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Social interaction between humans often involves language. For example, if you want to 

communicate your holiday experiences to a friend or would like your friend to share his 

thoughts on politics with you, you need language. Individuals with autism spectrum disorder 

(ASD) find it hard to communicate with others. Individuals with ASD can talk endlessly about 

their miniature train collection, even if the hearer shows no reaction. Moreover, they could 

respond to the question ‘How are you?’ by saying ‘The top speed of an Alfa 156 GTA is 155 

miles per hour’. While these are stereotypical examples, communication problems are often 

more subtle, yet highly pervasive. A conversation with an individual with ASD often feels odd 

and somewhat unilateral. Nevertheless, it is hard to pinpoint what precisely makes the 

conversation awkward.  

Social interaction problems of individuals with ASD may be due to their difficulties 

with taking into account the perspective of another person during social interaction. 

Individuals with ASD seem to lack an understanding that others may think, know or see 

things differently and that language is a key means for discovering the content of another 

person’s mind (Tager-Flusberg, 1993). As a result, individuals with ASD experience problems 

in visual, cognitive and affective perspective taking, all of which have been studied 

extensively (Baron-Cohen, 2002; Baron-Cohen, Leslie, & Frith, 1985; Pearson, Ropar, & 

Hamilton, 2013). Additionally, though less investigated, perspective-taking problems are 

present in language (Mizuno et al., 2011).  

This dissertation focuses on perspective taking in language in children with ASD. In 

this general introduction, I will first explain the different types of perspective taking that can 

be distinguished, with a focus on linguistic perspective taking. Next, examples of well-known 

language problems in children with ASD are presented. These language problems have in 

common that they require perspective taking. Also, I will provide examples of expected 

language difficulties in children with ASD for which it is hypothesized in this dissertation that 

perspective taking is involved. Next, the role of various cognitive processes that might be 

needed for perspective taking in language are discussed. These cognitive processes could 

explain why children with ASD may have difficulties with taking into account the perspective 

of another person during social interaction. Finally, the research questions addressed in this 

dissertation are presented and the four studies that are carried out to address these 
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research questions are introduced.  

 

1.1 Perspective taking in children with ASD 

The ability to take the perspective of others is essential to social interaction. First of all, 

visual perspective taking is needed to be able to judge if and how another person can see an 

object or scene when looking at it from a different perspective (Flavell, Everett, Croft, & 

Flavell, 1981). Second, cognitive perspective taking, or Theory of Mind (ToM), is needed to 

ascribe mental states to ourselves and others, and to understand that others have 

knowledge, beliefs, desires and intentions that are different from our own (Premack & 

Woodruff, 1978). Related to ToM is affective perspective taking (i.e., empathy), which is the 

ability to make emotional attributions to, or to understand the feelings of another person 

(Zaki & Ochsner, 2012). All these types of perspective taking play a crucial role in 

communication and social interaction (Harwood & Farrar, 2006; Heyes & Frith, 2014; Hughes 

& Dunn, 1998; Moll, Meltzoff, Merzsch, & Tomasello, 2013). Individuals with ASD have 

difficulties with taking another person’s visual perspective (Pearson et al., 2013; 

Schwarzkopf, Schilbach, Vogeley, & Timmermans, 2014), cognitive perspective (Baron-Cohen 

et al., 1985; Frith, 2001) and affective perspective (Baron-Cohen, 2002; Schwenck et al., 

2012). These perspective-taking problems could explain why social interaction is problematic 

for individuals with ASD (Baron-Cohen, 1995). 

 

1.2 Linguistic perspective taking in ASD  

ASD is characterized by deficits in communication and social interaction and by restricted 

interests and repetitive behavior (DSM-5; American Psychiatric Association [APA], 2013). 

Part of the formal diagnostic criteria for the diagnosis of ASD is ‘a failure of having a normal 

back-and-forth conversation’. While this criterion does not specify what it is individuals with 

ASD fail at, the “back-and-forth” part may be suggestive of what they struggle with. What is 

required to achieve a normal back-and forth conversation? In a conversation there are two 

roles: speaker and hearer. Individuals in a conversation must constantly switch between 

these roles, or perspectives. In addition to perspective switching, speakers and hearers must 

engage in perspective taking; the speaker needs to consider the hearer’s perspective, and 
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the hearer needs to consider the speaker’s perspective. For example, when the speaker says 

‘He was a pig at dinner’, the pronoun ‘he’ can refer to different people. The speaker must 

estimate whether it is clear to the hearer how this pronoun should be interpreted. If not, the 

speaker needs to be more explicit, for example by saying ‘John’ instead of ‘he’. Vice versa, 

the hearer needs to consider the speaker’s perspective to infer the speaker’s intended 

meaning. The hearer could interpret ‘He was a pig’ literally. However, by paying attention to 

contextual information signaling that the speaker is not literally referring to an animal, the 

hearer should be able to conclude that the speaker intends to communicate the figurative 

meaning that this person was greedy. Thus, to achieve a normal conversation, linguistic 

perspective taking is needed. This means that one should not only be able to constantly 

switch between speaker role and hearer role, but also in each role take into account the 

other person’s perspective. This insight that perspective taking plays a crucial role in 

language use has been implemented in various models of language and communication, for 

example, Grice's Cooperative Principle (Grice, 1975), Levinson’s Presumptive Meanings 

(Levinson, 2000), Sperber and Wilson's Relevance Theory (Sperber & Wilson, 1995) and 

Blutner's bidirectional Optimality Theory (Blutner, 2000). 

  

1.3 Well-known language problems in ASD 

Several linguistic expressions seem to require that the speaker and hearer engage in 

perspective taking. A first example that can be argued to involve perspective taking is the 

interpretation of idioms and metaphors. Children with ASD have difficulties with 

understanding the figurative meaning of idiomatic expressions like ‘I have butterflies in my 

stomach’ (figurative meaning: ‘I am feeling nervous’) and metaphorical expressions like 

‘There is a flood outside the museum’ (figurative meaning: ‘There are loads of people 

outside the museum’) (Dennis, Lazenby, & Lockyer, 2001; Rundblad & Annaz, 2010). For the 

interpretation of these expressions, the hearer needs to consider the speaker’s perspective 

to infer the speaker’s intended meaning. A hearer seems to need perspective-taking skills to 

reason that the speaker does not literally refer to ‘butterflies in his stomach’ or ‘a flood 

outside the museum’, but wants to communicate an alternative meaning. It has been argued 

that without perspective-taking skills, a child will not initiate a search for an alternative 
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meaning, which is the figurative meaning (Caillies & Le Sourn–Bissaoui, 2013). Some studies 

have shown that children need perspective-taking skills, like ToM understanding, to correctly 

interpret idioms and metaphors (Caillies & Le Sourn-Bissaoui, 2008; Caillies & Le Sourn–

Bissaoui, 2013; Happé, 1993; Whyte, Nelson, & Scherf, 2014).  

 A second example that can be argued to involve perspective taking is the 

understanding of irony. Children with ASD, and even adults with ASD, have difficulties with 

interpreting ironic remarks (Martin & McDonald, 2004; Wang, Lee, Sigman, & Dapretto, 

2006). They fail to recognize the communicative intent of an ironic remark like ‘You sure are 

a great scorer’ in a situation where the hearer misses several chances to score a goal 

(Filippova & Astington, 2008). Several studies showed that perspective taking, more 

specifically ToM understanding, is required for irony understanding (Filippova & Astington, 

2008; Happé, 1993; Martin & McDonald, 2004). It has been argued that for the 

interpretation of an ironic remark, children need ToM understanding in order to be able to 

identify what the speaker wants the hearer to believe (Winner & Leekam, 1991). 

A third example is the use of the deictic pronouns I and you. These pronouns do not 

always refer to the same person because in a conversation speaker and hearer constantly 

switch roles. When a child says ‘I want a biscuit’, I refers to himself, but when his mother 

answers ‘I don’t think so’, I refers to the mother. It has been found that young children with 

ASD use I to refer to other people (e.g., calling their mother ‘I’) and use you to refer to 

themselves (e.g., ‘You want a biscuit’) (Lombardo & Baron-Cohen, 2010). These reversals of 

the pronouns I and you, also known as pronoun reversals, can be viewed as resulting from a 

failure to shift between the perspective of the speaker and the perspective of the hearer 

(Lee, Hobson, & Chiat, 1994; Tager-Flusberg, Paul, & Lord, 2005). If children do not realize 

that the reference of I and you depends on the speaker’s perspective, which can contrast 

with their own perspective, pronoun reversals occur. Pronoun reversals are a well-known 

early linguistic characteristic in children with ASD (Baltaxe, 1977; Tager-Flusberg, 1994). 

Pronoun reversals are also documented in very young typically developing children, but 

these reversals do not persist (Lee et al., 1994).  
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1.4 Expected language problems in ASD  

Although idioms, metaphors, irony and pronouns may seem as unrelated linguistic 

expressions, an advantage of adopting linguistic perspective taking as the connection 

between these expressions is that it is possible to predict further language problems in 

individuals with ASD. Research attention to these problems may further pin down what 

underlies their failure in having a normal back-and-forth conversation.  

For example, it can be expected that individuals with ASD have difficulties with the 

use and interpretation of spatial expressions, like here, there, in front of and behind. Suppose 

Peter and Jane are looking for a ball. When Jane tells Peter ´The ball is here´ and Peter stands 

further away from Jane, he must interpret here as not near him, but near Jane. When Jane 

says ‘The ball is behind the tree’, this may contrast with Peter’s perspective, as from his 

perspective the ball may be in front of the tree. For the use and interpretation of these 

perspective-dependent spatial expressions, Jane and Peter must be aware of both their own 

perspective and the other person’s perspective. 

 A second example is the interpretation of temporal expressions like forward, behind, 

ahead, before and after. There is an intimate relationship between space and time (Clark, 

1973). Across languages, spatial terms have been imported to talk about time. For instance, 

we can look forward to tomorrow or talk about deadlines that are behind or ahead of us 

(Boroditsky, 2000). The temporal expressions before and after can be used to express the 

order of events in time. Speakers can use these temporal conjunctions to express the 

temporal order of events either in order of occurrence (i.e., temporally congruent) or out of 

order (i.e., temporally incongruent) (Münte, Schiltz, & Kutas, 1998). The interpretation of 

before and after in an incongruent order is found to be more difficult than in a congruent 

order (Blything, Davies, & Cain, 2015; Clark, 1971; Pyykkönen & Järvikivi, 2012). To correctly 

interpret temporal conjunctions in an incongruent order, perspective shifting could be 

needed to shift from one’s own perspective to the speaker’s perspective, to find out why the 

speaker presented the events out of order. If the speaker does use this more complex form, 

the hearer must reason why the speaker used an incongruent order instead of the less 

complex temporally congruent order. 
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1.5 Cognitive processes needed for perspective taking 

Several higher-order cognitive processes, such as ToM and Executive Functioning, may be 

needed for taking the other person’s perspective in communication (Martin & McDonald, 

2003). Executive Functioning (EF) refers to a collection of higher-order cognitive processes, 

like working memory, inhibition and flexibility, that allow for the flexible alteration of 

thought and behaviour in response to changing contexts (Welsh & Pennington, 1988). 

Children with ASD have been found to have problems with the EF processes of working 

memory, cognitive inhibition and cognitive flexibility (Geurts, van den Bergh, & Ruzzano, 

2014; Hill, 2004b; Pennington & Ozonoff, 1996). Also, these children have often been 

reported to have problems with ToM understanding (Baron-Cohen et al., 1985; Frith, 2001). 

Thus, the problems with EF and ToM understanding may explain why children with ASD find 

it hard to take into account the other person’s perspective in a conversation. 

  The process of perspective taking involves activating and representing one’s own 

perspective, then shifting to the other person’s perspective, keeping both perspectives in 

mind and subsequently inhibiting one’s own perspective in order to take the other person’s 

perspective. First of all, it can be expected that children need Theory of Mind (ToM) to 

understand that other people’s perspectives might differ from the child’s own perspective. 

In addition to ToM, the EF processes of working memory, cognitive inhibition and cognitive 

flexibility might be needed (Brown-Schmidt, 2009; Nilsen & Graham, 2009). Working 

Memory, which is the capacity to actively maintain information for short periods of time, 

while performing another task (Baddeley, 1986), could be needed to simultaneously hold 

one’s own perspective and the other person’s perspective in mind. Cognitive inhibition is the 

mental ability to suppress irrelevant information (Dagenbach & Carr, 1994). Cognitive 

inhibition may be needed to inhibit one’s own response prompted by one’s own perspective 

(Friedman & Leslie, 2005). Cognitive flexibility is the mental ability to shift between different 

thoughts or actions (Scott, 1962). After having inhibited one’s own perspective, cognitive 

flexibility could be needed to flexibly shift between one’s own (egocentric) perspective and 

another person’s (conflicting) perspective (Farrant, Maybery, & Fletcher, 2012; Geurts, 

Broeders, & Nieuwland, 2010). Hence, it can be expected that ToM understanding and EF 

are needed for perspective taking in language. 
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1.6 Research questions 

This dissertation focuses on linguistic perspective taking in children with ASD. Based on well-

established problems with visual, affective and cognitive perspective taking in children with 

ASD, we examined whether perspective-taking problems are also present in the linguistic 

domain. When language difficulties in individuals with ASD are recognized, those difficulties 

are mostly attributed to a pragmatic deficit, which is the ability to use language 

appropriately in social contexts (Tager-Flusberg, 2006). However, language problems in 

individuals with ASD have also be found in the syntactic domain (Durrleman, Hippolyte, 

Zufferey, Iglesias, & Hadjikhani, 2015; Eigsti & Bennetto, 2009), suggesting that other aspects 

of language, beyond pragmatics, may also be impaired in individuals with ASD. In this 

dissertation it is hypothesized that in any area of language that requires language users to 

take into account the perspective of their conversational partner, language difficulties are 

expected to occur in individuals with ASD.  

Before the issue of perspective taking in language is addressed, I will first study the 

assumed difficulties with perspective taking in the cognitive domain (i.e., ToM 

understanding) in children with ASD. A ToM deficit is considered to explain social and 

communication impairments in children with ASD (Frith, 2001). However, the standard tasks 

used to measure ToM understanding require strong verbal abilities. It has been suggested 

that differences in ToM understanding between children with ASD and their typically 

developing peers may disappear when their differences in verbal abilities are accounted for 

(Gernsbacher & Pripas-Kapit, 2012; Tager-Flusberg & Sullivan, 1994). If cognitive 

perspective-taking deficits in children with ASD are indeed due to poor verbal abilities, this 

could suggest children with ASD do not have problems with perspective taking.  

The central research question addressed in this dissertation is whether children with 

ASD have more problems than their typically developing peers to interpret linguistic 

expressions that are argued to involve perspective taking. To this end, three linguistic 

phenomena that seem to require linguistic perspective taking are investigated: deictic 

pronouns such as I and you, spatial prepositions such as in front of and behind, and temporal 

conjunctions such as before and after. Examining these linguistic phenomena can give insight 

into whether language difficulties in children with ASD occur in the syntactic and semantic 
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domain, as well as the in pragmatic domain. If children with ASD indeed have a linguistic 

perspective-taking deficit, this could explain why they fail to have a normal back-and-forth 

conversation.  

An additional research question addressed in this dissertation is which cognitive 

processes may contribute to linguistic perspective taking, in particular the ability as a hearer 

to take the speaker’s perspective into account. Problems with higher-order cognitive 

processes such as ToM and EF could help explain why children with ASD have difficulties 

with interpreting linguistic expressions that are expected to require perspective taking. In 

addition, the simultaneous study of linguistic expressions, ToM understanding, and EF will 

enhance our understanding of what cognitive capacities children with ASD require to achieve 

a normal back-and-forth conversation. Therefore, we examine if individual differences in 

ToM understanding, working memory, cognitive inhibition and cognitive flexibility are 

associated with the correct interpretation of the linguistic expressions mentioned above. 

 

1.7 Study design 

The participants in this dissertation were children with ASD and typically developing children 

between 6 and 12 years old. Only monolingual Dutch-speaking children with no diagnosis of 

any language disorder were included in this study. All children in the ASD group were 

diagnosed with ASD by clinicians on the basis of the DSM-IV-TR criteria (APA, 2000) and had 

an IQ of >75 derived from a clinically administered full IQ test. In addition to the clinical 

diagnosis, in all children, the Autism Diagnostic Interview Revised (ADI-R; Rutter, Le Couteur, 

& Lord, 2003), the Autism Diagnostic Observation Schedule (ADOS; Lord, Rutter, DiLavore, & 

Risi, 1999) were administered in this study by certified professionals.  

The child and at least one of the parents came to the lab together on a single day. 

While the parent was interviewed (ADI-R), the child was tested individually in a quiet room 

with two experimenters present. To asses children’s ToM understanding, a low-verbal ToM 

task (adapted from Meijering, Van Rijn, Taatgen, & Verbrugge, 2013) and a high-verbal ToM 

task (adapted from Hollebrandse, van Hout, & Hendriks, 2014) were carried out. Also, three 

controlled language comprehension tasks were carried out to assess children’s 

comprehension of deictic pronouns, spatial prepositions and temporal conjunctions. 



Chapter 1  

18 
 

Furthermore, to measure working memory, cognitive inhibition and cognitive flexibility, a N-

Back task (cf. Owen, McMillan, Laird, & Bullmore, 2005), a Flanker test (cf. De Sonneville, 

1999), and a classical switch task (adapted from De Vries & Geurts, 2012) were administered. 

To estimate children’s IQ and their general verbal ability, two subtests (Vocabulary and Block 

Design) of the WISC-III-NL (Kort et al., 2002) and the Peabody Picture Vocabulary Test (PPVT-

III-NL; Schlichting, 2005) were administered. 

 

1.8 Outline of this dissertation 

The first study (Chapter 2) focuses on ToM understanding in children with ASD. In this study, 

ToM understanding is investigated in a standard high-verbal ToM task and a low-verbal ToM 

task. The aim of this study is to examine whether ToM difficulties in children with ASD are 

still present when verbal demands in a ToM task are low. Also, we investigated if individuals 

differences in verbal ability, IQ, working memory, cognitive inhibition and cognitive flexibility 

could explain why children with ASD have an expected poorer ToM performance. 

Study 2 (Chapter 3) focuses on the interpretation of deictic pronouns in children with 

ASD. In pronoun production, it has often been shown that young children with ASD 

incorrectly use I and you, resulting in pronoun reversals. These reversals may be explained as 

resulting from a failure to shift between the perspectives of the speaker and the hearer. In 

this study, the interpretation of the deictic pronouns I and you in direct speech reports in 

children with ASD is examined. An example of a direct speech report is when the speaker 

reports: ‘James said, “You won the prize!”’. To select the correct referent of you, the hearer 

needs to make a perspective-shift from the perspective of the actual speaker of the 

utterance to the perspective of the reported speaker, James (Köder, Maier, & Hendriks, 

2015). I hypothesize that in these situations, children with ASD fail to shift perspectives to 

correctly interpret I and you, resulting in pronoun reversals in interpretation by interpreting I 

as you and you as I. 

In study 3 (Chapter 4), the interpretation of spatial prepositions (e.g., in front of and 

behind) in children with ASD are investigated. As has been pointed out, the interpretation of 

spatial prepositions seems to depend on the visual perspectives of the hearer and the 

speaker. In this study, children are asked to interpret spatial prepositions in situations from 
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their own perspective or from the contrasting visual perspective of the speaker. What makes 

these situations complex is that the child does not know whether the speaker describes the 

situation from her own perspective or from the child’s perspective as a hearer. To interpret 

in front of and behind from the speaker’s visual perspective, the hearer could engage in 

perspective taking to interpret the preposition from the speaker’s perspective. We 

hypothesize that children with ASD fail to shift perspectives and interpret in front of and 

behind from their own visual perspective.  

In study 4 (Chapter 5), I concentrate on time perception in language. There is a close 

relation between space and time in language. Spatial terms are used to talk or think about 

time (Boroditsky, 2000; Casasanto & Boroditsky, 2008; Clark, 1973). In this study, the 

interpretation of the temporal conjunctions before and after in children with ASD are 

investigated. Depending on the speaker’s choice of type of conjunction and the clause order, 

before and after can be used to express the order of two events in order of occurrence (i.e., 

temporally congruent) or out of order (i.e., temporally incongruent). The interpretation of 

temporal conjunctions in an incongruent order is found to be difficult for typically 

developing children (Blything et al., 2015; Clark, 1971; Pyykkönen & Järvikivi, 2012). These 

situations have been argued to be challenging because the hearer should shift from the 

actual perspective in time to alternative temporal perspectives (McCormack & Hoerl, 1999). 

It can be expected that these situations are even more challenging for children with ASD 

because perspective taking seems to be involved. We hypothesize that children with ASD fail 

to shift perspectives and therefore have difficulties with interpreting before and after in an 

incongruent order.  

In Chapter 6, the general discussion, I return to the two research questions. I discuss 

the main findings of the four studies in the light of these research questions and the 

hypothesized linguistic perspective-taking deficit in children with ASD.  



 



 

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. 

 



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

25 
 

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 
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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).  
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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 



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

33 
 

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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3.1 Abstract 

Pronoun reversals, saying you when meaning I, in children with autism spectrum disorder 

(ASD) are generally viewed as manifesting in early development and speech production only. 

This study investigates pronoun reversals in later development (age 6 - 12) in interpretation 

in 48 Dutch-speaking children with ASD and 43 typically developing (TD) peers. We 

contrasted children’s interpretation of I and you in indirect and direct speech reports, with 

the latter type requiring an additional perspective shift. To examine which cognitive 

processes are involved in pronoun interpretation, additional tasks were administered to 

measure Theory of Mind (ToM) understanding, cognitive inhibition, cognitive flexibility, and 

working memory. We found that children with ASD showed more problems than TD children 

interpreting pronouns in direct speech, resulting in pronoun reversals in interpretation. 

Children with ASD hardly improved with age. Older children with ASD thus showed more 

pronoun reversals than did their TD peers. ToM understanding, working memory, IQ, and 

verbal ability, but not inhibition and flexibility, were associated with pronoun interpretation. 

ToM understanding in particular was associated with correct pronoun interpretation in older 

TD children relative to younger TD children, but this improvement was not found in children 

with ASD. These findings indicate that pronoun reversals most likely result from perspective-

shifting difficulties. We conclude that pronoun reversals are more pronounced in individuals 

with ASD, occur beyond early development, and require sufficient cognitive resources. The 

relation with ToM understanding, but not inhibition and flexibility, suggests that pronoun 

reversals are best classified as a social communication problem in the diagnosis of ASD. 

 

3.2 Introduction 

Pronoun reversals; for example, saying you when meaning I and vice versa, are a well-known 

early characteristic of the language and communication problems in children with autism 

spectrum disorder (ASD; Baltaxe, 1977; Tager-Flusberg, 1994). Research on pronoun 

reversals in children with ASD has mainly focused on pronoun use. The few studies on 

pronoun interpretation in children and adolescents with ASD (e.g., Hobson, Lee, & Hobson, 

2010; Jordan, 1989; Lee, Hobson, & Chiat, 1994) found little or no evidence of errors in the 

interpretation of pronouns in simple sentences. In a study with adults, however, Mizuno et 
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al. (2011) showed that, compared with an adult control group, adults with high-functioning 

ASD were slower and more error prone when they needed to shift perspectives to correctly 

interpret sentences containing I and you. This would suggest that pronoun reversals, 

including reversals in pronoun interpretation, are because of perspective-shifting difficulties 

and that these reversals are more extensive and longer-lasting in individuals with ASD than 

hitherto assumed. The present study therefore investigates pronoun interpretation in 

complex sentences that require perspective shifting by primary school-aged children 

diagnosed with ASD. 

Pronouns are extremely common in everyday speech; for instance, when parents talk 

to their children (Cameron-Faulkner, Lieven, & Tomasello, 2003), emphasizing the 

importance of correct pronoun interpretation. Typically developing (TD) children have been 

found to correctly use and interpret the personal pronouns I, you and he/she before primary 

school-age (Brener, 1983; Chiat, 1986; Halliday, 1975). Pronoun reversals are documented in 

the speech of very young TD children, but these reversals do not persist (Lee et al., 1994). In 

children with ASD, pronoun reversals are also mostly viewed as manifest in early language 

development and persisting only in individuals with ASD with a low intelligence (i.e., “low-

functioning” ASD; Kanner, 1943; Tager-Flusberg, 1994).  

Several explanations have been proposed for the pronoun reversals in the speech of 

young children with and without ASD. Kanner (1943) originally explained pronoun reversals 

in children with ASD as echolalia, or the repetition of speech (see also Bartak & Rutter, 

1974). This view is still present in the DSM-5, where the use of you when referring to self is 

mentioned as an illustration of repetitive speech (American Psychiatric Association [APA], 

2013, p. 54). Subsequent explanations refer to the linguistic, social or cognitive aspects 

involved in pronoun use that are supposed to be extra challenging for children with ASD. For 

example, according to the name hypothesis (Clark, 1978) children may assume that 

pronouns, like proper names, have a fixed reference. Hence, rather than shifting the 

reference of pronouns, these children consistently use you to refer to themselves and I to 

refer to others. Social or pragmatic explanations (e.g., Charney, 1980; Hobson, 1990; Hobson 

et al., 2010; Tager-Flusberg, 1996; Tager-Flusberg, Paul, & Lord, 2005) hold that children are 

limited in their representation of themselves in relation to others, or have difficulties 
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understanding the different discourse roles in conversation. This results in pronoun 

reversals, because the correct use of I and you depends on who is the speaker and who is 

the addressee and shifts with a change in discourse roles. Cognitive or performance-based 

explanations (e.g., Dale & Crain-Thoreson, 1993) hypothesize that children know that 

pronouns require a shift in perspective, but lack the cognitive resources needed for such 

perspective shifting. Based on this hypothesis, it is expected that perspective shifting more 

often fails in cognitively demanding or complex situations. Two recent studies have 

suggested that pronoun reversals are not caused by one single factor, but rather by the 

interaction between multiple factors in children’s development (Evans & Demuth, 2012; 

Naigles et al., 2016). Specifically, Naigles et al. (2016) suggest that children reverse pronouns 

because of an asynchronous development of their linguistic and social abilities; in particular, 

when children’s linguistic abilities are ahead of their social abilities (see Evans & Demuth, 

2012, for a related explanation). Thus, there is no consensus yet as to the explanation of 

pronoun reversals in production. Also, it is unclear whether the proposed explanations for 

pronoun reversals in production generate correct predictions for pronoun interpretation.  

Although most primary school-age TD children have developed a full pronoun system, 

the interpretation of personal pronouns is still challenging for these children in situations 

that require an additional perspective shift. Such situations occur when talking about what 

other people have said. Suppose James says to me: “You won the prize!”. If I want to report 

this to my brother, I can use an indirect speech report or a direct speech report:  

 

(1a) Indirect speech report (uttered by me): James said that I won the prize. 

(1b) Direct speech report (uttered by me): James said, “You won the prize!”  

 

The pronoun I in (1a) and the pronoun you in (1b) both refer to me, the speaker of the 

utterance. To select the correct referent of you in (1b), the hearer needs to shift from the 

perspective of the actual speaker, me, to the perspective of the reported speaker, James 

(Köder et al., 2015). If my brother fails to shift to the perspective of James, he will incorrectly 

interpret you in (1b) as referring to himself, the hearer, in the same way that you in an 

indirect speech report also refers to the hearer. The result is pronoun reversal in 
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interpretation. Such pronoun reversals in interpretation have been studied in TD children 

and adults, but not in children with ASD. Köder and Maier (2016) found that primary school-

age TD children find it challenging to shift perspective to select the correct referent for 

pronouns in direct speech. Unlike adults, these children tended to interpret pronouns in 

direct speech as in indirect speech.  

The present study is the first to investigate how primary school-age children 

diagnosed with ASD interpret pronouns in direct versus indirect speech. We hypothesize that 

primary school-age children with ASD know that they have to shift perspective when 

interpreting the pronouns I and you, but experience more difficulties shifting perspective in 

complex situations. Thus, we expect all children to be adult-like in their interpretation of 

pronouns in indirect speech, which only requires one perspective shift from the listener to 

the actual speaker. In addition, we expect children with ASD to have more difficulties than 

their TD peers interpreting pronouns in direct speech, as direct speech requires an additional 

perspective shift from the actual speaker to the reported speaker. These expectations are in 

accordance with the cognitive explanation, the social explanation and the asynchronous 

development explanation, but do not follow from the repetitive speech explanation and the 

name hypothesis. The repetitive speech explanation would predict no difficulties at all in 

pronoun interpretation, whereas the name hypothesis would predict no differences in 

performance between pronouns in direct speech and indirect speech. To enhance our 

understanding of the difficulties involved in pronoun interpretation in direct speech, we 

additionally investigate the possible influence of four cognitive processes on pronoun 

interpretation. First, primary school-age children might need Theory of Mind (ToM) for 

pronoun interpretation. ToM is the ability to mentally take the perspective of other people 

to understand their beliefs, desires and intentions (Wimmer & Perner, 1983). We 

hypothesize that hearers need ToM to make the additional perspective shift from the actual 

speaker to the reported speaker.  

In addition to ToM, other cognitive processes, like working memory, inhibition, and 

flexibility, could be needed in pronoun interpretation. These executive functioning processes 

allow for the flexible alteration of thought and behaviour in response to changing contexts 

(Welsh & Pennington, 1988). The hearer may need cognitive inhibition, which is the 
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efficiency with which one can suppress irrelevant information (Dagenbach & Carr, 1994), to 

inhibit his representation of the actual speaker’s perspective in order to take the reported 

speaker’s perspective (Köder et al., 2015). In addition, to shift to the reported speaker’s 

perspective, the hearer may need cognitive flexibility, which is the mental ability to shift 

between different thoughts or actions (Scott, 1962). Finally, working memory (WM), which is 

the capacity to actively maintain information for short periods of time (Baddeley, 1986), 

could be needed. A hearer with low WM capacity may be unable to keep the reported 

speaker’s perspective in mind and thus interpret the pronoun from the reported speaker’s 

perspective. All four cognitive processes have been argued to be impaired in individuals with 

ASD (Baron-Cohen et al., 1985; Christ, Kester, Bodner, & Miles, 2011; De Vries & Geurts, 

2012; Geurts & Vissers, 2012; Hill, 2004b), which could explain why children with ASD may 

find pronoun interpretation in direct speech even harder than TD children. 

 

3.3 Method 

3.3.1 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 Diagnostic and Statistical Manual 

of Mental Disorders (4th ed., text revision; DSM-IV-TR) criteria (APA, 2000). In addition, 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 autism and was 

therefore excluded, leaving 46 children with ASD (M=9;55, SD=2;21) and 42 TD children 

(M=9;15, SD=2;03) for further analysis.  

When recruiting the children with ASD and the TD children, only monolingual 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, 
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because all went to regular primary schools and none had reported learning difficulties. 

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

each child’s IQ using two subtests (Vocabulary and Block Design) of the Wechsler Intelligence 

Scale for Children-III-NL (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 SDs for age, estimated IQ, and VA can be found in Table 

3.1. 

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 

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. 

 

3.3.2 Pronoun comprehension task 

Participants watched short movies where three animals were playing a game in which one 

animal decided who was going to get a particular object. First, the animals (hand puppets of 

a dog, pig, and frog) and six objects (e.g., ball, car, glasses) were introduced on the computer 

screen. For each animal, a different male voice was used, to make it easier for the 

participant to identify the speaker. Furthermore, three practice items were administered to 

check whether the participant understood the task. 

Each participant first received a pretest, consisting of 15 simple statements with 

either a first, second or third person singular pronoun (ik ‘I’, jij ‘you’, or hij ‘he’), to check 

their understanding of personal pronouns in simple statements. Third person pronouns were 

added to avoid that participants could simply choose the speaker as the referent of I and the 

remaining referent as the referent of you. In each item, a movie showed one animal (the 
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Table 3.1 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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speaker) telling another animal (the hearer) who was going to get the object. A third animal 

(the nonparticipant) stood further away facing the other direction. After the movie a voice-

over asked the question who got the object. The participant pressed one of three buttons to 

select the answer. See Figure 3.1 for an example item. 

Next, the speech report task was presented, consisting of 15 direct speech items (test 

condition) and 15 indirect speech items (control condition) with either the personal pronoun 

ik ‘I’, jij ‘you’ or hij ‘he’ (5 items per pronoun per condition). These items were randomized in 

two blocks with a short break in between. Similar to the procedure in the pretest, each item 

consisted of a movie in which one animal (the actual speaker) is telling another animal (the 

hearer) who will get the object. The participant pressed one of three buttons to select the 

answer. Figure 3.2 shows an example item in the direct speech condition and in the indirect 

speech condition.  

In this example item, Pig whispers into Frog’s ear who will get the car. The participant 

only hears unintelligible whispering. Then, Frog tells Dog what Pig has said using a direct or 

indirect speech construction. After the short movie, the voice-over asks the question: Who  

 

 

 

Frog tells Dog:  

Jij krijgt de auto. 

“You get the car” 

Question of voice over: 

Wie krijgt de auto? 

“Who gets the car?” 

Selected answer is highlighted 

by coloured frame. 

 

Figure 3.1 Story board with a pretest example including the original Dutch sentences and their English 

translations 
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gets the car? The participant presses one of three buttons to select which of the three 

animals will get the car. The selected answer is highlighted by a coloured frame.  

 In Dutch, the direct and indirect speech sentences differ from each other. Direct 

speech sentences have verb-second word order, while indirect speech sentences have verb- 

final word order and include the complementizer dat ‘that’. Note that the indirect he items 

(Pig said that he gets the car) are special in that the pronoun he can also refer back to the 

subject of the clause (the reported speaker), instead of referring to the nonparticipant in the 

movie directly (for more details, see Köder & Maier, 2016; Köder et al., 2015). 

 

 

 

Pig whispers in Frog’s ear. 

Pig and Dog switch positions. 

Frog reports to Dog in  

direct speech:  

Varken zei: ‘Jij krijgt de auto’ 

“Pig said: ‘You get the car’ ” 

or indirect speech:  

Varken zei dat ik de auto krijg. 

“Pig said that I get the car.” 

 

Question of voice over:  

Wie krijgt de auto? 

“Who gets the car?” 

Selected answer is highlighted 

by coloured frame. 

 

Figure 3.2 Story board with a direct speech and an indirect speech example including the original 

Dutch sentences and their English translations 
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 The roles (speaker, hearer, nonparticipant), pronouns (I, you, he), speech types 

(direct, indirect), and the used objects were counterbalanced, resulting in six different lists. 

Stimuli were presented and data recorded using the computer software E-Prime 2.0 

(Schneider et al., 2002). The experiment took approximately 25 min. 

 

3.3.3 Cognitive processes 

ToM. The Bake Sales task, a false belief (FB) task adopted from Hollebrandse, van 

Hout, and Hendriks (2014), was used to test ToM. Their stories were modelled after Perner 

and Wimmer's (1985) ‘ice cream truck story’. The task consisted of eight stories, each of 

which contained a first-order FB question (involving the belief of one other person) and a 

second-order FB question (involving the belief of another person about a third person). The 

task was conducted with the computer software E-Prime 2.0 (Schneider et al., 2002). The 

measures of ToM1 and ToM2 were calculated using the mean accuracy (ACC) on the eight 

first-order FB questions and second-order FB questions, respectively.  

Cognitive inhibition. In the Flanker test (Amsterdam Neuropsychological Test battery 

[ANT] version 2.1; De Sonneville, 1999) participants had to identify the colour of a target 

stimulus that was surrounded by eight distracters (flankers). The target colour was 

associated with the left (red) or right (green) button. The flankers were in the same colour as 

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

the target (incompatible). The participant received 40 compatible and 40 incompatible 

items. The mean ACC and mean reaction time (RT) of cognitive inhibition was measured by 

subtracting the mean ACC or RT on compatible trials from the mean ACC and RT on 

incompatible trials (resulting in the congruency effect; see Mullane, Corkum, Klein, & 

McLaughlin, 2009). 

Cognitive flexibility task. To test cognitive flexibility, a classical switch task was used 

(Rogers & Monsell, 1995). This task is an adaptation of the gender-emotion switch task (De 

Vries & Geurts, 2012). Pictures of round or square figures, in black or white, were displayed 

on the computer screen. Participants had 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 indicated if the shape or colour had to be reported. The test part consisted of 216 trials. 
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One-third of these trials were switch trials (switching from colour to shape or vice versa). 

Stimuli were presented and data recorded using the computer software Presentation 

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

was measured by subtracting the mean ACC or RT on repeat trials from the mean ACC and 

RT on switch trials (cf. De Vries & Geurts, 2012).  

Working memory. In the N-Back task (Owen et al., 2005) participants had to 

remember pictures presented on a screen and indicate per picture if that picture matched 

the picture of the current trial or the picture of one or two trials before. Three conditions 

were administered: the 0-back (baseline: is the current picture a car or not?), 1-back, and 2-

back. Each participant received a practice session of 15 trials per condition. The test session 

consisted of 60 trials per condition. Stimuli were presented and data recorded using the 

computer software E-Prime 2.0 (Schneider et al., 2002). The mean ACC on the 2-back 

condition was calculated as a measure of WM.  

 

3.3.4 Data analysis 

The results of the pronoun comprehension pretest confirmed that pronoun interpretation in 

simple statements is intact in both groups. Likewise, our findings indicated that the two 

groups have no problems interpreting pronouns in indirect speech, as hypothesized 

(additional data are given in Appendix 3A). 

To answer our research questions, we focused on the direct speech condition. The 

outcome variable of this condition was coded binary (0 for incorrect, 1 for correct). 

Generalized Linear Mixed Models (GLMMs) are designed for binomially distributed 

outcomes (Jaeger, 2008, p. 442). Also, GLMMs do not require prior aggregation into 

proportions, as the aim is to provide estimates of the likelihood of a success (or failure) for 

each individual observational unit (Baayen, 2012, p. 675). Therefore, the data of the direct 

speech condition were analyzed using GLMM analyses in IBM SPSS Statistics 23, using a logit 

link to accommodate the repeatedly measured binary outcome variable Accuracy (cf. Heck, 

Thomas, & Tabata, 2012; Jaeger, 2008). Compound symmetry was used as covariance 

matrix. Contrasts between Pronoun were dummy-coded. The pronoun he was used as 

baseline, resulting in Pronoun1 (he vs. I) and Pronoun2 (he vs. you). The possible presence of 
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I versus you differences were subsequently checked through shifting the reference category. 

Age was mean-centered and additionally included in the model. Interactions with no effect 

on Accuracy (p > .05) were removed from the model one by one, choosing the largest p 

value for removal, after which we refitted the model. This resulted in Model 1, which shows 

whether difficulties in pronoun interpretation in direct speech are more pronounced in 

children with ASD than in TD children. For purposes of interpreting the interaction effects, 

we illustrated the significant interaction effects using the median split method.  

Next, all relevant parameters derived from the ToM task (ToM1 and ToM2), Flanker 

task (Cognitive inhibition ACC and Cognitive inhibition RT), cognitive flexibility task (Switch 

costs ACC and Switch costs RT) and N-Back task (WM) were mean-centered around a value 

of zero. These cognitive processes were examined as main effects and in interaction with the 

significant predictors from Model 1 in seven separate analyses. In each analysis, the 

cognitive process was included as a predictor. The data of three participants (two ASD and 

one TD) were missing in the Cognitive inhibition ACC and RT analyses, leaving the data of 44 

ASD and 41 TD participants. Based on the outcomes of these analyses per predictor, we 

combined the cognitive processes with (main or interaction) effects on Accuracy (p <.05) and 

added these with the significant predictors of Model 1 in a model with multiple predictors to 

evaluate their effects adjusted for one another (cf. Kuijper, Hartman, & Hendriks, 2015). This 

resulted in Model 2, which shows the relevant cognitive processes that had an effect on the 

interpretation of pronouns in direct speech and explained possible Group differences.  

Finally, the relevant parameters derived from the PPVT (VA) and WISC (estimated IQ) 

were included in two separate analyses as fixed factors to Model 1. These general 

background variables were added to the model to check whether these variables changed 

found associations between our cognitive processes of interest and pronoun interpretation. 

If these variables had an effect on Accuracy (p <.05), they were added to Model 2 and 

evaluated in Model 3. Given the significant group differences (see Table 3.1) in estimated IQ 

(B=-12.94; SE=3.29; p<.001) and VA (B=-8.85; SE=2.69; p<.01), this approach provides a 

statistical alternative to a priori matching on VA and IQ. 
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3.4 Results 

Model 1 showed a main effect of Age and interactions of Group*Pronoun2 and Group*Age 

(see Table 3.2). 

The Group*Pronoun2 interaction (p=.02; see Table 3.2) found in Model 1 is plotted in 

Figure 3.3. This figure shows that the ASD group had a lower Accuracy than the TD group 

with the pronoun you versus he.  

In Figure 3.4, the Group*Age interaction (p=.04; see Table 3.2) found in Model 1 is 

plotted. We used the median split method to plot Accuracy of pronoun interpretation per 

age group (Young: ≤111 months old vs. Old: >111 months old) to illustrate how the 

interaction effect took form. Figure 3.4 shows that older TD children, but not older children 

with ASD, performed substantially better than their younger peers in interpreting pronouns 

in direct speech.  

 

 

 

Figure 3.3 Accuracy of pronoun interpretation in direct speech per group (TD vs. ASD) plotted per 

pronoun (ik ‘I’, jij ‘you’, hij ‘he’) 
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Table 3.2 Estimated Effects of Models 1, 2 and 3 on Pronoun Interpretation in Direct Speech 

 
Model 1 Model 2 Model 3 

Variables Estimate SE p Estimate SE p Estimate SE p 

Intercept -1.10 0.32 .00** -1.84 0.52 .00** -1.72 0.44 .00** 

Group -0.04 0.43 .93 0.91 0.65 .17 0.84 0.59 .17 

Age 0.04 0.01 .01* -0.0 0.02 .87 -0.0 0.02 .85 

Pronoun1 0.27 0.22 .22 0.35 0.31 .26 0.32 0.34 .34 

Pronoun2 0.03 0.21 .89 -0.05 0.26 .84 -0.33 0.27 .22 

Group*Pronoun1 -0.58 0.35 .10 -0.93 0.41 .02* -0.94 0.43 .03* 

Group*Pronoun2 -0.76 0.31 .02* -0.99 0.35 .01* -0.81 0.35 .02* 

Group*Age -0.03 0.02 .04* 0.0 0.02 .86 0.01 0.02 .54 

ToM1  -1.43 1.91 .46 -0.37 1.76 .83 

ToM2 3.7 1.45 .01* 3.24 1.31 .01* 

WM 1.67 2.37 .48 1.93 2.14 .37 

ToM2*Group -2.8 1.91 .15 -2.33 1.7 .17 

ToM2*Pronoun1 -1.37 0.95 .15 -1.34 0.98 .17 

ToM2*Pronoun2 -0.48 0.75 .52 -0.67 0.7 .34 

ToM2*Age 0.08 0.04 .046* 0.04 0.05 .35 

WM*Pronoun1 2.59 1.2 .03* 2.7 1.38 .05 

WM*Pronoun2 2.31 1.1 .04* 3.06 1.23 .01* 

ToM2*Group*Pronoun1 3.56 1.41 .01* 3.61 1.54 .02* 

ToM2*Group*Pronoun2 2.45 1.07 .02* 2.1 1.13 .06 

ToM2*Group*Age -0.17 0.07 .02* -0.14 0.06 .01* 

IQ  0.02 0.02 .29 

Verbal ability -0.03 0.02 .23 

Verbal ability*Age 0.0 0.0 .02* 

IQ*Pronoun1 0.0 0.0 .88 

IQ*Pronoun2 0.03 0.01 .01* 

Note. Pronoun1 is he versus I and Pronoun2 is he versus you. Analyses in Model 1 with reference 
category shifting (I is baseline) showed no I versus you differences: Group*Pronoun1 (I vs. you) 
(B=0.18; SE=0.27; p=.51); Pronoun1 (I vs. you) (B=-0.24; SE=0.14; p=.09); * p=<.05; **p=<.01;  
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Figure 3.4 Accuracy of pronoun interpretation in direct speech per group (TD vs. ASD) plotted per age 

group (Young: ≤ median vs. Old: > median; median=111 months old (m/o)) 

 

 

We have subsequently checked in Model 1 the presence of I versus you differences. 

No I versus you differences were found (ps >.05; see Table 3.2). Also, no differences were 

found between the type of errors made by children with ASD and their TD peers. An error 

analysis showed that in 98% of the errors in the direct speech condition, children selected 

the indirect speech referent. 

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

Accuracy. All significant interactions and main effects of these analyses per predictor (see 

Appendix 3A) were combined in Model 2 along with the effects identified in Model 1. Table 

3.2 lists all remaining effects in Model 2. 

With respect to Group differences, Model 2 included interactions of 

ToM2*Group*Pronoun1 and ToM2*Group*Pronoun2 (ps <.05; see Table 3.2). These 

interactions are plotted in Figure 3.5. The median split method is used to plot Accuracy of 

pronoun interpretation per ToM2 group (low ToM2: ≤.75 vs. high ToM2: >.75) to illustrate 

the direction of the interaction effect. The mean ToM2 scores in the figure caption provide 

background information about the ToM performance of each specific group. As is shown in 



Children with autism spectrum disorder show pronoun reversals in interpretation 

 

63 
 

Figure 3.5, ASD children with low second-order ToM understanding performed worse with I 

versus he (p=.01; see Table 3.2) and you versus he (p=.02; see Table 3.2) than TD children 

with low second-order ToM understanding. 

Model 2 additionally included a significant interaction of ToM2*Group*Age (p=.02; 

see Table 3.2), which is plotted in Figure 3.6. Again, the Accuracy of pronoun interpretation 

per ToM2 group (low ToM2: ≤.75 vs. high ToM2: >.75) is plotted. The mean ToM2 scores in 

the figure caption provide background information about the ToM performance of each 

specific group. The older ASD children performed similar to the younger ASD children. As is 

shown in Figure 3.6, second-order ToM understanding had a larger effect on pronoun 

interpretation in older TD children than in older ASD children.  

 

 

 

Figure 3.5 Accuracy of pronoun interpretation in direct speech per group (TD vs. ASD) and ToM2 group 

(low ToM: ≤ median vs. high ToM: > median; median=.75) plotted per pronoun (ik ‘I’, jij ‘you’, hij ‘he’) 

Background information: The mean ToM2 scores per plotted group are: TD with low ToM2: .41; TD 

with high ToM2: .95; ASD with low ToM2: .37; ASD with high ToM2: .93. 
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Figure 3.6 Accuracy of pronoun interpretation in direct speech per age group (Young: ≤112 m/o vs. 

Old: >112 m/o) and group (TD vs. ASD) plotted per ToM2 group (low ToM: ≤ median vs. high ToM: > 

median; median=.75). Background information: The mean ToM2 scores per plotted group are: TD-

young-low ToM2: .34; TD-young-high ToM2: .94; ASD-young-low ToM2: .27; ASD-young-high ToM2: 

.92; TD-old-low ToM2: .55; TD-old-high ToM2: .96; ASD-old-low ToM2: .49; ASD-old-high ToM2: .94). 

 

 

Model 2 further showed interactions of WM*Pronoun1 and WM*Pronoun2 (ps < .05; 

see Table 3.2), indicating that in general children with a lower WM had more problems 

interpreting pronouns in direct speech (see Appendix 3A). 

Finally, in Model 3 we checked if the effects of the background variables IQ and VA 

on the interpretation of pronouns, first separately and then combined, altered findings in 

Model 2 (additional data are given in Appendix 3B). The results of Model 3 showed that with 

the addition of IQ and VA, the effects in Model 2 were highly similar, with a slightly reduced 

effect of ToM*Group*Pronoun2. This indicates that the associations of WM and ToM 

understanding with pronoun interpretation remained after taking into account the group 

differences and individual differences in IQ and VA. Model 3 additionally showed an 

interaction effect of IQ*Pronoun2 (p=.01; see Table 3.2), indicating that in general children 
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with a lower IQ had more problems interpreting you and he in direct speech. Also, an 

interaction of VA*Age (p=.02; see Table 3.2) was found, indicating that not only young 

children, but also older children with low verbal abilities had problems interpreting 

pronouns in direct speech (see Appendix 3B). Table 3.2 lists all effects in Model 3. 

It should be noted that the interactions of Group*Pronoun1 and Group*Pronoun2 

remained significant in Models 2 and 3. This indicates that ToM, WM, IQ and VA could not 

fully explain why children with ASD showed more problems than their TD peers with the 

interpretation of I and you in direct speech. However, with the addition of these cognitive 

processes and background variables, the interaction effect of Group*Age disappeared. 

 

3.5 Discussion 

We investigated the interpretation of the personal pronouns I and you in perspective-

shifting situations created by direct speech reports in primary school-age children with and 

without ASD. Summarizing our findings, we found that 1) all children, both with and without 

ASD, had problems with the interpretation of pronouns in direct speech, but not with the 

interpretation of pronouns in indirect speech, and 2) children with ASD had more problems 

than their TD peers interpreting pronouns in direct speech. Also, we found that 3) all 

children, but especially the TD children, made fewer errors in direct speech when they were 

older. Compared with older TD children, older children with ASD had thus more problems 

interpreting pronouns in perspective-shifting situations. Our cognitive processes analysis 

showed that 4) a better WM and 5) a better second-order ToM understanding were 

associated with better pronoun understanding in direct speech. Especially children with ASD 

with a low second-order ToM understanding made more errors than their TD peers 

interpreting I and you compared with he in direct speech. Considering age, 6) a better 

second-order ToM understanding was associated with better pronoun understanding in 

older compared with younger TD children, while this was not the case for pronoun 

understanding in children with ASD. Considering the background variables of VA and IQ, we 

found that 7) like young children in general, older children with low verbal abilities had more 

problems interpreting pronouns in direct speech than children with high verbal abilities, and 

8) a higher IQ was associated with better pronoun understanding in direct speech. Finally, no 
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effects of cognitive inhibition and cognitive flexibility were found. 

The first aim of this study was to find out whether primary school-age children 

diagnosed with ASD experience more difficulties than their TD peers interpreting pronouns 

in direct speech. As expected, we found that primary school-age children with and without 

ASD are adult-like in their interpretation of the pronouns I and you in indirect speech, but 

have difficulties interpreting these pronouns in direct speech. Like Köder and Maier (2016), 

we found that children who have difficulties interpreting pronouns in direct speech interpret 

these pronouns as in indirect speech. That is, they incorrectly interpret pronouns in direct 

speech from the perspective of the actual speaker instead of the reported speaker. This 

indicates that primary school-age children have difficulty making the additional perspective 

shift from the actual speaker’s perspective to the reported speaker’s perspective, which is 

needed to correctly interpret pronouns in direct speech. Failing to make this additional 

perspective shift, they interpret I as you and you as I, resulting in pronoun reversals in 

interpretation.  

 Köder and Maier (2016) showed that primary school-age TD children do not yet 

interpret pronouns in direct speech at an adult level. This indicates a relative late acquisition 

of pronoun interpretation in perspective-shifting situations in TD children. Our study is the 

first to show that pronoun interpretation in linguistic contexts requiring an additional 

perspective shift is even more challenging for primary school-aged children with ASD than 

for their TD peers. As expected, children with ASD showed more pronoun reversals in 

interpretation than their TD peers, especially with the pronoun you. Possibly, children with 

ASD, like TD children, find it easier to interpret I than you in direct speech because the 

referent of I is explicitly mentioned in the reporting clause (Köder & Maier, 2016; Köder et 

al., 2015). Moreover, compared with older TD children, older children with ASD showed 

more pronoun reversals in interpretation. It probably takes primary school-aged children 

with ASD longer than their TD peers to develop a good understanding of pronouns in 

perspective-shifting situations. The prevalent view is that pronoun reversals only persist in 

the speech of young children with ASD and low intelligence (Baltaxe, 1977; Tager-Flusberg, 

1994), but disappear in young children with an average intelligence (so-called “high-

functioning” ASD). Our study provides evidence that pronoun reversals in children with ASD, 
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in the more subtle interpretational form, are not only present in early development or in 

individuals with low intelligence, but persist in later development and in individuals of 

average intelligence.  

A second aim of this study was to shed more light on potential explanations of 

pronoun reversals. Below, we relate our findings on the pronoun comprehension task and 

the cognitive tasks to the various explanations proposed in the literature. In line with 

cognitive explanations of pronoun reversals (e.g., Dale & Crain-Thoreson, 1993), we found 

that the correct interpretation of pronouns in direct speech requires sufficient cognitive 

resources. A better WM and a higher IQ, which are argued to be strongly related to each 

other (Ackerman, Beier, & Boyle, 2005), help children with ASD as well as TD children in their 

understanding of pronouns.  

Furthermore, our results suggest that social abilities are involved in the 

interpretation of pronouns in direct speech, in particular ToM understanding. Children with 

ASD and TD children were found to show a better understanding of pronouns in direct 

speech when they have a better second-order ToM understanding. This finding is in line with 

social explanations of pronoun reversals (e.g., Charney, 1980; Hobson, 1990; Hobson et al., 

2010; Tager-Flusberg, 1996), as well as with the asynchronous development explanation 

(e.g., Evans & Demuth, 2012; Naigles et al., 2016). Naigles et al. (2016) showed that toddlers 

with ASD with a larger vocabulary and with better joint attention skills, which is seen as an 

essential precursor of ToM understanding (Baron-Cohen, 1989a; Charman et al., 2000), 

produced fewer pronoun reversals. Similarly, we found that primary school-aged children 

with ASD with sufficient linguistic abilities and better social abilities, namely better ToM 

understanding, show fewer pronoun reversals. In particular, second-order ToM 

understanding seems to enhance pronoun interpretation in older TD children compared to 

younger TD children, while we did not observe this improvement in children with ASD. This 

could indicate that pronoun reversals occur when children’s social abilities lag behind their 

linguistic abilities and derive from social immaturity (cf. Naigles et al., 2016).  

The suggestion that social abilities, in particular sufficient ToM understanding, are a 

prerequisite for the mature use and interpretation of personal pronouns, is also 

corroborated by the study of Durrleman and Delage (2016). Durrleman and Delage (2016) 
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found a relation between first-order ToM understanding and the production of first-person 

accusative clitic pronouns in French-speaking children with ASD (aged 5-16). Our 

interpretation results are parallel to their production results, as we found that especially 

children with ASD with low ToM understanding have problems interpreting first-person and 

second-person (nominative full) pronouns in direct speech. The relation we found with 

second-order ToM understanding in particular is indicative of problems with shifting 

perspective twice. Like in second-order ToM understanding, two shifts are needed to 

correctly interpret pronouns in direct speech: first, the listener must shift to the perspective 

of the actual speaker; next, in order to interpret the direct speech report, the listener needs 

to shift to the perspective of the reported speaker. The interpretation of the pronouns I and 

you can thus be seen as indicators of (un)successful perspective shifting. 

According to the asynchronous development explanation (e.g., Naigles et al., 2016), 

pronoun reversals may also derive from linguistic immaturity. However, we did not find 

support for this view. Linguistically immature children with ASD might have difficulty with 

the interpretation of pronouns and treat pronouns as having a fixed reference (in 

accordance with the name hypothesis, cf. Clark, 1978). If so, we would have found no 

difference in performance between pronoun interpretation in direct and indirect speech, as 

under this view pronouns are predicted to have a fixed reference across different contexts. 

However, we found that children with and without ASD performed almost at ceiling with 

pronouns in indirect speech, while making a substantial number of errors with pronouns in 

direct speech. Furthermore, we found that all children who made pronoun reversals in direct 

speech predominantly chose the indirect speech referent, suggesting that all of these 

children had problems making the second shift in perspective.  

Our findings also do not lend support to the repetitive speech explanation (i.e., 

Kanner’s view of pronoun reversals, see Kanner, 1943). This account predicts that pronoun 

reversals should not occur in interpretation. We found, however, that children do show 

pronoun reversals in interpretation. Moreover, restricted, repetitive behaviours in ASD, 

including repetitive speech (echolalia), have been found to be related to executive 

functioning impairments such as reduced cognitive flexibility and inhibition problems (Miller, 

Ragozzino, Cook, Sweeney, & Mosconi, 2015; Mosconi et al., 2009). The absence of a 



Children with autism spectrum disorder show pronoun reversals in interpretation 

 

69 
 

relation between pronoun interpretation and cognitive inhibition or cognitive flexibility in 

our study corroborates our conclusion that pronoun reversals should not be approached as 

repetitive speech forms. This suggests that in the clinical diagnosis of ASD pronoun reversals 

are better approached as a social communication problem rather than a restricted, 

repetitive pattern of behavior like echolalia (see DSM-5; APA, 2013).  

The effects of ToM, WM, IQ and VA on pronoun interpretation could not fully explain 

why children with ASD had more problems than TD children interpreting I and you in direct 

speech (i.e., the group difference remained significant in our Models 2 and 3). This suggests 

that additional processes are at work here. Köder et al. (2015) point out that, in the Dutch 

language, direct speech is signaled by syntactic cues such as word order and prosodic cues 

such as a greater overall pitch range. While some studies report intact syntactic and prosodic 

skills in individuals with ASD (Diehl, Friedberg, Paul, & Snedeker, 2015; Janke & Perovic, 

2015), other studies suggest that individuals with ASD have problems with syntactic 

dependencies in questions and relative clauses and prosodic cues signaling discourse 

prominence (Durrleman et al., 2015; McCann & Peppé, 2003; Terzi, Marinis, & Francis, 

2016). If children with ASD indeed struggle with syntactic dependencies and prosodic cues, 

they may be less sensitive to the syntactic and prosodic cues that signal direct speech. Also, 

it has been argued that syntactic skills are needed for ToM understanding (De Villiers, 2007; 

De Villiers, Hobbs, & Hollebrandse, 2014; De Villiers & Pyers, 2002), especially in children 

with ASD (Durrleman et al., 2016; Lind & Bowler, 2009). It could be argued that problems 

with pronoun interpretation in direct speech in children with ASD reflect difficulties with 

syntactic components of language rather than perspective-taking difficulties. However, the 

children with ASD in our study did not have problems interpreting indirect speech reports, 

which consist of a complement clause introduced by a verb of communication (e.g., ‘Pig said 

that I get the car’). This shows that they have at least some understanding of complex 

syntactic structures. Future studies could explore the relation between syntactic skills and 

ToM understanding in the development of pronoun interpretation in reported speech. 

An important limitation of the current study is that our cross-sectional design does 

not allow us to make firm statements about the longitudinal development of pronoun 

reversals in children with and without ASD. It is conceivable that other factors, for example 
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linguistic factors, play a role in pronoun reversals in early development than the factors that 

we found to be relevant in later development. Future studies could examine pronoun 

production and interpretation in combination with linguistic, social and cognitive abilities in 

children with ASD in a longitudinal study. Such studies will provide more insight into the 

potential causes of pronoun reversals and will help to determine which factors play a role in 

which developmental stage. Another limitation is the generalizability of our study, because 

our sample includes a high proportion of children with the milder form of ASD (i.e., PDD-

NOS, a subcategory of ASD in the DSM-IV (APA, 2000)). Furthermore, since we found 

differences between children with ASD and TD children in our study, we expect any 

problems with pronoun interpretation that are linked to the severity of autistic symptoms to 

be even larger in a sample containing more children with severe autistic symptoms. The use 

of severity levels of ASD in the DSM-5 (APA, 2013) may help to determine whether the level 

of severity of ASD is related to the amount of pronoun reversals in interpretation. 

In sum, we draw the following three conclusions. First, our study shows that children 

with ASD aged 6 to 12 have problems interpreting I and you in direct speech, resulting in 

pronoun reversals in interpretation. Therefore, such pronoun reversals do not only occur in 

early development of children with ASD, as suggested by the literature, but in their later 

development as well. Second, like in the production of pronouns, where reversals are more 

extensive and longer-lasting in children with ASD than in TD children, our data suggest that 

also in the interpretation of pronouns children with ASD lag behind their TD peers. Third, 

based on the associations with ToM understanding, our results suggest that pronoun 

reversals  most likely result from perspective-shifting difficulties. Cognitive inhibition and 

flexibility, which are both associated with repetitive behavior, are not needed for better 

pronoun interpretation. We therefore propose that in the clinical diagnosis of ASD, pronoun 

reversals are best classified as a social communication problem rather than a repetitive 

behavior. 

 

3.6 Appendix 

3.6.1 Appendix 3A 

We tested whether pronoun interpretation in simple statements is intact in both groups. As 
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a preliminary analysis, we focused in Model S1 on the pretest items. This model involved a 

GLMM analysis with Accuracy as 15 repeatedly measured trials, Pronoun (I, you, he) as 

within group factor and Group (TD vs. ASD) as between group factor. Model S1 showed main 

effects of Pronoun1, Pronoun2 and Age, indicating that most mistakes were made in the he 

condition and that older children performed better than younger children. An error analysis 

showed that in 96% of the mistakes made in the he condition, the children selected the you 

referent instead of the he referent. This mistake was predominantly made by the 6-year-old 

children. These results are in line with the development of pronouns in children, in which the 

pronoun he is acquired around the age of 6 (Brener, 1983). No main or interaction effects of 

Group were found (p >.05). Overall, children scored at least .70, indicating that they had no 

problems with pronoun interpretation in simple statements (see Table 3.3 and Figure 3.7). 

In Model S2, we checked if the two groups did not have problems with pronoun 

interpretation in indirect speech, as hypothesized. The accuracy data in the speech report 

 

 

 

Figure 3.7 Accuracy of pronoun interpretation per Group (TD vs. ASD) plotted per Pronoun (ik ‘I’, jij 

‘you’, hij ‘he’) in the pretest 



Chapter 3 

72 
 

Table 3.3 Estimated Effects of Model S1 on Pronoun Interpretation in the Pretest 

 Model S1 

Variables Estimate SE p 

Intercept 1.075 0.309 .00** 

Group 0.174 0.379 .65 

Age 0.031 0.008 .00** 

Pronoun1 3.249 0.448 .00** 

Pronoun2 2.989 0.439 .00** 

**p=<.01; Pronoun1 is he vs. I and Pronoun2 is he vs. you 

 

 

task, consisting of 30 trials, were investigated for this purpose. We used the same full 

factorial model as in Model S1, but with the addition of Speech type (Direct vs. Indirect) as 

an additional within group factor. Our analysis of Model S2 resulted in main effects of 

Speech type and Age, and interactions of Group*Speech type*Age*Pronoun2, 

Group*Speech type*Pronoun2, Group*Pronoun2 and Group*Age (see Table 3.4). 

As expected, both the TD and ASD group had no problems with pronoun 

interpretation in indirect speech. All children found the interpretation of pronouns in direct 

speech most difficult (see Figure 3.8).  

 In order to test which cognitive processes had an effect on the interpretation of 

pronouns in direct speech, we examined, one by one, which cognitive processes were 

associated with Accuracy. These separate analyses indicated the presence of interactions of 

ToM1*Pronoun1 (B=-2.686; SE=1.330; p=.045), ToM1*Pronoun2 (B=-3.730; SE=1.538; 

p=.016), ToM2*Group*Pronoun1 (B=-3.321; SE=1.427; p=.021), ToM2*Group*Age (B=-

0.127; SE=0.061; p=.039), WM*Pronoun1 (B=2.644; SE=1.250; p=.036) and WM*Pronoun2 

(B=2.711; SE=0.983; p=.006). No main or interaction effects of Cognitive inhibition and 

Cognitive flexibility were found (all ps >.05). All significant interactions and main effects of 

these analyses per predictor were combined in Model 2 along with the effects identified in 

Model 1. The interactions of ToM1*Pronoun1 (p=.798) and ToM1*Pronoun2 (p=.339) were 

no longer significant when adjusted for the other cognitive variables and were removed 

from Model 2. 
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Table 3.4 Estimated Effects of Model S2 on Pronoun Interpretation 

 Model S2 

Variables Estimate SE p 

Intercept -1.111 0.353 .01* 

Group -0.024 0.452 .96 

Age 0.038 0.015 .02* 

Pronoun1 0.293 0.249 .24 

Pronoun2 0.034 0.234 .89 

Speech type 3.071 0.674 .00** 

Group*Speech type 0.112 0.871 .90 

Group*Pronoun1 -0.703 0.362 .05 

Group*Pronoun2 -0.829 0.337 .01* 

Group*Age -0.036 0.018 .05* 

Pronoun1*Age -0.005 0.008 .58 

Pronoun2*Age -0.001 0.007 .90 

Speech type*Pronoun1 0.026 0.293 .93 

Speech type*Pronoun2 0.320 0.336 .34 

Speech type*Age -0.045 0.023 .07 

Group*Speech type*Pronoun1 0.894 0.636 .16 

Group*Speech type*Pronoun2 1.197 0.606 .05* 

Group*Speech type*Age 0.058 0.033 .10 

Group*Age*Pronoun1 0.02 0.012 .08 

Group*Age*Pronoun2 0.012 0.009 .19 

Speech type*Age*Pronoun1 -0.005 0.011 .67 

Speech type*Age*Pronoun2 0.001 0.011 .94 

Group*Speech type*Age*Pronoun1 -0.032 0.018 .09 

Group*Speech type*Age*Pronoun2 -0.033 0.017 .05* 

* p=<.05; **p=<.01; Pronoun1 is he vs. I and Pronoun2 is he vs. you 
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Figure 3.8 Accuracy of pronoun interpretation per Group (TD vs. ASD) and Speech type (Direct vs. 

Indirect) plotted per Pronoun (ik ‘I’, jij ‘you’, hij ‘he’)  

 

 

Model 2 showed interactions of WM*Pronoun1 and WM*Pronoun2, indicating that 

in general children with a lower WM had more problems interpreting pronouns in direct 

speech (see Figure 3.9). 

 

3.6.2 Appendix 3B 

The relevant parameters derived from the PPVT (VA) and WISC (estimated IQ) were included 

in two separate analyses as fixed factors to Model 1. We checked for possible main and 

interaction effects of these background variables on Accuracy (i.e., pronoun interpretation). 

These analyses per predictor indicated interactions of IQ*Age (B=0.001; SE=0.00; p=.015), 

IQ*Pronoun2 (B=0.035; SE=0.012; p=.004), VA*Age (B=0.001; SE=0.001; p=.015) and 

VA*pronoun2*Group (B=0.060; SE=0.021; p=.005). In Model 3, we combined all significant 

interactions and main effects of these analyses per predictor with the effects identified in 

Model 2. The interactions of IQ*Age (p=.589) and VA*Pronoun2*Group (p=.060) were no  
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Figure 3.9 Accuracy of Pronoun (ik ‘I’, jij ‘you’, hij ‘he’) in direct speech plotted for WM group (Low 

WM: ≤ median and High WM > median; median= .73) 

 

 

longer significant (all ps >.05) when adjusted for the other cognitive variables and were 

removed from Model 3.  

Model 3 showed an interaction effect of IQ*Pronoun2, indicating that in general 

children with a lower IQ had more problems interpreting you and he in direct speech (see 

Figure 3.10).  

Also, an interaction of VA*Age was found, indicating that like young children, older 

children with low verbal abilities had more problems interpreting pronouns than children 

with high verbal abilities (See Figure 3.11). 
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Figure 3.10 Accuracy of pronoun (ik ‘I’, jij ‘you’, hij ‘he’) in direct speech plotted for IQ (Low IQ: ≤ 

median and high IQ: > median; median= 106) 

 

 

Figure 3.11 Accuracy of pronoun interpretation in direct speech plotted for verbal ability (VA; Low VA: 

≤ median and high VA: > median; median= 108)



 



 



 

Chapter 4. Spatial language reveals perspective-taking difficulties in children 

with and without autism 
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4.1 Abstract 

The interpretation of in front of and behind depends on the relative spatial positions of the 

speaker and hearer. Interpreting these spatial prepositions from another person’s 

perspective requires visual perspective taking, which is cognitively demanding and involves 

several higher-order cognitive processes. Given suggested difficulties with visual perspective 

taking and cognitive development in children with autism spectrum disorder (ASD), we 

hypothesized that these children less often than their typically developing (TD) peers 

interpret spatial prepositions from another person’s contrasting visual perspective. We 

investigated the interpretation of spatial prepositions from the child’s own visual 

perspective as a hearer and from the speaker’s contrasting visual perspective in 48 Dutch-

speaking children with ASD and 43 TD children (age 6-12). Additional tasks were 

administered to measure Theory of Mind (ToM), cognitive inhibition, cognitive flexibility and 

working memory. We found that children with ASD and TD children alike mainly interpreted 

spatial prepositions from their own visual perspective instead of from the speaker’s 

contrasting visual perspective. No differences between ASD and TD primary school-aged 

children emerged, suggesting that an egocentric bias towards one’s own visual perspective is 

not limited to young children or children with ASD and can be observed in children in general 

until at least adolescence. Our findings clarify why visual perspective taking is cognitively 

demanding. We showed an influence of cognitive inhibition, cognitive flexibility, and, to a 

lesser extent, ToM on the interpretation of spatial prepositions. We propose that hearers 

need ToM to understand that perspectival differences are relevant for the interpretation of 

spatial prepositions, and need cognitive inhibition and cognitive flexibility to shift between 

visual perspectives. 

 

4.2 Introduction 

The process of taking another person’s perspective takes time to develop (Birch & Bloom, 

2004). In the seminal visual perspective taking study of Piaget and Inhelder (1956), children 

judged how a doll perceived a landscape by choosing a picture that showed the doll’s 

viewpoint among a set of pictures with several possible viewpoints. They found that typically 

developing (TD) children up to 7 chose the alternative viewpoint that showed the landscape 
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from their ‘egocentric’ visual perspective. Following this study, researchers focused on visual 

perspective taking in children younger than 7 years old (Flavell et al., 1981; Masangkay et al., 

1974; Moll et al., 2013; Newcombe, 1989). For example, Moll et al. (2013) showed that in 

simple visual perspective taking tasks with only two answer options, 4-year-old children can 

take another person’s visual perspective. In this study, 4-year-olds understood that while 

they themselves saw an object in blue, the adult who looked through a yellow colour filter 

saw the same object in green. Yet, other studies observe that children as old as 10, and even 

adults, show an egocentric bias (in errors and reaction times) when judging another person’s 

perspective in simple visual perspective taking tasks (Surtees & Apperly, 2012; Surtees, 

Samson, & Apperly, 2016). Thus, these findings suggest that an egocentric bias towards 

one’s own visual perspective can be observed throughout childhood and into adulthood.  

Taking another person’s visual perspective is cognitively demanding (Qureshi, 

Apperly, & Samson, 2010; Surtees, Apperly, & Samson, 2013). Despite the large body of 

research on visual perspective taking, little is known about which cognitive abilities are 

involved. In this study, we investigate multiple higher-order cognitive processes that could 

be needed to take another person’s visual perspective. Firstly, we suggest that Theory of 

Mind (ToM), the cognitive ability to mentally take the perspective of other people to 

understand their beliefs, desires and intentions (Wimmer & Perner, 1983), is involved. Some 

studies indicate a relation between ToM and visual perspective taking (Aichhorn, Perner, 

Kronbichler, Staffen, & Ladurner, 2006; Farrant, Fletcher, & Maybery, 2006). We hypothesize 

that hearers need ToM to understand that another person’s visual perspective on a situation 

can differ from one’s own.  

Besides ToM, we suggest that Executive Functioning (EF) is needed to take another 

person’s visual perspective. EF refers to cognitive processes like working memory (WM), 

inhibition and flexibility, that allow for the flexible alteration of thought and behaviour in 

response to changing contexts (Welsh & Pennington, 1988). We expect that WM, the 

capacity for processing and temporarily holding information in mind (Baddeley, 1986), is 

involved. Possibly, hearers with low WM capacities are unable to simultaneously keep their 

own perspective and another person’s perspective in mind and therefore judge the situation 

from their own visual perspective. Furthermore, in line with previous studies (Qureshi et al., 
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2010; Surtees & Apperly, 2012), we propose that cognitive inhibition, the ability to suppress 

irrelevant information (Dagenbach & Carr, 1994), is needed. That is, taking another person’s 

perspective involves inhibiting one’s own response prompted by one’s own perspective 

(Friedman & Leslie, 2005). Yet, inhibiting may not be sufficient. We suggest that cognitive 

flexibility, the ability to shift between different thoughts or actions (Scott, 1962), is needed 

to shift to another person’s visual perspective. 

The process of taking another person’s visual perspective could be especially 

demanding for children with autism spectrum disorder (ASD). In a meta-study, Pearson and 

colleagues (2013) compared 11 studies of visual perspective taking in 8- to 13-year-old 

children with ASD. Their results indicated that children with ASD understand that other 

persons can see an object differently from how they themselves see that object. However, 

they have problems understanding how another person sees that object. In a later study, 

Pearson and colleagues (2016) find that, compared to a younger control group of TD 

children, primary school-aged with ASD do not have problems with visual perspective taking. 

These findings suggest that visual perspective-taking abilities in primary school-aged children 

with ASD are not impaired, but possibly delayed compared to their TD peers. This, in turn, 

may be due to difficulties with EF and ToM understanding which have often been reported 

at different ages in children with ASD (Baron-Cohen et al., 1985; Christ et al., 2011; Happé, 

1994; Hill, 2004b; Luna, Doll, Hegedus, Minshew, & Sweeney, 2007). 

Together, these findings suggest that it is fruitful to extend our research on children 

with ASD to everyday life instances of visual perspective taking. In their daily communication 

children encounter many situations that require them to take another person’s visual 

perspective. Suppose Peter and Jane are looking for a ball and Peter tells Jane ‘The ball is 

behind the tree’. The interpretation of behind depends on the relative spatial positions of 

Peter and Jane. The preposition behind classifies the nature of the spatial relation between 

the ball and the tree as behind from one visual perspective, while simultaneously the ball is 

located in front of the tree from the opposite visual perspective. Thus, from Jane’s visual 

perspective the ball may be in front of the tree. This means children must be able to take 

another person’s visual perspective in order to fully acquire these prepositions. TD children 

start to comprehend and produce the spatial prepositions in front of and behind in relation 
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to their own body by the age of 4 (Washington & Naremore, 1978). Around the age of 5, 

they learn to use these prepositions in relation to other objects (Bowerman, 1996). The 

interpretation of in front of and behind has not been studied in children with ASD so far. Nor 

has it been studied if potential visual perspective-taking impairments are related to EF and 

ToM abilities. 

The present study investigates: 1) whether Dutch-speaking children with ASD 

interpret voor ‘in front of’ and achter ‘behind’ from another person’s visual perspective less 

often than their TD peers; and 2) which cognitive processes are needed to shift perspective 

and interpret these prepositions from another person’s visual perspective. To this end, 

primary school-aged children with and without ASD are asked to interpret spatial 

prepositions in situations where the child’s own perspective is the only salient visual 

perspective (part 1) or in situations where the speaker’s contrasting visual perspective is also 

present (part 2). Also, children’s interpretations are investigated when these two situations 

alternate, which best resembles everyday life (part 3). What makes each situation complex is 

that the child is not told whether the speaker describes the situation from the speaker’s own 

visual perspective or from the child’s contrasting visual perspective as a hearer. To interpret 

in front of and behind from the speaker’s visual perspective, the child could engage in 

perspective taking to interpret the preposition from the speaker’s perspective. In a pilot 

study with 24 TD adults (mean age 22;5), we found that in the situations in part 1 of the task, 

as expected, adults mainly interpret in front of and behind from their own visual perspective 

(Self perspective 97%; Other perspective 3%). In contrast, in the situations in part 2 of the 

task, adults overwhelmingly interpret in front of and behind from the speaker’s contrasting 

visual perspective (Self perspective 9%; Other perspective 91%). The adults were not tested 

on part 3 of the task. The order of the two parts of the tasks was balanced across 

participants, but did not have an effect on the responses. Thus, to achieve a mature 

understanding of the prepositions in front of and behind, in part 2 of the task the child 

should shift from its own visual perspective to the speaker’s contrasting visual perspective. 

In this study, we hypothesize that in situations where perspective taking is optional, 

such as with perspective-dependent spatial prepositions, children prefer to interpret spatial 

prepositions from their own perspective, and children with ASD even more so than their TD 
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peers. These expectations are based on the general difficulty of taking another person’s 

visual perspective and the possibly delayed development of visual perspective-taking skills in 

children with ASD. We expect that ToM, inhibition, flexibility and WM are needed to shift 

perspective to interpret spatial prepositions from another person’s visual perspective. These 

cognitive processes may explain why children with ASD interpret spatial prepositions from 

another person’s visual perspective less often than their TD peers. Also, based on cognitive 

flexibility deficits that children with ASD show in daily life (Hill, 2004b), we expect that during 

constant switching between perspectives (part 3) group differences will be larger. 

 

4.3 Method 

4.3.1 Participants 

Forty-eight children with ASD and 43 TD children were tested. Only monolingual Dutch-

speaking children with no diagnosis of any language disorder were included. All children in 

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

(APA, 2000) and had an IQ of >75 derived from a clinically administered full IQ test. 

Additionally, in all children, the Autism Diagnostic Interview Revised (ADI-R; Rutter, Le 

Couteur, & Lord, 2003), the Autism Diagnostic Observation Schedule (ADOS; Lord, Rutter, 

DiLavore, & Risi, 1999), two subtests (Vocabulary and Block Design) of the WISC-III-NL to 

estimate IQ (Kort et al., 2002), and the Peabody Picture Vocabulary Test to measure Verbal 

Ability (VA) (PPVT-III-NL; Schlichting, 2005) were administered by certified professionals. 

Two children from the ASD group were excluded because they met neither the ADOS nor the 

ADI-R criteria for ASD (cf. Risi et al.'s ASD2 criteria, 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. Table 4.1 

provides the group descriptives. 

 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 

with children 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 
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Table 4.1 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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larger study on language and communication in ASD. The medical ethical committee of the 

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. 

 

4.3.2 Outcome measure 

Spatial prepositions task. Participants watched short films in which two objects were 

visible on a table and a woman described the position of these objects. Participants had to 

press one of two buttons (agree versus disagree) to indicate whether the spoken description 

matched the film. In the Self Perspective condition (block 1), the woman uttering the 

description is not visible in the film and children were asked whether the spoken description 

matched the film according to themselves. In the Other Perspective condition (block 2), the 

woman is visible in the film and children were asked whether the spoken description 

matched the film according to the woman. We designed the task such that the woman 

described the situation from her own perspective. In block 3 perspectives were alternated in 

a semi-random fashion. Figure 4.1 shows stills from the films in both perspectives.  

 

 

               

Figure 4.1 Stills from the films in the Self perspective (left) and the Other perspective (right) condition 

accompanied by the spoken description ‘The ball is behind the hat’ 
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First, three practice items were administered to check whether the participants 

understood the task. The test session consisted of 48 items, distributed across 4 conditions 

(Perspective-independent prepositions in Self or Other perspective, Perspective-dependent 

prepositions in Self or Other perspective). The Perspective-independent prepositions in and 

on served as control items (their interpretation is independent of the speaker’s and hearer’s 

spatial position). The Perspective-dependent prepositions in front of and behind served as 

test items. For each condition, in half of the items the spoken description matched the film; 

in the other half it did not. Stimuli were presented and data recorded using the computer 

software E-Prime 2.0 (Schneider et al., 2002). 

 

4.3.3 Cognitive tasks 

ToM. The Bake Sales task, a second-order false belief (FB) Task adopted from 

Hollebrandse, van Hout and Hendriks (2014) was used to test ToM. Their stories were 

modelled after Perner and Wimmer's (1985) “ice cream truck story”. The task consisted of 

eight stories, each of which contained a first-order FB question (involving the belief of one 

other person) and a second-order FB question (involving the belief of another person about 

a third person). The measures of ToM1 and ToM2 were calculated using the ACC on the 

eight first-order FB questions and the eight second-order FB questions, respectively.  

Cognitive inhibition. In the Flanker test (Amsterdam Neuropsychological Test battery 

(ANT) version 2.1; De Sonneville, 1999) participants had to identify the colour of a target 

stimulus that was surrounded by eight distractors (flankers). The target colour was 

associated with the left (red) or right (green) button. The flankers were in the same colour as 

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

the target (incompatible). The participant received 40 compatible and 40 incompatible 

items. The mean ACC and mean reaction time (RT) of cognitive inhibition was 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, a classical switch task was used 

(Rogers & Monsell, 1995). This task is an adaptation of the gender-emotion switch task (De 
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Vries & Geurts, 2012). Pictures of round or square figures, in black or white, were displayed 

on the computer screen. Participants had to press the left or right button to report the 

shape (round or square) or the colour (black or white) of the figure. The cue at the top 

indicated whether the shape or colour had to be reported. The test part consisted of 72 

switch trials (switching from colour to shape or vice versa). The mean ACC and mean RT of 

switch costs was 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). 

Working Memory. In the N-Back task (Owen et al., 2005) participants had to 

remember pictures presented on a screen and indicate per picture if that picture matched 

the picture of the current trial (0-back) or the picture one (1-back) and two (2-back) trials 

before. Each participant received a practice session of 15 trials and a test session of 60 trials 

per condition. The mean accuracy (ACC) on the 2-back condition was calculated as a 

measure of WM. 

 

4.3.4 Data analysis 

The data of the spatial preposition task were analyzed using Generalized Linear Mixed 

Models (GLMMs), using a logit link to accommodate the repeatedly measured (48 trials) 

binary outcome variable Accuracy (0 for incorrect; 1 for correct) (Heck et al., 2012; Jaeger, 

2008). Compound symmetry was used as the covariance matrix type. We set out with a full 

factorial model with Block (Standard vs. Switch), Perspective (Self vs. Other) and Preposition 

(Perspective-independent vs. Perspective-dependent) as within-group factors and Group (TD 

vs. ASD) as between-group factor. Age was mean-centered and additionally included. 

Interactions with no effect on Accuracy (p >.05) were removed from the model one by one, 

choosing the largest p-value for removal, after which we refitted the model. This resulted in 

model 1, which shows the extent to which Accuracy was predicted by Block, Perspective, 

Preposition, Group, and Age, as well as the relevant (p <.05) interactions. 

Next, the seven parameters derived from the False belief task (ToM1 and ToM2), 

Flanker task (Cognitive inhibition ACC and Cognitive inhibition RT), cognitive flexibility task 

(Switch costs ACC and Switch costs RT) and N-Back task (WM) were mean-centered and, one 

by one, examined as main effects and in interaction with the significant predictors from 
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model 1 in seven 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 44 ASD and 41 TD 

participants. In each separate analysis, interactions that had no effect on Accuracy (p > .05) 

were removed from the model. Based on the outcomes of these analyses per predictor, we 

combined the cognitive processes with (main or interaction) effects on Accuracy (p <.05) and 

added these with the significant predictors of model 1 in a model with multiple predictors to 

evaluate their effects adjusted for one another (cf. Kuijper, Hartman, & Hendriks, 2015; 

Overweg, Hartman, & Hendriks, 2018). This resulted in model 2, which shows the relevant 

cognitive processes that had an effect on the interpretation of spatial prepositions. 

Finally, the parameters from the WISC (estimated IQ) and PPVT (VA) were mean-

centered and included in two separate analyses in model 1. If they had an effect on Accuracy 

(p <.05), they were added to model 2 to check whether these general background variables 

changed the effects found in model 2. 

 

4.4 Results 

Figure 4.2 presents the mean proportions of correct responses in all conditions, separately 

for the ASD and TD groups. As expected, children performed (almost) at ceiling in the 

Perspective-independent control conditions (with the prepositions in and on), indicating that 

they understood the task.  

 Model 1 showed main effects of Perspective and Preposition and interactions of 

Perspective*Block and Perspective*Preposition. As expected, children mostly interpret 

Perspective-dependent prepositions in the Other perspective from their own perspective. 

Hypothesized lower Accuracy in the ASD group compared to the TD group in the Switch 

block was not found. In contrast, both groups improved significantly with Perspective-

dependent prepositions in the Other perspective condition in the Switch block compared to 

the Standard block. We also found a main effect of Age, indicating that the older the child, 

the better their overall performance on the task. No main effect of Group nor interactions 

with Group were found (all p-values >.05). Table 4.2 lists all effects of model 1. 

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

Accuracy. These separate analyses indicated main effects of ToM2 (B=0.991; SE=0.451; 
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Figure 4.2 Accuracy of the interpretation of spatial prepositions in all four conditions per group (TD vs. 

ASD) in each Block (Standard vs. Switch)  

 

 

p=.040) and Cognitive inhibition RT (B=-0.008; SE=0.004; p=.044) and interactions of 

Cognitive inhibition RT*Preposition (B=0.010; SE=0.005; p=.033) and Switch costs 

RT*Perspective*Preposition (B=-0.017; SE=0.007; p=.012). No effects of ToM1 or WM were 

found. Then, we combined all significant interactions and main effects of these analyses per 

predictor in model 2, a model with multiple predictors. All effects from the analyses per 

predictor remained significant. Table 4.2 lists all effects of model 2. 

 Model 2 showed a main effect of ToM2, indicating that children with low second-

order ToM understanding show a lower Accuracy overall on the task. Model 2 also showed 

interaction effects of Cognitive inhibition RT*Preposition and Switch costs 

RT*Perspective*Preposition. Children who are able to inhibit quickly show a higher Accuracy 

in the interpretation of Perspective-dependent prepositions, as is shown in Figure 4.3. 

Children who are slower switchers have more problems with the interpretation of 

Perspective-dependent prepositions in the Other perspective, as is shown in Figure 4.4. 
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Figure 4.3 Change in estimated mean of Accuracy on Preposition (Independent vs. Dependent) plotted 

for Cognitive inhibition as low RT (1 SD below mean) and high RT (1 SD above mean) (mean=0; 

SD=38,95) 

 

 

Figure 4.4 Change in estimated mean of Accuracy on all four conditions plotted for Switch Cost at low 

RT (1 SD below mean) and high RT (1 SD above mean) (mean=0; SD=70,38) 
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Table 4.2 Estimated Effects of Models 1 and 2 on the Interpretation of Spatial Prepositions 

 Model 1 Model 2 

Variables 
Estimate SE Estimate SE 

Intercept 3.705** 0.298 3.794** 0.307 

Group -0.440 0.312 -0.354 0.311 

Age 0.016* 0.006 0.007 0.007 

Perspective 0.789** 0.262 0.750* 0.266 

Block -0.063 0.167 -0.092 0.166 

Preposition -1.477** 0.299 -1.651** 0.291 

Perspective*Block 0.410* 0.203 0.444* 0.203 

Perspective*Preposition -3.023** 0.456 -2.947** 0.458 

ToM2  1.072* 0.473 

Cognitive inhibition RT 0.009* 0.004 

Switch costs RT 0.001 0.003 

Cognitive inhibition RT*Preposition -0.011* 0.005 

Switch costs RT*Preposition 0.001 0.004 

Switch costs RT*Perspective 0.005 0.003 

Switch costs RT*Perspective*Preposition -0.013* 0.006 

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

 

 

 Finally, the potential effects of the background variables IQ and VA on Accuracy were 

checked. These analyses per predictor indicated a main effect of VA (B=0.025; SE=0.012; 

p=.046) and no effect of IQ (all p-values >.05). In model 3, we combined the main effect of 

VA together with the effects of model 2. However, VA did not add to the explanation of 

Accuracy (p=.164), indicating that model 2 described our data best.  

Note that the main effects of Perspective and Preposition and the interactions 

Perspective*Block and Perspective*Preposition remained significant in model 2. This 

indicates that ToM, cognitive inhibition and flexibility could not fully explain the relative 

difficulty to understand perspective-dependent prepositions. However, with the addition of 

these cognitive processes, the main effect of Age disappeared (p >.05). Together, the results 
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show that second-order ToM understanding, cognitive inhibition and cognitive flexibility 

contribute to the interpretation of spatial prepositions. Individual differences therein explain 

why older children perform better than younger children.  

 

4.5 Discussion 

We investigated the interpretation of spatial prepositions by primary school-aged children 

with and without ASD. Children with ASD and also their TD peers interpreted perspective-

dependent spatial prepositions from their own visual perspective instead of from the 

speaker’s contrasting visual perspective. We found that older children performed better 

than younger children. Contrary to our expectations, no differences between children with 

ASD and their TD peers emerged. For both groups, cognitive inhibition and cognitive 

flexibility were needed to shift perspective and interpret these prepositions from another 

person’s visual perspective and second-order ToM was associated with the interpretation of 

spatial prepositions in general. No role of WM was found.  

Children with ASD and TD children alike had difficulties ignoring their own 

perspective when the speaker’s contrasting visual perspective was present, which would 

allow them to shift perspective to achieve a mature interpretation. Children were getting 

better with age, but an egocentric bias persisted. This suggests that an egocentric bias 

towards one’s own visual perspective can be observed until at least adolescence, or perhaps 

even adulthood (Surtees & Apperly, 2012; Surtees et al., 2016). Like Pearson et al. (2016), we 

found that children with ASD resemble their TD peers in their difficulties in taking another 

person’s visual perspective. Possibly, visual perspective-taking differences between 

individuals with and without ASD are best observed in adulthood. Schwarzkopf and 

colleagues (2014) found that, compared to a control group, adults with ASD have more 

problems ignoring their own perspective when judging another person’s visual perspective.  

Contrary to our a priori expectations, children with ASD, and especially TD children, 

improved their interpretation of prepositions from another person’s perspective when they 

constantly had to switch between perspectives. The improved performance in the switch 

block could be (in part) a learning effect, since this block was always presented last. 

However, it is plausible that through switching the child became aware of the difference 
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between their own perspective and the speaker’s perspective. The awareness of different 

visual perspectives could help children in their development of visual perspective taking. This 

may explain why some studies report that 4-year-old TD children take another person’s 

visual perspective (Masangkay et al., 1974; Moll et al., 2013). In these studies, children are 

first explained how each situation can be observed and then are explicitly asked how they 

themselves as well as the other person perceive each situation. This creates an explicit 

awareness that in each situation the child’s own perspective and the other person’s 

perspective can differ, and that perspectival differences are relevant. In our task, it was not 

explicitly pointed out how each situation could be observed. Also, we designed our task such 

that children did not know from whose perspective the speaker described the situation, as is 

usually not the case in daily life. Yet, the switch block may have aided them in perspective-

switching. 

Previous studies on visual perspective taking have suggested that taking another 

person’s visual perspective involves cognitive processes like inhibition (Qureshi et al., 2010; 

Schwarzkopf et al., 2014). Our results provide further insight into the specific cognitive 

processes involved in shifting to another person’s contrasting visual perspective. We 

confirmed the role of inhibition. Our findings suggest that children with and without ASD 

need cognitive inhibition to suppress their own visual perspective when a different 

perspective is available, even when it is not necessary to actually shift to this other 

perspective. Also, as expected, cognitive flexibility is involved. Our findings suggest that 

cognitive flexibility is involved in order to shift from one’s own (egocentric) perspective to 

the other person’s perspective to interpret a perspective-dependent preposition from that 

person’s perspective. Although a relation between cognitive flexibility and perspective-

taking abilities has been suggested (Geurts et al., 2010), we are the first to show this relation 

empirically. Yet, these cognitive processes only partly explained what seems to be needed to 

shift perspective and to interpret spatial prepositions from another person’s visual 

perspective. Additional cognitive processes, such as mental rotation (Pearson et al., 2016), 

may play a role. 

Whereas our findings suggested that inhibition and flexibility are needed to shift 

perspective to interpret perspective-dependent spatial prepositions, ToM turned out to be 
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relevant for the interpretation of spatial prepositions in general. An explanation for the more 

general effect of ToM, compared to specific effects of inhibition and flexibility, is that ToM 

possibly is only needed for the awareness that different visual perspectives are available and 

for the calculation of each perspective. According to Aichhorn et al. (2006), visual 

perspective taking tasks require ToM, but only to realize that other persons can have 

different perspectives on the world because they represent the world differently. In line with 

this, we propose that ToM is needed in the interpretation of spatial prepositions to calculate 

how another person perceives the situation and whether their perspective differs from one’s 

own. This explanation implies that the process of visual perspective taking is divided into 

different steps (or sub-processes), a view endorsed by Leslie and colleagues (2005). They 

claimed a distinction between the calculation process of what someone sees, knows or 

thinks and the selection process of making a judgement on the basis of this information. 

After calculating another person’s perspective, one needs to select that perspective when 

this perspective differs from one’s own. Our findings suggest that in this selection process, 

inhibition is needed to inhibit an egocentric perspective and flexibility is needed to shift to 

the other person’s perspective and select this perspective. Qureshi et al. (2010) provide 

support for this interpretation, showing that EF processes, like inhibition, are only involved 

in the selection between perspectives, and not in the calculation of another person’s 

perspective. 

To conclude, we have shown that children with and without ASD until at least the age 

of 12 predominantly interpret spatial language from their own visual perspective. Children 

with ASD and TD children alike showed an egocentric bias towards their own visual 

perspective. These results suggest that perspective-taking difficulties are not limited to 

young children or children with ASD and can be observed in children in general until at least 

adolescence. Our findings shed light on why visual perspective taking is cognitively 

demanding. Hearers seem to need ToM to become aware of different perspectives, and 

require inhibition and flexibility skills to interpret spatial prepositions from the other 

person’s perspective. 
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5.1 Abstract 

Clinical reports suggest that children with autism spectrum disorder (ASD) struggle with time 

perception, but few studies have investigated this. This is the first study to examine these 

children’s understanding of before and after. These temporal conjunctions have been argued 

to require additional cognitive effort when conjoining two events in a clause order that is 

incongruent with their order in time. Given the suggested time perception impairment and 

well-established cognitive deficits of children with ASD, we expected them to have 

difficulties interpreting temporal conjunctions, especially in an incongruent order. To 

investigate this, the interpretation of before and after in congruent and incongruent orders 

was examined in 48 children with ASD and 43 typically developing (TD) children (age 6-12). 

Additional tasks were administered to measure Theory of Mind (ToM), working memory 

(WM), cognitive inhibition, cognitive flexibility, IQ, and verbal ability. We found that children 

with ASD were less accurate in their interpretation of temporal conjunctions than their TD 

peers. Contrary to our expectations, they did not have particular difficulties in an 

incongruent order. Furthermore, older children showed better overall performance than 

younger children. The difference between children with ASD and TD children was explained 

by WM, ToM, IQ, and verbal ability, but not by cognitive inhibition and flexibility. These 

cognitive functions are more likely to be impaired in children with ASD than in TD children, 

which could account for their poorer performance. Thus, the cognitive factors found to 

affect the interpretation of temporal language in children with ASD are likely to apply in 

typical development as well. Sufficient WM capacity and verbal ability may help children to 

process complex sentences conjoined by a temporal conjunction. Additionally, ToM 

understanding was found to be related to children’s interpretation of temporal conjunctions 

in an incongruent order, indicating that perspective taking is required when events are 

presented out of order. We conclude from this that perspective-taking abilities are needed 

for the interpretation of temporal conjunctions, either to shift one’s own perspective as a 

hearer to another point in time, or to shift to the perspective of the speaker to consider the 

speaker’s linguistic choices. 
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5.2 Introduction 

Time is an important dimension by which we make sense of the world (Navon, 1978). Time is 

also deeply rooted in the structural organization of language (Klein, 1994). In language, time 

is generally conceived as a sequential order of events, where one event follows another 

from past to present to future. Speakers can use temporal expressions, like before or after, 

to express the order of events in time either in order of occurrence (i.e., temporally 

congruent) or out of order (i.e., temporally incongruent). The interpretation of the temporal 

conjunctions before and after in an incongruent order is found to be difficult for typically 

developing (TD) children (Blything et al., 2015; Clark, 1971; de Ruiter et al., 2018; Pyykkönen 

& Järvikivi, 2012). This may hold even more for children with an autism spectrum disorder 

(ASD). Clinical reports suggest that children with ASD encounter difficulties in time 

perception (Wing, 1996). Additionally, some studies have suggested that individuals with 

ASD have difficulty interpreting before and after (Boucher, 2001; Perkins et al., 2006). The 

present study investigates time perception in language in children with ASD and their TD 

peers by examining their interpretation of sentences containing temporal conjunctions. 

Before and after are viewed as the prototypical linguistic expressions indicating 

temporal order (Schilder & Tenbrink, 2001). Speakers can use these expressions in several 

ways to express the order of events. For example, all four sentences below indicate that 

someone first climbed a tree and next read a book: 

 

(1) He climbed the tree before he read the book. 

(2) Before he read the book, he climbed the tree. 

(3) He read the book after he climbed the tree. 

(4) After he climbed the tree, he read the book. 

 

The speaker’s choice of before in a main-subordinate clause order (1) and after in a reversed 

clause order (4) result in a congruent presentation of the temporal order of events, whereas 

before in a subordinate-main clause order (2) and after in a reversed clause order (3) result 

in an incongruent presentation. Thus, it depends on the speaker’s choice of type of 

conjunction and clause order whether the hearer should interpret the event order as 
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congruent or incongruent. 

Developmental studies in TD children report that congruency has an effect on the 

correct interpretation of before and after (Blything et al., 2015; Clark, 1971; de Ruiter et al., 

2018; McCormack & Hanley, 2011; Pyykkönen & Järvikivi, 2012; Trosborg, 1982). Children 

under the age of 7 have more difficulties interpreting conjunctions in a temporally 

incongruent order than in a temporally congruent order, and mostly rely on the order of 

presentation of the events. Pyykkönen and Järvikivi (2012) showed that children between 8 

and 12 years old still experience difficulties interpreting temporal conjunctions in an 

incongruent order, especially when the cue to event order occurs sentence-medially, as in 

example sentence (3). 

Children’s difficulties with interpreting temporal conjunctions in an incongruent 

order have been explained in various ways. For example, these difficulties have been argued 

to result from a still fragile understanding of the meaning of the temporal conjunctions 

before and after (Clark, 1971), from difficulty shifting one’s perspective to a different point in 

time (McCormack & Hanley, 2011; McCormack & Hoerl, 1999), from difficulty processing 

subordinate-main clause orders (Diessel, 2008), and from difficulty holding information 

active in working memory (WM) during processing to create a chronological mental 

representation of the events (Blything & Cain, 2016; Blything et al., 2015). In adults, 

interpreting temporal conjunctions in an incongruent rather than congruent order comes 

with processing costs and has been shown to tax WM (Münte et al., 1998). So, interpreting 

temporal conjunctions in an incongruent order may require additional cognitive effort. 

According to anecdotal evidence and clinical reports, individuals with autism 

spectrum disorder (ASD) encounter difficulties in time perception (Wing, 1996). They often 

report a need to adhere to rituals and routines and are commonly preoccupied with 

timetables, clocks, and calendars, which may serve to compensate for their failure to predict 

future events and their disorientation in time (Allman & DeLeon, 2009). This led Boucher 

(2001) to suggest that individuals with ASD have an impaired sense of time. So far, few 

studies have been conducted on time perception in children with ASD. Some studies report 

intact time perception (Gil et al., 2012; Wallace & Happé, 2008), while other studies suggest 

that children with ASD experience particular difficulties with understanding temporal 
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ordering and concepts such as duration, succession, past, and future (Boucher et al., 2007; 

Gillberg & Peeters, 1995; Maister & Plaisted-Grant, 2011). Also, some studies report that 

children with ASD use fewer temporal expressions in story-telling (Colle et al., 2008) and 

more often omit tense marking than their TD peers (Roberts et al., 2004). These findings 

regarding the production of temporal expressions suggest that children with ASD may 

struggle with their interpretation of temporal conjunctions as well, although a mismatch 

between their production abilities and their comprehension abilities is also conceivable (see 

Hendriks, 2014, for an overview and discussion of attested production-comprehension 

asymmetries in child language).  

Executive functioning (EF) impairments, often present in children with ASD (Hill, 

2004a), could make it especially difficult to interpret temporal conjunctions in an 

incongruent order. EF refers to cognitive processes such as WM (the capacity system that 

allows the temporary storage and manipulation of information necessary for complex tasks 

such as language comprehension; Baddeley, 2000), inhibition (the mental ability to suppress 

irrelevant information; Dagenbach & Carr, 1994), and flexibility (the mental ability to shift 

between different thoughts or actions; Scott, 1962), that allow for the flexible alteration of 

thought and behaviour in response to changing contexts (Welsh & Pennington, 1988). 

Recent studies have argued that TD children between 3 and 7 years old have more 

difficulties interpreting temporal conjunctions in an incongruent order than in a congruent 

order because more information must be maintained in WM to revise the mental 

representation of the events and create a chronological mental representation (Blything & 

Cain, 2016; Blything et al., 2015). The neuroimaging studies of Münte et al. (1998) and Ye 

and colleagues (2012) suggest that, also for adults, WM is needed for the temporal re-

ordering of events. Furthermore, the ability to inhibit an initial interpretation and to flexibly 

revise a mental representation of event order could be needed to interpret conjunctions in 

an incongruent order (Blything & Cain, 2016; Pyykkönen & Järvikivi, 2012). Thus, in addition 

to WM, also cognitive inhibition and cognitive flexibility may be involved. 

In addition to impairments in these EF functions, also impairments in Theory of Mind 

(ToM) understanding (Frith & Frith, 2006) could make it difficult for children with ASD to 

interpret temporal conjunctions in an incongruent order. ToM is the ability to take the 
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cognitive perspective of other people to understand their beliefs, desires and intentions 

(Wimmer & Perner, 1983) and is argued to be impaired in children with ASD (Baron-Cohen et 

al., 1985). If the interpretation of an incongruent temporal order involves ToM 

understanding, an incongruent temporal order may be especially difficult for children with 

ASD. Several studies have suggested that the interpretation of temporal language not only 

requires a consideration of the actual perspective in time, but also a consideration of 

alternative temporal perspectives (McCormack & Hoerl, 1999; McGlone & Harding, 1998; 

Stocker, 2012). According to McCormack and Hoerl (1999), hearers should not only be able 

to shift from the actual perspective in time to alternative temporal perspectives, but should 

also understand the relation between these perspectives. Based on their account of the 

development of temporal understanding, they posit that “temporal perspective taking 

involves mentalizing abilities” (McCormack & Hoerl, 1999; p. 174). Thus, mentalizing, or ToM 

understanding, could be involved in the comprehension of an incongruent order of events.  

This is the first study to investigate how 6- to 12-year-old children with ASD and their 

TD peers interpret temporal conjunctions. We expect that all children find the interpretation 

of before and after more difficult in the incongruent order than in the congruent order, but 

that children with ASD find the interpretation of these temporal conjunctions in an 

incongruent order more difficult than their TD peers. As EF and ToM have been reported to 

be possibly impaired in individuals with ASD, this may explain the hypothesized difficulties 

with the interpretation of temporal conjunctions in children with ASD. Therefore, we further 

hypothesize that differences in the interpretation of temporal conjunctions in an 

incongruent order are associated with individual differences in EF and ToM understanding. 

In addition to the specific cognitive factors EF and ToM, we also examine the role of the 

more general cognitive factors IQ and verbal ability. EF and ToM may not only provide 

insight into the individual differences in ASD that play a role in temporal language 

understanding, but may also provide insight into what it is in the broad measures of IQ and 

verbal ability that possibly explains temporal language understanding. 

 

5.3 Materials and methods 

5.3.1 Participants 

In this study, 48 children with ASD and 43 TD children participated. All children were 
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monolingual native Dutch children who did not have any reported language disorders. The 

children in the ASD group were diagnosed with ASD by clinicians on the basis of the DSM-IV-

TR criteria (American Psychiatric Association, 2000) and had an IQ of >75 based on a 

clinically administered full IQ test. Additionally, in all children (ASD as well as TD), certified 

professionals administered the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 

1999), the Autism Diagnostic Interview Revised (ADI-R; Rutter et al., 2003), two subtests 

(Vocabulary and Block Design) of the WISC-III-NL to estimate IQ (Kort et al., 2002), and the 

Peabody Picture Vocabulary Test to measure Verbal Ability (VA) (PPVT-III-NL; Schlichting, 

2005). Two children from the ASD group were excluded because they neither met the ADOS 

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

from the TD group met the ADOS criteria for ASD and was therefore excluded as well, 

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. The group descriptives of the ASD group and the TD group are 

provided in Table 5.1. 

Children with ASD were recruited via outpatient clinics for child and adolescent 

psychiatry in Groningen and a national website for parents with children with ASD. TD 

children were recruited via advertising in newsletters and flyers at schools in the north of the 

Netherlands. The children were tested individually on a single day in a quiet room at the 

university with two experimenters present. This study is part of a wider study on language 

and perspective taking in children with ASD, in which all children of the current study 

participated. The medical ethical committee of the 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 written informed 

consent from the parents of all participants for their child’s participation in the research. 

 

5.3.2 Language comprehension task 

Comprehension of temporal conjunctions was tested using a picture selection task. Per item, 

participants saw two pictures side by side on a computer screen, each depicting an event 

(see Figure 5.1). 
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Table 5.1 Description of the participants with autism spectrum disorder (ASD) and the typically 

developing (TD) participants in this study 

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

(general linear model 

ANOVA analyses) 

Gender (boys:girls) 39:7 34:8 n.s. 

Chronological Age (Year;Month) 

   Mean (SD) 

   Range 

 

9;4 (2;2) 

6;0-12;5 

 

9;2 (2;0) 

6;2-12;7 

 

n.s. 

 

Clinical diagnosis of ASD subtype 

according to DSM-IV criteria (N): 

   Autistic Disorder 

   Asperger’s Disorder 

   PDD-NOSa 

 

 

4 

2 

40 

 

 

0 

0 

0 

- 

- 

- 

Number of participants meeting  

ASD2 criteriab on: 

   ADOS and ADI 

   ADOS only 

   ADI only 

   Neither ADOS nor ADI 

 

 

33 

10 

3 

2 (excluded)e 

 

 

0 

1 (excluded)e 

0 

42 

 

 

- 

- 

- 

- 

Estimated IQ (WISC)c 

   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)d 

   Mean (SD) 

   Range 

 

104.48 (13.9) 

77-139 

 

113.62 (11.53) 

87-138 

 

TD > ASD** 

 

Note. a PDD-NOS = pervasive developmental disorder-not otherwise specified; b 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); c 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);  
d Normed verbal ability score from the Dutch version of the Peabody Picture Vocabulary Test (PPVT-III-
NL; Schlichting, 2005); e Excluded from the group descriptives in this table as well as from the analyses; 
** p<.01; *** p<.001 
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Figure 5.1 An example of the two pictures of an item in the language comprehension task. Written 

informed consent was obtained from the parents for publication of their child’s images. 

 

 

Simultaneously, they heard a pre-recorded sentence describing the temporal order of 

the two events. Participants had to press one of two buttons on a button box to select the 

picture that, according to the sentence, showed the event that happened first. The 

sentences contained either voordat (‘before’) or nadat (‘after’), which occurred either in 

sentence-initial position (corresponding to subordinate-main clause order) or in sentence-

medial position (corresponding to main-subordinate clause order). Examples of each of the 

four conditions (conjunction x position) in the language comprehension task are shown 

below in Dutch, followed by word by word glosses and English translations: 

 

(1) voordat (‘before’) in sentence-initial position: 

Voordat hij het boek las, klom hij in de boom. 

before he the book read, climbed he in the tree 

“Before he read the book, he climbed the tree.” 

 

(2) voordat (‘before’) in sentence-medial position: 

Hij klom in de boom voordat hij het boek las. 

he climbed in the tree before he the book read  
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“He climbed the tree before he read the book.” 

 

(3) nadat (‘after’) in sentence-initial position: 

Nadat hij in de boom klom, las hij het boek. 

after he in the tree climbed, read he the book  

“After he climbed the tree, he read the book.” 

 

(4) nadat (‘after’) in sentence-medial position: 

Hij las het boek nadat hij in de boom klom. 

he read the book after he in the tree climbed  

“He read the book after he climbed the tree.” 

 

The events in sentences (2) and (3) are mentioned in a congruent order, whereas the events 

in (1) and (4) are mentioned in an incongruent order. All events were unrelated to avoid a 

preference for one of the two event orders based on event typicality. 

Stimuli were presented and responses were recorded using the computer software E-

Prime 2.0 (Schneider et al., 2002). First, children completed three practice items to practice 

that the left and right button corresponded to the left and right picture, respectively. This 

was followed by an introduction of the boy in the pictures and three practice items 

containing other temporal expressions (e.g., ‘today’ and ‘yesterday’) to determine whether 

the participant understood the principle of temporal ordering in the task. Next, the 

participants received 32 test items, with a short break in the middle. The test items were 

distributed across 4 lists. Each list contained 16 congruent test items and 16 incongruent test 

items in a randomized order. We counterbalanced the position of the pictures on the screen. 

The experiment took approximately 15 min. 

 

5.3.3 Cognitive tasks 

Working Memory. To test WM, the N-Back task (Owen et al., 2005) was used. In this 

task, participants had to watch and remember pictures presented one by one on a computer 

screen and indicate whether the picture on the screen was a particular object or not (0-back 
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or baseline condition), whether it matched the picture one trial before (one-back condition), 

and whether it matched the picture two trials before (two-back condition). Participants 

received a practice session of 15 trials per condition and a test session consisting of 60 trials 

per condition. The mean accuracy (ACC) on the two-back condition was calculated as a 

measure of WM. 

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

Neuropsychological Test battery [ANT] version 2.1; De Sonneville, 1999) was administered. 

In this task, participants had to identify the colour of a target stimulus surrounded by eight 

distractors (flankers). The target colour was red or green and was associated with the left or 

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

(compatible trials) or in the colour that was associated with the opposite response 

(incompatible trials). For this task, participants received 12 practice items, 40 compatible 

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

cognitive inhibition was 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 et al., 2009). 

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

switch task of De Vries and Geurts (2012) to make it more similar to a classical switch task 

(e.g., Rogers & Monsell, 1995). In our shape-colour switch task, participants saw pictures of 

round or square figures in black or white on the computer screen and had to press the left or 

right button to report the shape (round or square) or the colour (black or white) of the 

figure. The cue at the top of the screen indicated whether the shape or the colour had to be 

reported. Participants received 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 

consisted of 216 trials in total; a third of these trials (72) were switch trials (switching from 

colour to shape or vice versa) and the remaining two third were repeat trials. The mean ACC 

and mean RT of switch costs was 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). 

Theory of Mind. To test first-order and second-order ToM, the Bake Sale task adapted 

from Hollebrandse et al. (2014) was used. This task is a second-order false belief (FB) task 
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with stories modelled after Perner and Wimmer’s (1985) “ice cream truck story” in which the 

beliefs of various characters were manipulated. Per story, participants heard a verbal 

description of the events in the story, accompanied by four pictures that were presented 

one by one. During the presentation of the story, they received three questions to probe 

their understanding of the events in the story, as well as a question about the FB of another 

person (first-order FB question) and a question about the FB of another person about a 

second person (second-order FB question). The task consisted of eight stories in total, each 

of which contained a first-order FB question and a second-order FB question. The measures 

of ToM1 and ToM2 were calculated using the ACC on the eight first-order FB questions and 

the ACC on the eight second-order FB questions, respectively. 

 

5.3.4 Data analysis 

The data of the language comprehension task were analyzed using generalized linear mixed 

models (GLMMs), using a logit link to accommodate the repeatedly measured (32 trials) 

binary outcome variable Accuracy (0 for incorrect, 1 for correct) (Heck et al., 2012; Jaeger, 

2008). Compound symmetry was used as the covariance matrix type. We set out with a full 

factorial model with Congruency (Congruent vs. Incongruent) as within group factor and 

Group (TD vs. ASD) as between group factor. Age was mean-centered and additionally 

included in the model. Interactions that did not have an effect on Accuracy (p > .05) were 

removed from the model one by one, starting with the interaction with the largest p-value, 

after which we refitted the model. This resulted in model 1, which shows the extent to which 

Accuracy was predicted by Congruency, Group, and Age, as well as the relevant (p < .05) 

interactions. The possible presence of effects related to Type of conjunction (Before vs. 

After) and Clause order (Main-subordinate vs. Subordinate-main) were subsequently 

checked, post hoc, in model 1. For purposes of interpretation, we illustrate significant effects 

using the median split method. 

Next, the seven parameters derived from the N-Back task (WM), the Flanker task 

(Cognitive inhibition ACC and Cognitive inhibition RT), the cognitive flexibility task (Switch 

costs ACC and Switch costs RT) and the FB task (ToM1 and ToM2) were mean-centered and, 

one by one, examined as main effects and in interaction with the significant predictors from 
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model 1 in seven 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 44 participants with ASD 

and 41 TD participants. In each separate analysis, interactions that had no effect on Accuracy 

(p > .05) were removed from the model. Based on the outcomes of these analyses per 

predictor, we combined the cognitive factors with (main or interaction) effects on Accuracy 

(p < .05) and added these with the significant predictors of model 1 in a model with multiple 

predictors to evaluate their effects adjusted for one another (cf. Kuijper et al., 2015; 

Overweg et al., 2018). This resulted in model 2, which shows the relevant cognitive factors 

that had an effect on the interpretation of temporal conjunctions.  

Finally, the parameters from the WISC (estimated IQ on the basis of the subtests 

Vocabulary and Block Design) and PPVT (VA) were mean-centered and included in two 

separate analyses in model 1. If they had an effect on Accuracy (p <.05), they were added to 

model 2 and evaluated in model 3. This resulted in model 3, which shows whether these 

general background variables changed the effects found in model 2. Given the significant 

group differences (see Table 5.1) in estimated IQ and VA, this approach provides a statistical 

alternative to a priori matching on estimated IQ and VA. 

 

5.4 Results 

Model 1 showed main effects of Group and Age, indicating that the children in the TD group 

were more accurate in their interpretation of temporal conjunctions than the children in the 

ASD group, and that the older the child was, the better its performance. No main effect or 

interactions with Congruency were found (all p-values >.05). A post hoc exploration of Type 

of conjunction and Clause order in model 1 showed a main effect of Type of conjunction (B=-

0.943; SE=0.14; p=.00), indicating that children perform better on sentences with before 

than on sentences with after. Clause order did not influence performance (p>.05). Table 5.2 

lists all remaining effects in model 1. 

Figure 5.2 presents the mean proportions of correct responses in the congruent and 

incongruent condition separately for the ASD and TD groups. 

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

Accuracy. The separate analyses indicated a main effect of WM (B=2.355; SE=0.747; p=.002) 
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Figure 5.2 Mean proportion of correct responses in the language comprehension task per Congruency 

condition (Congruent vs. Incongruent) and Group (TD vs. ASD) 

 

 

and interactions of ToM1*Congruency (B=2.325; SE=1.034; p=.026) and ToM2*Congruency 

(B=1.465; SE=0.552; p=.009). No effects of Cognitive inhibition and Cognitive flexibility were 

found (p-values <.05).  

Then we combined all significant interactions and main effects of these analyses per 

predictor in model 2, a model with multiple predictors. The interaction effect of 

ToM1*Congruency was no longer significant when adjusted for the other cognitive variables 

and was removed from the model. Table 5.2 lists all remaining effects in model 2.  

Model 2 showed a main effect of WM (p=.03; see Table 5.2), indicating that children 

with lower WM are less accurate in their interpretation of temporal conjunctions than 

children with higher WM. Model 2 also showed an interaction effect of ToM2*Congruency 

(p=.01; see Table 5.2). As is shown in Figure 5.3, children with lower second-order ToM 

understanding are less accurate in their interpretation of temporal conjunctions in the 

Incongruent condition than children with higher second-order ToM understanding. The 
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median split method is used to plot Accuracy of temporal conjunction interpretation in each 

condition per ToM2 group (low ToM2: ≤.75 vs. high ToM2: >.75) to illustrate the direction of 

the interaction effect. The figure caption of Figure 5.3 provides background information 

about the ToM performance of each group. 

 

 

Table 5.2 Estimated Effects of Models 1, 2 and 3 on the Interpretation of Temporal Conjunctions 

 

Variables 

Model 1 Model 2 Model 3 

Estimate SE p Estimate SE p Estimate SE p 

Intercept 1.873 0.194 .00** 1.605 0.192 .00** 1.608 0.195 .00** 

Group -0.549 0.191 .01* -0.114 0.215 .60 0.085 0.231 .71 

Age 0.025 0.004 .00** 0.006 0.006 .25 0.017 0.006 .00** 

Congruency -0.292 0.188 .12 -0.173 0.171 .32 -0.169 0.174 .33 

ToM1 - - - 1.253 0.813 .13 1.051 0.744 .17 

ToM2 - - - -0.334 0.401 .41 -0.698 0.420 .10 

WM - - - 1.735 0.788 .03* 1.204 0.722 .10 

ToM2*Congruency - - - 1.502 0.567 .01* 1.544 0.586 .01* 

IQ - - - - - - 0.015 0.006 .02* 

VA - - - - - - 0.016 0.007 .03* 

VA*Age - - - - - - 0.001 0.000 .00** 

Note. The models were built with accuracy in the language comprehension task as the dependent 
variable and the variables listed in the first column as independent variables. The variable Congruency 
was manipulated by Type of conjunction (Before vs. After) and Clause order (Main-subordinate vs. 
Subordinate-main), with Before+Main-subordinate and After+Subordinate-main resulting in 
Congruent items, and Before+Subordinate-main and After+Main-subordinate resulting in Incongruent 
items. A post hoc exploration of Type of conjunction and Clause order in model 1 showed a main 
effect of Type of conjunction (B=-0.943; SE=0.14; p=.00); * p=<.05; ** p=<.01  
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Figure 5.3 Mean proportion of correct responses in the language comprehension task per Congruency 

condition (Congruent vs. Incongruent) and second-order Theory of Mind (ToM2) group (low ToM2: ≤ 

median vs. High ToM2: > median; median= .75). Background information about the two groups 

plotted in this figure regarding their ToM2 performance, as mean proportions of correct responses on 

the second-order false belief (FB) questions in the FB task: Low ToM2 group: .38; High ToM2 group: 

.94 

 

 

The main effects of Group and Age disappeared with the addition of ToM2 and WM 

in model 2 (all p-values >.05; see Table 5.2).  

Finally, we checked for possible effects of the background variables IQ and VA on 

Accuracy. These analyses per predictor indicated main effects of IQ (B=0.026; SE=0.005; 

p<.001) and VA (B=0.033; SE=0.006; p<.001) and an interaction effect of VA*Age (B=0.001; 

SE=0.00; p<.001). In model 3, we combined these main and interaction effects with the 

effects of model 2. Model 3 showed main effects of IQ and VA, indicating that children with a 

lower IQ and lower VA show a lower Accuracy than children with a higher IQ and higher VA, 

respectively. The interaction of VA*Age remained significant in this analysis with multiple 
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predictors, indicating that younger children (regardless of their VA), and older children with 

low VA, were less accurate in their interpretation of temporal conjunctions than older 

children with high VA, as is shown in Figure 5.4. Again, the median split method is used to 

plot Accuracy of temporal conjunction interpretation in each condition per VA group to 

illustrate the direction of the interaction effect. The figure caption of Figure 5.4 provides 

background information about the VA performance of each group. 

With the addition of IQ and VA, the main effect of WM disappeared (p >.05). The 

interaction effect of ToM2*Congruency remained significant in model 3. Together, the 

results show that second-order ToM, WM, IQ and VA play a role in the interpretation of 

temporal conjunctions. Individual and group differences therein explain why the TD group  

 

 

 
 

Figure 5.4 Mean proportion of correct responses in the language comprehension task per Age group 

(Young: ≤ median vs. Old: > median; median= 9;3 years) and Verbal ability (VA) group (low VA: ≤ 

median vs. High VA: > median; median= 108.50). Background information about the four groups 

plotted in this figure regarding their VA, as mean scores in the PPVT: Young-Low VA group: 99.86; 

Young-High VA group: 121.13; Old-Low VA group: 95.96; Old-High VA group: 118.48 
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performs better than the ASD group and why older children perform better than younger 

children. 

 

5.5 Discussion 

We investigated time perception in language by examining the interpretation of sentences 

containing the temporal conjunctions before and after by native Dutch school-aged children 

with and without ASD. We found, in line with our predictions, that children with ASD were 

less accurate than their TD peers at interpreting these temporal conjunctions. Contrary to 

our predictions, however, children with ASD did not have particular difficulties with 

temporal conjunctions in an incongruent compared to a congruent order. Furthermore, 

older children were found to perform better than younger children. 

To understand the group and age effects, we examined which cognitive factors were 

associated with the interpretation of temporal conjunctions. Also, we examined whether the 

general background variables IQ and Verbal Ability affected interpretation. We found that 

age, IQ and VA were the major predictors of children’s correct interpretation of temporal 

conjunctions. Furthermore, the group effect was explained by differences in WM, second-

order ToM understanding, IQ and VA. Children with ASD as well as TD children with lower 

WM made more errors when interpreting temporal conjunctions than children with higher 

WM. However, the effect of WM disappeared when taking into account children’s IQ. This is 

not surprising, given the strong relation between WM and IQ (Ackerman et al., 2005; Kidd, 

2013). Also, IQ is a more broadly defined cognitive variable than WM and, in addition to 

measuring the simple short-term storage component of WM (Colom et al., 2008), also 

measures other cognitive abilities. VA appeared to underlie the age improvement in our 

study. Younger children, and older children with lower VA, made more errors when 

interpreting temporal conjunctions than older children with higher VA. This suggests that 

verbal skills must be sufficiently well developed for a mature understanding of complex 

sentences such as those involving temporal conjunctions. While suggested by previous 

studies (Blything et al., 2015; McCormack & Hanley, 2011), we found no effects of cognitive 

flexibility and cognitive inhibition (cf. de Ruiter et al., 2018). Particularly relevant for our 

research question and hypotheses was our finding that better second-order ToM 
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understanding was positively associated with correct interpretation in an incongruent 

temporal order. 

Although most children in our study showed a robust understanding of sentences 

containing temporal conjunctions, as predicted the children with ASD were less accurate 

than their TD peers at interpreting these sentences. In line with our hypotheses, this group 

difference between children with ASD and TD children was explained by differences in WM, 

second-order ToM understanding, IQ and VA. Because these cognitive functions are more 

likely to be impaired in children with ASD than in TD children (see the Introduction section), 

we attribute the poorer performance of children with ASD to their impaired cognitive 

functions rather than to their clinical diagnosis of ASD per se. Thus, our results actually 

suggest a much broader application than ASD, as the observed effects of cognitive factors on 

the interpretation of temporal language are likely to be relevant for typical development as 

well. 

We did not find confirmation for our prediction that children with ASD have 

particular difficulties with temporal conjunctions in an incongruent order. Also, we did not 

find a main effect of congruency. The children in our study performed equally well on 

congruent as on incongruent items, in contrast to what has been found in several earlier 

studies with TD children (Blything et al., 2015; Clark, 1971; de Ruiter et al., 2018; McCormack 

& Hanley, 2011; Pyykkönen & Järvikivi, 2012; Trosborg, 1982). Possibly, we did not find a 

main effect of congruency because the children in our study were on average older (with a 

mean age of 9) than the children in most earlier studies and can be expected to have a more 

robust understanding of the meaning of the temporal conjunctions. Only one effect of 

congruency emerged from our data: children who make more errors in their interpretation 

of temporal conjunctions in an incongruent order were found to have a lower second-order 

ToM understanding. Good ToM understanding may thus help children to correctly interpret 

temporal conjunctions in an incongruent order, thereby suggesting that perspective taking is 

needed to interpret temporal conjunctions when the events are presented out of order. 

One way to explain the role of ToM is that ToM understanding helps children to shift 

their perspective to another point in time in response to temporal language, and to 

understand the relationship between these different temporal perspectives on the same 
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events (cf. McCormack & Hanley, 2011; McCormack & Hoerl, 1999). This explanation is in 

line with the literature on episodic memory based on the notion of mental time travel 

(Suddendorf & Corballis, 2007), or mental self-projection (Kretschmer-Trendowicz et al., 

2016). Mental time travel involves a shift of the self from the immediate present to an 

alternative temporal perspective, for example, a past or future perspective (Buckner & 

Carroll, 2007; Suddendorf & Corballis, 2007). Several studies have suggested that there is a 

relation between mental time travel abilities and the comprehension of temporal language 

(Ferretti & Cosentino, 2013; Suddendorf & Corballis, 2007). In addition, it has been found 

that the neural processes involved in false-belief inferencing and the neural processes 

involved in mental time travel, in particular in taking the perspective of one’s future self to 

choose between an immediate and a future reward, overlap (O’Connell, et al., 2018). In line 

with our results, this suggests that the comprehension of temporal language involves ToM 

understanding to enable hearers to shift from the immediate present to another point in 

time and perceive the situation from these different temporal perspectives. 

An alternative possibility is that ToM understanding enables hearers to shift from 

their own perspective to the perspective of the speaker, for example, to find out why the 

speaker presented the events in an incongruent order. De Ruiter et al. (2018) explain their 

finding that children perform better with a congruent than an incongruent order in terms of 

the semantic principle of iconicity. They suggest that children initially assume an iconic (i.e., 

congruent) mapping between the order of events in the sentence and the order of events in 

the real world. Iconicity has been argued elsewhere to result from perspective taking; more 

complex, marked, forms tend to express more complex, marked, meanings (e.g., Aissen, 

2003; Horn, 1984; Levinson, 2000). These more complex meanings have been argued to be 

acquired later in typical development than their less complex counterparts because they 

require the hearer to reason about why the speaker did not use the less complex form (e.g., 

De Hoop & Krämer, 2006; Hendriks et al., 2010). Incongruent meanings are more complex 

than congruent meanings. Also, sentences with after seem to be more complex than 

sentence with before, considering the post hoc effect of type of conjunction but not of 

clause order in our study (see note of Table 5.2) and the observation that before is acquired 

earlier than after (see Clark, 1971). Thus, a sentence with after may require the hearer to 
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reason about why the speaker chose to use after rather than before, for example to 

foreground or background particular information. As mentioned above, our results indicate 

that children who make more errors in their interpretation of temporal conjunctions in an 

incongruent order have a lower second-order ToM understanding. Good ToM understanding 

may thus help hearers to correctly interpret temporal conjunctions in an incongruent order 

by allowing them to take the speaker’s perspective to find out why the speaker presented 

the events out of order. 

In contrast to the study of de Ruiter et al. (2018), our study suggests that children 

need sufficient WM capacity for the interpretation of sentences containing temporal 

conjunctions. The different findings of the role of WM capacity could be the result of 

different WM measures. While we used a visuo-spatial WM task (an N-Back task) to 

operationalize WM capacity, de Ruiter and colleagues used three short-term memory tasks 

that do not require manipulation of the stored information (a word repetition task, a non-

word repetition task and a sentence imitation task). These tasks may not have captured WM 

to the extent needed in complex sentence comprehension. Our findings confirm the results 

of Blything and Cain (2016), who used a verbal WM task (a digit span task) and also found a 

main effect of WM capacity on the interpretation of temporal conjunctions. Importantly, like 

Blything and Cain, we did not find that congruency interacted with WM in the accuracy task. 

This suggests that children’s difficulties with interpreting temporal conjunctions in an 

incongruent order are not explained by insufficient WM. Rather, children seem to need 

sufficient WM to process complex sentences conjoined by a temporal conjunction in general. 

These findings are corroborated by studies that have shown that individuals need WM 

capacity for the comprehension of other types of complex sentences as well, such as relative 

clauses and complement clauses (Boyle et al., 2013; Just & Carpenter, 1992; Lewis et al., 

2006; Montgomery et al., 2008). 

Turning to the implications of our study for ASD, previous research on temporal 

language in children with ASD mostly focused on production, showing deficits in the use of 

temporal adverbials and tense marking (Colle et al., 2008; Roberts et al., 2004). Here, we 

showed that verbal children with ASD also struggle with the interpretation of temporal 

conjunctions, due to weaker ToM understanding and lower WM capacity. This finding 
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highlights the need to further study the interpretation of temporal expressions and temporal 

ordering in individuals with ASD. Languages have various ways to mark present, past and 

future and do so in almost every sentence. For example, English has tense marking on the 

finite verb, temporal adverbials such as now, yesterday, and tomorrow, and in addition to 

before and after also has other temporal conjunctions such as when, while, and then. A 

possibility for future research is to examine the interpretation of these and other temporal 

expressions in children with ASD. A second implication of our study for ASD concerns the 

nature of the language and communication difficulties in children with ASD. Linguistic 

deficits in verbal children with ASD are mostly viewed as difficulties with pragmatic aspects 

of language, which depend on its usage in context (American Psychiatric Association, 2013). 

However, the interpretation of temporal conjunctions depends on the meaning of the 

conjunction and its position in the sentence independently of their usage in context, and 

therefore, difficulty with their interpretation is structural (i.e., syntactic and semantic) rather 

than pragmatic in nature. In line with previous studies (Boucher, 2012; Durrleman et al., 

2015), our results indicate the need to investigate the linguistic deficits in verbal children 

with ASD beyond pragmatics. 

Summarizing, our study showed that children with ASD were less accurate at 

interpreting sentences containing temporal conjunctions than their TD peers, but did not 

have more difficulty in an incongruent rather than a congruent order. The different overall 

performance of children with ASD and TD children was explained by differences in second-

order ToM understanding, WM, IQ, and VA, indicating that these factors likely contribute to 

the mature interpretation of temporal conjunctions. Specifically, second-order ToM 

understanding was associated with the interpretation of temporal conjunctions in an 

incongruent order, suggesting that perspective taking is needed to either shift one’s own 

perspective as a hearer from the immediate present to another point in time and relate 

these different temporal perspectives on the same events, or to shift to the perspective of 

the speaker to consider the speaker’s linguistic choices. 
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6.1 Introduction 

This dissertation investigated linguistic perspective taking in children with ASD. Based on 

well-established problems with visual, affective and cognitive perspective taking in children 

with ASD, it was examined whether perspective-taking problems are also present in 

language. In Study 1, it was investigated whether cognitive perspective-taking deficits in 

children with ASD may be explained by poor verbal abilities. Studies 2, 3 and 4 addressed 

their interpretation of three types of linguistic expressions that have been argued to involve 

perspective taking, namely deictic pronouns, spatial prepositions and temporal conjunctions. 

The main aim of this dissertation was to investigate whether children with ASD have more 

problems than their typically developing (TD) peers with the interpretation of these three 

types of linguistic expressions. The second aim was to examine which cognitive processes 

may contribute to linguistic perspective taking, in particular the ability as a hearer to take 

the speaker’s perspective into account. Associations of Theory of Mind (ToM) understanding 

with the interpretation of the linguistic expression were taken as an indication of the need 

for perspective taking. 

In this final chapter, I first provide a summary of the findings of the four studies in 

this dissertation. Next, these findings are discussed in the light of the two aims of this 

dissertation. Finally, the methodological limitations, potential theoretical and clinical 

implications of the findings and directions for future studies are discussed. 

 

6.2 Summary of findings 

In Study 1 (Chapter 2), we examined whether primary school-aged children with ASD 

struggle with ToM understanding due to verbal tasks demands rather than ToM 

impairments. ToM understanding was investigated in a standard high-verbal ToM task (a 

false belief task) and a low-verbal ToM task (a two-player visual computer game in which 

optimal decisions require ToM reasoning). In line with previous research (Baron-Cohen et al., 

1985; Yirmiya et al., 1998), children with ASD performed worse than their TD peers on ToM 

understanding in the standard high-verbal ToM task. Additionally, children with ASD 

performed worse than their TD peers on ToM understanding in the low-verbal ToM task. We 

investigated which cognitive processes are involved in ToM understanding, and whether 
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these processes could explain why children with ASD have problems with ToM 

understanding. While verbal ability, working memory and IQ were found to be relevant in 

the high-verbal ToM task, inhibition skills and IQ were associated with ToM understanding in 

the low-verbal ToM task. However, why children with ASD have problems with ToM 

understanding could not be explained by these cognitive processes. Additionally, as children 

with ASD performed less well than their TD peers not only on the verbal task but also on the 

low-verbal task, their well-known difficulties with ToM could not be attributed to the verbal 

demands of the ToM task either. The findings of this study suggest that ToM impairments in 

children with ASD are genuine and that these impairments are not due to poor verbal 

abilities. 

 In Study 2 (Chapter 3), we investigated the interpretation of the deictic pronouns ik 

‘I’ and jij ‘you’ in indirect and direct speech reports in primary school-aged children with and 

without ASD. Previous research showed that pronoun reversals, saying you when meaning I, 

are present in young children with ASD as well as their TD peers, but persist only in 

individuals with ASD with a low intelligence (Evans & Demuth, 2012; Naigles et al., 2016; 

Tager-Flusberg et al., 2005). Several explanations for pronoun reversals in children with and 

without ASD were tested, including the social or pragmatic explanations and the cognitive 

explanation, that both acknowledge that pronouns require a shift in perspective (Dale & 

Crain-Thoreson, 1993; Tager-Flusberg et al., 2005). We studied children’s interpretation of I 

and you in indirect and direct speech reports. The latter type of speech report requires an 

additional perspective shift from the perspective of the actual speaker to the perspective of 

the reported speaker. Since this additional perspective shift is necessary to select the correct 

referent of a deictic pronoun in direct speech reports (Köder et al., 2015), it was 

hypothesized that in direct speech reports children with ASD would interpret I as you and 

you as I. Thus, pronoun reversals were predicted to occur in pronoun interpretation. As 

predicted, we found that, compared to their TD peers, primary school-aged children with 

ASD had more problems interpreting I and you in the perspective-shifting situations 

presented by direct speech reports, resulting in pronoun reversals in interpretation. It was 

also investigated which cognitive processes could be involved in the interpretation of deictic 

pronouns in direct speech reports. We found that verbal ability, working memory and IQ 
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help children to interpret deictic pronouns in general. A better ToM understanding seemed 

to explain why primary school-aged TD children are more capable than primary school-aged 

children with ASD to interpret I and you in perspective-shifting situations. The findings of this 

study suggest that children with ASD have problems with the interpretation of the deictic 

pronouns I and you in direct speech because of perspective-shifting problems. As is the case 

with pronoun reversals in production (Tager-Flusberg et al., 2005), reversals in pronoun 

interpretation may be longer-lasting in children with ASD than in TD children. Possibly, 

pronoun reversals in comprehension and production are longer-lasting in children with ASD 

than in their TD peers because of problems with perspective taking in children with ASD, as 

indicated by their poorer ToM abilities. 

Study 3 (Chapter 4) addressed children’s interpretation of the perspective-

independent spatial prepositions in ‘in’ and op ‘on’ and the perspective-dependent spatial 

prepositions voor ‘in front of’ and achter ‘behind’ from their own perspective as a hearer or 

from the contrasting visual perspective of the speaker. To interpret perspective-dependent 

prepositions from the speaker’s contrasting visual perspective, hearers could shift from their 

own perspective to the speaker’s perspective. A pilot study with TD adults suggested that in 

these situations the mature interpretation of perspective-dependent spatial prepositions is 

one in which the hearer takes the speaker’s contrasting visual perspective. To achieve a 

mature understanding of the prepositions voor ‘in front of’ and achter ‘behind’, the child 

should shift from his own visual perspective to the speaker’s contrasting visual perspective 

to interpret the prepositions from that perspective. In our study it was hypothesized that 

children with ASD less often than their TD peers interpret perspective-dependent 

prepositions from the speaker’s perspective. However, we found no support for this 

hypothesis. Children with ASD as well as their TD peers interpreted perspective-dependent 

prepositions from their own visual perspective instead of from the speaker’s contrasting 

visual perspective. We found that a better ToM understanding seems to contribute to a 

mature interpretation of spatial prepositions in general. Furthermore, cognitive inhibition 

and cognitive flexibility seem to be needed to shift perspective and interpret perspective-

dependent prepositions from the speaker’s contrasting visual perspective. The findings of 

this study suggest that not only young children or children with ASD, but all children until at 
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least adolescence predominantly interpret perspective-dependent prepositions from their 

own visual perspective. The mature interpretation of perspective-dependent spatial 

prepositions seems to require perspective taking as well as cognitive inhibition and flexibility 

skills. 

 Finally, in Study 4 (Chapter 5), we investigated the interpretation of the temporal 

conjunctions voordat ‘before’ and nadat ‘after’ in primary school-aged children with and 

without ASD. Depending on the speaker’s choice of type of conjunction and clause order, 

speakers can use before or after to express the temporal order of events either in order of 

occurrence (i.e., temporally congruent) or out of order (i.e., temporally incongruent) (Münte 

et al., 1998). Previous research showed that interpreting temporal conjunctions in an 

incongruent order is difficult for TD children (Blything et al., 2015; Clark, 1971; Pyykkönen & 

Järvikivi, 2012). It has been argued that in these situations hearers need perspective-taking 

skills to shift one’s own perspective in time to alternative temporal perspectives 

(McCormack & Hoerl, 1999). Based on this account, it was expected that the interpretation 

of an incongruent temporal order involves ToM understanding. Because a perspective shift is 

involved, it was predicted that children with ASD have even more problems than their TD 

peers interpreting temporal conjunctions in an incongruent order. In contrast to these 

predictions, children with ASD were found to have more problems than their TD peers 

interpreting temporal conjunctions in general, but not specifically in an incongruent order. 

We also investigated which cognitive processes are involved in the interpretation of 

temporal conjunctions. We found that working memory, IQ and verbal ability helped 

children with ASD and TD alike in their understanding of temporal conjunctions. ToM 

understanding was needed in the interpretation of temporal conjunctions in an incongruent 

order, indicating that perspective taking is involved. This could suggest that hearers need 

perspective-taking skills to shift to a different point in time. Alternatively, hearers could need 

perspective-taking skills to find out why the speaker presented the events out of order. 

 

6.3 The link between Theory of Mind and perspective taking in language 

The finding that ToM understanding is needed to interpret deictic pronouns, spatial 

prepositions and temporal conjunctions supports the view that perspective taking is involved 
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in the interpretation of these linguistic expressions. Interpreting these linguistic expressions 

requires that the hearer considers alternative perspectives to his or her current perspective. 

The results of this dissertation suggest that a sufficient ToM understanding enables the 

hearer to consider 1) the alternative perspective of the reported speaker, which is needed to 

select the correct referent for deictic pronouns in direct speech reports; and 2) either one’s 

own alternative temporal perspective or the speaker’s perspective, which is needed to 

correctly interpret temporal conjunctions in an incongruent order. These findings imply that, 

as argued in Chapter 1, the interpretation of deictic pronouns and temporal conjunctions in 

perspective-shifting situations involves linguistic perspective taking. The role of ToM 

understanding is different in the interpretation of spatial prepositions. To achieve a mature 

understanding of perspective-dependent as well as perspective-independent spatial 

prepositions, a sufficient ToM understanding seems to be important. This different role of 

ToM understanding in the interpretation of spatial prepositions may be caused by the 

optionality of perspective-taking in the interpretation of perspective-dependent spatial 

prepositions. 

 The findings of Chapter 2 suggest that children with ASD have a genuine ToM deficit, 

explaining why children with ASD have difficulties interpreting linguistic expressions that 

involve perspective taking. It has been proposed that a ToM deficit explains the social and 

communication impairments in individuals with ASD (Baron-Cohen, 1995; Frith, 2001). 

Moreover, pragmatic impairments in children with ASD have been linked to deficits in ToM 

understanding (Happé, 1993; Tager-Flusberg, 1996, 2000). According to Tager-Flusberg 

(1996; p.170), knowledge that speakers and hearers have different perspectives and roles in 

discourse is impaired in children with ASD due to “the lack of mentalistic understanding 

about people’s unique conceptual perspectives, which is highlighted in the characteristic 

errors that children with autism make in reversing deictic pronouns, such as referring to 

themselves as you”. She claims that among those autistic individuals who acquire functional 

language, certain language deficits, that reflect their ToM impairments, remain. Altogether, 

our results confirm these ideas of Tager-Flusberg (2006) and the well-established close 

relation between language development and ToM understanding (see the reviews of 

Astington & Jenkins, 1999 and Milligan, Astington, & Dack, 2007). More importantly, the 
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results of this dissertation extend the results of previous studies by showing that ToM 

understanding is needed to interpret linguistic expressions that involve perspective taking 

and that the well-known ToM impairments in children with ASD are not entirely due to poor 

verbal abilities. Although language development and ToM understanding are closely related, 

we found that ToM differences in children with ASD and their TD peers may disappear when 

the differences in language abilities are accounted for (contra Gernsbacher & Pripas-Kapit, 

2012; Norbury, 2005; Tager-Flusberg & Sullivan, 1994). 

 

6.4 Perspective taking in language in children with ASD 

The main aim of this dissertation was to investigate whether children with ASD have more 

problems than their TD peers to interpret linguistic expressions that are argued to involve 

perspective taking. It was hypothesized that children with ASD have difficulty to shift 

perspectives and therefore have problems interpreting deictic pronouns, spatial prepositions 

and temporal conjunctions in perspective-shifting situations. The study on pronoun 

interpretation (Chapter 3) provides support for this hypothesis. Children with ASD have 

more problems than their TD peers interpreting deictic pronouns in perspective-shifting 

situations. Our findings suggest that pronoun reversals in comprehension and production are 

longer-lasting in children with ASD than in TD children because of perspective-shifting 

problems.  

The study on temporal conjunctions (Chapter 5) provides partial support for this 

hypothesis. Children with ASD had more problems than their TD peers interpreting temporal 

conjunctions. Also, we found that the interpretation of temporal conjunctions in an 

incongruent order is associated with ToM understanding and thus seems to require 

perspective taking. As children with ASD have difficulty with ToM understanding, we 

expected (similarly to the situation with deictic pronouns) that children with ASD have 

difficulty to shift perspectives and therefore have problems interpreting temporal 

conjunctions. However, we did not find that children with ASD have more problems than 

their TD peers when interpreting temporal conjunctions in an incongruent order. It could be 

that this study was underpowered to detect specific differences between children with ASD 

and their TD peers, due to large individual differences in performance in the ASD group. 
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Those children who had problems interpreting temporal conjunctions in an incongruent 

order were mostly, but not exclusively, children with ASD. Our findings therefore are 

compatible with the view that children with ASD have difficulty to shift perspectives and 

therefore have problems interpreting temporal conjunctions in perspective-shifting 

situations. 

Finally, the study on spatial prepositions (Chapter 4) does not seem to support the 

hypothesis of linguistic perspective-shifting problems in children with ASD. The 

interpretation of the perspective-dependent spatial prepositions in front of and behind is 

challenging for children with ASD as well as for TD children when hearer and speaker have 

contrasting visual perspectives. Why were no differences found in the interpretation of 

these spatial prepositions between children with ASD and their TD peers? First of all, it could 

be argued that when it is not strictly necessary for the hearer to engage in perspective 

taking, as with spatial prepositions, children will interpret the prepositions from their own 

visual perspective. In the spatial preposition task, children were not explicitly instructed 

from whose perspective they should interpret the situation, as is also usually the case in 

daily life. Perspective-dependent spatial prepositions are ambiguous and allow an 

interpretation from the hearer’s perspective as well as from the speaker’s contrasting 

perspective. Whereas adults tend to interpret these prepositions from the speaker’s 

perspective, it is conceivable that children do not engage in perspective taking and thus 

interpret the prepositions from their own perspective. 

Second, it could be that some children in our study expected the speaker to take the 

hearer’s perspective, that is the child’s perspective, into account. These children might have 

assumed that the speaker described the situation from the child’s perspective as a hearer, 

instead of from the speaker’s own perspective. If this is the case, these children’s 

interpretations of the spatial prepositions before and after would be an indication of 

perspective taking. That is, it may only seem as if these children interpreted these 

prepositions from their own perspective. This explanation suggests that children with ASD 

are able to engage in perspective taking to interpret perspective-dependent spatial 

prepositions from the speaker’s perspective. 

Third, it is possible that some children interpreted before and after from their own 
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perspective because they had problems ignoring their own visual perspective when judging 

the speaker’s contrasting visual perspective. The latter explanation will be clarified in 

relation to the cognitive processes needed to interpret spatial prepositions from another 

person’s perspective, which will be discussed in the next section.  

 

6.5 Cognitive processes in perspective taking in language 

The main aim of this dissertation was to investigate whether children with ASD have more 

problems than their TD peers to interpret linguistic expressions that are argued to involve 

perspective taking. A second aim was to examine which higher-order cognitive processes, 

such as ToM understanding, working memory, cognitive inhibition and cognitive flexibility, 

may contribute to linguistic perspective taking, in particular to the ability as a hearer to shift 

to an alternative perspective (e.g., the speaker’s) and to take this perspective into account. 

Next to ToM understanding, other cognitive processes might be relevant for linguistic 

perspective taking. 

Hearers need sufficient cognitive inhibition and cognitive flexibility skills to interpret 

spatial prepositions from the speaker’s perspective (Chapter 4). This suggests that for the 

interpretation of spatial expressions, hearers need to inhibit their own (egocentric) 

perspective and shift to the speaker’s contrasting visual perspective in order to interpret 

spatial expressions from this contrasting perspective. In contrast, hearers do not require 

inhibition and flexibility skills to interpret deictic pronouns (Chapter 3) or temporal 

conjunctions (Chapter 5). On the basis of these findings, it could be argued that inhibition 

and flexibility skills do not contribute to linguistic perspective taking. While the three studies 

(Chapter 3, 4 and 5) all addressed the interpretation of perspective-dependent linguistic 

expressions, the difference among them is that only the spatial preposition task (Chapter 4) 

involves visual perspective taking. It could be that inhibition and flexibility skills contribute to 

visual perspective taking. Possibly, seeing a particular configuration of objects from one’s 

own visual perspective makes it hard to shift to another person’s visual perspective (e.g., 

Surtees, Samson, & Apperly, 2016). It is conceivable that hearers need inhibition skills 

especially when actively having to inhibit their own visual perspective in order to shift to 

another person’s contrasting visual perspective. Support for this argumentation can be 
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found in our ToM study (Study 2), where inhibition skills were found to be required for 

taking the computer’s contrasting perspective in the low-verbal but highly visual ToM task. 

Extending the results of previous studies that found a role of self-perspective inhibition in 

ToM (Fizke et al., 2014; Rakoczy, 2010), our results suggest that self-perspective inhibition is 

crucial when the other person’s visual perspective conflicts with one’s own, dominant, visual 

perspective. This could also explain why children had difficulties to shift from their own 

visual perspective to interpret spatial prepositions from the speaker’s contrasting visual 

perspective. These results provide more insight into the role of self-perspective inhibition in 

perspective taking, whether this is a visual, cognitive, emotional or linguistic perspective. As 

far as known, we are the first to show the relation between visual perspective taking and 

inhibition and flexibility skills empirically. 

 As mentioned above, our findings indicate that hearers do not require inhibition and 

flexibility skills to interpret deictic pronouns (Chapter 3) or temporal conjunctions (Chapter 

5). In Chapter 3 of this dissertation, it is argued that the absence of a relation between 

pronoun interpretation and cognitive inhibition or cognitive flexibility suggests that in the 

clinical diagnosis of ASD, pronoun reversals should not be approached as a restricted, 

repetitive pattern of behavior like echolalia (see DSM-5; APA, 2013). Restricted, repetitive 

behaviours in ASD, including repetitive speech (echolalia), have been found to be related to 

a reduced cognitive flexibility and inhibition problems (Miller et al., 2015; Mosconi et al., 

2009). Our results indicate that pronoun reversals most likely result from perspective-

shifting difficulties. We therefore propose that in the clinical diagnosis of ASD, pronoun 

reversals are best classified as a social communication problem rather than a repetitive 

behavior. Note that in the clinical diagnosis of ASD there is no reference to difficulties with 

the interpretation of temporal expressions. This matter will be discussed in the section 

Relation to DSM-5 and clinical diagnosis below. 

 

6.6 Methodological limitations 

A first limitation in this dissertation is that the use of a cross-sectional design limited us in 

drawing conclusions about developmental patterns in language comprehension, ToM 

understanding and EF. Developmental patterns, in turn, provide insight into possible causal 
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patterns. The findings in this dissertation suggest that ToM understanding is needed to 

interpret deictic pronouns, spatial prepositions and temporal conjunctions. Cognitive 

inhibition and cognitive flexibility seem to aid in a better understanding of linguistic 

expressions from another person’s contrastive visual perspective. Given our design, it is not 

possible to draw conclusions about possible causal patterns. A developmental design, 

provided that the sample size is large enough, may give further insights into potentially 

causal processes playing a role in the associations among ToM, cognitive inhibition, cognitive 

flexibility and the interpretation of perspective-dependent linguistic expressions. It could, in 

addition, be true that different cognitive processes contribute to improvements in language 

comprehension in early development than in later development. Therefore, future studies 

may extend our findings by examining children’s interpretation of linguistic expressions that 

involve perspective taking in a longitudinal study. Such studies should unravel the reciprocal 

effects among linguistic abilities, ToM and EF over time. 

A second limitation is that our associations of ToM understanding with the 

interpretation of deictic pronouns, spatial prepositions and temporal conjunctions are based 

on a verbal ToM task. Good ToM understanding has been related to linguistic abilities in 

children with ASD and TD children (Happé, 1995; Miller, 2013; Milligan et al., 2007; Ronald et 

al., 2006). Thus, it could be argued that the associations we found between the 

interpretation of deictic pronouns, spatial prepositions and temporal conjunctions, on the 

one hand, and ToM understanding, on the other hand, merely point to the role of linguistic 

skills in ToM understanding. This argumentation would hold for the general effect of ToM 

understanding on the interpretation of spatial prepositions. However, it does not explain the 

specific effects of ToM understanding on the interpretation of temporal conjunctions in an 

incongruent order and deictic pronouns in direct speech reports. These specific situations 

require that the hearer shifts perspective. If the observed associations with ToM would 

simply indicate that sufficient verbal abilities are needed for ToM understanding, an 

association of ToM understanding with the interpretation of deictic pronouns in indirect 

speech and the interpretation of temporal conjunctions in a congruent order would be 

expected as well. Unfortunately, and as argued in Chapter 2, there are no standard second-

order ToM tasks that do not largely rely on verbal abilities. Therefore, we chose to use a 
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standard high-verbal ToM task (i.e., a false belief task) in Chapters 3, 4, and 5 in order to be 

able to embed our findings in the overall literature. It would nonetheless be interesting to 

test whether the associations of ToM understanding with the interpretation of deictic 

pronouns, spatial prepositions and temporal conjunctions hold up when measures of an 

advanced low-verbal ToM task (such as the Marble drop task) are used instead of measures 

from a high-verbal ToM task. 

Despite these limitations, our design, which includes multiple and diverse cognitive 

processes, is highly comprehensive compared to previous literature. The design and 

statistical approach allowed us to distinguish which cognitive processes may be needed in 

the interpretation of deictic pronouns, spatial prepositions and temporal conjunctions and 

thus to contribute novel insights to the literature on language comprehension in children 

with and without ASD. 

 

6.7 Theoretical implications and future directions 

The findings in this dissertation suggest that verbal children with ASD with an average 

intelligence (so-called “high-functioning” ASD) show difficulties with temporal conjunctions. 

Language difficulties in individuals with ASD are mostly attributed to a pragmatic deficit. 

However, the interpretation of temporal conjunctions depends on the meaning of the 

conjunction and on clause order, making it syntactic/semantic in nature. In line with two 

previous studies (Boucher, 2012; Durrleman et al., 2015), our findings indicate the need to 

investigate language problems in individuals with ASD beyond the well-recognized pragmatic 

problems. 

Our studies show that the interpretation of deictic pronouns, spatial prepositions and 

temporal conjunctions involves ToM understanding (Chapter 3, 4 and 5). It follows that ToM 

understanding is needed for language comprehension in the syntactic and semantic domain, 

just like it is needed for the well-recognized language problems in the pragmatic domain 

(Happé, 1993). Future studies could extend our work and study the relation between ToM 

understanding and the interpretation and production of other linguistic expressions in the 

syntactic and semantic domains, such as the relation between ToM understanding and the 

comprehension of relative clauses. Such studies will provide more understanding of 



General discussion 

133 
 

perspective taking in language and the relation between ToM understanding and linguistic 

abilities. More importantly, such studies could help to find out whether children with ASD 

struggle with other linguistic expressions in the syntactic and semantic domains that involve 

perspective taking. 

 

6.8 Relation to DSM-5 and clinical diagnosis 

The findings of this dissertation suggest that perspective-taking problems in children with 

ASD extend to domains of language beyond pragmatics. These findings emphasize the 

necessity for clinicians to focus on language problems in children with ASD outside of the 

pragmatic domain, more specifically the syntactic and semantic domain. At present, the 

DSM-5 (APA, 2013) divides the language problems that are part of the diagnosis of ASD into 

social communication problems (criterion A1: failure of normal back-and-forth conversation 

and A2: abnormal prosody) and repetitive behavior (criterion B1: stereotyped or repetitive 

speech, echolalia, idiosyncratic language use). Pragmatic language problems, such as the 

production of ambiguous pronouns (Kuijper et al., 2015), fall under the umbrella of social 

communication problems. Pronoun reversals are mentioned in the DSM-5 as an illustration 

of repetitive speech (APA, 2013; p.54). Other language problems in ASD can be indicated by 

adding the clinical specifier "language impairment" as an independent feature to the 

diagnosis. The problems with the interpretation of temporal conjunctions (Chapter 5) and 

the syntactic difficulties found in individuals with ASD in previous studies (Durrleman et al., 

2015; Eigsti & Bennetto, 2009) must then be indicated by the independent clinical specifier 

"language impairment". The current division of language problems in the diagnosis of ASD in 

the DSM-5 (APA, 2013) into three different categories seems not very helpful for gaining 

more insight into the origin of the language problems in ASD. This dissertation suggests that 

a possible commonality of the language problems falling into these three different 

categories is a linguistic perspective-taking deficit. Whether indeed all language problems in 

children with ASD are the result of a linguistic perspective-taking deficit, is left for future 

research. 
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6.9 Conclusion 

The main aim of this dissertation was to investigate whether children with ASD have more 

problems than their TD peers interpreting linguistic expressions that are argued to involve 

perspective taking. The association between ToM understanding and the interpretation of 

deictic pronouns and temporal conjunctions in perspective-shifting situations supports the 

view that linguistic perspective taking is involved. Children with ASD had more problems 

than their TD peers interpreting deictic pronouns and temporal conjunctions in perspective-

taking situations, which could suggest that their language comprehension problems may be 

the result of a linguistic perspective-taking deficit. 

An additional aim of this dissertation was to investigate the cognitive processes that 

may contribute to linguistic perspective taking, in particular the ability as a hearer to take 

alternative perspectives such as the speaker’s into account. The findings in this dissertation 

suggest that a sufficient ToM understanding, but not inhibition and flexibility skills, 

contributes to linguistic perspective taking. When interpreting linguistic expressions that 

require perspective taking (Chapter 3 and 5), a hearer may need ToM understanding to 

become aware of the different perspectives that are available. Possibly, inhibition and 

flexibility skills contribute to visual perspective taking; more specifically, these processes 

may be needed when hearers actively have to inhibit their own visual perspective to take 

another person’s contrasting visual perspective.  

This dissertation further shows that children with ASD have a ToM deficit which 

cannot be solely attributed to poor verbal skills nor to a low IQ or problems with cognitive 

inhibition, cognitive flexibility or working memory. This suggests that ToM impairments in 

children with ASD, and perspective-taking problems in general in children with ASD, are 

genuine. The findings in this dissertation suggest that their perspective-taking problems in 

language extend beyond the well-recognized problems with pragmatic communication. 
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Inleiding 

In dit proefschrift is het taalbegrip onderzocht van kinderen met een autisme spectrum 

stoornis (ASS). ASS is een psychiatrische ontwikkelingsstoornis. Kinderen met ASS kennen 

problemen in de sociale communicatie en interactie en laten beperkte, stereotiepe patronen 

van gedrag, interesses en activiteiten zien. De problemen in de sociale communicatie en 

interactie komen waarschijnlijk (deels) voort uit het feit dat kinderen met ASS moeite 

hebben om te begrijpen dat iemand anders mogelijk iets anders ziet, denkt, weet of voelt. Ze 

vinden het moeilijk om zich te verplaatsten in het perspectief van een ander persoon. 

Verschillende onderzoeken hebben aangetoond dat kinderen met ASS het moeilijk vinden 

om zich te verplaatsen in een visueel, cognitief of affectief perspectief van iemand anders. 

Dit proefschrift richt zich op perspectief nemen in taal. Het doel was te ontdekken of 

kinderen met ASS problemen hebben met taalbegrip doordat ze moeite hebben om zich te 

verplaatsten in het talige perspectief van iemand anders. 

Er zijn verschillende taaluitingen waarbij het nodig is om als spreker of luisteraar 

rekening te houden met het perspectief van de ander. Dit is bijvoorbeeld nodig voor het 

begrip van idiomatische en ironische uitdrukkingen. Kinderen met ASS vinden de figuurlijke 

betekenis van dit soort uitdrukkingen lastig en nemen ze daarom vaak letterlijk. Ze begrijpen 

bijvoorbeeld niet dat met een idiomatische uitdrukking zoals ‘Ik heb vlinders in mijn buik’, de 

spreker niet letterlijk bedoelt dat hij vlinders in zijn buik heeft, maar dat hij verliefd is. 

Waarschijnlijk staat de moeilijkheid om zich als luisteraar te verplaatsen in de spreker het 

begrip in de weg van de figuurlijke betekenis, namelijk dat de spreker verliefd is. Zonder de 

vaardigheid van perspectief nemen zal een kind met ASS niet zoeken naar deze figuurlijke 

betekenis. 

Perspectief nemen in taal lijkt ook nodig te zijn voor bijvoorbeeld het gebruik van de 

persoonlijke voornaamwoorden ik en jij. De verwijzing van deze voornaamwoorden is 

afhankelijk van wie de spreker is en wie de luisteraar. Deze rollen wisselen telkens in een 

gesprek, waardoor de verwijzing van een voornaamwoord ook wisselt. Wanneer een kind 

zegt ‘Ik wil een koekje’, dan verwijst ik naar het kind. Wanneer de moeder antwoordt ‘Ik 

denk het niet’, dan verwijst ik naar de moeder. Hele jonge kinderen draaien deze 

voornaamwoorden weleens om. Als spreker verzuimen ze om van perspectief te wisselen en 
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gebruiken ze ik om te verwijzen naar een ander (bijvoorbeeld door hun moeder ik te 

noemen) of gebruiken ze jij om naar zichzelf te verwijzen (bijvoorbeeld in de uiting ‘Mama, 

jij hebt in je luier geplast’). Kinderen met ASS, en met name kinderen met ASS met een lage 

intelligentie, draaien deze voornaamwoorden vaker en ook gedurende een langere periode 

om dan kinderen zonder ASS. 

 

Onderzoeksdoelen 

In alle bovengenoemde voorbeelden lijkt het nodig om als spreker of luisteraar rekening te 

houden met het perspectief van de ander. In dit proefschrift is onderzocht of kinderen met 

ASS taalproblemen laten zien door moeilijkheden met perspectief nemen in taal. Het 

belangrijkste doel van dit proefschrift was te onderzoeken of kinderen met ASS meer moeite 

hebben dan kinderen zonder ASS met de interpretatie van taaluitingen waarbij veronderstelt 

werd dat perspectief nemen van belang is. Dit zijn de volgende drie taaluitingen: 1) de 

persoonlijke voornaamwoorden ik en jij (hoofdstuk 3); 2) de ruimtelijke voorzetsels voor en 

achter (hoofdstuk 4); 3) de nevenschikkers van tijd voordat en nadat (hoofdstuk 5). 

 Het tweede doel van dit proefschrift was te onderzoeken welke cognitieve 

vaardigheden zouden kunnen bijdragen aan perspectief nemen in taal, in het bijzonder de 

vaardigheid om als luisteraar rekening te houden met het perspectief van de spreker. Het 

proces van perspectief nemen bestaat uit meerdere acties; het activeren en representeren 

van je eigen perspectief, het verplaatsen naar het perspectief van iemand anders en hierbij 

zowel je eigen perspectief als het perspectief van de ander onthouden, en het onderdrukken 

van je eigen perspectief zodat je in staat bent om het perspectief van de ander in te nemen. 

Allereerst werd verwacht dat Theory of Mind (ToM) hiervoor nodig is. ToM, ook wel 

cognitief perspectief nemen genoemd, is het vermogen om je te kunnen verplaatsen in de 

gedachten van een ander persoon en op basis van deze informatie het gedrag van die 

persoon te voorspellen. De verwachting was dat ToM nodig is om te begrijpen dat het 

perspectief van een ander persoon zou kunnen verschillen van je eigen perspectief. Verder 

werd verwacht dat werkgeheugen, dat is het vermogen om informatie korte tijd actief te 

houden terwijl een andere taak wordt uitgevoerd, nodig is om beide perspectieven te 

kunnen onthouden. Daarnaast is cognitieve inhibitie, het vermogen om irrelevantie 
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informatie te onderdrukken, mogelijk nodig om je eigen perspectief te onderdrukken. Tot 

slot werd verwacht dat cognitieve flexibiliteit, het vermogen om flexibel te kunnen wisselen 

tussen verschillende gedachten of acties, nodig is om te kunnen wisselen tussen je eigen 

perspectief en het perspectief van de ander. Er werd in dit proefschrift onderzocht of deze 

vier cognitieve vaardigheden, ToM, werkgeheugen, cognitieve inhibitie en cognitieve 

flexibiliteit, zouden kunnen bijdragen aan perspectief nemen in taal. Kinderen met ASS 

hebben vaak problemen met deze vier cognitieve vaardigheden. In dit proefschrift werd 

onderzocht of dit zou kunnen verklaren waarom kinderen met ASS meer moeite hebben dan 

kinderen zonder ASS met de interpretatie van taaluitingen waarbij perspectief nemen van 

belang is. 

 

Onderzoeksopzet 

Aan dit onderzoek hebben 91 Nederlandse kinderen tussen 6 en 12 jaar oud deelgenomen: 

48 kinderen met ASS en 43 kinderen zonder ASS. Alle kinderen in de ASS-groep hebben een 

IQ van groter dan 75 en zijn door clinici gediagnosticeerd met ASS. In dit onderzoek zijn het 

Autisme Diagnostisch Observatie Schema (ADOS) en het Autisme Diagnostisch Interview-

Revised (ADI-R) bij alle kinderen en hun ouders afgenomen om de diagnose van ASS te 

bevestigen. De diagnose van twee kinderen met ASS werd niet bevestigd. Uit de ADOS kwam 

bij één kind, waarvan verwacht werd dat het geen ASS-diagnose zou hebben, toch de 

diagnose ASS naar voren. Op basis van deze afnames werden de data van deze drie kinderen 

niet meegenomen in de analyses van dit onderzoek. 

 Er zijn bij alle kinderen drie taaltaken afgenomen om het begrip van de persoonlijke 

voornaamwoorden ik en jij, de ruimtelijke voorzetsels voor en achter en de nevenschikkers 

van tijd voordat en nadat te onderzoeken. Daarnaast zijn er cognitieve taken afgenomen om 

ToM, werkgeheugen, cognitieve inhibitie, cognitieve flexibiliteit en verbale vaardigheden te 

meten. Het IQ van elk kind werd geschat op basis van de afname van twee subtesten van 

een volledige IQ-test. 

 De resultaten van dit onderzoek worden beschreven in dit proefschrift. In hoofdstuk 

2 wordt het onderzoek naar de ToM-vaardigheden van kinderen met ASS besproken. In de 

hoofdstukken 3, 4 en 5 wordt het onderzoek besproken naar hoe kinderen met ASS 
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taaluitingen interpreteren, waarbij verwacht werd dat voor de interpretatie van deze 

taaluitingen perspectief nemen van belang is. Dit zijn de persoonlijke voornaamwoorden ik 

en jij (hoofdstuk 3), de ruimtelijke voorzetsels voor en achter (hoofdstuk 4) en de 

nevenschikkers van tijd voordat en nadat (hoofdstuk 5). 

 

Hoofdstuk 2: De Theory of Mind-vaardigheden van kinderen met ASS 

In hoofdstuk 2 zijn de ToM-vaardigheden van kinderen met ASS onderzocht op basis van 

zowel een verbale ToM-taak als een laag-verbale ToM-taak. De verbale ToM-taak bestond 

uit verhaaltjes over een aantal personen, ondersteund door plaatjes. Het kind moest zich 

verplaatsen in de gedachten van deze personen om op basis van die kennis hun gedrag te 

voorspellen. De laag-verbale ToM taak was een strategische knikkertaak, in de vorm van een 

computerspelletje, waarbij het kind zich moest verplaatsen in het perspectief van de 

computer om te voorspellen welke keuzes de computer zou maken. Op basis van die 

voorspellingen kon het kind de beste keuzes voor zichzelf bepalen. Het doel van dit 

hoofdstuk was te onderzoeken of kinderen met ASS minder ToM-problemen laten zien 

wanneer de verbale vaardigheden die nodig zijn om een ToM-taak uit te voeren laag zijn. 

Daarnaast is onderzocht of individuele verschillen in verbale vaardigheden, IQ, 

werkgeheugen, cognitieve inhibitie en cognitieve flexibiliteit verschillen in ToM-

vaardigheden tussen kinderen zouden kunnen verklaren. De resultaten lieten zien dat 

kinderen met ASS meer ToM-problemen hebben dan kinderen zonder ASS in zowel verbale 

als laag-verbale ToM-taken. Werkgeheugen, IQ en verbale vaardigheden zijn nodig om een 

verbale ToM-taak uit te kunnen voeren. Daarnaast bleek dat cognitieve inhibitie en IQ nodig 

zijn voor het voltooien van een laag-verbale ToM-taak. Echter, al deze cognitieve 

vaardigheden verklaarden niet waarom kinderen met ASS meer ToM-problemen laten zien 

dan kinderen zonder ASS. De ToM-problemen in kinderen met ASS konden ook niet 

toegeschreven worden aan minder goede verbale vaardigheden, lagere cognitieve inhibitie, 

cognitieve flexibiliteit, werkgeheugen of een lager IQ. De conclusie die uit dit hoofdstuk 

getrokken kon worden is dat kinderen met ASS fundamentele ToM-problemen hebben. 

 



Nederlandse samenvatting 

166 
 

Hoofdstuk 3: Het begrip van de persoonlijke voornaamwoorden ik en jij 

In hoofdstuk 3 is het begrip van de persoonlijke voornaamwoorden ik en jij in directe en 

indirecte rede onderzocht in kinderen met ASS en kinderen zonder ASS. Eerdere studies 

lieten zien dat in taalproductie kinderen met ASS vaker en langer dan kinderen zonder ASS ik 

en jij omdraaien. Ze gebruiken ik om te verwijzen naar andere personen en jij om naar 

zichzelf te verwijzen. In dit hoofdstuk is onderzocht of kinderen ook in hun taalbegrip de 

betekenissen van ik en jij omdraaien. Hierbij is gekeken naar de interpretatie van ik en jij in 

directe en indirecte rede.  

Als een spreker de uiting van iemand anders wil rapporteren, dan kan dat in directe 

rede (1) of in indirecte rede (2): 

 

(1) Directe rede: ‘James zei: “Jij hebt de prijs gewonnen”. 

(2) Indirecte rede: James zei dat ik de prijs gewonnen heb. 

 

 In indirecte rede (voorbeeld 2) verwijst ik naar de spreker. Om erachter te komen 

naar wie jij in directe rede (voorbeeld 1) verwijst, is het nodig dat de luisteraar het 

perspectief van de huidige spreker verruilt voor dat van de oorspronkelijke spreker (James). 

Wanneer de luisteraar deze perspectiefwissel niet maakt, dan zal hij denken dat jij naar 

zichzelf verwijst in plaats van naar de spreker. De luisteraar interpreteert dan jij in directe 

rede op dezelfde manier als jij in indirecte rede. De verwachting was dat bij de interpretatie 

van ik en jij in directe rede kinderen moeite hebben om van perspectief te wisselen, en dat 

bovendien kinderen met ASS nog meer moeite hebben dan kinderen zonder ASS om deze 

perspectiefwissel te maken. Als gevolg hiervan zullen ze voornaamwoorden omdraaien en ik 

als jij en jij als ik interpreteren.  

Kinderen met ASS blijken inderdaad meer moeite te hebben dan kinderen zonder ASS 

met de interpretatie van ik en jij in directe rede, waardoor ze ik als jij en jij als ik 

interpreteren. In dit hoofdstuk zijn verschillende verklaringen onderzocht die het omdraaien 

van voornaamwoorden kunnen verklaren. De verwachting was dat, net als bij het gebruik 

van voornaamwoorden, de vaardigheid van perspectief nemen van belang is voor het begrip 

van voornaamwoorden. De resultaten lieten zien dat goede ToM-vaardigheden helpen bij 
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het begrip van ik en jij in directe rede. Doordat kinderen met ASS minder goede ToM-

vaardigheden hebben dan kinderen zonder ASS, hebben ze waarschijnlijk ook meer 

problemen met de interpretatie van ik en jij in directe rede. Naast ToM-vaardigheden helpen 

verbale vaardigheden, werkgeheugen en IQ bij het begrip van ik en jij in het algemeen.  

De conclusie van hoofdstuk 3 was dat kinderen met ASS moeite hebben met het 

begrip van ik en jij in directe rede. Dit komt waarschijnlijk doordat ze problemen hebben om 

het perspectief van een ander in te nemen. Het probleem met perspectief nemen zou tevens 

de verklaring kunnen zijn voor het vaker en langer omdraaien van ik en jij in taalproductie 

door kinderen met ASS. In de klinische diagnose van ASS zouden omdraaiingen van 

voornaamwoorden beter geclassificeerd kunnen worden als een probleem in de sociale 

communicatie en interactie dan een beperkt, stereotiep patroon van gedrag zoals het nu 

geclassificeerd wordt. 

 

Hoofdstuk 4: Het begrip van de ruimtelijke voorzetsels voor en achter  

In hoofdstuk 4 is het begrip van de ruimtelijke voorzetsels voor en achter onderzocht vanuit 

het visuele perspectief van het kind als luisteraar en vanuit het contrasterende visuele 

perspectief van de spreker. Deze voorzetsels kunnen gebruikt worden om de positie van 

twee voorwerpen ten opzichte van elkaar aan te geven, zoals in zin (3): 

 

(3) De bal ligt voor de hoed. 

 

De interpretatie van het voorzetsel voor in zin (3) hangt af de ruimtelijke positie van de 

spreker en de luisteraar. Wanneer vanuit het visuele perspectief van de spreker de bal voor 

de hoed ligt, dan ligt vanuit een contrasterend visueel perspectief de bal achter de hoed. Uit 

een pilotstudie met volwassenen bleek dat het als luisteraar nodig is om je te verplaatsen in 

het perspectief van de spreker om voor en achter op een volwassen manier te interpreteren. 

Dit betekent dat wanneer de luisteraar zin (3) hoort, en vanuit zijn perspectief ligt de bal 

achter de hoed, de luisteraar voor zal interpreteren vanuit het visuele perspectief van de 

spreker. De verwachting in dit hoofdstuk was dat kinderen met ASS meer dan kinderen 

zonder ASS voor en achter interpreteren vanuit hun eigen perspectief, in plaats van vanuit 
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het perspectief van de spreker. Deze verwachting werd niet ondersteund door de resultaten. 

Zowel kinderen met ASS als kinderen zonder ASS interpreteren voor en achter voornamelijk 

vanuit hun eigen perspectief in plaats van vanuit het contrasterende perspectief van de 

spreker. 

Verder is in dit hoofdstuk onderzocht welke cognitieve vaardigheden zouden kunnen 

bijdragen aan een volwassen interpretatie van ruimtelijke voorzetsels. De resultaten lieten 

zien dat goede ToM-vaardigheden bijdragen aan een volwassen interpretatie van ruimtelijke 

voorzetsels vanuit het eigen visuele perspectief als luisteraar en vanuit het contrasterende 

visuele perspectief van de spreker. Verder dragen cognitieve inhibitie en cognitieve 

flexibiliteit bij aan de vaardigheid om je als luisteraar te verplaatsen in het perspectief van de 

spreker om voor en achter te interpreteren vanuit dit perspectief. Hieruit kan geconcludeerd 

worden dat cognitieve inhibitie en cognitieve flexibiliteit mogelijk alleen nodig zijn bij visueel 

perspectief nemen en niet bij perspectief nemen in taal. 

De conclusie die uit hoofdstuk 4 getrokken kon worden is dat niet alleen jonge 

kinderen, en ook niet alleen kinderen met ASS, maar alle kinderen tot de adolescentie 

ruimtelijke voorzetsels voornamelijk vanuit hun eigen perspectief interpreteren. De 

voorzetsels voor en achter zijn ambigue waardoor een interpretatie mogelijk is vanuit zowel 

het perspectief van de luisteraar als het contrasterende perspectief van de spreker. Dit 

betekent dat het niet perse nodig is om als luisteraar van perspectief te wisselen om 

voorzetsels te interpreteren. Om van perspectief te kunnen wisselen zijn cognitieve 

vaardigheden nodig zoals cognitieve inhibitie en cognitieve flexibiliteit. Een interpretatie 

vanuit het eigen perspectief kost minder cognitieve moeite en is makkelijker uit te voeren. 

Hoewel volwassenen het perspectief van de luisteraar innemen, kiezen kinderen tot de 

adolescentie waarschijnlijk voornamelijk de optie die de minste cognitieve moeite kost, 

namelijk door ruimtelijke voorzetsels vanuit hun eigen perspectief te interpreteren. 

 

Hoofdstuk 5: Het begrip van de nevenschikkers van tijd voordat en nadat 

In Hoofdstuk 5 is het begrip van de nevenschikkers van tijd voordat en nadat onderzocht. 

Een spreker kan kiezen om voordat of nadat te gebruiken om de volgorde van 

gebeurtenissen in hun volgorde in tijd (congruent) of in omgekeerd volgorde (incongruent) 
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aan te geven. In zin (4) en zin (5) klom iemand eerst in een boom en las daarna een boek:  

 

(4) Voordat-incongruent: Voordat hij het boek las, klom hij in de boom. 

(5) Voordat-congruent: Hij klom in de boom voordat hij het boek las. 

 

Uit eerder onderzoek bleek dat kinderen zonder ASS meer moeite hebben met de 

interpretatie van zin (4) dan zin (5). Dit zou kunnen komen doordat extra cognitieve moeite 

nodig is om te begrijpen in welke volgorde in tijd de gebeurtenissen in zin (4) plaatsvonden. 

Kinderen met ASS hebben waarschijnlijk nog meer moeite dan kinderen zonder ASS met de 

interpretatie van deze zinnen doordat zij cognitieve problemen hebben en mogelijk ook 

problemen met de waarneming van tijd. In dit hoofdstuk is ook onderzocht welke cognitieve 

processen nodig zijn voor de interpretatie van nevenschikkers van tijd. 

De resultaten lieten zien dat kinderen met ASS moeite hebben met de interpretatie 

van nevenschikkers van tijd. Echter, anders dan verwacht hadden kinderen met ASS niet 

meer moeite met de interpretatie van zin (4) dan zin (5). De resultaten lieten tevens zien dat 

voor de interpretatie van nevenschikkers van tijd in zin (4) ToM-vaardigheden nodig zijn. Dit 

suggereert dat perspectief nemen nodig is voor de interpretatie van nevenschikkers van tijd 

in zinnen waarin de gebeurtenissen in omgekeerde volgorde in tijd staan. Naast ToM-

vaardigheden dragen werkgeheugen, IQ en verbale vaardigheden bij aan een goed begrip 

van nevenschikkers van tijd. 

De conclusie die uit hoofdstuk 5 getrokken werd is dat je als luisteraar een ander 

perspectief moet kunnen innemen om nevenschikkers van tijd correct te interpreteren 

wanneer deze gebruikt worden om de gebeurtenissen in omgekeerde volgorde in tijd aan te 

geven. Er zijn twee vormen van perspectief nemen die nodig zouden kunnen zijn: 1) 

perspectief nemen is nodig om als luisteraar van het heden naar een alternatief perspectief 

in tijd te wisselen; 2) of om als luisteraar het perspectief van de spreker in acht te kunnen 

nemen om te achterhalen waarom de spreker een omgekeerde volgorde in tijd heeft 

gekozen. Op basis van dit onderzoek kon niet worden aangegeven welke van deze twee 

vormen van perspectief nemen nodig is voor de correcte interpretatie van nevenschikkers 

van tijd. 
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Conclusies 

Het eerste doel van dit proefschrift was om te onderzoeken of kinderen met ASS meer 

moeite hebben dan kinderen zonder ASS met de interpretatie van taaluitingen waarbij 

perspectief nemen van belang is. Dit proefschrift laat zien dat ToM-vaardigheden nodig zijn 

voor de interpretatie van de persoonlijke voornaamwoorden ik en jij en de nevenschikkers 

van tijd voordat en nadat in situaties waarbij het nodig is om je als luisteraar te verplaatsen 

in een ander perspectief. Hieruit kan geconcludeerd worden dat perspectief nemen in taal 

nodig is voor het begrip van deze taaluitingen. Kinderen met ASS hebben meer problemen 

met de interpretatie van deze taaluitingen dan kinderen zonder ASS. Dit suggereert dat 

kinderen met ASS moeite hebben met taalbegrip deels vanwege hun problemen met 

perspectief nemen in taal.  

 Het tweede doel van dit proefschrift was om te onderzoeken welke cognitieve 

vaardigheden zouden kunnen bijdragen aan perspectief nemen in taal. Het blijkt dat vooral 

ToM-vaardigheden, en niet zozeer cognitieve inhibitie en cognitieve flexibiliteit, bijdragen 

aan perspectief nemen in taal. Daarentegen dragen cognitieve inhibitie en cognitieve 

flexibiliteit wel bij aan de vaardigheid om je in het visueel perspectief van iemand anders te 

kunnen verplaatsen. Als luisteraar moet je namelijk je eigen visuele perspectief kunnen 

onderdrukken. Dit is nodig om vervolgens van perspectief te kunnen wisselen. Je kunt je dan 

verplaatsen in de spreker om aan te geven wat de spreker ziet vanuit zijn visuele perspectief. 

 Tot slot laat dit proefschrift zien dat kinderen met ASS ToM-problemen hebben die 

niet verklaard kunnen worden door lage verbale vaardigheden, een laag IQ of problemen 

met cognitieve inhibitie, cognitieve flexibiliteit of werkgeheugen. De ToM-problemen in 

kinderen met ASS, en de problemen met perspectief nemen in het algemeen, zijn 

fundamenteel. Dit proefschrift laat ook zien dat kinderen met ASS niet alleen problemen 

hebben met het gebruik van taal (pragmatiek), maar ook met structurele (d.w.z. syntactische 

en semantische) taalvaardigheden. De problemen van kinderen met ASS met het innemen 

van het perspectief van iemand anders hebben niet alleen invloed op hun vaardigheden in 

sociale communicatie en interactie, zoals al bekend was op basis van eerder onderzoek. Dit 

proefschrift laat zien dat deze problemen ook hun vaardigheden op het gebied van 

zinsbegrip beïnvloeden. 
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Dankwoord 

 

Wat een tijd! Ook al heeft het even geduurd voordat dit proefschrift er is gekomen, het voelt 

voor mij alsof de tijd voorbij is gevlogen. Zonder de bijdrage van de volgende personen was 

dit proefschrift er nooit gekomen: 

Om te beginnen wil ik mijn promotoren Petra Hendriks en Catharina Hartman 

bedanken voor de uitstekende begeleiding. Wat heb ik ontzettend veel van jullie geleerd! 

Petra, jouw theoretische kennis en kritische blik zorgden ervoor dat onze artikelen beter 

werden. Zonder jouw uitgebreide kennis van taal en cognitie had dit proefschrift er niet 

kunnen zijn. Je hebt mij destijds “overgehaald” om het begrip van persoonlijke 

voornaamwoorden in kinderen met autisme te onderzoeken. Gelukkig heb ik naar je 

geluisterd want het resultaat is een ontzettend mooi artikel. Catharina, je hebt mij heel veel 

methodologische en statistische kennis bijgebracht. Jouw hulp bij de onderzoeksopzet was 

onmisbaar. Ik heb genoten van onze GLMM sessies (zelfs toen de modellen niet deden wat 

wij wilden). Ik vond het prettig dat ik bij jou altijd wist waar ik aan toe was. Zonder jouw 

uitgebreide kennis van cognitie en ontwikkelingsstoornissen had dit proefschrift er niet 

kunnen zijn.  

Rineke Verbrugge, bedankt voor jouw bijdrage aan de ontwikkeling van de Marble 

Drop taak en als co-auteur aan het Theory of Mind artikel. Marije aan het Rot, Koen 

Hogenelst, Sanne Kuijper, Franziska Köder, Ben Meijering, Hilde Geurts, John Hoeks, Burcu 

Arslan en Jacolien van Rij bedankt voor jullie hulp en advies bij de opzet van de 

onderzoekstaken en de analyse van de data binnen dit onderzoek.  

Graag bedank ik de beoordelingscommissie, Elma Blom, Ben Maassen en Jeannette 

Schaeffer, voor de tijd die ze hebben gestoken in het grondig lezen en beoordelen van dit 

proefschrift. Dank voor jullie waardevolle feedback! 

 

Dit proefschrift was er nooit gekomen zonder de medewerking van alle kinderen en ouders 

die hebben deelgenomen aan het onderzoek. Jullie kwamen speciaal voor dit onderzoek een 

hele dag naar de universiteit. Bedankt voor jullie tijd en inspanning! 
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Grote dank aan alle behandelaren van Accare. Wat fijn dat jullie altijd voor mij en het 

Taalonderzoek klaar stonden. Jullie hulp bij de inclusie was onmisbaar. 

Ik bedank ook de basisscholen die geholpen hebben om ouders en kinderen te 

vinden die mee wilden doen met het Taalonderzoek. Een speciaal bedankje is voor mijn oud-

leraar Koos Klopstra. Bedankt voor uw hulp bij de verspreiding van de informatie. 

Grote dank ook aan alle stagiaires, student-assistenten en scriptie-studenten die 

geholpen hebben om de data te verzamelen, te verwerken en te analyseren: Amélie, Anike, 

Annelies, Annemeike, Aurora, Denise, Dianne, Eerin, Esther, Iris, Jidde, Kim, Kirsten, Liset, 

Lydia, Maaike, Marleen, Mathea, Saskia, Selma, Susan, Suzanne en Vera. Wat hebben jullie 

hard gewerkt! Een speciaal bedankje is voor Iris Strangmann. Iris, je stond altijd klaar voor 

mijn project. Jouw enthousiasme zorgde ervoor dat elk kind een leuke dag had.  

Bij de ontwikkeling van de onderzoekstaken hebben een aantal personen voor en 

achter de schermen meegeholpen. Graag bedank ik Dietha, Eise, Lea, Merel, Vera, Wouter, 

Yfke, Callista en Jan-Willem van de AV-dienst, Eize en Mark van de Instrumentatiedienst voor 

hun hulp!  

Tijdens mijn promotietraject mocht ik onderdeel zijn van de Semantiek & Cognitie 

onderzoeksgroep en de Accare onderzoeksgroep. Graag bedank ik de leden en oud-leden 

van de Semantiek & Cognitie onderzoeksgroep voor hun hulp en feedback. In het bijzonder 

Petra Hendriks, Bart Hollebrandse, Angeliek van Hout, Emar Maier, Laurie Stowe, Simone 

Sprenger, Jacolien van Rij, Sanne Kuijper, Franziska Köder, Margreet Vogelzang en Atty 

Schouwenaars. Ook bedank ik graag de leden en oud-leden van de Accare onderzoeksgroep 

voor hun hulp en feedback. In het bijzonder Catharina Hartman, Annelies de Bildt, Pieter 

Hoekstra, Andrea Dietrich, Anna van der Gaast-Witkowska, Anne-Flore Matthijssen, 

Annemaaike van der Wal, Barbara van den Hoofdakker, Dennis van der Meer, Djûke 

Brinksma, Ellen Nobel, Elly Bloem, Florianne Rademaker, Halewijn Drent, Hyun Ruisch, José 

Hoogervorst, Julie Karsten, Lianne van der Veen, Lizanne Schweren, Lotte Ramerman, 

Marieke Messchendorp, Mariken Dinnissen, Marjan Houwing, Mark-Peter Steenhuis, 

Mascha van den Akker, Mohammed Abdulkadir, Monika Althaus, Nathalie Forde, Neeltje 

Valkhof, Simone Breider, Thaïra Openneer, Vera Dekker en Yvonne Groen. 

Een speciaal bedankje is voor Sanne Kuijper. Ik ben opgegroeid binnen jouw PhD-
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project. Je hebt mij zoveel geleerd! Je stond vanaf het begin tot het einde van mijn project 

klaar om mij te adviseren (ik kan je mijn “derde begeleider” noemen). Ook op persoonlijk 

vlak stond je klaar voor mij. Jouw betrokkenheid en positieve kijk op het leven hebben mij 

geholpen op de momenten dat het even een beetje tegen zat. 

Tijdens mijn promotietraject heb ik binnen het Harmoniegebouw een kamer gedeeld 

met verschillende personen. Margreet en Franziska, het was fijn om elkaar te stimuleren bij 

het schrijven van de artikelen. Sanne B., Pauline, Dorothee, en Leanne bedankt dat jullie mijn 

“non-stop werkmodus” getolereerd hebben in de laatste fase van mijn promotietraject. 

Bij Accare had ik het geluk gehad om een kamer (of bureau) te mogen delen met 

Sanne, Vera en Lizanne. Meiden, wat heb ik ontzettend veel gehad aan onze halfuurtjes. We 

hebben naast deze productieve half uurtjes ook veel gelachen en soms lekker zitten klagen. 

Wat fijn dat jullie mijn kamergenootjes waren!  

 De nodige afleiding op de universiteit werd mede mogelijk gemaakt door het ‘RuG-

meiden lunchgroepje’: Annerose, Audrey, Dörte, Joëlle, Kashi, Lennie, Marieke, Nynke, Rika, 

Ruth, Rimke en Sanne. Bedankt dat jullie mij uit die kamer trokken om te lunchen en even 

gezellig te kletsen.   

Voetbal was voor mij een welkome afleiding. In het bijzonder dank ik Carel, Çağrı, 

Daniël, Dicky, Dörte, Kars, Lucas, Margreet, Marieke, Mike, Rika, Rimke, Roel, Ryan, Tom, 

Trevor en Wouter. Met het Letteren zaalvoetbalteam trapten we regelmatig een balletje in 

dat kleine zaaltje in de Folkingedwarsstraat. Wat fijn ook om later op een groter veld, onder 

leiding van Carel, te voetballen met de studenten Nederlands en de “4e verdieping”. De 

trainingen bij Mamio (inclusief Surinaamse hapjes) en de deelnames aan de Nederlandse 

Kampioenschappen waren zeer vermakelijk. Ik bedank ook graag mijn (oud)teamies bij 

GroenGeel. Het afgelopen seizoen moest ik aan mij voorbij laten gaan. Dit seizoen sta ik 

klaar om het groene (kunst)gras te betreden. Groen! 

Graag bedank ik mijn collega’s van Agentschap Telecom, en in het bijzonder het 

Telekwetsbaarheid team. Dank voor jullie interesse en steun in de laatste fase van mijn 

promotietraject! Een speciaal bedankje is voor Eelco. Je hebt mij de tijd gegund om mijn 

promotie af te ronden naast mijn baan. Ik ben je zeer dankbaar voor jouw hulp bij het 

controleren van mijn manuscript.   
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Tot slot wil ik in dit (lange) dankwoord nog wat personen in mijn persoonlijke omgeving 

bedanken. Allereerst mijn twee paranimfen. Marieke, een aantal jaartjes geleden mocht ik 

jouw paranimf zijn. Wat fijn dat je nu mijn paranimf bent. Jouw adviezen tijdens de 

afronding van mijn proefschrift hebben mij enorm geholpen. Door de jaren heen zijn we 

vriendinnen geworden. Je bent nog lang niet van me af! Jannes, je moest eerst Google 

raadplegen om uit te zoeken wat een ‘paranimf’ is. Ik ben blij dat je mijn paranimf bent. Ik 

ben nog blijer dat jij mijn broertje bent en dat je zo’n lieve vrouw en dochter hebt!  

Ik bedank ook graag mijn (schoon)familie en vrienden. Het was niet voor iedereen 

even duidelijk waar ik mee bezig was, maar de steun was er altijd. Een speciaal bedankje is 

voor Jacoba en Rianne. Jullie vriendschap betekent veel voor mij. Jacoba, tijdens mijn 

promotietraject waren onze reizen een verademing. Ik hoop dat we samen nog heel veel 

gaan beleven. Rianne, ik kon altijd bij jou (en je gezin) terecht. Dag en nacht. Zonder jouw 

steun was ik nooit zover gekomen.  

Als laatste bedank ik de grootste liefdes in mijn leven: Ronald en Viènne. Het is niet 

te beschrijven hoeveel jullie voor mij betekenen. Ronald, zonder jouw steun was dit 

proefschrift er nooit gekomen (en was ik verhongerd;) ). Wat een geduld hebben jullie 

moeten opbrengen! Als jullie een euro hadden gekregen voor elke keer dat ik zei: ‘ik ben 

bijna klaar’ of ‘mama komt eraan’….. Maar ik kan nu zeggen: ‘Mama komt eraan want mijn 

proefschrift is klaar!’ 
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