
 

 

 University of Groningen

Taking an alternative perspective on language in autism
Overweg, Jennigje

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Overweg, J. (2018). Taking an alternative perspective on language in autism. [Thesis fully internal (DIV),
University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/d385a7b0-cb63-491f-8a41-4a85cb54c529


 

Chapter 2. High-verbal versus low-verbal Theory of Mind reasoning in 

children with autism spectrum disorder 
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2.1 Abstract 

Children with autism spectrum disorder (ASD) are known for their Theory of Mind (ToM) 

impairments. In this study, we investigated whether problems with ToM understanding in 

children with ASD can be attributed to verbal task demands rather than an impaired ToM 

understanding. We investigated ToM understanding in a novel low-verbal and a standard 

high-verbal ToM task in 48 children with ASD and 43 typically developing children (age 6-12). 

To examine the cognitive processes that may be needed for correct ToM understanding, 

tasks to measure cognitive inhibition, cognitive flexibility and working memory (WM) were 

also administered. Children with ASD showed ToM impairments in both the high-verbal and 

the low-verbal ToM task. The two ToM tasks relied on partly different cognitive processes. 

While verbal ability, working memory and IQ were relevant in the high-verbal ToM task, 

inhibition and IQ were relevant in the low-verbal ToM task. Group differences in ToM 

nonetheless remained after adjustment for these cognitive processes. We conclude that 

ToM impairments in individuals with ASD are robust and argue that any ToM task will recruit 

multiple cognitive processes. Therefore, despite its reliance on verbal ability, WM, and IQ, a 

standard verbal ToM task appears adequate for identifying ToM impairments. 

 

2.2 Introduction 

Children with autism spectrum disorder (ASD) have often been reported to have problems in 

Theory of Mind (ToM) understanding (Frith, 2001). ToM is the ability to attribute mental 

states, such as beliefs, desires and intentions, to other people (Baron-Cohen et al., 1985) and 

plays a crucial role in social interaction and communication (Heyes & Frith, 2014). The most 

influential task to test ToM understanding is a false belief (FB) task, which is usually highly 

verbal in nature. Children with ASD are generally less proficient than typically developing 

children (TD) in first-order FB reasoning (i.e., understanding the false belief of one other 

person; see Baron-Cohen et al., 1985; Yirmiya, Erel, Shaked, & Solomonica-Levi, 1998) and 

fail advanced FB tasks that involve second-order FB reasoning (i.e., understanding the false 

belief of a person about another person’s thought; Baron-Cohen, 1989b; Ozonoff, 

Pennington, & Rogers, 1991). Other advanced ToM tasks (i.e., second-order ToM tasks), such 

as the Strange Stories test (understanding of nonliteral expressions like sarcasm, irony and 
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bluff) and the Faux Pas test (understanding of social blunders), also reveal problems in ToM 

understanding in individuals with ASD (Baron-Cohen, O’Riordan, Stone, Jones, & Plaisted, 

1999; Happé, 1994). However, these findings are not always replicated, which may in part be 

due to the complexity of ToM tasks resulting in the recruitment of other cognitive processes 

beyond ToM understanding. For example, Scheeren and colleagues (2013) did not find 

differences between children with ASD and their TD peers in several types of ToM tasks 

involving second-order ToM understanding. They showed that a growth in verbal abilities 

increased ToM performance in children with ASD as well as their TD peers, emphasizing the 

need to use ToM measures that are less intertwined with children’s verbal abilities. Reduced 

ToM understanding in children with ASD has been argued to be related to insufficient verbal 

abilities, impaired pragmatic abilities or problems understanding specific syntactic forms 

(Ahmed & Miller, 2011; Durrleman et al., 2016; Fisher, Happé, & Dunn, 2005; Happé, 1995; 

Paynter & Peterson, 2010). Hence, it is not surprising that good performance on ToM tasks is 

related to linguistic abilities in children with ASD and their TD peers (Happé, 1995; Miller, 

2013; Milligan, Astington, & Dack, 2007; Ronald, Viding, Happé, & Plomin, 2006). Also, it has 

been argued that the development of linguistic abilities and ToM understanding are 

interrelated (De Villiers, 2007). This raises the question whether children with ASD struggle 

with ToM understanding due to the verbal task demands rather than a ToM deficit per se. In 

the present study, we examined whether school-aged (6-12 year old) children with ASD still 

show problems with ToM understanding if the verbal demands of the ToM task are reduced. 

In verbal ToM tasks, language skills are taxed in multiple ways. Children need to be 

able to track the changing beliefs of multiple characters in a story. Also, they need to 

understand the grammatically complex ToM question (e.g. What does A think that B thinks?) 

and construct an answer (e.g. A thinks that B thinks that…) which involves complex 

grammatical structures like double embedding (Apperly, Samson, Chiavarino, & Humphreys, 

2004; Miller, 2009). Reducing the linguistic demands in second-order ToM tasks by avoiding 

double embedding results in better ToM performance in TD children (Coull, Leekam, & 

Bennett, 2006). Some studies have argued that differences in ToM understanding between 

children with ASD and their TD peers may disappear when the differences in language 

abilities are accounted for (Gernsbacher & Pripas-Kapit, 2012; Norbury, 2005; Tager-Flusberg 
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& Sullivan, 1994). However, other studies that have used non-verbal first-order FB tasks 

indicate that ToM impairments in children with ASD are independent of their verbal abilities 

(Gliga, Senju, Pettinato, Charman, & Johnson, 2014; Senju et al., 2010). 

In addition to linguistic abilities, Executive Functioning (EF) abilities may play a crucial 

role in the emergence of ToM abilities in TD children (Carlson, Mandell, & Williams, 2004; 

Devine & Hughes, 2014; Hughes, 1998) and children with ASD (Pellicano, 2010). EF refers to 

cognitive processes such as working memory (WM), inhibition and flexibility, that allow for 

the flexible alteration of thought and behaviour in response to changing contexts (Welsh & 

Pennington, 1988). In ToM understanding, WM is needed to simultaneously hold in mind 

multiple (possibly conflicting) perspectives (Carlson, Moses, & Breton, 2002). Additionally, 

cognitive inhibition is needed to suppress one’s own perspective to adopt the other person’s 

perspective (Ruby & Decety, 2003). Possibly, cognitive flexibility is needed in ToM 

understanding to be able to flexibly shift between conflicting perspectives (Frye, Zelazo, & 

Burack, 1998). WM and inhibition have been found to be strongly related to ToM 

performance in TD children (Carlson, Claxton, & Moses, 2015; Perner & Lang, 1999) and 

children with ASD (Joseph & Tager-Flusberg, 2004; Ozonoff et al., 1991). Since children with 

ASD often have less developed EF abilities than TD children (Hill, 2004b), differences in ToM 

understanding between children with ASD and their TD peers may result from EF problems. 

In this study, we tested whether children with ASD still show poor ToM 

understanding when the verbal demands in an advanced ToM task are reduced. We 

compared children’s performance on such a low-verbal task to their performance on a high-

verbal ToM task. This gives insight in the extent that ToM difficulties hold up when verbal 

demands are low. Besides varying verbal task demands, we also focused on individual 

differences in the cognitive processes that may be needed for correct ToM understanding by 

assessing these in separate tasks. Examining WM, inhibition, and flexibility gives insight in 

the extent to which these processes indeed play a role in ToM understanding, and how the 

role of cognitive processes is different across the two tasks, and the two groups. Like verbal 

load, EF impairments may explain why children with ASD have an expected poorer ToM 

performance than TD children. 
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2.3 Method 

2.3.1 Participants  

Forty-eight children with ASD and 43 TD children were tested. All children in the ASD group 

were diagnosed with ASD by clinicians on the basis of the DSM-IV-TR criteria (American 

Psychiatric Association, 2000). Additionally, in all children, the Autism Diagnostic Interview 

Revised (ADI-R; Rutter, Le Couteur, & Lord, 2003) and the Autism Diagnostic Observation 

Schedule (ADOS; Lord, Rutter, DiLavore, & Risi, 1999) were administered by certified 

professionals. Two children from the ASD group (both clinically diagnosed with Pervasive 

Developmental Disorder-Not Otherwise Specified) were excluded because they met neither 

the ADOS nor the ADI-R criteria for ASD (cf. the ASD2 criteria of Risi et al., 2006). One child 

from the TD group met the ADOS criteria for ASD and was therefore excluded, leaving 46 

children with ASD (mean age=9;4, SD=2;2) and 42 TD children (mean age=9;2, SD=2;0) for 

further analysis. 

When recruiting the children with ASD and the TD children, only mono-lingual Dutch-

speaking children with no diagnosis of any language disorder were included. IQ scores on a 

clinically administered full IQ test were used to include only children with ASD with an IQ 

score of >75 in our sample. We expected all TD children in our sample to have an IQ of >75, 

since all of them went to regular primary schools and none had reported learning difficulties. 

Because we wanted to compare the IQ scores of the participants, we additionally estimated 

each child’s IQ using two subtests (Vocabulary and Block Design) of the WISC-III-NL (Kort et 

al., 2002). We also derived a normed verbal ability (VA) quotient from the standardized 

Peabody Picture Vocabulary Test (PPVT-III-NL; Schlichting, 2005) to assess children’s VA. The 

background data of the two groups of participants with group means and standard 

deviations for age, estimated IQ and VA can be found in Table 2.1.  

Children with ASD and their parents were recruited via outpatient clinics for child and 

adolescent psychiatry in the north of the Netherlands and a national website for parents 

who have a child with ASD. TD children were recruited via information in newsletters and 

brochures at schools in the north of the Netherlands. Children were tested individually on a 

single day in a quiet room with two experimenters present. All children participated in a 

larger study on language and communication in ASD. The medical ethical committee of the 
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Table 2.1 Description of Participants With Autism Spectrum Disorder (ASD) and Typically Developing 

(TD) Participants 

Background variables ASD (N=46) TD (N=42) Group differences 

(General Linear Model 

ANOVA analyses) 

Gender (boys:girls) 39:7 34:8 ns 

Chronological Age (Year;Month) 

   Mean (SD) 

   Range 

 

9;4 (2;2) 

6;0-12;5 

 

9;2 (2;0) 

6;2-12;7 

 

ns 

 

Clinical diagnosis of ASD subtype 

according to DSM-IV criteria (N): 

   Autistic Disorder 

   Asperger’s Disorder 

   PDD-NOS 

 

 

4 

2 

42 

 

 

0 

0 

0 

- 

- 

- 

Number of participants meeting  

ASD2 criteriaa on: 

   ADOS and ADI 

   ADOS only 

   ADI only 

   No ASD on ADOS and ADI 

 

 

33 

10 

3 

2 (excluded) 

 

 

0 

1 (excluded) 

0 

42 

 

 

- 

- 

- 

- 

Estimated IQ (WISC)b 

   Mean (SD) 

   Range 

 

99.87 (16.92) 

66.65-145.48 

 

113.21 (13.86) 

72.71-145.48 

 

TD > ASD*** 

 

Verbal ability score (PPVT)c 

   Mean (SD) 

   Range 

 

104.48 (13.9) 

77-139 

 

113.62 (11.53) 

87-138 

 

TD > ASD** 

 

Note. ANOVA = analysis of variance; ns= nonsignificant; PDD-NOS = pervasive developmental disorder-
not otherwise specified; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders (4th edition); 
ADOS = Autism Diagnostic Observation Schedule; ADI = Autism Diagnostic Interview. 
a The ASD2 criteria of Risi et al. (2006) are as follows: “a child meets criteria on Social and 
Communication domains or meets criteria on Social and within 2 points of Communication criteria or 
meets criteria on Communication and within 2 points of Social criteria or within 1 point on both Social 
and Communication domains” (Risi et al., 2006; p.1100). b Estimated IQ on the basis of two subtests of 
the Dutch version of the Wechsler Intelligence Scale for Children (WISC-III-NL; Kort et al., 2002). 
c Normed verbal ability score from the Dutch version of the Peabody Picture Vocabulary Test (PPVT-III-
NL; Schlichting, 2005); ** p<.01; *** p<.001 
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University Medical Hospital Groningen evaluated this study as not falling under the Medical 

Research Involving Human Subjects Act (WMO). Nevertheless, we followed the required 

procedures and obtained informed consent from parents. 

 

2.3.2 Outcome measures 

High-verbal ToM task. The Bake Sale task, a second-order false belief (FB) task 

adopted from Hollebrandse, van Hout and Hendriks (2014) is used as the high-verbal ToM 

task. The task consists of eight stories, which are modelled after Perner and Wimmer's 

(1985) “ice cream truck story”. All stories have the same set up. Each story has two main 

characters that initially share the same belief. During the story the beliefs of these 

characters are manipulated. The beliefs of these two main characters do not overlap; each 

character has his or her own belief which differs from reality. Each story contains a first-

order FB question and a second-order FB question, reflecting the ToM1 and ToM2 output 

measures, respectively. Also, two probe control questions and one ignorance question are 

asked to prompt participants to explicitly recall their knowledge about the ongoing shifts in 

beliefs. At the end of each story, following the second-order FB question, the first-order FB 

question is asked again to check for consistency with the first-order FB question halfway 

through the story. Stories are read aloud by an experimenter and are accompanied by four 

pictures presented one by one using the computer software E-Prime 2.0 (Schneider, 

Eschmann, & Zuccolotto, 2002). The order of stories is counterbalanced across participants. 

The task is divided into two blocks with a short break in between. Figure 2.1 presents an 

example story. 

Low-verbal ToM task. The Marble Drop task, a computer game designed to test ToM 

reasoning (adapted from Meijering, van Rijn, Taatgen, & Verbrugge, 2012; see also 

Verbrugge, Meijering, Wierda, Van Rijn, & Taatgen, 2018), is used as the low-verbal ToM 

task. In this game, a marble is dropped in a marble coaster that has two levels of trapdoors 

(see Figure 2.2). 

The participant and the computer can each manipulate part of the path of the marble 

down to the bottom of the marble coaster by opening the left or right door of a set of 

trapdoors. The participant and the computer are each assigned a target colour (blue or 



Chapter 2  

28 
 

 

Figure 2.1 Example of Bake Sale story (translated from Dutch to English; task adopted from 

Hollebrandse et al., 2014) 

 

 

orange). The participant controls the trapdoors in the participant’s target colour, and the 

computer controls the trapdoors in the computer’s target colour. At the bottom of the 

marble coaster, there are four bins. Each bin contains a number of diamonds in each of the 

two colours, ranging from 1 to 4 diamonds per colour. The participants are instructed that 

their main goal is to obtain as many diamonds as possible in their target colour, and that the 

goal of the computer is to obtain as many diamonds as possible in the computer’s own 

target colour. The participants can achieve their goal by opening either the left or the right  
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First part in game with a ToM0 

decision:  ‘Which trapdoor will 

you open now?’ 

Second part in game with a ToM1-a 

decision:  ‘Which trapdoor do you 

think the computer will open?’ 

Third part in game with a ToM1-

b decision:  ‘Which trapdoor will 

you open now?’ 

 

Figure 2.2 Example of a game in the first block of the low-verbal ToM task, including ToM0, ToM1-a 

and ToM1-b decisions (task adapted from Meijering et al., 2012). The diamonds that can be obtained 

by the participant and the trapdoors that are controlled by the participant are in the participant’s 

target colour (in this black-and-white figure white), and the diamonds that can be obtained by the 

computer and the trapdoors that are controlled by the computer are in the computer’s target colour 

(in this figure black). Grey trapdoors (in this figure the top trapdoors in the first and second part of the 

game) are neither controlled by the participant nor by the computer, but open in a pre-specified 

direction. 

 

 

trapdoor at the top level and the second level, thus letting the marble drop down in one of 

the four bins at the bottom. Crucially, the numbers of diamonds of each colour in a bin can 

differ, so the optimal choice for the participant need not be the optimal choice for the 

computer, and vice versa. 

Each participant played 23 unique games, including 3 practice games to familiarize 

participants with the rules of the game. The 20 experimental games are divided into two 

blocks, each block consisting of 10 games. Each game in this task consists of three parts. In 

the first and second part of the game, the grey top trapdoors open automatically and the 

participants have to make their first decision at the second level of trapdoors. In the third 

part of the game, the top trapdoors change from grey to either the target colour of the 

participant or the target colour of the computer and therefore have to be opened by either 
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the participant or the computer. The top trapdoors in the practice games and the 10 games 

in block one are in the target colour of the participant, indicating that the participant is the 

one controlling the top trapdoors. In this case, the participants have to make a decision at 

the top level of trapdoors in the third part of the game. In the 10 games in block two, the top 

trapdoors are in the target colour of the computer, indicating that the computer is the one 

controlling the top trapdoors. In this case, the participants have to predict at the top level of 

trapdoors which trapdoor the computer will open. 

In part one of each game (see Figure 2.2, lefthand picture), the marble starts at the 

top of the marble coaster and automatically falls to the right. A pre-recorded voice asks the 

participant which trapdoor he would like to open. Making a zeroth-order ToM decision 

(ToM0 decision, because this decision does not require the application of ToM), the 

participant should open the trapdoor that will let the marble fall into the bin containing the 

most diamonds of the participant’s colour. In the example in Figure 2.2 (lefthand picture), 

the participant’s optimal decision would be to open the left trapdoor, because there are 

more diamonds in the participant’s target colour in the left bin (three) than in the right bin 

(two).  

In part two of each game (see Figure 2.2, center picture), the marble starts at the top 

of the coaster again but now automatically falls to the left. At this point it is the computer’s 

turn to open the left or right trapdoor, as the trapdoors are in the computer’s colour. Before 

the computer opens the trapdoor, the participant is asked by a pre-recorded voice to click 

on the trapdoor that he thinks the computer will open. This is a first-order ToM (ToM1-a) 

decision, as the participant has to take the computer’s perspective to decide on the 

computer’s choice, which is the bin containing the most diamonds of the computer’s colour. 

After the participant clicks on the trapdoor that he thinks the computer will open, the 

trapdoor corresponding to the computer’s optimal choice (which may differ from the 

participant’s predicted choice) is opened and the marble falls down into the bin. In the 

example in Figure 2.2 (center picture), the participant’s optimal prediction would be that the 

computer opens the right trapdoor, because there are more diamonds in the computer’s 

target colour in the left bin (three) than in the right bin (two), even though there are more 

diamonds of the participant’s target colour (four) in the right bin than in the left bin (one).  



High-verbal versus low-verbal Theory of Mind reasoning in children with autism spectrum disorder 
 

31 
 

In the third part of each game (see Figure 2.2, righthand picture), the marble starts at 

the top of the coaster again. Now the top trapdoors do not open automatically anymore but 

are controlled by either the participant or the computer. In the 3 practice games as well as 

the 10 games in block one, the participant is the one controlling the top trapdoors, which is 

indicated by the colour of the top trapdoors. The participant’s decision at the top trapdoors 

counts as a ToM1 decision. To make this decision at the top level, the participant needs to 

switch perspective once, as the participant’s outcome may depend on the decision of the 

computer at the second level. This is the case if the participant decides to open the left 

trapdoor at the top level, as the lefthand set of trapdoors at the second level is in the 

computer’s colour; if the participant decides to open the right trapdoor, the participant 

should make another decision at the second level, as the righthand set of trapdoors at the 

second level is in the participant’s colour.  

In the example in Figure 2.2 (righthand picture), the participant’s optimal ToM1 

decision would be to open the right trapdoor at the top level, followed by opening the left 

trapdoor at the second level, as this yields three diamonds in the participant’s target colour. 

If the participant would decide to open the left trapdoor at the top level (resulting in a next 

decision by the computer, as the trapdoors at the lefthand side are in the computer’s target 

colours), the computer’s predicted optimal decision at the second level would be to open 

the left trapdoor, yielding three diamonds in the computer’s target colour and only one 

diamond in the participant’s target colour. As this outcome yields fewer diamonds in the 

participant’s target colour than the outcome after opening the right trapdoor at the top 

level, this latter decision is the optimal ToM1 decision. To arrive at the optimal ToM1 

decision, the participant needs to correctly predict the computer’s decision at the second 

level, which is dependent on the participant’s own decision at the top level. Since this ToM1 

decision at the top level is a more complex decision than the ToM1-a decision at the second 

level in part two of the game (as more comparisons are needed), we will refer to this type of 

decision as a ToM1-b decision. 

In the 10 games in block two, the top trapdoors are in the target colour of the 

computer, indicating that the computer is the one controlling the top trapdoors (see Figure 

2.3). The participant now has to predict which trapdoor the computer will open at the top  
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First part in game with a ToM0 

decision: ‘Which trapdoor will 

you open now?’ 

Second part in game with a ToM1-a 

decision: ‘Which trapdoor do you 

think the computer will open?’ 

Third part in game with a ToM2 

decision: ‘Which trapdoor do you 

think the computer will open?’ 

 

Figure 2.3 Example of a game in the second block of the low-verbal ToM task, including ToM0, ToM1-a 

and ToM2 decisions (task adapted from Meijering et al., 2012). The diamonds that can be obtained by 

the participant and the trapdoors that are controlled by the participant are in the participant’s target 

colour (in this black-and-white figure white), and the diamonds that can be obtained by the computer 

and the trapdoors that are controlled by the computer are in the computer’s target colour (in this 

figure black). Grey trapdoors (in this figure the top trapdoors in the first and second part of the game) 

are neither controlled by the participant nor by the computer, but open in a pre-specified direction.  

 

 

level. This second-order ToM (ToM2) decision requires the participant to switch perspectives 

twice. The first perspective shift is needed to reason about the computer’s decision at the 

top level, and the second perspective shift is needed to switch back to the participant’s own 

perspective, because the computer’s optimal decision at the top level may depend on the 

participant’s decision at the second level. In Figure 2.3 (righthand picture), the optimal ToM2 

decision is to open the left trapdoor, yielding three diamonds in the participant’s target 

colour. 

To encourage the participant to focus on the most desirable payoff for themselves, 

instead of on the least desirable payoff for the computer, each participant could win up to 

four stickers. The number of stickers they would win depended on the amount of diamonds 

in their target colour that they had obtained. The more diamonds the participant had 

obtained in the Marble Drop task, the higher the bar on the left side of the screen (see 
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Figures 2.2 and 2.3). Each time the score reached a next level, as indicated by the small 

horizontal lines, the participant would win a sticker. 

The ToM0 decision served as a control condition and the ToM1-a, ToM1-b and ToM2 

decisions served as test conditions. 

 

2.3.3 Cognitive tasks 

Cognitive inhibition. To test cognitive inhibition, the Flanker test (Amsterdam 

Neuropsychological Test battery (ANT) version 2.1; De Sonneville, 1999) is administered. In 

this task, participants have to identify the colour of a target stimulus that is surrounded by 

eight distracters (flankers). The target colour is red or green and is associated with the left or 

right button, respectively. The flankers are either in the same colour as the target 

(compatible) or in the colour that is associated with the opposite response of the target 

(incompatible). For this task, participants receive 12 practice items, 40 compatible test items 

and 40 incompatible test items. The mean ACC and mean reaction time (RT) of cognitive 

inhibition is measured by subtracting the mean ACC or RT on compatible trials from the 

mean ACC or RT, respectively, on incompatible trials (resulting in the congruency effect; see 

Mullane, Corkum, Klein, & McLaughlin, 2009). 

Cognitive flexibility task. To test cognitive flexibility, we adapted the gender-emotion 

switch task of De Vries & Geurts (2012) to make it more similar to a classical switch task (e.g. 

Rogers & Monsell, 1995). In our task, pictures of round or square figures, in black or white, 

are displayed on the computer screen. Participants have to press the left or right button of a 

button box to report the shape (round or square) or the colour (black or white) of the figure. 

The cue at the top of the screen indicates whether the shape or the colour has to be 

reported. Participants receive 16 items to practice with shape, 16 items to practice with 

colour, and 40 items to practice with switching between shape and colour. The test part 

consists of 216 trials. One-third of these trials (72) are switch trials (switching from colour to 

shape or vice versa). Stimuli are presented and data recorded using the computer software 

Presentation (version 16.3; Neurobehavioral Systems, Inc). The mean ACC and mean RT of 

switch costs is measured by subtracting the mean ACC or RT on repeat trials from the mean 

ACC or RT, respectively, on switch trials (cf. De Vries & Geurts, 2012).  
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Working Memory. To test WM, the N-Back task (Owen et al., 2005) is used. In this 

task, participants have to remember pictures presented on a screen and indicate per picture 

if that picture matches the picture of the current trial or the picture of one or two trials 

before. Three conditions are administered: the 0-back (baseline: is the current picture a car 

or not?), 1-back and 2-back. Each participant receives a practice session of 15 trials per 

condition and a test  session of 60 trials per condition. Stimuli are presented and data 

recorded using the computer software E-Prime 2.0 (Schneider et al., 2002). The mean ACC 

on the 2-back condition is calculated as a measure of WM. 

 

2.3.4 Data analysis 

All participants were included in the analysis of the high-verbal ToM task (all scored  ≥.75 on 

the two probe questions as well as the ignorance question). Two ASD participants were 

excluded from further analysis of the low-verbal ToM task, because they made more than 10 

errors (out of 20) on the ToM0 control condition, leaving the data of 44 ASD and 42 TD 

participants.  

First, the association between ToM performance on the two ToM tasks was 

calculated. Pearson correlations showed an association between first-order ToM and 

second-order ToM performance on the two tasks. High-verbal ToM1 correlated highest with 

low-verbal ToM1-a (r=.41, p <.01) and ToM1-b (r=.35, p <.01) and lowest with ToM2 (r=.12, 

ns.). A similar differential pattern was found for high-verbal ToM2, which correlated highest 

with low-verbal ToM2 (r=.25, p <.05) but slightly lower with low-verbal ToM1-a (r=.21, n.s.) 

and ToM1-b (r=.19, ns.). 

To answer our research questions, Generalized Linear Mixed Models (GLMMs) were 

used, using a logit link to accommodate the repeatedly measured binary outcome variable 

Accuracy (0 for incorrect; 1 for correct) (Heck, Thomas, & Tabata, 2012; Jaeger, 2008). 

Compound symmetry was used as covariance matrix. The data of the high-verbal ToM task 

were analyzed in the A models and the data of the low-verbal ToM task in the B models. In 

model 1A, the high-verbal ToM data was tested with ToM order (ToM1 vs. ToM2) as within-

group factor and Group (TD vs. ASD) as between-group factor. In model 1B, we tested the 

low-verbal ToM task data with ToM order (ToM1-a vs. ToM1-b vs. ToM2) as within-group 
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factor and Group (TD vs. ASD) as between-group factor. Contrasts between ToM order in 

model 1B were dummy-coded. Tom1-a was used as baseline, resulting in ToM-order1 

(ToM1-a vs. ToM1-b) and ToM-order2 (ToM1-a vs. ToM2). Both variables were included as 

fixed factors in model 1B. Age was mean-centered and additionally included in model 1A and 

model 1B. The results of both models show the extent to which Accuracy was predicted by 

ToM order, Group, and Age, as well as the relevant (p <.05) interactions. In all analyses, 

interactions with no effect on Accuracy (p ≥ .05) were removed one by one, choosing the 

largest p-value for removal, after which we refitted the model.  

Next, the cognitive processes were each examined as main effects and in interaction 

with the significant predictors from model 1A as well as model 1B. The relevant parameters 

of Cognitive inhibition ACC, Cognitive inhibition RT, Switch costs ACC, Switch costs RT, WM 

and VA were mean-centered around a value of zero and were included as predictors, in 

separate analyses. The data of 3 participants (2 ASD and 1 TD) were missing in the Cognitive 

inhibition ACC and RT analyses, leaving the data of 42 ASD and 41 TD participants. Based on 

the outcomes of these analyses, we combined the cognitive processes with (main or 

interaction) effects on Accuracy (p <.05) and added these with the predictors of model 1A 

and model 1B in two models with multiple predictors to evaluate their effects adjusted for 

one another (cf. Kuijper, Hartman, & Hendriks, 2015; Overweg, Hartman, & Hendriks, 2018). 

This resulted in model 2A and model 2B, which show the cognitive processes associated with 

ToM understanding in the high-verbal ToM task and ToM understanding in the low-verbal 

ToM task, respectively. For purposes of interpretation, we illustrated significant effects using 

the median split method. 

Next, the parameter from the WISC (estimated IQ) was included in a separate 

analysis as a fixed factor to models 1A and 1B. This variable was added to each model to 

check whether it changed found associations between our cognitive processes of interest 

and ToM understanding. If estimated IQ had an effect on Accuracy (p <.05), it was added to 

model 2A and model 2B and evaluated in model 3A and model 3B. Given the significant 

group differences (see Table 2.1) in estimated IQ (B=-12.94; SE=3.29; p <.001), this approach 

provides a statistical alternative to a priori matching on IQ.  
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2.4 Results  

2.4.1 Results high-verbal ToM task 

Figure 2.4 provides the mean proportions correct in each ToM-order condition in the high-

verbal ToM task separately for the ASD and TD groups. 

Model 1A showed main effects of Group, ToM order and Age and an interaction of 

Group*ToM-order. As expected, the TD group performed significantly better than the ASD 

group, especially in the ToM1 condition. The main effect of Age indicated that the older the 

child, the better their overall performance on the task. Table 2.2 lists all effects of model 1A. 

Next, we examined, one by one, which cognitive processes were associated with 

Accuracy. These separate analyses indicated main effects of WM (B=2.195; SE=0.941; 

p=.023) and VA (B=0.042; SE=0.010; p=.000), but no effects of Cognitive flexibility or 

Cognitive inhibition. Both main effects of these analyses per predictor were combined in 

model 2A along with the effects identified in model 1A to evaluate their effects adjusted for 

one another. The effect of WM no longer remained significant (p=.497). Model 2A showed  

 

 

 

Figure 2.4 Proportion correct answers per Group (TD and ASD) in each ToM-order condition (ToM1 

and ToM2) in the high-verbal ToM task 
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Table 2.2 Estimated Effects of Models 1A, 2A and 3A on ToM Understanding in the High-verbal ToM 

Task 

 

Variables 

Model 1A Model 2A Model 3A 

Estimate SE Estimate SE Estimate SE 

Intercept 3.357** 0.236 3.270** 0.228 3.524** 0.280 

Group -1.737** 0.274 -1.345** 0.279 -1.499** 0.316 

Age 0.034** 0.006 0.035** 0.008 0.037** 0.007 

ToM-order  -2.485** 0.324 -2.566** 0.337 -2.922** 0.384 

Group*ToM-order  1.137** 0.386 1.123** 0.402 1.482** 0.461 

WM - - 0.735 1.074 0.431 1.043 

Verbal ability - - 0.040** 0.012 0.030* 0.012 

IQ - - - - -0.029* 0.015 

IQ*Group - - - - 0.048** 0.016 

IQ*ToM-order - - - - 0.053* 0.021 

IQ*Group*ToM-order - - - - -0.049* 0.024 

* p= <.05; ** p= <.01 

 

 

an effect of VA, indicating that children who have a lower VA show a lower Accuracy overall 

on the task. Table 2.2 lists all remaining effects in model 2A. 

Finally, we checked if the effect of the background variable IQ on ToM understanding 

altered findings in model 2A. The analyses per predictor indicated interactions of 

IQ*Group*ToM-order (B=-0.049; SE=0.024; p=.042), IQ*Group (B=0.051; SE=0.017; p=003) 

and IQ*ToM-order (B=0.054; SE=0.021; p=.009). In model 3A, these effects were combined 

with the effects identified in model 2A. The results of model 3A showed that the interactions 

effects of IQ remained. Table 2.2 lists all effects of model 3A.  

 Figure 2.5 illustrates the three-way interaction of IQ*Group*ToM-order, indicating 

that IQ has a positive effect on ToM understanding, especially in children with ASD. 

It should be noted that the main effects of Group, ToM order and Age and the 

interaction of Group*ToM-order remained significant (all p-values <.05) in models 2A and 

3A, indicating that these effects remained after taking into account the group differences 
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Figure 2.5 Accuracy of ToM understanding per Group (TD vs. ASD) and IQ group (low: ≤ median vs. 

high: > median; median=106) plotted per ToM-order (ToM1 vs. ToM2) in the high-verbal ToM task 

 

 

and individual differences in VA and IQ. 

 

2.4.2 Results low-verbal ToM task 

Figure 2.6 provides the mean proportions correct in each ToM-order condition, separately 

for the ASD and TD group. 

Model 1B showed main effects of Group, ToM-order1, ToM-order2 and Age and 

interactions of Group*ToM-order1, Group*ToM-order2, Age*ToM-order1 and Age*ToM-

order2. TD children performed significantly better than the ASD children in the ToM1 

condition. All children performed better with age in each ToM condition. Table 2.3 lists all 

effects of model 1B. 

 Next, we examined which cognitive processes were associated with Accuracy in the 

low-verbal ToM task. The separate analyses showed a main effect of Cognitive inhibition RT 

(B=0.011; SE=0.003; p=.000) and interactions of Cognitive inhibition ACC*ToM-order1*Age 

(B=0.158; SE=0.077; p=.041), Cognitive flexibility ACC*ToM-order1 (B=5.180; SE=2.451;  
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Table 2.3  Estimated Effects of Models 1B, 2B and 3B on ToM Understanding in the Low-verbal ToM 

Task 

 Model 1B Model 2B Model 3B 

Variables Estimate SE Estimate SE Estimate SE 

Intercept 2.707** 0.272 2.791** 0.272 2.711** 0.276 

Group -1.180** 0.314 -1.249** 0.307 -1.083** 0.326 

Age 0.020** 0.006 0.016** 0.006 0.017** 0.006 

ToM-order1 -2.137** 0.249 -2.165** 0.253 -2.164** 0.254 

ToM-order2 -2.776** 0.278 -2.818** 0.284 -2.817** 0.285 

Group*ToM-order1 1.131** 0.297 1.218** 0.297 1.213** 0.298 

Group*ToM-order2 1.065** 0.325 1.080** 0.327 1.066** 0.329 

Age* ToM-order1 -0.014* 0.006 -0.013* 0.006 -0.013* 0.006 

Age*ToM-order2 -0.014* 0.007 -0.012* 0.006 -0.012* 0.006 

Cognitive flexibility ACC - - 1.851 1.353 2.068 1.303 

Cognitive inhibition ACC - - -0.254 1.612 -0.431 1.618 

Cognitive inhibition RT - - 0.006** 0.002 0.005** 0.002 

Cognitive inhibition RT*Age - - -0.000** 0.000 -0.000** 0.000 

Cognitive inhibition ACC*Age - - -0.128 0.069 -0.141* 0.069 

Cognitive inhibition ACC*ToM-order1 - - -0.238 1.725 -0.248 1.710 

Cognitive inhibition ACC*ToM-order2 - - -1.410 1.719 -1.374 1.721 

Cognitive inhibition ACC*Age*ToM-order1 - - 0.178* 0.076 0.175* 0.075 

Cognitive inhibition ACC*Age*ToM-order2 - - 0.136 0.075 0.134 0.073 

IQ - - - - 0.011* 0.005 

* p= <.05; ** p= <.01; ToM-order1 is ToM1-a vs. ToM1-b and ToM-order2 is ToM1-a vs. ToM2 
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Figure 2.6 Proportion correct answers per Group (TD and ASD) in each ToM-order condition (ToM1-a, 

ToM1-b and ToM2) in the low-verbal ToM task 

 

 

p=.035), Cognitive flexibility ACC*ToM-order2 (B=5.685; SE=2.521; p=.025), Cognitive 

inhibition RT*ToM-order1 (B=-0.007; SE=0.003; p=.028), and Cognitive inhibition RT*Age 

(B=-0.00; SE=0.00; p=.001). No effect of WM or VA was found. Subsequently, all significant 

interactions and main effects from these analyses were combined in model 2B, along with 

the effects identified in model 1B. The interactions of Cognitive inhibition RT*ToM-order1, 

Cognitive flexibility ACC*ToM-order1 and Cognitive flexibility ACC*ToM-order2 were no 

longer significant when adjusted for the other cognitive variables and therefore they were 

removed from model 2B. Table 2.3 lists all remaining effects in model 2B.  

 In Figure 2.7, the Cognitive inhibition ACC*Age*ToM-order1 interaction effect found 

in model 2B is plotted. We used the median split method to plot Accuracy of ToM 

understanding per Cognitive Inhibition ACC group (low cognitive inhibition: ≤ median vs. high 

cognitive inhibition: > median; median=77) to illustrate how the interaction effect took form. 

In the low cognitive inhibition group, older children showed better ToM-understanding than 

younger children. In the high cognitive inhibition group, older children performed better in 

the ToM1-a condition, but equal to their younger peers in the ToM1-b condition, as is shown 
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Figure 2.7 Accuracy of ToM understanding per Age group (Young:  ≤ median vs. Old: > median; 

median=111 months) and Cognitive Inhibition ACC group (low cognitive inhibition: ≤ median vs. high 

cognitive inhibition: > median; median=77) plotted per ToM-order (ToM1-a vs. ToM1-b) in the low-

verbal ToM task 

 

 

in Figure 2.7. 

 Model 2B additionally showed an interaction of Cognitive inhibition RT*Age, 

indicating a negative effect of cognitive inhibition on ToM understanding. This negative 

effect was bigger in the younger age group than in the older age group. Possibly, this 

negative effect is due to a speed-accuracy trade-off, especially in the younger children. 

When the factor of Age was left out, the main effect of Cognitive inhibition RT indicated a 

positive effect of cognitive inhibition on ToM understanding.  

 At last, we checked for a possible effect of the background variable IQ on Accuracy. 

The analyses indicated a main effect of IQ (B=0.012; SE=0.005; p=.016). In model 3B, we 

combined this effect with the effects of model 2B. The main effect of IQ remained, indicating 

that IQ has a positive effect on ToM understanding. Table 2.3 lists all effects in model 3B. 

Together, the results showed that cognitive inhibition and IQ are involved in ToM 
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understanding in the low-verbal task. However, these processes did not explain group and 

age differences in ToM understanding, since the main effects of Group, Age, ToM-order1 

and ToM-order2 and the interactions of Group*ToM-order and Age*ToM-order all remained 

significant (all p-values <.05). 

 

2.5 Discussion 

This study investigated first-order and second-order ToM understanding in a high-verbal and 

a low-verbal ToM task in children with and without ASD. Consistent with the literature, 

children with ASD had more difficulty than their TD peers in the high-verbal ToM task. 

Additionally, they had more difficulty than their TD peers in the low-verbal ToM task, 

thereby showing that ToM difficulties in children with ASD cannot be solely attributed to 

their less developed verbal skills. An analysis of the cognitive processes involved in ToM 

understanding showed that WM, IQ and verbal ability, but not inhibition and flexibility, were 

relevant in the high-verbal task. Conversely, cognitive inhibition and IQ, but not flexibility, 

WM and verbal ability were relevant in the low-verbal ToM task. Whereas these cognitive 

processes play a role in ToM performance, neither verbal ability, nor inhibition, WM or IQ, 

explained the group differences in both tasks. This, again, corroborates the presence of a 

genuine ToM impairment in children with ASD. 

It has been suggested that differences in ToM understanding between children with 

ASD and their TD peers may disappear when the differences in language abilities are 

accounted for (Gernsbacher & Pripas-Kapit, 2012; Norbury, 2005; Tager-Flusberg & Sullivan, 

1994). Contrary to this suggestion, we have shown that the verbal abilities of children with 

ASD do not explain their ToM difficulties nor group differences. Our findings are consistent 

with the results of studies that used nonverbal first-order false belief tasks and indicated 

that ToM impairments in children with ASD are independent of their verbal ability (Gliga et 

al., 2014; Senju et al., 2010). Together, these findings suggest that ToM understanding can 

be adequately measured with low-verbal as well as high-verbal ToM tasks. 

Any task that measures ToM understanding will recruit additional cognitive processes 

needed to solve the task. We showed that the high-verbal and low-verbal ToM task rely on 

partly different cognitive processes. Extending the previous studies that used high-verbal 
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ToM tasks and focused on cognitive processes playing a role in correct ToM understanding 

(IQ & WM: Buitelaar, Van der Wees, Swaab-Barneveld, & Van der Gaag, 1999; IQ, WM & 

cognitive inhibition: Carlson et al., 2002; IQ & VA: Happé, 1995; Scheeren et al., 2013), we 

showed that VA, WM and IQ are needed for ToM understanding in the high-verbal ToM task. 

Conversely, better inhibition skills are associated with better ToM understanding in the low-

verbal task. While in the high-verbal ToM task children have to inhibit their own knowledge 

about the (changing) beliefs of other persons, in the low-verbal ToM task they actively have 

to inhibit their own beliefs. In line with the findings of Fizke and collegeaus (2014), our 

findings suggest that inhibition is particularly relevant to solve ToM tasks that require the 

coordination of one’s own perspective versus another person’s incompatible perspective, 

such as the computer’s perspective in our low-verbal ToM task.  

Given that each ToM task recruits partly different cognitive processes due to different 

task demands, ToM tasks will also vary in difficulty. Although the verbal load was reduced in 

the low-verbal ToM task, we found that both TD children and children with ASD had more 

problems with second-order ToM understanding in the low-verbal task (on average 47% 

correct) than in the high-verbal task (on average 63% correct). Meijering and colleagues 

(2010; 2014) used a nearly identical low-verbal ToM task in TD adults and showed that they 

performed almost at ceiling. It is conceivable that our low-verbal ToM task yielded less 

accurate responses in children due to the game-like setting of playing against a computer, 

which has also been observed in previous studies testing ToM reasoning in TD children using 

comparable designs (Flobbe, Verbrugge, Hendriks, & Krämer, 2008; Raijmakers, Mandell, van 

Es, & Counihan, 2014). Competition may have led some children to focus more on the least 

desirable payoff for the computer than on the most desirable payoff for themselves, thus 

leading to lower ToM performance. This, in turn, may be a viable explanation for the role of 

inhibition in correct performance in the low-verbal ToM task. However, the lower 

performance of children in the low-verbal ToM task than in the high-verbal ToM task may 

also stem from low-verbal task demands in general, rather than from peculiarities of the 

specific task used. That is, to the extent that language supports ToM reasoning (Arslan, 

Hohenberger, & Verbrugge, 2017; De Villiers & Pyers, 2002), the visual presentation of the 

relevant task information, rather than a verbal presentation, may in fact make it more 
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difficult for children to construct a second-order ToM belief in the low-verbal ToM setting. 

Possibly, language helps to construct a second-order ToM belief (see De Villiers, 2007). 

To conclude, primary school-aged children with ASD have ToM impairments, not only 

on a standard high-verbal ToM task, but also on a low-verbal ToM task. Moreover, we 

showed that different ToM tasks have their own cognitive demands, but none of these 

demands accounted for the group differences. Problems with ToM understanding in children 

with ASD cannot be attributed to cognitive inhibition, flexibility, WM, IQ or VA. Also, our 

results suggest that there is no “pure” ToM task, since any ToM task will recruit additional 

cognitive processes. We conclude that ToM impairments in children with ASD are genuine 

and that the standard verbal ToM task is adequate for identifying ToM impairments. 
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