in 

preparation), a large replication study in developmentally disabled adult 

offenders (Solodova, ongoing), and a study of young children who undergo 

epilepsy surgery (Braams, ongoing).  
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Strengths, limitations and recommendations 

The ToM Storybooks provide a comprehensive, valid and reliable 

instrument for researchers and clinicians who wish to measure ToM in 

young children.  Because there are norm scores up to the age of twelve, the 

test is particularly appropriate for comparison with clinical groups in which 

ToM development is delayed. Because of the use of simple ToM tasks and a 

motivating storyline, the test might also be useful in the field of intellectual 

disability, where autism spectrum disorders and related ToM problems are 

common.  

Some limitations should be addressed. The test did not incorporate 

more complicated ToM tasks, such as second-order beliefs (inferring about 

what another person thinks about yet another person’s thoughts; for a classic 

example see Baron-Cohen, 1989b). Also, there are fewer children tested in 

the older age range (from 8 years on), which implies a reduction in 

reliability at the older ages. Future research should include more complex 

ToM tasks and older age groups. We expect that this may lead to the 

discovery of additional anomalies in the development of ToM and that this 

may lead to an even better detection of children with subtle ToM problems.  

Concerning future ToM research, we would like to stress the 

importance of explicitly searching for temporal discontinuities in ToM 

development. Next to that, ToM research should also consider dynamic 

testing principles - as opposed to static testing - where the learning potential 

of a child is quantified on the basis of his or her understanding and use of 

feedback given during testing (Grigorenko & Sternberg, 1998). This 

suggestion is supported by the finding that short term learning effects due to 

repeated testing (retested after 2 to 3 weeks) were only visible in typically 

developing children and not in children with PDD-NOS (see Chapter 2), 

whereas long term learning effects (retested every 4 months for a total 

period of 20 months) were visible in children with PDD-NOS. Including 

dynamic indexes in research can represent a quality step-up compared with 

static indexes (Fabio, 2005). Thus, constructing a dynamic testing version of 

the ToM Storybooks is highly advisable.  

 

 

Concluding remarks 

There are three main highlights in this dissertation. First, we developed a 

comprehensive ToM test, consisting of a wide spectrum of basic ToM tasks 

and applicable to a wide age range. The test is valid, reliable and normed.  
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Second, typically developing children were found to evidence a non-

linear development of their ToM, at least when based upon ‘first encounter’ 

measurements. They showed a three-step developmental increase. Two 

temporal discontinuities were found, one at the age of 56 months and 

another at the age of 72-78 months. This is an important empirical finding, 

which has not been reported on before. The thorough analyses of these 

discontinuities showed that these temporal discontinuities are genuine and 

not a statistical artifact of sampling flaws.  

Third, children with PDD-NOS were found to have a delay in their 

ToM development. They also evidenced a temporal discontinuity, which 

was comparably delayed. In addition, they showed a learning effect due to 

repeated exposure to similar yet differently formulated test items (parallel 

versions of the ToM Storybooks). 

As a result, we believe this dissertation is innovative for different 

disciplines. Firstly, for developmental research, its contribution lies in the 

use of non-linear smoothing techniques, which have great value in 

researching development and which enable the researcher to identify 

anomalies in development, such as temporary regressions. Secondly, our 

study contributes to norming research by introducing a different way of 

calculating norm scores - based upon a non-linear smoothing method - and 

introduces a new method to calculate more valid confidence intervals. 

Thirdly, its relevance for autism research is that it considered children with 

PDD-NOS as a major research group. And finally, it contributes to ToM 

research in that it has shown temporary discontinuities in ToM 

development, a two-dimensional ToM continuum, and a delayed ToM 

development in children with PDD-NOS. 
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Theory-of-Mind is het sociaal-cognitief vermogen om gevoelens, gedachten, 

ideeën en intenties aan jezelf en aan anderen toe te schrijven en op basis 

daarvan gedrag te voorspellen en te verklaren. Deze vaardigheid vormt een 

eerste vereiste voor het begrijpen van de sociale omgeving en voor het 

vertonen van sociaal competent gedrag. Men kan Theory-of-Mind ook 

omschrijven als het sociale snapvermogen van kinderen, een vermogen dat 

kinderen ontwikkelen tussen hun derde en zesde levensjaar. Voor sommige 

kinderen verloopt die ontwikkeling moeilijk. Kinderen met autisme 

bijvoorbeeld hebben ernstige Theory-of-Mind problemen. Ze kunnen zich 

moeilijk inleven in de gedachten en gevoelens van anderen, waardoor ze 

sociaal ook vaak de plank misslaan. Minder is bekend over de Theory-of-

Mind vaardigheden van kinderen met PDD-NOS, een lichtere variant van 

autisme. Slechts weinig onderzoek wordt gewijd aan deze doelgroep, terwijl 

op grond van klinische ervaring wel verondersteld kan worden dat ook zij 

Theory-of-Mind problemen ervaren.  

In hoofdstuk 1 wordt uitgebreid stilgestaan bij de ontwikkeling van 

Theory-of-Mind en de mogelijke Theory-of-Mind problemen van kinderen 

met PDD-NOS. Tevens worden de verschillende doelstellingen binnen dit 

onderzoek uit de doeken gedaan. Het uiteindelijke doel van dit onderzoek is 

om meer zicht te bieden op de mogelijke Theory-of-Mind problemen van 

kinderen met PDD-NOS. Dit kan met behulp van een cross-sectionele of 

met een longitudinale onderzoeksopzet. Voor dit onderzoek hebben we voor 

dat laatste gekozen: op basis van herhaalde metingen hoopten we niet alleen 

meer zicht te krijgen op de specifieke Theory-of-Mind problemen van 

kinderen met PDD-NOS, maar ook op de ontwikkeling van hun Theory-of-

Mind over de jaren heen. Een belangrijke vraag daarbij was of kinderen met 

PDD-NOS alleen vertraagd zijn in hun Theory-of-Mind ontwikkeling of dat 

er eerder sprake is van een kwalitatief afwijkende Theory-of-Mind 

ontwikkeling in vergelijking met zich normaal ontwikkelende kinderen. Om 

op al deze vragen antwoord te kunnen geven, was het noodzakelijk een 

Theory-of-Mind test te gebruiken welke een gevarieerd beeld biedt op de 

vroege Theory-of-Mind vaardigheden van een kind, welke in staat is 

onderscheid te maken tussen kinderen zonder en mét Theory-of-Mind 

problemen, en welke tevens toepasbaar is binnen een ´herhaalde metingen´ 

onderzoeksopzet. Een dergelijke Theory-of-Mind test was bij het begin van 

dit onderzoek niet voor handen. Om die reden besloten we zelf een test te 

ontwikkelen, het Theory-of-Mind Takenboek, ook wel afgekort als het ToM 

Takenboek. 
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In hoofdstuk 2 wordt de ontwikkeling van het ToM Takenboek 

uitgebreid besproken. Om herhaalde metingen mogelijk te maken, zijn er 

vier verschillende parallelversies ontwikkeld, waarvan de versie Sam de 

basisversie is. De andere versies (versie Lotje, versie Pieter en versie 

Hanna) hebben dezelfde taakstructuur als de versie Sam, maar hebben een 

verschillende taakinhoud, zodat expliciete herkenning van taken door 

kinderen onmogelijk werd gemaakt. Aangezien de parallelversies qua opzet 

zowat identiek zijn aan de versie Sam, wordt alleen de versie Sam 

besproken. Het ToM Takenboek Sam is een test die bestaat uit zes 

voorleesboekjes. In deze voorleesboekjes zijn verschillende Theory-of-Mind 

en verwante taken opgenomen die kinderen normaal op hun vijfde 

levensjaar moeten kunnen beantwoorden. Zo zijn er taken gericht op wensen 

en gedachten, taken gericht op emotieherkenning, maar ook taken gericht op 

het onderscheid maken tussen fysische en mentale entiteiten. In totaal zijn er 

34 taken en 95 vragen. Bij 18 vragen moet het kind een rechtvaardiging 

(Waarom doet Sam zo?) geven. Om het testen aangenaam te houden voor de 

kinderen, hebben we de verhalen voorzien van kleurrijke tekeningen en 

allerlei interactieve elementen toegevoegd. Zo kunnen kinderen deuren 

omdraaien en kijken wat er achter zit, kunnen kinderen magnetische 

emotieplaatjes op het gezicht van Sam plaatsen of kunnen ze zelfs de vacht 

van een poesje aaien. De testafname duurt gemiddeld 45 minuten, inclusief 

een korte pauze na het derde voorleesboekje. Omdat het ToM Takenboek 

een nieuwe test is, werd uitgebreid stilgestaan bij de validering van de test. 

Daarbij werd gebruik gemaakt van een grote groep zich normaal 

ontwikkelende kinderen (324 kinderen, van 3-12 jaar oud) en een kleinere 

groep van kinderen met PDD-NOS (30 kinderen, van 3 tot 8 jaar). Zowel de 

interne consistentie, de test-hertest betrouwbaarheid, de inter-

beoordelaarsbetrouwbaarheid, de discriminerende validiteit als de 

convergerende validiteit bleken goed te zijn. Echter om de Theory-of-Mind 

vaardigheden van verschillende kinderen met elkaar te kunnen vergelijken 

zijn ook normscores nodig. 

In hoofdstuk 3 wordt de normering van het ToM Takenboek 

besproken. Omdat er zich duidelijke geslachtsverschillen voordeden, 

werden er normen berekend voor zowel jongens als meisjes. Er werden 

normen voor een breed leeftijdbereik berekend, namelijk voor kinderen van 

drie tot twaalf jaar oud, dit ondanks het feit dat de test vragen bevat 

betreffende vaardigheden die bij zich normaal ontwikkelende kinderen al 

tussen het derde en vijfde levensjaar ontstaan. Doordat er ook normen zijn 

voor oudere kinderen is de test ook bruikbaar bij kinderen met een 
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vertraagde Theory-of-Mind ontwikkeling. Hun Theory-of-Mind vaardigheid 

kan uitgedrukt worden in een ToM Quotiënt, afgekort als een ToM-Q (met 

een gemiddelde van 100 en een standaarddeviatie van 15). Traditioneel is de 

berekening van een quotiënt score gebaseerd op een monotone stijgende 

curve. Echter voor dit onderzoek is gekozen voor een niet-lineaire curve, 

namelijk op basis van een Loess smoothing. Een dergelijke techniek volgt 

de geobserveerde scores veel getrouwer en laat tijdelijke dips in de 

ontwikkelingscurve toe. Om de meerwaarde van deze methode te illustreren, 

zijn de normen voor het ToM takenboek zowel op basis van een monotone 

stijgende curve berekend als met de Loess smoothing. Daarvoor werd 

opnieuw de grote onderzoeksgroep met zich normaal ontwikkelende 

kinderen uit hoofdstuk 2 gebruikt (dit betrof 324 kinderen). Uit de analyses 

bleek dat de Loess smoothing superieur was. Daarnaast viel op dat er zich 

een aantal dips (tijdelijke terugvallen) voordeden in de ontwikkeling van 

Theory-of-Mind. Dergelijke dips waren tot nu toe onbekend binnen Theory-

of-Mind onderzoek. 

In hoofdstuk 4 wordt uitgebreid stilgestaan bij de dips in de Theory-

of-Mind ontwikkeling van zich normaal ontwikkelende kinderen. 

Discontinuïteiten in de ontwikkeling van een vaardigheid – zoals tijdelijke 

versnellingen, terugvallen, vertragingen en regressies - zijn bekende 

fenomenen binnen de ontwikkelingspsychologie (zogenaamde U- dan wel 

N-vormige ontwikkelingen), maar worden daarbuiten zelden enthousiast 

ontvangen. Vaak worden ze afgedaan als toevalligheden of zelfs 

meetfouten. Om te illustreren dat we te maken hebben met een betekenisvol 

ontwikkelingsfenomeen werd uitgebreid onderzoek gedaan naar de 

geobserveerde tijdelijke terugval in de scores. Daarbij werd opnieuw 

gebruik gemaakt van de Loess smoothing methode en daarnaast van 

dynamische groeimodel principes en statistische indicatoren voor 

ontwikkelingstransities (zoals veranderingen in scheefheid, groeisnelheid en 

variabiliteit). Er bleken zich twee statistisch significante discontinuïteiten 

voor te doen: een op de leeftijd van 56 maanden (4,6 jaar) en een op de 

leeftijd van 72-78 maanden (6-6,5 jaar). Ook bleek er opnieuw een 

geslachtverschil naar voren te komen. De meisjes maken een 3-staps 

ontwikkeling door, terwijl jongens trager zijn en in hun score-verloop 

daardoor slechts een 2-staps ontwikkeling doormaken. Er werd uitgebreider 

onderzoek gedaan naar de meest uitgesproken dip, namelijk die rond 72-78 

maanden. Deze dip bleek niet te wijten aan selectiecriteria, toevallige 

steekproefvariaties of incompetente proefleiders. De dip werd voorafgegaan 

door een toename in scheefheid, groeisnelheid en variabiliteit in de Theory-
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of-Mind scores. Daarnaast werd de dip niet alleen waargenomen in de ToM 

Takenboek totaalscore, maar ook in de verschillende subscores, en bleek de 

dip zelfs uitgesprokener naar voren te komen in de meer typische Theory-

of-Mind subscores (zoals de ‘false belief’ subscore). Ook wanneer de groep 

werd onderverdeeld in verschillende niveaus (percentiel 25, 50, 75 en 100), 

bleek de dip keer op keer voor te komen. In hoofdstuk 4 wordt ingegaan op 

verschillende hypothese die de oorzaak van deze dip proberen te verklaren. 

Geconcludeerd werd dat de dip een belangrijk ontwikkelingsgegeven is, dat 

zicht geeft op de dynamica van de Theory-of-Mind ontwikkeling en welke 

mogelijk ook meegenomen kan worden in het onderzoek bij kinderen met 

PDD-NOS. Bijvoorbeeld, laten kinderen met PDD-NOS ook zo’n dip zien 

of juist niet? En als ze een dip laten zien, is dit op hetzelfde of op een later 

moment? Met andere woorden, is de dip vertraagd bij kinderen met PDD-

NOS?  

In hoofdstuk 5 wordt er ingegaan op de Theory-of-Mind 

ontwikkeling van kinderen met PDD-NOS. Een groep van 30 kinderen met 

PDD-NOS werd 20 maanden gevolgd. Iedere 4 maanden werd hun Theory-

of-Mind vaardigheid gemeten met het ToM Takenboek. Op basis van 

kwantitatieve en kwalitatieve Theory-of-Mind aspecten werd een twee-

dimensioneel Theory-of-Mind continuüm verondersteld. Dit continuüm 

bevat vier kwadranten. Tevens werd verondersteld dat de mate van Theory-

of-Mind problemen samenhangt met de ernst van de autisme problemen. 

Kinderen met PDD-NOS worden verondersteld te behoren tot het kwadrant 

waarbij niet zozeer kwalitatieve Theory-of-Mind problemen spelen (wat wel 

verondersteld wordt bij kinderen met een autistische stoornis), maar 

kwantitatieve Theory-of-Mind problemen. Analyses wezen uit dat kinderen 

met PDD-NOS inderdaad aan dit profiel voldeden. Ze maakten dezelfde 

Theory-of-Mind ontwikkeling door als zich normaal ontwikkelende 

kinderen. Er waren geen kwalitatieve verschillen, wel waren de kinderen 

met PDD-NOS vertraagd in hun Theory-of-Mind ontwikkeling. Deze 

vertraging was niet alleen zichtbaar in hun algehele Theory-of-Mind 

ontwikkeling, maar ook in het later optreden van de dip (namelijk bij 85-90 

maanden i.p.v. bij 72-78 maanden). Deze dip bleek bovendien ook duidelijk 

in de coëfficiënt van variatie - een maatstaf voor de relatieve spreiding in 

een verdeling - naar voren te komen. Naast deze dip was er nog een andere 

bijzondere bevinding in dit onderzoek bij kinderen met PDD-NOS. Ondanks 

dat er gebruik werkt gemaakt van parallele versies van het ToM Takenboek, 

bleek er zich toch een leereffect voor te doen. Kinderen werden naarmate 

het longitudinale onderzoek vorderde steeds beter in hun Theory-of-Mind 
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vaardigheid. Daarbij dient opgemerkt dat kinderen nooit informatie 

teruggekoppeld kregen over de correctheid van hun antwoorden. Er was 

sprake van een klassieke leercurve, waarbij de kinderen met PDD-NOS in 

het begin van de testperiode het meest bijleerden. Verondersteld werd dat 

deze toename was toe te schrijven aan de herhaalde blootstelling aan 

Theory-of-Mind taken, waardoor de Theory-of-Mind ontwikkeling van deze 

kinderen ook extra geactiveerd werd. Een dergelijke bevinding heeft 

gevolgen voor Theory-of-Mind trainingsstudies. Ten eerste wordt er in 

dergelijk onderzoek nauwelijks rekening gehouden met de natuurlijke 

ontwikkeling van Theory-of-Mind, welke zich toch ook voordoet bij 

kinderen met Theory-of-Mind problemen. Ten tweede wordt ook geen 

rekening gehouden met het effect van loutere blootstelling aan Theory-of-

Mind taken. Zou men bijvoorbeeld hetzelfde leereffect als in Theory-of-

Mind trainingen kunnen bereiken door kinderen louter te testen met Theory-

of-Mind taken? Wel dient opgemerkt te worden dat de mate van Theory-of-

Mind groei in dit onderzoek niet overeenkwam met een soortgelijke 

toename in sociale vaardigheden in het dagelijks leven (in dit onderzoek 

gemeten met het VABS interview). Echter, de vraag is of ook Theory-of-

Mind trainingen wel in staat zijn een vergelijkbare toename in sociale 

vaardigheden te bewerkstelligen.  

Samengevat zijn de belangrijkste bevindingen van dit onderzoek dat 

Theory-of-Mind zich niet monotoon ontwikkelt maar dat er sprake is van 

discontinuïteit in de ontwikkeling (de dip), dat deze discontinuïteit zich niet 

alleen voordoet bij zich normaal ontwikkelende kinderen maar ook bij 

kinderen met PDD-NOS, en dat kinderen met PDD-NOS geen afwijkende 

maar een vertraagde Theory-of-Mind laten zien (een zogenaamde ‘delay’ in 

plaats van een ‘deviance’). Daarnaast werd ook aangetoond dat er 

geslachtsverschillen zijn: jongens hebben een tragere Theory-of-Mind 

ontwikkeling dan meisjes. Deze bevinding is belangrijk binnen de 

diagnostiek van Theory-of-Mind problemen. Indien men geen rekening 

houdt met deze geslachtverschillen kan men het Theory-of-Mind 

functioneren van jongens gemakkelijk onderschatten. De norm scores die 

we ontwikkeld hebben, houden hier expliciet rekening mee. Doordat het 

ToM Takenboek genormeerd en gevalideerd is, kan het toegepast worden 

binnen de klinische praktijk, om zo Theory-of-Mind problemen van 

kinderen te objectiveren en hierop klinisch beleid te maken, wat in de 

praktijk al gebeurt. 

Met betrekking tot toekomstig onderzoek kunnen een aantal 

mogelijkheden worden genoemd. Ten eerste kan gedacht worden aan 
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onderzoek gericht op de empirische invulling van de andere geformuleerde 

kwadranten binnen het twee-dimensioneel Theory-of-Mind continuüm. 

Daarbij dient het Theory-of-Mind functioneren van kinderen met een 

autistische stoornis vergeleken te worden met dat van kinderen met de 

stoornis van Asperger. Verondersteld wordt dat zij wel een afwijkende 

Theory-of-Mind ontwikkeling doormaken (dus wel een ‘deviance’). 

Daarnaast kunnen ook andere klinische groepen betrokken worden, zoals 

kinderen met sociale angst en kinderen met ADHD. Een tweede 

onderzoekslijn zou zich kunnen richten op de mechanismen achter het effect 

van herhaalde metingen op Theory-of-Mind functioneren, ook bij kinderen 

met Theory-of-Mind problemen. Een meer dynamische vorm van testen, 

waarbij kinderen ook te horen krijgen of ze fout of juist hebben geantwoord, 

zou het vermogen tot ToM-gerelateerd leren bij kinderen met Theory-of-

Mind problemen mogelijk kunnen versterken. Ten slotte hopen we dat er in 

onderzoek meer aandacht komt voor de waarde van discontinuïteit in de 

ontwikkeling van vaardigheden in het algemeen en in de ontwikkeling van 

Theory-of-Mind in het bijzonder. 
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APPENDIX A: Example tasks of the ToM Storybooks 

 

Before beginning the test, the child is presented with drawings of five facial 

expressions (happy, scared, angry, sad, and surprised); there was also a 

neutral (just OK) face. The child was asked to provide labels with the faces 

in order to be sure that he/she recognized each emotional expression (see 

also Hadwin, Baron-Cohen, Howlin & Hill, 1996). If the child did not know 

or made a mistake, the experimenter gave the appropriate label. After 

practicing the emotions, the actual test begins.  

There are 34 tasks (also see Appendix B); they can be divided in five 

groups.  

 

 

1. Emotion recognition (maximum of 14 points) 

There are five emotion recognition tasks: happy, scared, angry, sad and 

surprised. The child is presented with five situational descriptions. It has to 

choose the appropriate face and provide the correct emotion label. To avoid 

a response bias, the presentation order of the faces varied.  

Example task (see Figure 1): ‘Sam has won shooting marbles. He 

has won the most beautiful marble.’ Questions: 1) Choose the face that 

matches. (emotion recognition), 2) How does he look? (emotion naming), 3) 

How come Sam is feeling happy? 

 

Figure 1. Emotion recognition task 
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2. The difference between physical and mental entities 

Mental-physical distinction (maximum of 24 points) 

Pairs of real-mental contrasts are used in which the child has to compare 

two characters that have corresponding objective and subjective 

experiences. The child has to compare real situations with pretending, 

dreaming, thinking about things, and remembering things. The 

(justification) questions and item sequence were counterbalanced. 

 Example task (see Figure 2): ‘Sam, mummy and Sparky are going to the 

park. First, they are going to the pond. Sam gives bread to the ducks. And 

then mummy too. Sam’s friend, John, can’t go to the park today. John is sick 

and is lying in bed at home. John pretends to give bread to the ducks.’ 

Questions: 1) Who can really see the bread with his eyes? John or Sam? 

(mental physical senses), 2) How come... [Sam/John] can really see the 

bread with his eyes? 3) Who can really give the bread to the ducks now? 

John or Sam? 4) John plays. He pretends to feed the ducks. Can the mummy 

of John really give that bread to the ducks too? (mental physical others), 5) 

Who cannot save the bread now and give it to the ducks tomorrow? John or 

Sam? (mental physical future). 

 

Figure 2. Mental-physical distinction task 
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Real-imaginary distinction (maximum of 8 points) 

Questions are asked about real items and imaginary, non-existing items.  

Example task: ‘John and Sam are eating their sandwiches. ‘John’, 

says Sam, ‘Listen. I know a fun game. I am going to ask you strange 

questions.’ Questions: 1) Do yellow bananas exist? 2) Do dancing bananas 

exist? 3) Can you think of yellow bananas? 4) Can you think of dancing 

bananas? 

 

Close impostors (maximum of 12 points) 

Close impostors are physical objects that do not posses all characteristics of 

real objects. Real physical objects, like for instance chairs, have three 

characteristics, namely behavioral-sensory evidence, public existence and 

consistent existence. Close impostors can only be perceived in one modality 

and cannot be touched or acted upon. There are two tasks: one task is on 

smoke, the other is on a nasty smell.  

Example task (see Figure 3): ‘Sparky, the dog, is rolling in the mud. 

‘Yak Sparky, you smell bad’, says Sam. ‘It stinks!’ Questions: Can Sam 

touch the smell with his hands? Can Sam smell the smell? (close impostor 

senses) Can mummy smell it too? (close impostor others) How come 

mummy can smell it … [too/not]? Can Sam save the smell in a box and 

smell it again tomorrow?(close impostor future) 

 

 

Figure 3. Close impostor task 
 

 

Figure 4. Seeing leads to knowing task 
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3. Perception knowledge (maximum of 3 points) 

Only one task is involved. Questions are asked about the connection of 

seeing or not seeing something and knowing or consequently not knowing 

something (a subtest that was also included in the batteries of Tager-

Flusberg, 2003).  

Example task (see Figure 4): ‘Today, it is Sam’s birthday. He is five. 

In the room there are two gifts on the table: a little parcel and a big box. 

Lisa, his sister, is allowed to look in the box, Sam however, can only touch 

the box’. Questions: 1) Who knows what is in the box? Sam or Lisa? 2) Why 

does … [Lisa/Sam] know what is in the box? 

 

 

4. Desires (maximum of 17 points)  

The knowledge of desires allows one to predict both emotions and actions. 

Both sorts of tasks are incorporated into test items where desires are either 

fulfilled or not fulfilled.  

There are five tasks on desire-emotions (wanting and getting/ not 

getting/ getting something else, and not wanting and not getting/ getting). 

Example task: ‘Come along Sam and Sparky’, says mother, ‘we are going 

home.’ On the way home, Sam sees the ice cream man. He wants an ice 

cream. ‘Mother, can I have an ice cream?’, he asks. ‘Off course’, says 

mother and Sam gets a great ice cream.’ Questions: 1) Choose the face that 

matches. (desire emotion recognition), 2) How does he look?(desire emotion 

naming), 3) How come Sam is feeling… [emotion]? 

There are three desire-action tasks. Example task: ‘They are at 

John’s house. But John has hidden himself. Sam wants to go swimming and 

John has to come along to the swimming pool. He goes to look for Sam in 

the cellar. He opens the door. And yes! There is John.’ Questions: 1) What 

will Sam do now? 2) Why is he going …[repeat previous answer]? 

 

5. Beliefs (maximum of 34 points) 

Questions are asked about fulfilled or not fulfilled beliefs. These tasks, like 

desire tasks, can be used to predict both emotions and actions.  

There are two belief-emotion tasks. Example task: ‘Sam thinks his 

swimming trunks are on the chair. Sam goes to look on the chair. But there 

he finds a chicken!’ Question: 1) Choose the face that matches. (standard 

belief emotion recognition), 2) How does he look? (standard belief emotion 

naming), 3) How come Sam is feeling… [emotion]? 
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There are eight belief-action tasks. They are all first order belief 

tasks: on standard belief, changed belief, inferred belief, inferred belief 

control, not belief, not own belief (or diverse-belief), explicit FB and FB 

(change-of-location, see figure below) tasks.  

Example task (see Figure 5): ‘Grandpa and grandma are paying 

Sam a visit. Sam gets rollerblades from grandpa and grandma. He’s very 

happy with the present. Sam puts the rollerblades in the toy trunk. Then, he 

goes upstairs. When Sam has left, his sister Lisa goes to the toy trunk. She 

likes to tease her brother. Lisa hides the rollerblades in the box! And then, 

she goes outside. Then, Sam comes back. He wants to rollerblade.’ 

Questions: 1) Where will Sam look for his rollerblades? 2) Why is Sam 

looking … [there]? 3) Where does Sam think his rollerblades are? 4) Where 

are they really? 

 

Figure 5. False belief task 
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APPENDIX B: Order of the tasks in the ToM Storybooks 

 
Book  Task    Scoring of justification3 

 No Name Type Quest.1 Max2 1 point 2 points 

 

How is 

Sam 

feeling? 

   

  1 

 

Emotion recognition 

 

Happy 

 

2 (1) 

 

4 

 

RM, GK & S 

 

D, FB & VB 

  2 Emotion recognition Angry 2 (1) 4 RM, GK & S D, FB & VB 

  3 Emotion recognition Scared 2 2   

  4 Emotion recognition Sad 2 2   

  5 Emotion recognition Surprise

d 

2 2   

        

Sam goes 

to the park 

  6 Standard belief Action 1 (1) 3 VRB FB 

  7 Standard belief Emotion 2 2   

  8 Real-mental 

distinction 

Pretend 4 (1) 6 LP RR 

  9 Desire Action  1 1   

10 Close impostor Smell  4 (1) 6 IPP-almost IPP & LP 

11 Desire Emotion 2 (1) 4 VB, LP & S D & RM 

       

Sam goes 

swimming 

12 Standard belief Action 1 1   

13 Standard belief Emotion 2 (1) 4 LP, PC & S FB & VB 

14 Desire Action 1 (1) 3 RM & S D 

15 Real-mental 

distinction 

Dream 4 (1) 6 LP RR 

16 Desire  Emotion  2 2   

17 Real imaginary 

 distinction 

Think 4 4   

        

Sam visits 

his grand 

parents 

18 Desire  Action  1 1   

19 Explicit false belief Action  2 (1) 4 VRB FB 

20 Close impostor Smoke  4 (1) 6 IPP-almost IPP 

21 Not own belief Action  1 (1) 3 VRB FB 

22 Desire Emotion 2 2   

23 Real-mental 

distinction 

Think 4 (1) 6 S RR & LP 

        

Sam at the 

farm 

24 Standard belief Action  1 1   

25 Changed belief Action 1 (1) 3 S FB 

26 Real-mental 

distinction 

Remem

ber 

4 (1) 6 LP RR 

27 Not belief Action 2 (1) 4 VRB FB 

28 Desire Emotion 2 2   

29 Real imaginary 

distinction 

Dream 4 4   

        

Sam’s 

birthday 

30 Perception knowledge Know 1 (1) 3 LP PC 

31 Desire Emotion  2 2   

32 Inferred belief control Action 3 0   

33 False belief Action  3 (1) 5 LP & S FB 

34 Inferred belief Action 2 2 

 

  

Note. 1 number of test questions, and between brackets the number of additional justification questions; 2 

maximum attainable points; 3 correct justification answers per task: D=desire, FB=fact belief, GK=general 

knowledge, IPP=insight physical process, LP=location possession, PC=perception criterion, RM=rest category 

mental state, RR=referring to reality, S=situational, VB=value belief, VRB=verb referring to a belief. 
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APPENDIX C: Overview of the justification categories 

 

In order to evaluate the justifications of children, we formulated 21 

categories. 

Desire: The answer refers to the protagonist’s desire with respect to the 

situation. It involves wanting or desiring something. Ex. Why is Sam 

happy? Because he wanted that ice cream. 

Fact belief: The child refers to the protagonist’s knowledge. It involves 

thinking, knowing, being sure of, expecting or recognizing. Ex. Why 

does Sam look for grandpa there? Because he thinks that is where 

grandpa is sitting. 

Value belief: The answer passes a value judgement on how the protagonist 

handles a situation. It involves verbs such as loves, dares, liking 

something, or finding it sad. 

Changed fact belief: The answer refers to a revised belief on the part of the 

protagonist. This category is only used for the changed fact belief 

task. Ex. Why does Sam look for the chickens in the coop? Because 

he now thinks the chickens are in the coop (At first, he thought they 

were in the field). 

Insight physical processes: The child gives an explanation of the working 

of a physical process. This category is only used for the close 

impostor task. Ex. How come Sam can’t save smoke in a box and look 

at it again tomorrow? Because smoke evaporates. 

Reality status: The child explains the reality of a subject or object. Ex. How 

come Sam can see the ducks? Because he is really feeding the ducks. 

His friend is only pretending. 

Perception criterion: The child refers to a reality criterion: the use of 

senses (hearing, seeing, smelling) by the protagonist. Ex.  How come 

Sam can see the bread with his own eyes? Because he is looking at it. 

Verb referring to belief: Answers in which the verb say or tell is used 

instead of think. It is understood that saying is like thinking aloud and 

thus indicates belief. Ex. Why did Sam went looking there? Because 

he said he would (Note: In the text it is explicitly mentioned that Sam 

thinks they are there.). 

Location possession explanation: The child very clearly refers to the 

location or someone’s possession of an object (as specified in the 

question), without referring to the mental state of the protagonist. Ex. 

How come the swimmer can see the ball? Because he swims next to 

Sam (who is holding the ball). 
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Mental state-verbs not otherwise specified: These constitute of verbs 

referring to mental states, but don’t fall under categories ‘desire’, ‘fact 

belief’, ‘value belief’, ‘changed fact belief’ or ‘verbs which refer to a 

belief’. They are: looking forward to, counting on, being afraid that, 

being happy with, being anxious about, hoping for, liking, finding sad 

that, being curious about, wondering about, must, may, having 

intention to, planning, is going to. 

Situational: Dwelling on the situation without reference to the mental state 

of the protagonist. Ex. Why does Sam look embarrassed? Because his 

swimsuit is missing. 

General knowledge reference: The child refers explicitly to a normality or 

logicality. Ex. Why does Sam look for his grandfather behind the 

door? Because grandfathers he cannot be under the table; 

grandfathers find it difficult to crawl under tables. 

External characteristic of subject/object: The child explains the exterior 

characteristics of a person or object. Ex. How come Sam can see the 

bread? Because he has eyes. 

Own reference frame with mental state: In these situations the child 

describes a mental state, giving an answer in the form of a belief or 

desire (think, know, like, want, dare etc), or that an emotion is 

involved in the answer. However, this answer refers to the child 

himself; how he/she would react in the same situation. Or the child 

gives an own interpretation of the situation and makes up things which 

(indirectly) relate to the context of the question, but goes too far. 

Own reference frame without mental state: This answer is similar to the 

former one, but without using a mental state.  

Reiteration of question: When the answer is a repetition of an emotion or 

action from the question. This doesn’t have to be a literal repetition. 

Ex. Why does Sam look happy? Because he is happy. 

Irrelevant/uninterpretable: This answer is a nonsense answer; it has 

nothing to do with the question. It is neither an explanation nor an 

answer to the question. Ex. How come Sam looks for the chickens in 

the coop? Because I think that Teletubbies go looking there.  

Doesn’t know: When a child says he/she does not know the answer. 

Doesn’t say: When a child is silent; he/she gives no answer. 

Missing: The answer is unreadable or inaudible.  

Not applicable: When a question was accidently not asked. 
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Dit proefschrift is het resultaat van een decenniumlange zoektocht. Omdat 

deze periode zo lang was, vind ik het ook gepermitteerd om een lang 

dankwoord te hebben, want er raakten over de jaren heen steeds meer 

mensen betrokken, waar mijn dank erg naar uit gaat. 

In eerste instantie wil ik de beoordelingscommissie hartelijk danken 

voor het lezen en goedkeuren van mijn proefschrift. Bedankt Prof. dr. B.F. 

van der Meulen, Prof. dr. R.J. van der Gaag en Prof. dr. J.M. Bouma. 

 Ook grote dank naar mijn twee promotoren Prof. dr. P.L.C. van 

Geert en Prof. dr. R.B. Minderaa en mijn co-promotor dr. M. Serra. Ruud 

bedankt voor het vertrouwen, de steun en de wijze woorden. Bedankt dat je 

zo enthousiast reageerde op onderzoeksresultaten en deze ook graag 

propageert op congressen. Marike bedankt voor de begeleiding over de jaren 

heen, voor het samen ToM verhaaltjes bedenken, het brainstormen, het 

samen analyses doen, de commentaren op mijn stukken en het bijpraten. En 

dan Paul …, hoe kan ik je ooit bedanken? Je bent een mentor, een 

steunpilaar, een kunstenaar, en bovenal een genie. Ik heb met jou de meest 

interessante en spannende tijden meegemaakt. Je hebt me geholpen mijn 

tekenstijl te verfijnen en mijn (teken)perspectieven aan te passen. We 

hebben de Monte Carlo meerdere malen beklommen, voorzichtig vooruit 

geShuffled, met onze Jack Nife hebben we wispelturige data getemd en aan 

Slope-Hunting gedaan. Dat we meerdere malen in een ToM-dip zaten, 

vonden we - samen met alle 6,5 jarige kinderen - heel gezellig. We konden 

er niet genoeg van krijgen! Voor ik jou leerde kennen, vond ik statistiek zo 

statisch, en .. tja zo saai. Ik vind het nu heel dynamisch, zelfs geweldig 

boeiend en het is mijn vurige wens om in de toekomst samen me jou nog 

veel projecten en data te tackelen. Al is het ook maar, om bij je warm gezin 

te zijn. Leen, je vrouw, die me altijd goed verzorgde en dingen goed wist te 

relativeren (ook als ik een hele dag gewerkt had aan een congresposter en op 

het einde van de dag het document onherstelbaar kapot ging). Dank je wel 

Leen, ook voor alle zottigheden en zoetigheden. Liesbeth, voor de vrolijke 

noot. En David, voor het heel secuur invoeren van de Theory-of-Mind 

observatiegegevens. Erg bedankt David! 

In de ToM groep Groningen zat naast Paul en Marike, ook nog 

Franciska Loth. Franciska, bedankt voor het meedenken, de vele 

overlegmomenten en de longitudinale data van de zich normaal 

ontwikkelende kinderen die je ter beschikking stelde.  

Echter zonder de betrokken kinderen, hun ouders, de scholen en de 

diverse instellingen zou er geen onderzoek geweest zijn. Wegens privacy 

redenen kan ik jullie niet persoonlijk danken, maar weet dat mijn 
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allergrootste dank naar jullie uitgaat. Zonder jullie inzet was dit onderzoek 

nooit mogelijk geweest! Ook de instellingen wil ik graag bedanken.  

Voor het normeringsonderzoek hebben we onderzoek gedaan op 

diverse peuterspeelzalen en scholen in Groningen en Drenthe. Ik dank de 

betrokken directeuren, leerkrachten en conciërges van de diverse 

basisscholen in Drenthe: de Elsakker (Westervelde), de Hekakker (Norg), de 

Vijverstee (Vries); van de diverse basisscholen in Groningen: de Pendinge, 

de A.M.G. Schmidtschool, de Bisschop Bekkersschool, de 

Oosterhoogebrugschool, Oosterpark, ’t Kompas; en van de diverse 

peuterspeelzalen: het Schippertje, de Zeven dwergen, de Teddybeer, en Het 

Wilgenroosje.  

Voor het longitudinale onderzoek bij kinderen met PDD-NOS 

hebben er verschillende instellingen meegedaan. Ik dank de mensen van het 

MKD in Haren, de Prof. W.J. Bladergroenschool (RENN4 school), het 

Universitair Centrum Kinder- en Jeugd Psychiatrie Groningen (Accare) en 

het Autismeteam Noord Nederland (Lentis). Mijn bijzondere dank gaat uit 

naar Jan Bijstra, Mark-Peter Steenhuis en Cees Ketelaars die me geholpen 

hebben bij de selectie van de kinderen. Kit van Mechelen, bedankt dat ik op 

de kinderkliniek ‘pilots’ kon draaien met de eerste versies van het ToM 

Takenboek. 

Graag dank ik alle studenten die in de loop der jaren betrokken 

waren bij dit onderzoek. Te beginnen met Anne-Marie Huyghen, Ninja van 

der Honing en Anne de Groot die de startfase van dit onderzoek hebben 

meegemaakt. We hebben samen tekeningen gescand, boekjes in elkaar 

geknutseld en heel vroeg in de ochtend gereisd naar Drenthe om daar te 

testen. Jullie waren de pioniers, dank jullie wel voor de gezellige tijden! 

Dank ook aan alle studenten die geholpen hebben met het verzamelen van 

de longitudinale data: Bregje Boeting, Margo Fokkink, Femke Holwerda, 

Hadewey Koopmans, Christa Kor, Marieke van Pagée, Jessy Teng, Anne 

Marleen Op het Veld, Patricia van Royen en Carlijn Wolters. Velen van 

jullie hebben ook normeringsdata aangeleverd en het een en ander aan 

knutselwerk gedaan voor het ToM Takenboek. Marieke en Hadewey, met 

jullie heb ik het begin van het longitudinale onderzoek mogen meemaken op 

het PiNN.  Dat was een spannende en mooie tijd. Een bijzondere dank gaat 

uit naar Bregje en Carlijn: jullie hebben de aanzet gegeven voor het 

kwalitatieve beoordelingssysteem. Dankzij jullie konden we het ToM 

functioneren van kinderen nog beter differentiëren. Dank aan Anne Marleen 

en Patricia, die zich vol overgave stortten op de second-order-belief taken. 

En dank aan Christa voor de nauwkeurigheid waarmee ze álle kwalitatieve 
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antwoorden heeft gecontroleerd. Een bijzondere dank aan Jessy, die een 

Chinese versie heeft ontwikkeld van Lotje (‘klein wolkje’ in het Kantonees) 

en onderzoek heeft gedaan bij Kantonees sprekende kinderen. Dòh jě! 

Tevens dank aan Irene Lesterhuis, Hadewych Langereis, Joanne Volkers, 

Irma Wesselink, Floortje van Bavel, Danielle van den Broek, Marie-Thérèse 

van Dijk, Kim van Pol en Heidi Meindertsma. Voor hun scripties kozen ze 

een ietwat andere invalshoek (andere doelgroep, ander instrument of andere 

analysemethode), welke zeer aanvullend was voor het onderzoek met het 

ToM takenboek. Op het eind van dit proefschrift is een overzicht 

opgenomen van alle scriptieverslagen. Also a big thank you to Jussi 

Vesterinen from Finland and Franciska Gianotti from Italy, who made 

research abroad possible.  

De helft van bovenstaande studenten was ook zo betrokken om 

samen met mij autismekampen te draaien of op NVA-dagen te assisteren. 

Bedankt dat jullie altijd zo enthousiast meededen. En dank aan al jullie 

medevrijwilligers, die ik hier jammer genoeg niet allemaal kan noemen. We 

hebben leuke tijden gehad! 

Naast bovenstaande studenten is er nog een aantal mensen dat 

geholpen heeft bij de dataverwerving van de normeringskinderen. Ik dank 

Ab Harpman en zijn collega´s, en Marieke Boelhouwer. Marieke, ook erg 

bedankt voor het ingenieus puntensysteem t.b.v. de observatielijsten.  

Het is fijn om te merken dat het onderzoek met het ToM Takenboek 

verder gaat. Ik dank de Nederlandse onderzoekers die het ToM Takenboek 

gekozen hebben als instrument binnen hun onderzoek: Aletta Kwant, Gerrie 

Douma-Slothouwer, Agna Bartels, Olga Braams en Alya Solodova. Voor 

het onderzoek van Agna hebben we samen een ToM versie voor oudere 

kinderen ontwikkeld en deze gebruikt binnen het ´stemmenhoren´ 

onderzoek. We hebben onderzoek bij kinderen met ADHD en autisme nog 

op ons verlanglijstje staan! Het is heel fijn om met je samen te werken. Het 

onderzoek van Alya mag ik van heel dichtbij meemaken. Het was leuk om 

samen een volwassen ToM versie te ontwikkelen voor mensen met een 

verstandelijke beperking en een ernstige gedragsstoornis. Ik verheug me op 

onze verdere samenwerking en op jouw proefschrift! And thank you to all 

foreign researchers for choosing the ToM Storybooks. Dankzij Professor dr. 

Ilse Noens is er nu ook een Vlaamse versie van het ToM Takenboek en 

wordt er onderzoek gedaan bij kinderen met een verstandelijke beperking. 

Ik hoop dat we in de toekomst vaker gezamenlijke researchprojecten zullen 

ondernemen. Professeur dr. Evelyne Thommen de Lausanne (Suisse), je 

vous remercie pour initier une recherche longitudinale avec une version 
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Française du ToM Storybooks. J´espère que ce projet aboutira à une 

collaboration productive. Also thank you to Professor dr. Paola Molina, 

Professor dr. Silvia Ciairano and Daniella Bulgarelli from Torino (Italy) 

for the research cooperation concerning the Italian ToM Storybooks, the 

yearly invitations to the University of Torino, and the nice Italian lunches 

and dinners. I hope we will continue with our adventure for many more 

years. Cara Paola, grazie mille per la piacevole collaborazione, per il tuo 

impegno  e ospitalita. Grazie per averci ospitato nel tuo appartamento di 

Milano. Cara Daniela, grazie per fare una cosi intensa ricerca con la 

versione italiana del ToM Storybooks. I libri sono in buone mani. 

Carrissima amica Silvia, grazie mille a te, tuo marito Franceso e tuoi figli 

Giuseppe e Renata. Noi abbiamo trascorso dei bei momenti nel tuo 

appartamento e abbiamo avuto un pranzo magnifico (come un momento di 

Bertoli) nel giardino dei tuoi amici sopra la montagna Courmayeur e nella 

Valle d´Oasta. 

Voor mijn promotieonderzoek dank ik ook de mensen die me 

wegwijs hebben gemaakt in de statistieken. Dank je wel Paul van Geert, 

Peter Tellegen, Marieke Timmerman, Catharina Hartmann en Koen van 

Braeckel. Koen was ook een kamergenoot, die lekker Vlaams tegen me 

bleef klappen al was ik het accent zelf al jaren kwijt (sorry Koen, maar toch 

bedankt voor je pogingen en voor alle neuro-adviezen). Over de jaren heen 

heb ik meerdere kamergenoten gehad: dank je wel Jan Visser, Jan Bijstra, 

Cor van Halen, Marijn van Dijk, Martine Verheul, Georgios Vleioras en 

Johan Verwoerd voor de fijne AIO-tijd. En dank aan mijn mede AIO-

genoten. De oudere lichting: Carolina de Weerth, Evelien Krikhaar, Kitty 

Boosman, Sabine Hunnius en Henderien Steenbeek. En de nieuwere lichting 

Anna Lichtwarck-Aschoff en Laura Ballato (we hadden gezellige etentjes, 

ik hoop dat er nog meer volgen!), Marieke Boelhouwer (we hebben steeds 

fijn gepraat met elkaar), Marieke Visser en Raphaela Carrière. En natuurlijk 

het secretariaat en de staf van ontwikkelingspsychologie, voor alle adviezen 

over de jaren heen: Harke Bosma, Phillipa Butcher, Gerrit Breeuwsma, 

Matty van der Meulen, Reint Geuze en Anke Bouma. 

Ik wil ook mijn huidige werkgevers en collega’s bedanken. Eerst de 

mensen bij het Universitair Centrum Psychiatrie. Dank je wel Ernst Horwitz 

en Piet Visser dat ik tijd vrij kreeg om het proefschrift af te ronden. Dank je 

wel Anne van Lammeren, voor de fijne collega die je bent en voor het 

steeds belangstellend vragen naar mijn proefschrift en mijn wel en wee. Ook 

dank aan Richard Bruggeman (die mij zijn Tourette patiënten toevertrouwde 

en me introduceerde binnen het UCP), Fons Tholen (voor de kansen die ik 
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kreeg), Professor dr. Rob van den Bosch (nog excuses voor de plaagstootjes 

op het NASKHO-congres op Curaçao) en mijn vele dagelijkse collega’s. 

Naast de mensen van het Universitair Centrum Psychiatrie, wil ik ook mijn 

collega’s van het Autisme Team Noord Nederland bedanken. Jullie zijn een 

hele fijne en kundige groep mensen. Een speciale dank aan Petra Huizinga 

en Simone Hein (heerlijk hoe jullie van trots kunnen stralen als ik ergens 

een presentatie geef), Klaas Veeninga (voor het eindeloze vertrouwen dat je 

in me hebt en voor het mogen meedenken in de nieuwe koers van het ATN) 

en Cees Ketelaars (dat je je suggestie om bij een MKD te gaan werken goed 

hebt gemaakt door mij bij het ATN binnen te halen. Je subtiele, ervaren 

aanpak van Gentse dames werkt!). 

En bedankt aan al mijn GZ medecursisten, die de afgelopen twee 

jaren iedere vrijdag een warm bad vormden en die ik heel erg ga missen als 

de opleiding afgelopen is.  

Graag dank ik nog de mensen die me de afgelopen jaren erg 

inspireerden. Dank je wel Professor dr. Herbert Roeyers (door uw 

intrigerende colleges ben ik op het spoor van autisme gekomen), dr. Peter 

Vermeulen (voor zijn wijze begeleidingsadviezen en de begeestering) en 

zijn collega’s bij Autisme Centraal (Jos Valkenborg, bedankt voor de kans 

om ToM-seminars in Gent te geven), Professor dr. Ina van Berckelaer-

Onnes (‘tante Ina’, om jouw kennis, vriendschap en onbaatzuchtige inzet 

voor de kinderen met autisme op Curaçao), Professor dr. Ed Klip (voor de 

wijze raad), Professor dr. Carolien Braet (voor de eerste kennismaking met 

gedragstherapie), centrum Zit Stil te Wilrijk/België (voor de eerste 

kennismaking met ADHD, psychoeducatie en lezingen geven, jullie hebben 

me erg gevormd), Carla Appelboom (voor de verdere introductie binnen de 

gedragstherapie), Anja Talboom (voor de lol die we hebben tijdens onze 

talrijke weekenden en avonden waarin we gewerkt hebben aan het protocol 

voor de Partnercursus Autisme), Menno Oosterhoff (voor je tomeloze inzet 

voor patiënten), Hans Bogte (voor je gedrevenheid), Rieja Dukker (voor de 

fijne gesprekken en de gezamenlijke projecten binnen de NVA), de NVA 

(Nederlandse Vereniging Autisme), Cees Weber en dr. Jaap van der Meere 

(Wetenschappelijk Tijdschrift voor Autisme), Inge van Balkom en Harrold 

de Cuba (voor de werkervaring en gastvrijheid op Aruba), de AAC 

(Asosashon pa Autismo Curaçao, in het bijzonder Ingrid Kross, Krissy en 

Stanley Capriles, Marianne en Eddy Crestian voor de fijne samenwerking en 

de gezellige momenten) en de autismedeskundigen op Curaçao (Edith 

Canters en Inge Boutier; Inge ik heb enorme bewondering voor je werk in 

het Savaanhuis). 
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Dank aan de vrienden die steeds belangstellend vroegen naar het 

project: de mensen van het ADHD-vrijwilligers eetclubje (Anne-Marie 

Huyghen, Kristel Bindels en Marita Schuilenga), Ann DeSmet (mijn 

studiemaatje uit Gent), Maria Eugenia y Jesus (Gracias por la amistad, las 

vacaciones relajantes, las meriendas y cenas ricas, y por la traduccíon de 

los libros de Teoría de la Mente que hemos hecho en la playa.) Sheila 

Sitalsing en Mario Dankoor, en onze Larix-buren, Henk en Alie (voor het 

onder meer fungeren als een professioneel pakkettendepot) en Ton, 

Annemarie en zoon Daan (voor hun zoete invalhuis).  

De paranymfen verdienen een plekje apart: Annemarie Fock en 

Henderien Steenbeek. Annemarie, jij bent een lieve buurvrouw en vriendin. 

Van het moment dat ik in Groningen ben komen wonen, was je erbij. Over 

de jaren heen heb je steeds belangstellend gevraagd naar al mijn projecten. 

We hebben lief en leed met elkaar gedeeld. Je schonk zelfs je kind aan het 

ToM onderzoek! Lieve Daan, bedankt dat je keer op keer mijn ToM 

proefkonijn wou zijn. En Ton ook bedankt voor de gezellige avonden. Ook 

Henderien wil ik erg bedanken voor haar vriendschap. Ook met jou heb ik 

veel lief en leed gedeeld. Ik heb veel aan onze gesprekken gehad. Ze hebben 

me keer op keer gesterkt. En onze etentjes waren/zijn altijd heel fijn. 

En dan wil ik heel graag mijn familie en schoonfamilie danken. De 

mensen die me al die jaren zo weinig hebben gezien, omdat ik het altijd zo 

druk had met mijn werk. Mama, bedankt dat we altijd welkom zijn in Gent, 

voor je heerlijke kookkunsten, het inleggen van al mijn broeken, de 

gezamenlijke reisjes en de fijne tijden. Voor Papa, die er niet meer is, maar 

o zo trots zou zijn geweest. Je bent in mijn gedachten, voor altijd. Voor mijn 

Meme en Pepe; Meme je bent één van de weinigen die het lukt om bij te 

houden waar ik allemaal mee bezig ben, waar ik nu weer heen ben gegaan 

en waar ik dan weer werk. Je bent een heel wijze vrouw, waarvan ik veel 

geleerd heb. Voor mijn broers en aanhang: Geert en Wanda (ik hoop in de 

toekomst vaker leuke dingen te doen met jullie), Jan en Elke, lieve Jade en 

lieve ??? (mijn toekomstig petekindje, ik zie je nu al graag). Mijn 

schoonfamilie: Earl, Jente en Yulong (bedankt voor alle mooie Bao Trieu 

momenten en familiemomenten); Minea, Percy, Najee en Noam (ik kwam 

graag bij jullie in Los Angeles, ik mis jullie erg en hoop weer snel langs te 

komen op Curaçao); Järl en Carolien (ik kom ook graag weer langs bij jullie 

in Boston, altijd fijn om bij te praten) en lieve Ma en Pa (bedankt voor alle 

fijne tijden; ik hoop dat we snel nog eens samen op vakantie kunnen, naar 

Salobreňa bijvoorbeeld). 
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Als laatste wil ik mijn lieve man Carl bedanken. Lieve dushi, zonder 

jou had ik dit nooit kunnen doen. Je steunt me in al mijn projecten, staat me 

steeds bij met raad en daad, brengt me in de vroege en late uurtjes overal 

heen, durft me kritisch te bevragen en houdt onvoorwaardelijk van me. 

Onze fijne werkweekenden in Landal Greenparks zullen, ondanks het 

gereedkomen van dit proefschrift, gelukkig door blijven gaan. Mi stimabo 

hopi. 
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CURRICULUM VITAE 

 

Els Blijd-Hoogewys werd geboren op 21 mei 1973 te Sint-Amandsberg, 

België. Ze bezocht de Onze Lieve Vrouw Visitatie en behaalde in 1992 het 

Wetenschappelijke B diploma. In datzelfde jaar deed ze ook een 

avondopleiding tekenen aan de Academie voor Beeldende Kunst te Gent. 

Na de middelbare school startte zij met de opleiding psychologie aan de 

Universiteit Gent. In 1995 deed ze in het kader van ERASMUS 

studentenuitwisseling een stage in Nederland bij het Universitair Centrum 

Kinder- en Jeugdpsychiatrie Groningen (nu onderdeel van Accare). Het 

daaropvolgende jaar deed ze stage bij het centrum Zit Stil (voor kinderen 

met ADHD) in Antwerpen. Gelijktijdig met haar universitaire studie, heeft 

ze 2 jaar een modeopleiding gevolgd. Ze studeerde in 1997 af aan de 

Universiteit Gent met als hoofdrichting Ontwikkelingspsychologie en als 

nevenrichting Klinische Psychologie. Ze deed haar scriptie bij Prof. dr. H. 

Roeyers; de scriptie handelde over de sociale (in)competentie bij kinderen 

met ADHD, een vergelijking van de effecten van twee 

trainingsprogramma's. 

Al voor haar afstuderen begon ze te werken als psycholoog bij het 

Universitair Ziekenhuis Gent, afdeling Obesitas,  bij Prof. dr. C. Braet, 

gevolgd door een betrekking van enkele maanden bij het centrum Zit Stil. In 

1998 verhuisde ze naar Nederland. Daar startte zij aan de Rijksuniversiteit 

Groningen bij Prof dr. P.L.C. van Geert met de ontwikkeling van het ToM 

takenboek. In april 1999 werd dit omgezet in een promotietraject met Prof. 

dr. R.B. Minderaa als tweede promotor. 

Om feeling te blijven houden met de klinische praktijk, heeft zij 

naast haar promotie-onderzoek steeds parttime gewerkt binnen de 

geestelijke gezondheidszorg. In 1999 startte ze met de 

gedragstherapieopleiding. In het kader van deze opleiding heeft ze 

achtereenvolgens bij de GGZ Groningen afdeling Jeugd (nu Lentis/Jonx) 

(2000-2001) en het Academisch Ziekenhuis Groningen/polikliniek 

psychiatrie (nu UMCG/UCP) (2000-2005) gewerkt. In 2004 liep het AIO-

contract bij de Rijksuniversiteit Groningen af waarna ze het 

promotieonderzoek voortzette in haar avonduren en freelance docent werd 

aan de Rijksuniversiteit Groningen (2004-heden). Ze was ook gastdocent bij 
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de GZ-opleiding in Nijmegen (2002-2005), is gastdocent bij de GZ-

opleiding Volwassenen in Groningen (2004-heden), en hoofddocent bij de 

GZ-opleiding Jeugd in Groningen (2005-heden). 

Over de jaren heen heeft ze veel vrijwilligerswerk gedaan: bij de 

Vlaamse Dienst Autisme te Gent, bij de vakantiespeelpleinwerking voor 

kinderen met autisme te Aalst, bij Humanitas te Groningen en bij de 

Nederlandse Vereniging Autisme.  

Sinds 2003 werkt ze bij de GGZ Groningen afdeling Autismeteam 

Noord Nederland (nu Lentis/Axenza) als protocol- en 

methodiekontwikkelaar. Sinds 2006 werkt ze ook weer bij het UMCG/UCP, 

team ontwikkelingsstoornissen, als diagnosticus en gedragstherapeut. In 

datzelfde jaar werd ze ingeschreven in het register voor gedragstherapeuten. 

Januari 2007 startte zij met de GZ-opleiding bij het en zal die in januari 

2009 afronden. Per januari 2009 stopt zij, met spijt in het hart, bij het 

UMCG/UCP en zal zij volledig overgaan naar het Autismeteam Noord 

Nederland. Ze hoopt dan te kunnen starten met de KP-opleiding. Ze blijft 

ook verbonden aan de vakgroep Klinische- en Ontwikkelingspsychologie 

van de Rijksuniversiteit Groningen. Na de promotie hoopt ze zich weer wat 

meer op het tekenen en schilderen te kunnen toeleggen. 

Els is getrouwd met Carl Blijd. Samen delen ze een passie en 

interesse voor reizen, gastronomie, voordachten/presentaties houden en 

ontwikkelingsstoornissen.  
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