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Language is central both in expressing ourselves and in understanding others. We 
generally comprehend a speaker’s or writer’s message without much effort. Even when 
understanding is temporarily hampered due to for instance perceived or true errors, 
an innate control process is triggered to ensure the quality of our comprehension. 
Our ability to process language seems obvious to most of us, and generally we are 
not aware of the ease with which we come to understanding of linguistic input. In 
Autism Spectrum Disorder (ASD), however, language comprehension is severely 
impaired. Difficulties in understanding language impede the communication with 
others, and have tremendous impact on daily functioning in individuals with ASD. 
This thesis deals with language comprehension in ASD, and focuses specifically on 
the role of cognitive control during language perception. 

1. Autism Spectrum Disorder

1.1 Autism Spectrum Disorder: a behavioral perspective
Autism Spectrum Disorder refers to a group of developmental disorders. The 
diagnosis for ASD is based on behavioral symptoms. According to the American 
Psychological Association (APA, 2000), ASD is characterized by abnormalities in 
social relatedness and verbal and nonverbal communication, along with repetitive 
and stereotyped  patterns of interests and behaviors. The DSM-IV-TR1 distinguishes 
three main subtypes of ASD: autistic disorder (AD), Asperger’s syndrome (AS) and 
pervasive developmental disorder not otherwise specified (PDD NOS) (childhood 
disintegrative disorder and Rett officially also fall within the range of ASDs, but are 
often excluded from research on ASDs because of their distinct etiology and 
development). In Box 1.1, the criteria for AD are depicted. Individuals who meet some 
but not all of those criteria receive the diagnosis for PDD NOS. The criteria for AS 
specify that individuals do experience impairments in social interaction and show 
restricted interests and/or repetitive behaviors, but do not exhibit a pronounced delay 
in language development, even though all individuals with ASD generally experience 
some degree of language impairment. Recent studies in the United States have 
shown prevalence rates of ASDs of 1 in 88 individuals (Center for Disease Control, 
2008); in the Netherlands the prevalence of ASDs is estimated at 1 in 100 individuals 
(Nederlandse Vereniging voor Autisme, 2013). The nature, severity and clinical 
presentation of the symptoms vary greatly across individuals. Given the heterogeneity 

1  In May 2013, the DSM-V was released. The separate diagnoses described in the DSM-IV-TR are now 
represented as one umbrella disorder ‘ASD’, with symptoms falling on a continuum of severity. As 
the studies described in the present thesis were all conducted before release of the DSM-V and are 
therefore based on DSM-IV-TR criteria, I here present the DSM-IV-TR criteria. 
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of the disorder, the present thesis focuses specifically on high-functioning adults with 
an ASD, i.e., individuals with a diagnosis for AD, AS or PDD NOS, aged 18 years or 
older, with an intelligence level of above 80, and with relatively intact basic verbal 
abilities. 

1.2 Autism Spectrum Disorder: a cognitive perspective
Several theories have attempted to describe the characteristics of ASD from a 
cognitive perspective. Three main theories have been identified: Weak Central 
Coherence theory, Theory of Executive Dysfunction and Theory of Mind. These 
accounts do not provide etiological mechanisms for the ASD symptoms, but rather 
aim to relate the behavioral symptoms to neuropsychological processes. Although 
these theories are sometimes presented as if they are mutually exclusive, research 
has shown evidence in support of all three theories and neither one of them seems 
to be able to fully account for all symptoms of ASD, indicating that they should not be 
viewed as alternatives. 
 According to WCC theory (Frith, 1989), symptoms in ASD result from a lack of a 
‘drive for coherence’; the typical tendency to process information for overall meaning. 
Individuals with ASD would process information in a piecemeal fashion, tending to 
rely more on individual parts of information than on the global whole. This  preference 
for or bias to local information is said to come at the expense of global processing 
(Happe & Frith, 2006; Happe & Booth, 2008). According to WCC theory, the restricted 
focus and narrow interests observed in individuals with ASD reflect a preference for 
local, detailed information. Behavioral problems with regard to for instance 
communication would result from the reduced preference for coherent and global 
processing. 
 Another account, the Theory of Executive Dysfunction, proposes that the primary 
deficit in ASD lies in an impairment in executive functioning (e.g., Hill, 2004; Pennington 
& Ozonoff, 1996). Executive functions refer to a set of higher-order cognitive functions 
that underlie complex and goal-directed thought and behavior. According to the 
Theory of Executive Dysfunction, behavioral problems observed in individuals with 
ASD, such as the difficulties in adaptive functioning, the restricted and repetitive 
interests and the preference for routine behaviors, result from impairments in 
executive functions such as cognitive flexibility, planning and self-monitoring.  
 The third account that is often used to describe impairments in ASD from a 
cognitive perspective, is Theory of Mind (ToM). The ToM theory of ASD posits that 
individuals with ASD are disturbed in their ability to represent the mental states of 
others (Baron-Cohen, 1995). Social-communicative deficits in ASD, such as 
inappropriate social behavior and difficulties in understanding and using (non)verbal 
methods of communication, are said to result from an inability to understand others’ 
(and self’s) feelings, thoughts and behaviors.
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Box 1.1 DSM-IV-TR criteria for Autistic Disorder

A. A total of six (or more) items from (1), (2), and (3):

 (1)  Qualitative impairments in social interaction, as manifested by at least two of  
the following:

  a.  Marked impairment in the use of multiple nonverbal behaviors such as  
eye-to-eye gaze, facial expression, body postures, and gestures to regulate 
social interaction

  b.  Failure to develop peer relations appropriate to developmental level
  c.  Lack of spontaneous seeking to share enjoyment, interests, or achievements 

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

  d. Lack of social or emotional reciprocity

 (2)  Qualitative impairments in communication as manifested by at least one of the 
following: 

  a.  Delay in, or total lack of, the development of spoken language (not 
accompanied by an attempt to compensate through alternative methods of 
communication such as gestures or mimes)

  b.  In individuals with adequate speech, marked impairment in the ability to initiate 
or sustain a conversation with others

  c.  Stereotyped and repetitive use of language or idiosyncratic language
  d.  Lack of varied spontaneous make-believe play or social imitative play 

appropriate to developmental level

 (3)  Restricted repetitive and stereotyped patterns of behavior, interests and activities, 
as manifested by at least one of the following: 

  a.  Encompassing preoccupation with one or more stereotyped and restricted 
patterns of interest that is abnormal either in intensity or focus

  b.  Apparently inflexible adherence to specific, nonfunctional routines or rituals
  c.  Stereotyped and repetitive motor mannerisms (e.g., hand or finger flapping or 

twisting, or complex whole body movements)
  d.  Persistent preoccupation with parts of objects

B.  Delays or abnormal functioning in at least one of the following areas, with onset  
prior to the age of three: 

 (1)   social interaction, (2) language as used in social communication, (3) symbolic or 
imaginative play

C.  The disturbance is not better accounted for by Rett’s Disorder or Childhood 
Disintegrative Disorder
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2. Language in ASD

Of specific interest for the present thesis is the language profile in ASD. Language 
processing in ASD is an important focus of research, especially given the impairments 
in communication, which form one of the main criteria of ASD. Individuals with ASD 
vary greatly in their language abilities. Whereas some are completely mute, others 
are verbally rather fluent. Current estimates suggest that 70-80% of the individuals 
with ASD have functional use of (spoken) language (Tager-Flusberg, Paul & Lord, 
2005). However, even at the higher end of the spectrum where language abilities are 
relatively intact, individuals with ASD experience difficulties with the more complex 
and communicative aspects of language (Tager-Flusberg, 2001). The present thesis 
focuses on language perception and comprehension (rather than on production) in 
high-functioning adults with ASD. Below I will briefly describe the language profile 
that is typically observed in ASD, after which I will elaborate on possible explanations 
for this profile. 

2.1 Language perception in ASD
Phonology
Phonology refers to the production and comprehension of the smallest units of 
sounds in a language. Findings with regard to receptive phonology seem mixed. On 
the one hand, studies have found that individuals with ASD overly focus selective 
attention to speech pitches (Jarvinen-Pasley, Wallace, Ramus, Happe & Heaton, 
2008), and are superior in the discrimination of both speech and non-speech pitch 
(Lepisto et al., 2005).  The effect of such enhanced speech pitch perception on language 
function, however, still needs to be examined. Even though patients with ASD are 
superior at discriminating speech pitches, they may still fail to interpret the meaning 
of the prosodic variation. The latter is supported by studies showing that individuals 
with ASD have difficulties understanding the use of prosody (i.e., the use of melodic 
contour of language) (Diehl, Bennetto, Watson, Gunlogson & McDonough, 2008).

Syntax
Syntax entails the grammatical structure of a language (e.g., the arrangement of 
words within a sentence). Relatively little research has been conducted on syntactic 
functioning in ASD, and research that has examined syntactic abilities mostly has 
focused on syntactic production rather than comprehension. With regard to syntactic 
comprehension, there is both negative and positive evidence of an impairment in 
ASD. For instance, research has demonstrated intact use of syntax to disambiguate 
sentential meaning in a group of individuals with ASD compared with controls (Diehl 
et al., 2008). In contrast, children with ASD have been found to have difficulty 
compared with typical children with comprehending transitive, but not intransitive, 
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verb phrases (Prior & Hall, 1979). Others showed that adolescents with ASD are 
significantly impaired in their ability to judge the grammaticality of sentences, but only 
when the syntactic structure of the sentences is complicated (Eigsti & Bennetto, 
2009).  Altogether, it seems that individuals with ASD have difficulties with syntactic 
comprehension especially when syntactic structure becomes more complex. 

Semantics
Semantics refer to the meaning of words and sentences. The processing of simple 
aspects of semantics seems relatively intact in ASD. For instance, performance at 
standardized vocabulary tests tends to be relatively strong in individuals with ASD 
(Kjelgaard & Tager-Flusberg, 2001). However, the processing of more complex 
aspects of meaning often is impaired. For example, children with ASD show reduced 
sensitivity to semantic probability of situations presented in sentences (Tager-
Flusberg, 1981). Also, people with ASD appear to be less likely than healthy controls 
to be primed by semantically related words in a lexical decision task (Kamio, Kelley, 
Robins, Swainson & Fein, 2007; Kamio & Toichi, 2000). Moreover, individuals with 
ASD show impaired understanding of mental state verbs (e.g., think, remember, 
Kelley et al., 2006). Hence, although individuals with ASD seem to perform similar to 
typical individuals on standardized vocabulary tests, when tasks require more 
complex semantic processing, such as when (word) meaning needs to be processed 
in context, individuals with ASD show problems. 

Pragmatics
Unlike for the other aspects of language, research with regard to pragmatic functioning 
consistently shows an impairment in ASD. Pragmatics involve the use of language for 
communication, and thus the utilization of context for comprehension. Even patients 
with no language delay or only minimal symptoms of autism show markable pragmatic 
impairments (Kelley, Naigles & Fein, 2010; Lewis, Murdoch & Woodyatt, 2007). For 
instance, individuals with ASD have problems making inferences (Jolliffe & Baron- 
Cohen, 2000; Norbury & Bishop, 2002) and understanding figurative language 
(Dennis, Lazenby & Lockyer, 2001; Happe, 1995; MacKay & Shaw, 2004; Ozonoff & 
Miller, 1996), irony (Happe 1995; 1993), and humorous material ( Emerich, Creaghead, 
Gerteher, Murray & Grasha, 2003; Ozonoff & Miller, 1996). 

Altogether, some linguistic abilities (e.g., understanding irony) are more severely 
impaired than others (e.g., discriminating speech pitches). Unfortunately, language 
abilities in ASD are generally studied in a rather fragmented way. Research tends to 
focus on one specific aspect of language, and the relation between functioning at 
different levels of language is often neglected. In order to get a better grasp at the 
linguistic and communicative deficits (as well as strengths) in ASD it seems important 
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to gain more insight in how the language aspects relate, and moreover, whether there 
may be one underlying cognitive mechanism that can explain functioning across the 
language spectrum. Although the existing cognitive theories have sometimes been 
used to interpret findings from linguistic research, they remain rather general cognitive 
descriptions of ASD and do not provide a concrete mechanism that directly accounts 
for the entire language spectrum. The present thesis will make an attempt to search 
for an overarching cognitive explanation of the atypical performances of people with 
ASD at the various levels of language. Below I will briefly review the descriptions of 
language functioning provided by existing theories, after which I will put forward our 
new approach to language in ASD. 

2.2 Language in ASD in light of existing cognitive theories
All three main cognitive theories of ASD described in paragraph 1.2 have been put 
forward to describe the language profile in ASD. Although little research has been 
performed on the relation between central coherence and language, it has been suggested 
that the relatively intact performance at lower-level language tasks (e.g., auditory 
perception, vocabulary) reflects a general preference for local, detailed information in 
ASD. Impairments at higher levels of language (e.g., complex syntax, semantics and 
pragmatics) have been taken as evidence for reduced processing of language in 
context, i.e., reduced central coherence (Noens & Van Berckelaar-Onnes, 2005). 
 The Theory of Executive Dysfunction has been used only little in studies on 
language processing in ASD, and when it has, it has mostly been proposed that 
language mediates executive dysfunction, rather than the other way around (e.g., 
Joseph, McGrath & Tager-Flusberg, 2005; Liss et al., 2001). Nonetheless, some 
studies have suggested that impairments in cognitive flexibility that are often observed 
in ASD hamper the communication with other people (e.g., Kissine, 2012). 
 ToM has been studied extensively in relation to language functioning in ASD. 
According to this theory, impairments in the ability to understand others’ feelings, 
thoughts and desires are the key to impaired language comprehension (Baron-Cohen, 
1995). Moreover, precursors of ToM such as joint attention and intention understanding 
are said to be essentially involved in language learning. As the development of these 
aspects of communication are found to be delayed and ToM abilities are generally 
impaired in ASD, children with ASD are not able to benefit from communicative 
aspects to learn language (Baron-Cohen, Baldwin & Crowson, 1997).
 All three theories provide valuable explanations for some of the language skills 
and deficits in ASD, and individuals with ASD do in fact show local processing and 
reduced coherence, deficits in executive functioning and impairments in theory of 
mind. However, research contrasting these theories has generally shown inconclusive 
findings, and none of the theories in itself is sufficient to be viewed as the core 
underlying cause of the entire language and communication profile in ASD. 
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2.3 Language in ASD: a new approach
In this thesis, I propose another cognitive theory for the language comprehension 
profile in ASD. When examining the findings from language research described 
above, it can be concluded that the language profile in high-functioning adults with 
ASD is generally characterized by relatively intact simple, lower-level language 
processing, and more severely impaired processing of complex, higher-level aspects 
of language. That is, when more simple aspects of language are tested, such as 
phonology or vocabulary, relatively intact (or sometimes even superior) performance 
is found. However, tasks on more complex language aspects, like complex syntax, 
semantics or pragmatics, typically reveal impaired functioning. Within typical psy-
cholinguistic research, the role of cognitive control processes in language processing 
has become increasingly acknowledged. The quality of our perception and hence of 
our understanding of language appears to rely on processes of cognitive control 
during perception (Van de Meerendonk, Kolk, Chwilla & Vissers, 2009; Ye & Zhou, 
2009). More complex language (e.g., a complicated sentence) tends to require more 
extensive cognitive control processes for correct perception than less complex 
language (e.g., spelling, a single word). I propose that the language profile in ASD of 
relatively intact low-level performance and impaired high-level performance, can be 
explained in terms of atypical cognitive control processes during language perception. 
In the final section of this Introduction, I will first provide an overview of the interaction 
between language and cognitive control in typical individuals, after which I will 
describe the present hypothesis in more detail. 

3. Language comprehension and cognitive control

3.1 Language and cognitive control in typical individuals
Traditionally, language was viewed as a separate cognitive module, not influenced by 
other cognitive functions (Fodor, 1983). More recent research, however, has shown 
that language interacts with other cognitive processes (e.g., attention, Vissers, Chwilla 
& Kolk, 2007; mood, Vissers et al., 2010). This has led to a change in perspective in 
the field of language research, in which increasingly an interactionist approach is 
taken when studying language. An aspect that has gained considerable attention in 
the field of language research, is cognitive control (for a review see Ye & Zhou, 2009). 
Cognitive (or executive) control refers to a set of functions that serve to regulate and 
guide cognitive processes along internal goals (Miller, 2000; Miller & Cohen, 2001). 
An aspect of cognitive control that has been found to be of special importance for 
language perception and comprehension, is ‘monitoring’ (Kolk, Chwilla, Van Herten 
& Oor, 2003).  Monitoring is a process that evaluates the demands for control and 
based here on, elicits changes in control to assure the quality of thought and behavior. 
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 In the domain of language, monitoring serves the purpose of optimization of 
comprehension. According to monitoring theory of language perception, conflicts in 
linguistic representations trigger the adjustment of attentional control (Kolk et al., 
2003, Van de Meerendonk et al., 2009). Representational conflicts arise when the 
perception of a linguistic element (e.g., a word or sentence) does not match with the 
expectation of the linguistic element based on context or knowledge. Such processing 
uncertainty can either result from a perceptual error (i.e., a processing error was 
made), or from the true presence of an unexpected element. In order to prevent the 
integration of incorrect information and to enhance optimal language comprehension, 
additional attention is needed to reprocess the input. 
 Importantly, only strong representational conflicts trigger reprocessing. This 
allows for efficient processing; only information that seriously hampers interpretation 
and understanding receives additional attention. Would mild conflicts also trigger 
additional attention, the integration of new information would be obstructed. Hence, 
there is a threshold for cognitive control to be elicited by language. This threshold, i.e. 
the activation of cognitive control, can vary across situations and individuals. For 
instance, linguistic context can affect the expectancy for certain linguistic input, and 
can thus influence whether reprocessing of the input is needed (Van de Meerendonk, 
Indefrey, Chwilla & Kolk, 2011). Moreover, task instructions can affect the expectation 
for certain events, and can hence modulate the inclination to exert control in case of 
linguistically incorrect input (Vissers et al., 2007). Furthermore, there are individual 
differences in processing strategies and linguistic competence, making some 
individuals more sensitive to linguistic violations than others (Osterhout, 1997). Such 
differences in sensitivity to linguistic violations may be related to individual differences 
in the tendency to monitor, and hence, the tendency to control the quality of perception 
and optimize understanding of the input. 
 To conclude, there is interaction between language and cognitive control. The 
existence of a control process ensures that what we perceive is in fact in line with 
what could be expected based on context, language knowledge or world knowledge, 
and as such it guards the quality of our perception and understanding. An optimal 
offset of this interaction is important. An atypical interaction between cognitive control 
and language, is likely lead to disturbed understanding. A reduced tendency to 
monitor can result in the integration of incorrect information into the ongoing linguistic 
representation and may thereby impede understanding. In case of an increased 
tendency to exert cognitive control, processing will be too effortful and understanding 
will probably be hampered as well. Up to now, no research has been conducted on 
this monitoring process in language comprehension in individuals with ASD. As the 
quality of language perception and comprehension largely depends on cognitive 
control processes, it seems of great relevance to examine this interaction in individuals 
with ASD, in whom language and communicative deficits are profoundly present. 
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3.2 The present thesis: Language and cognitive control in ASD
As described earlier, individuals with ASD show deficits especially at higher levels of 
language, such as complex semantics and pragmatics. Less complex information, 
such as phonology and single words, is processed relatively unimpaired. More 
complex linguistic information has greater potential for interference and confusion 
than relatively straightforward and simple linguistic input, and will require more 
extensive and more effortful cognitive control (Ye & Zhou, 2009). Given that i) more 
complex linguistic input requires more extensive cognitive control than less complex 
information for optimal perception, and ii) people with ASD show a general pattern of 
increasing language comprehension problems with increasingly complex linguistic 
information, I propose that the language profile in ASD may result from an atypical 
interaction between cognitive control processes and language. More specifically, I 
propose that the inclination to exert control over language perception may be 
inherently reduced in ASD. As a result of this weaker monitoring tendency, the 
processing of especially complex information under complex circumstances suffers, 
whereas the processing of relatively simple information under simple circumstances 
can proceed relatively intact. Let me explain this in more detail. 
 Consider the sentence ‘The cat that fled fron the mouse ran through the room’. 
This example sentence contains errors at two levels of language: a misspelling at the 
word level (‘fron’), and an implausible meaning at the sentence level. Optimal 
perception of the incorrect word ‘fron’ requires  the activation of the expected 
representation of the word (based on knowledge of correct spelling) ‘from’, and the 
activation of the perceived representation of the word ‘fron’, and the subsequent 
reanalysis of this specific word. Optimal perception of the implausible sentence 
meaning requires the activation of the expected representation (based on world 
knowledge) that mice flee from cats, and the activation of the perceived representation 
that the cat was fleeing from the mouse, and the subsequent reprocessing of the 
entire phrase to resolve the uncertainty. As can be seen, the processing of meaning 
requires the integration of more extensive information to form the two representa-
tions, and involves more effortful reanalysis of the input. The processing of the 
misspelled word is clearly less extensive. Therefore, it seems imaginable that if the 
inclination to exert cognitive control during perception is weaker, this will have most 
impact on linguistic input that requires more integrative processes and more extensive 
cognitive control (e.g., complex syntax, semantics and pragmatics), compared with 
more simple input (e.g., orthography, simple syntax). As monitoring is crucial in 
optimization of perception and comprehension, reduced monitoring will probably 
impede understanding. 
 To sum up, I propose that in individuals with ASD the tendency to monitor 
language perception is weak, which becomes most visible at linguistic levels that 
require more extensive cognitive control to check the quality of perception. As the 
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processing of more simple aspects of language requires less extensive cognitive 
control processes, these aspects are perceived relatively typically.  It is important to 
note that this hypothesis does not imply an inability to process complex information. 
Instead, it states that complex information requires more cognitive control, a process 
that tends to be weaker in ASD. Neither does this mean that there is a ‘preference’ for 
more simple information (as proposed for instance by WCC theory). Rather, simple 
information requires less cognitive control and is thus processed relatively intact. 

3.3 Aims and outline of the thesis
The main aim of the present thesis is to examine cognitive control processes in 
language comprehension in high-functioning adults with ASD. The central research 
question is whether the language profile in ASD (i.e., relatively intact simple processing 
with impaired more complex processing) can be (partly) explained in terms of a 
reduced tendency to exert control during language perception.
 The basic idea underlying all studies in this thesis is that the disturbance in ASD 
lies within the interaction between cognitive control and language, not in a true deficit 
or inability to process language as such. This assumption implies that language 
performance in not fixed, but subjected to factors that act upon the interaction. In 
order to test whether cognitive control plays a role in the language profile in ASD, the 
interaction is manipulated in several experimental paradigms. The idea is that, if 
language processing changes as a result of this experimental manipulation, cognitive 
control is likely to be involved in the autistic language profile. If language processing 
appears uninfluenced by the manipulation (for instance, if language processing is 
unaffected by specific instructions that enact upon cognitive control), the language 
profile reflects disturbances unrelated to cognitive control. 
 First of all, I will test whether language processing is dependent upon the complexity 
of a task. I will present linguistic materials (for instance incorrect words, and incorrect 
sentences) to individuals with ASD and matched control participants, in a simple task 
that requires relatively little cognitive control, and in a more complex task that requires 
more cognitive control. The effect of task complexity on the processing of the 
linguistic materials will be studied both at a behavioral level (i.e., in terms of accuracy 
and speed of language processing (Chapter 2)), and at an electrophysiological level 
(i.e., in terms of event-related potentials to linguistically incorrect materials (Chapter 
3)). An overview of the event-related potential technique in language research is 
provided in Box 1.2. If language performance in ASD is unrelated to cognitive control 
and merely reflects an (in)ability to process language, linguistic performance will be 
similar both tasks. If however, as I propose, language performance in ASD actually 
reflects an atypical interaction between cognitive control and language, performance 
on the complex, more cognitively demanding task will be reduced compared with 
performance on the simple, less cognitively demanding task. Hence, variation of task 
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complexity allows us to examine if (and if yes, how) attentionally demanding conditions 
affect language processing in ASD. 
 Furthermore, I will test whether language perception can be modulated with task 
instructions. I will present linguistic materials (misspelled words, implausible 
sentences) to an ASD group and a control group, both in a free reading task in which 
participants do not receive any instructions, and in an instructed task in which 
participants are instructed about the specific type of linguistic information that needs 
attentional focus (Chapter 4). Event-related potentials are recorded to map cognitive 
control (monitoring). Again, if atypical language processing in ASD is unrelated to 
cognitive control but instead reflects a linguistic deficit, attentional instructions will 
probably not affect processing, and responses in the free reading and the instructed 
tasks will be similar. However, if an inherently reduced tendency to exert cognitive 
control during perception underlies language processing in ASD, the instructions to 
pay attention (i.e., the promotion of cognitive control) will probably enhance language 
processing, and thus responses in the instructed task will be enhanced compared 
with the free reading task. 
 Finally, I will explore the interaction between cognitive control and visual, non- 
linguistic information (Chapter 5). I propose that if individuals with ASD are less 
inclined to control perception of incoming information, this may not only hold for 
linguistic but also for nonlinguistic information. To test this hypothesis, I will present 
simple, meaningless pictures and complex, semantically meaningful pictures to 
individuals with and without ASD. The pictures need to be sorted along a certain set 
of rules, which requires cognitive control (i.e. monitoring) for output optimization. If 
weakened cognitive control plays a role in information processing in ASD, performance 
(accuracy, speed of processing) will be worse for the more complex, meaningful 
stimuli that require more extensive cognitive control processes, than for the more 
simple, meaningless pictures.
 To conclude, this thesis aims to examine the hypothesis that language processing 
(and probably also information processing in a broader sense) is characterized by an 
atypical interplay between cognitive control and language. In several experiments, 
this hypothesis is tested by modulation of the interaction between both factors. 
Chapter 6 provides a summary and discussion of the findings. 
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Box 1.2 Event-Related Potentials

The ElectroEncephaloGram (EEG) reflects electrical activity from the brain as recorded by 

electrodes attached to the scalp. The spontaneous brain activity is referred to as background 

EEG. Event-related brain potentials (ERPs) reflect small changes in the electrical activity evoked 

by a specific sensory, cognitive or motor event. As ERP amplitudes are much smaller (5-10 

microvolt) than the spontaneous EEG (50-100 microvolt), they are not visible in the raw EEG. 

Therefore, in order to extract the ERP from the spontaneous EEG, EEG activity is averaged over a 

large number of presentations of similar stimuli (e.g., words reflecting a similar linguistic violation). 

Variations in the EEG unrelated to the stimuli will occur randomly across trials and will thus be 

cancelled out after averaging. Hence, the ERP is said to reflect the average activity time-locked 

to the stimuli presented. In psycholinguistics, a minimum of 25 observations per stimulus type is 

recommended, to extract the ERP from the EEG (Kutas & Van Petten, 1994). 

 The averaged ERP signal consists of a sequence of positive and negative peaks, generally 

referred to as ERP components. ERPs do not reflect absolute voltages, but differences in 

voltages between the electrodes at which the ERPs are recorded and a reference electrode 

that is assumed to pick up only minimal brain activity (e.g., the mastoid bone). ERP components 

are typically labeled based on their polarity (positive versus negative), latency (onset in ms after 

presentation of the stimulus), scalp distribution (e.g., anterior versus posterior) or ordinal position 

in the waveform. For example, the P100 reflects a positive peak around 100 ms after critical 

stimulus onset. On occasion, it is referred to as P1, to indicate its first position in the waveform.  

 In the present thesis, the EEG was time-locked to the visual presentation of a critical word 

in a sentence. The ERP component that is of most interest to the present study is the P600, a 

positive going peak with a centroposterior scalp distribution, that starts around 500 ms and lasts 

up to at least 800 ms after presentation of the critical word. The P600 effect refers to the difference 

in amplitude between two experimental conditions, such as the difference between the activity 

elicited by a control word (e.g., the word ‘walk’ in the phrase ‘the boys walk’), and the activity 

elicited by an experimental word (e.g., the word ‘walks’ in the phrase ‘the boys walks’). Previously, 

the P600 has been related specifically to syntactic processes (e.g., Friederici, 1995; Hagoort, 

Brown & Groothusen, 1993; Kaan, Harris, Gibson & Holcomb, 2000). However, more recent 

research shows that more general violations of expectancy elicit a P600 effect. For instance, a 

P600 effect has been found to several linguistic (e.g., orthographic, syntactic, semantic) as well 

as nonlinguistic (e.g., conceptual) violations of expectancy (e.g., Kim & Osterhout, 2005; Kolk et 

al., 2003; Kuperberg, Sitnikova, Caplan & Holcomb, 2003; Vissers, Kolk, Van de Meerendonk & 

Chwilla, 2008). As such, the P600 has been proposed to reflect a neurophysiological marker of 

general monitoring processes, and hence, of the optimization of language comprehension.

 Although the ERP technique has poor spatial resolution, the temporal resolution is excellent. 

It is a non-invasive research method that can be applied without any behavioral tasks, making it 

a useful technique to track cognitive processes online in psychiatric (as well as nonpsychiatric) 

populations.



 General Introduction | 23

References

American Psychiatric Association. (2000). Diagnostic and statistical manual of mental disorders (4th ed.). 
Washington, DC: Author.

Baron-Cohen, S. (1995). Mindblindness: An essay on autism and Theory of Mind. MIT Press/Bradford Books. 
Baron-Cohen, S., Baldwin, D.A., & Crowson, M. (1997). Do children with autism use the speaker’s direction 

of gaze strategy to crack the code of language? Child Development, 68, 47-57. 
Center for Disease Control (2008). Autism Spectrum Disorders. Retrieved July 9, 2013, from http://www.cdc.

gov/ncbddd/autism/data.
Dennis, M., Lazenby, A.L., & Lockyer, L. (2001). Inferential language in high-function children with autism. 

Journal of Autism and Developmental Disorders, 31, 47-54. 
Diehl, J.J., Bennetto, L., Watson, D., Gunlogson, C., & McDunough, J. (2008). Resolving ambiguity: A psy-

cholinguistic approach to understanding prosody processing in high-functioning autism. Brain 
Research, 106, 144-152. 

Eigsti, I.M., & Bennetto, L. (2009). Grammaticality judgments in autism: Deviance or delay. Journal of Child 
Language, 36(5), 999-1021. 

Emerich, D.M., Creaghead, N.A., Grether, S.M., Murray, S., Grasha, C. (2003). The comprehension of 
humorous materials by adolescents with high-functioning autism and Asperger’s Syndrome. Journal 
of Autism and Developmental Disorders, 33, 253-257. 

Fodor, J.A. (1983). The modularity of the mind: an essay on faculty psychology. Cambridge, MA:MIT Press. 
Friederici, A.D. (1995). The time course of syntactic activation during language processing: A model based 

on neuropsychological and neurophysiological data. Brain and Language, 50, 259-281. 
Frith, U. (1989). Autism: Explaining the enigma. Oxford, UK: Blackwell. 
Hagoort, P., Brown, C., & Groothusen, J. (1993). The syntactic positive shift (SPS) as an ERP measure of 

syntactic processing. Language and Cognitive Processes, 8, 43-483. 
Happe, F.G.E. (1993). Communicative competence and theory of mind in autism: A test of relevance theory. 

Cognition, 48, 101-119. 
Happe, F.G.E. (1995). The role of age and verbal ability in the theory of mind task performance of subjects 

with autism. Child Development, 66, 843-855. 
Happé, F., & Frith, U. (2006). The weak coherence account: Detail-focused cognitive style in autism 

spectrum disorders. Journal of Autism and Developmental Disorders, 36, 1, 5-25. 
Happé, F., & Booth, R.D.L. (2008). The power of the positive: Revisiting weak coherence in autism spectrum 

disorders. The Quarterly Journal of Experimental Psychology, 61, 50-63.
Hill, E.L. (2004). Evaluating the theory of executive dysfunction in autism. Developmental Review, 4, 189-233. 
Jarvinen-Pasley, A., Wallace, G.L., Ramus, F., Happé, F., & Heaton, P. (2008). Enhanced perceptual 

processing of speech in autism. Developmental Science, 11,(1), 109-121.
Jolliffe, T., & Baron-Cohen, B. (2000). Linguistic processing in high-functioning adults with autism or 

Asperger’s  syndrome. Is global coherence impaired? Psychological Medicine, 30, 1169-1187. 
Joseph, R.M., McGrath, L.M., & Tager-Flusberg, H. (2005). Executive dysfunction and its relation to language 

ability in verbal school-age children with autism. Developmental Neuropsychology, 27, 361-378. 
Kaan, E., Harris, A., Gibson, E., & Holcomb, P. (2000). The P600 as an index of syntactic integration difficulty. 

Language and Cognitive Processes, 15(2), 159-201.
Kamio, Y., Kelley, E., Robins, D., Swainson, B., & Fein, D. (2007). Atypical lexical/semantic processing in 

high-functioning pervasive developmental disorders without early language delay. Journal of Autism 
and Developmental Disorders, 37, 1116-1122. 

Kamio, Y., & Toichi, M. (2000). Dual access to semantics in autism: Is pictorial access superior to verbal 
access? Journal of Child Psychology and Psychiatry, 31, 859-867. 

Kelley, E., Naigles, L., Fein, D. (2010). An in-depth examination of optimal outcome children with a history of 
autism spectrum disorders. Research in Autism Spectrum Disorders, 4, 526-538. 

Kelley, E., Paul, J., Fein, D., & Naigles, L.R. (2006). Residual language deficits in optimal outcome children 
with a history of autism. Journal of Autism and Developmental Disorders, 36, 807-828. 



24 | Chapter 1

Kim, A., & Osterhout, L. (2005). The independence of combinatory semantic processing: Evidence from 
event-related potentials. Journal of Memory and Language, 52, 205-225.

Kissine, M. (2012). Pragmatics, cognitive flexibility and autism spectrum disorders. Mind & Language, 27, 
1-28. 

Kjelgaard, M.M., & Tager-Flusberg, H. (2001). An investigation of language impairment in autism: 
Implications for genetic subgroups. Language and Cognitive Processes,16, 287-308.

Kolk, H.H.J., Chwilla, D.J., Van Herten, M., & Oor, P.J.W. (2003). Structure and limited capacity in verbal 
working memory: a study with event-related potentials. Brain and Language, 85, 1-36. 

Kuperberg, G.R., Sitnikova, T., Caplan, D., & Holcomb, P.J. (2003). Electrophysiological distinctions in 
processing conceptual relationships within simple sentences. Cognitive Brain Research, 17, 117-129. 

Kutas, M., & Van Petten, C.K. (1994). Psycholinguistics electrified: Event-related brain potential investigations. 
In M.A. Gernsbacher (Ed.). Handbook of psycholinguistics (pp. 83-143). San Diego, CA: Academic 
Press.  

Lepisto, T., Kujala, T., Vanhala, R., Alku, P., Huotilainen, M., & Naatanen, R. (2005). The discrimination of and 
orienting to speech an non-speech sounds in children with autism. Brain Research, 1066, 147-157. 

Lewis, F.M., Murdoch, B.E., & Woodyatt, G.C. (2007). Communicative competence and metalinguistic 
ability: Performance by children and adult with autism spectrum disorder. Journal of Autism and 
Developmental Disorders, 37, 1525-1538. 

Liss, M., Fein, D., Allen, D., Dunn, M., Feinstein, C., Morris, R., et al., (2001). Executive functioning in 
high-functioning children with autism. Journal of Child Psychology and Psychiatry, 42, 261-270. 

MacKay, G., & Shaw, A. (2004). A comparative study of figurative language in children with autism spectrum 
disorders. Child Language Teaching and Therapy, 20, 13-32.

Miller, E.K. (2000). The prefrontal cortex and cognitive control. Nature Reviews Neuroscience, 1, 59-65.
Miller, E.K., & Cohen, J.D., (2001). An integrative theory of prefrontal cortex function. Annual Review of 

Neuroscience, 24, 167-202. 
Nederlandse Vereniging voor Autisme (2013). Prevalentiecijfers autisme. Retrieved July 9, 2013, from http://

www.autisme.nl/autisme-informatie.
Noens, I.L.J., & Van Berckelaer-Onnes, I.A. (2005). Captured by details: sense-making, language and 

communication in autism. Journal of Communication Disorders, 38, 123-141. 
Norbury, C.F., & Bishop, D.V.M. (2002). Inferential processing and story recall in children with communication 

problems: A comparison of specific language impairments, pragmatic language impairment, and 
high-functioning autism. International Journal of Language and Communication Disorders, 37, 227-251. 

Osterhout, L. (1997). On the brain response to syntactic anomalies: Manipulations of word position and word 
class reveal individual differences. Brain and Language, 59, 494-522.

Ozonoff, S., & Miller, J.N. (1996). An exploration of right-hemisphere contributions to the pragmatic 
impairments of autism. Brain and Language, 52, 411-434. 

Pennington, B.F., & Ozonoff, S. (1996). Executive functions and developmental psychopathology. Journal of 
Child Psychology and Psychiatry, 37, 51-87.

Prior, M.R., & Hall, L.C. (1979). Comprehension of transitive and intransitive phrases by autistic, retarded and 
normal children. Journal of Communication Disorders, 12, 103-111. 

Tager-Flusberg, H. (1981). Sentence comprehension in autistic children. Applied Psycholinguistics, 2, 5-24. 
Tager-Flusberg, H. (2001). Understanding the language and communicative impairments in autism. 

International Review of Research in Mental Retardation, 23, 185-205. 
Tager-Flusberg, H., Paul, R., & Lord, C. (2005). Language and communication in autism. In D.J. Cohen & 

F.R. Volkmar (Eds.). Handbook of autism and developmental disorders(2nd ed., pp. 335-364). New York: 
Wiley. 

Van de Meerendonk, N., Indefrey, P., Chwilla, D.J., & Kolk, H.H.J. (2011). Monitoring in language perception: 
Electrophysiological and hemodynamic responses to spelling violations. NeuroImage, 54, 2350-2363. 

Van de Meerendonk, N., Kolk, H.H.J., Chwilla, D.J., & Vissers, C.Th.W.M. (2009). Monitoring in language 
perception. Language and Linguistic Compass, 3/5, 1211-1224. 

Vissers, C.Th.W.M., Chwilla, D.J., &  Kolk, H.H.J. (2007). The interplay of heuristics and parsing routines in 
sentence comprehension: Evidence from ERPs and reaction times. Biological Psychology, 75, 8-18.



 General Introduction | 25

Vissers, C.Th.W.M., Kolk, H.H.J., Van de Meerendonk, N., & Chwilla, D.J. (2008). Monitoring in language 
perception: Evidence from ERPs in a picture-sentence matching task. Neuropsychologia, 46, 967-982. 

Vissers, C.Th.W.M., Virgillito, D., Fitzgerald, D.A., Speckens, A.E.M., Tendolkar, I., Van Oostrom, I. et al., 
(2010). The influence of mood on the processing of syntactic anomalies: Evidence from P600. Neuro-
psychologia, 48, 3521-3531. 

Ye, Z., & Zhou, X. (2009). Executive control in language processing. Neuroscience and Biobehavioral 
Reviews, 22, 1168-1177. 



2



2
THE INTERPLAY BETWEEN
ATTENTIONAL STRATEGIES 

AND LANGUAGE PROCESSING IN 
HIGH-FUNCTIONING ADULTS WITH 

AUTISM SPECTRUM DISORDER

ABSTRACT

This study examined the hypothesis of an atypical interaction between attention and 
language in ASD. A dual-task experiment with three conditions was designed, in 
which sentences were presented that contained errors requiring attentional focus 
either at (a) low level, or (b) high level, or (c) both levels of language. Speed and 
accuracy for error detection were measured from 16 high-functioning adults with 
ASD, and 16 matched controls. For controls, there was an attentional cost of dual 
level processing for low level performance but not for high level performance. For 
participants with ASD, there was an attentional cost both for low level and for high 
level performance. These results suggest a compensatory strategic use of attention 
during language processing in ASD.

This chapter has been published as: 

Koolen, S., Vissers, C.Th.W.M., Hendriks, A.W.C.J., Egger, J.I.M., & Verhoeven, L. (2012). The 

interplay between attentional strategies and language processing in high-functioning adults 

with autism spectrum disorder. Journal of Autism and Developmental Disorders, 42 (5), 805-814.
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1. Introduction

Autism Spectrum Disorder (ASD) is a developmental disorder that is characterized by 
several social and cognitive impairments, of which language problems are among the 
most profound (DSM-IV-TR, American Psychiatric Association, 2000). A substantial 
amount of research examined language processing in ASD in the light of linguistic (dis)
abilities, studying language as a module independent from other cognitive functions 
(e.g., Hudry et al., 2010; Kjelgaard & Tager-Flusberg, 2001). However, recent neuro- 
cognitive perspectives emphasize the interconnection between language and other 
cognitive concepts (Perlovsky, 2009). In line with this, the present study will focus on 
the interplay between attentional strategies and language processing in ASD, 
specifically in high-functioning adults with Autistic Disorder and Asperger’s Disorder. 
 Autistic information processing in general is characterized by superior processing 
of local, detailed aspects of information, whereas global, contextual processing often 
seems reduced. Similar patterns have been demonstrated for language processing 
in ASD, although results remain somewhat mixed. Evidence for superior local 
processing is found in research on auditory speech processing, showing enhanced 
discrimination of speech pitches among autistic individuals as compared with typical 
controls (e.g., Heaton, Hudry, Ludlow & Hill, 2008; Jarvinen-Pasley, Wallace, Ramus, 
Happé, & Heaton, 2008). Evidence for reduced global processing comes from 
studies that have found deficient use of semantic or contextual cues in the aid of free 
recall (Bowler, Gaigg & Gardiner, 2008). Similarly, in homograph tasks, a deficit has 
been observed in the use of sentence context for the correct pronunciation of 
homographs (Jolliffe & Baron-Cohen, 1999). Nevertheless, when provided with 
explicit instructions, higher-level performance appears unimpaired and coherent 
linguistic processing can be achieved (e.g., Snowling & Frith, 1986).
 Contemporary leading accounts attribute these processing differences to 
atypical perceptual processes. The common notion of these theories is that of an 
inherent superiority of low level, perceptual functions in ASD, suggesting a preference 
for detailed-focused processing. Weak central coherence theory (WCC; Frith, 1989; 
Happé, 1999; Happé & Frith, 2006) posits that individuals with ASD show an innate 
preference for local, sensory information. Global processing is assumed not to be 
deficient per se; rather, it is thought to be impaired as a secondary result of superior 
local processing. Another main theoretical account, enhanced perceptual functioning 
theory (EPF; Mottron & Burack, 2001; Mottron, Dawson, Soulieres, Hubert & Burack, 
2006), predicts an advantage in perceptual processing among individuals with ASD, 
due to overfunctioning of perceptual brain regions. In contrast to WCC, EPF assumes 
that higher-order functions are unimpaired. 
 Both theoretical accounts imply that people with ASD can select from different 
processing levels, and that among these levels, they prefer to process low level 
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information, and are better than typical individuals at doing so. This suggests then 
that the local processing style is voluntary. From our point of view, however, it might 
as well be that people with ASD focus on low level linguistic information out of 
necessity. We propose that the enhanced local processing could reflect an imperative 
strategic use of attention, rather than a different ability or preference, in processing 
language. In other words, we do not view the language problems in ASD as a result 
of language functions as such, but as a result of an atypical interaction between 
attention and language. Let us explain this alternative explanation in more detail.
 Recent neuroimaging studies have shown reduced connectivity of functional 
regions in the brains of individuals with ASD (Just, Cherkassky, Keller & Minshew 
2004; Koshino et al., 2005). Connectivity, however, is essential in language processing, 
by promoting top-down modulation. Top-down modulation involves higher-order 
cognitive processes that bias attention towards specific aspects of information, 
based on expectations and prior knowledge (Miller, 2000; Miller & Cohen, 2004). This 
modulation thus enables the direction of attention to relevant aspects of the language 
(e.g., global, semantic or contextual aspects), while less important aspects (e.g., 
speech pitches, orthography, verbatim) are processed less efficiently and require 
less focused attention (Miller & Cohen, 2004). Frith (2003) already suggested that the 
isolation of lower brain regions from higher brain regions in ASD will hinder the 
top-down modulation of information processing. As a consequence, language 
processing is probably less well controlled by attention.
 We propose that, as a result of the suggested weakened top-down control of 
attention, autistic individuals might be forced to use an alternative strategy during 
language processing: bottom-up processing. A bottom-up approach involves a 
more detail-oriented style of processing, in which attention is systematically directed 
towards lower levels of information (Corbetta & Schulman, 2002). In other words, 
given that attention is not directed towards higher-level information, the individual 
with ASD needs to take an alternative, systematic approach to the processing of 
language. It should be noted that this does not imply that people with ASD are unable 
to process higher-level information; their attention is just not directed towards these 
levels, as a result of which they are necessitated to use an alternative strategy for 
language processing. Hence, we expect the often observed enhancement of local 
processing in ASD to be the result of an attentional compensatory strategy. Previous 
findings of reduced global processing could then be explained by the attentional 
focus on detailed information. It could also clarify previous findings of improved 
performance after instructions (e.g., Snowling & Frith, 1986). That is, the instructions 
serve as external ‘top-down signals’, enabling attention to be directed from lower 
levels of language towards higher levels, resulting in more global, coherent 
processing. To summarize, we propose that enhanced low level linguistic performance 
in ASD does not reflect a preference or superior ability to perceive low level information, 
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but an attentional strategy to focus on low level information. The essential difference 
between our proposal and the aforementioned theories is that we expect the language 
abnormalities in ASD to be the result of the interplay between attention and language, 
rather than of language competency in itself. 
 The aim of the present study was to examine the interplay between attention and 
language in high-functioning adults with ASD. Accordingly, we developed a dual-task 
experiment, in which single level processing (focus either on local or on global 
aspects of language) was compared with dual level processing (focus on both local 
and global aspect of language). Based on our hypothesis of an attentional strategy, 
similar performance was expected for the autistic individuals and the typical 
individuals in the single level tasks. It was hypothesized that, as long as attention 
could be fully directed towards one single aspect of language, performance would 
be unimpaired and similar in both groups, regardless of the specific level (local or 
global) of language. In the dual level task, however, differences were expected 
between the groups. Given the assumption that for typical individuals the default 
processing mode is at higher levels of language (Gigerenzer & Goldstein,1996), we 
predicted that the control participants would perform similarly on high (global) levels 
of language in the dual level task as compared with the single level task, showing 
only deterioration of low (local) level processing in the dual level task. However, for 
people with ASD, deterioration of processing on both levels of language was expected 
in the dual level task as compared with their performance in the single level tasks. In 
the dual level task, both levels of language were expected to compete for the same 
attentional resources, thereby jeopardizing processing at both levels of language. If 
this would appear to be the case, it would indicate that the often observed 
enhancement in low level processing in ASD reflects an attentional strategy, rather 
than an innate enhanced ability to actually perceive low level information, as 
suggested by other theories. 

2. Methods

2.1 Participants
Participants were 16 high-functioning patients with Autistic Disorder and Asperger’s 
Disorder and 16 matched controls. Both groups consisted of 14 males and 2 females. 
All participants were native Dutch speakers, and had normal or corrected-to-normal 
vision. Patients with autism were selected for their diagnosis by a clinical psychologist 
or psychiatrist based on the DSM-IV criteria, from a mental health care institution and 
an institution specialized in autism spectrum disorders in the Netherlands. Exclusion 
criteria were diagnoses of Pervasive Developmental Disorder Not Otherwise Specified 
and co-morbid psychiatric disorders, and reading disabilities. Of the selected patients, 
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eight patients had been diagnosed with Autistic Disorder and eight patients had been 
diagnosed with Asperger’s Disorder. In order to verify the diagnosis, the Autism 
Diagnostic Observation Schedule (ADOS) (Lord et al., 1999), fourth Module, was 
administered by a licensed health psychologist. All patients met the ADOS-criteria for 
autism spectrum (M = 10.7, range = 7-18).
 The clinical and control group were matched on gender, age, intelligence and 
working memory (Table 1). Performance intelligence was assessed with the Raven 
Standard Progressive Matrices (Raven SPM). Verbal intelligence was measured with 
the Dutch version of the National Adult Reading Test (NART), which is a word reading 
test that consists of words that are irregular in their grapheme-phoneme correspon-
dences and can thus only be pronounced correctly if known by the subject. The test 
was originally designed to estimate premorbid level of reading ability in people with 
brain damage, but has been shown to be a reliable and valid estimate of verbal 
intelligence in healthy controls as well (e.g., Bright, Jaldow & Kopelman, 2002; 
Schmand, Lindeboom & Van Harskamp, 1992). Working memory capacity was 
assessed with the Letter-number sequencing test (subtest of the Wechsler Adult 
Intelligence Scale III). Groups did not significantly differ on age (p = .54), performance 
intelligence (p = .31), verbal intelligence (p = .31), and working memory (p = .18). 
Significant differences were found between ASD subgroups on age (p = .03), 
performance intelligence (p = .01), and working memory capacity (p = .01), yet, not 
on verbal intelligence (p = .08).

2.2 Design
The study consisted of a mixed between-within subjects design. As described earlier, 
a dual-task experiment was developed to measure the role of attention during 
processing at different levels of language. The experiment included three conditions 

Table 1   Means and standard deviations for age, performance intelligence, verbal 
intelligence and working memory capacity for the total ASD group, the ASD 
subgroups, and the control group.

Age Performance 
IQ

Verbal 
IQ

WM 
capacity

M SD M SD M SD M SD

ASD group total (n = 16) 27.5 6.5 120.6 10.1 99.0 7.3 11.9 3.1

Autistic Disorder (n = 8 ) 24.0 5.7 114.6 10.9 95.8 6.9 10.0 2.5

Asperger’s Disorder (n = 8) 31.0 5.6 126.6 4.0 102.2 6.6 13.8 2.4

Control group (n = 16) 26.3 4.0 123.8 5.7 101.8 7.6 10.6 1.8
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with different attentional instructions, to which all participants were exposed. In the 
low level condition, participants were instructed to focus attention on orthographic 
errors (typing errors), which required processing of words at a low, perceptual level. 
In the high level condition, participants were instructed to focus attention on syntactic 
errors. This required more global, higher level processing, in which words needed to 
be processed in relation to each other. In the dual level condition, participants were 
instructed to focus attention both on orthographic errors and on syntactic errors. As 
a result, there were two factors (orthography and syntax), both consisting of two 
levels (single level versus dual level). Group (ASD versus control) was the be-
tween-subjects factor. Dependent variables were the accuracy percentages and 
reaction times for the detections of the different error types in the different conditions. 

2.3 Materials
In order to measure processing at different levels of language, a set of 256 Dutch 
sentences was developed. The sentences required no or only minimal social repre-
sentations. Of each sentence, four variants were made: an experimental sentence 
with an orthographic error, an experimental sentence with a syntactic error and two 
control sentences. The errors in the experimental sentences always occurred at the 
verb position, regardless of the type of the error. The orthographic errors were 
reflected by typing errors in the verb, in which one letter had been replaced by 
another, incorrect letter: 
 ‘The dog berks (barks) at the old neighbour.’
The syntactic errors were presented in the form of subject-verb agreement violations, 
which are characterized by an inconsistency in the number of the subject and the 
number of the verb:
 ‘Sarah takes the broom and sweep (sweeps) the floor.’
In order to prevent expectancy about the position of the target word to affect the 
results, eight different sentence structures were developed, in which the position of 
the target varied from the second to the ninth word position (for an overview see 
Appendix A). These sentence structures were equally distributed across conditions. 
 The four variants of each sentence were assigned to four different lists, to ensure 
that each sentence could appear in every form, albeit to different participants. Each 
list of 256 sentences was divided into four blocks of 64 sentences. One block 
represented the low level condition (32 experimental sentences with orthographic 
error, 32 control sentences), one represented the high level condition (32 experimental 
sentences with syntactic error, 32 control sentences), and two represented the dual 
level condition (16 experimental sentences with orthographic error, 16 experimental 
sentences with syntactic error, 32 control sentences within each block). 
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2.4 Procedure
Before the start of the study, approval was obtained from the Medical Ethical 
Committee. Participants were seated in a sound-attenuating room, approximately 80 
centimeters from a computer screen. A response device with a small button was 
placed in front of the participant. Sentences were presented word-by-word at the 
center of the computer screen, using a rapid serial visual presentation technique. 
Word duration was 300 ms, the stimulus-onset asynchrony was 500 ms. Each 
sentence was preceded by a fixation cross (duration 300 ms), which was followed by 
a blank screen (duration 200 ms). Sentence final words were marked by a period and 
followed by an inter-trial interval of 2000 ms.
 The duration of each block was approximately 8.5 minutes. The four blocks were 
separated by breaks of 2 minutes. Each block was preceded by instructions and six 
practice trials. Within blocks, the sentences were randomly presented. The order of 
the blocks was counterbalanced across participants, with the dual level blocks 
always being presented consecutively, in order to simplify task instructions. The total 
duration of the experiment was 40-45 minutes on average. 

2.5 Data analysis
For each participant, reaction times were measured from the time when the error 
appeared until the participant responded. Individual cut-off values were calculated 
per error per condition, as the mean ± 2 standard deviations. Values exceeding the 
individual cut-off scores were removed from the data set. Overall, this resulted in a 
5.93 % removal of the data (low level condition: ASD group 7%, Control group 5.9%; 
high level condition: ASD group 5.7%, Control group 6.7%; dual level condition for 
orthographic errors: ASD group 6.3%, Control group 5.1%; dual level condition for 
syntactic errors: ASD group 4.5%, Control group 7.2%). 
 For the analysis of the data, first, accuracy was calculated per error type per 
condition as the number of detected errors divided by the total number of experimental 
sentences within the condition. Given that the normalities of the accuracy percentages 
per condition were strongly violated, nonparametric tests were performed to 
investigate differences in accuracy across conditions for the two groups (Friedman 
tests) and differences between groups per error type (Mann Whitney U tests). For the 
analysis of the reaction times, a repeated measures ANOVA and a MANOVA were 
performed to analyze the differences between conditions as well as between 
participants. 
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3. Results

Overviews of the means and standard deviations of the accuracy percentages and 
reaction times of the ASD group and the control group in the different conditions are 
provided in Table 2 and Table 3. 

3.1 Accuracy
Before analysis of the reaction times for the error detection, the accuracy of this error 
detection was examined. For both groups it was examined whether the accuracy with 
which errors were detected differed between conditions. Based on Friedman tests for 
repeated measures, differences in error detection between conditions were found 
neither in the ASD group nor in the control group. Accuracy percentages for the 
detection of orthographic errors did not differ significantly between the low level and 
the dual level condition, both for the ASD group (χ2 = 2.78, p = .10) and for the control 
group (χ2 = .00, p > .99). Similarly, accuracy percentages for syntactic error detection 
did not differ significantly between the high level and the dual level condition, both for 
the ASD group (χ2 = 1.33, p = .25) and for the control group (χ2 = .60, p = .44). 
Hence, the accuracy with which orthographic as well as syntactic errors were 
detected did not differ based on the condition in which they were presented. 
Furthermore, it was analyzed whether the ASD and control group differed in the 
accuracy with which they detected the errors in the sentences. Mann Whitney U tests 
showed no significant differences between the ASD group and the control group in 
their accuracy of error detection for orthographic errors in the low level condition  
(U = 127, z = -.04, p = .97), orthographic errors in the dual level condition (U = 102, 
z = -1.02, p = .31), syntactic errors in the high level condition (U = 92.5, z = -1.12,  
p = .26), and syntactic errors in the dual level condition (U = 98.5, z = -1.13, p = .26). 
Both groups were equally accurate in the detection of the different error types. 

3.2 Reaction times
The main analysis of the present study concerned the interaction between language 
and attention within the two separate groups of participants. A repeated measures 
ANOVA was conducted on reaction times for error detection, with orthographic errors 
(low level condition versus dual level condition) and syntactic errors (high level 
condition versus dual level condition) as the within-subjects factors, and group (ASD 
versus control) as the between-subjects factor. It was examined whether the reaction 
times for detection of orthographic errors as well as syntactic errors differed based 
on the condition in which the errors were presented, and if so, whether these patterns 
differed between the two groups of participants. A graphical overview of the results 
is provided in Figure 1. First, a significant main effect was found of the condition in 
which orthographic errors were presented (low level versus dual level) on reaction 
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times for error detections (F (1,30) = 108.12, p < .001). There was no significant 
interaction effect of the condition of orthographic errors and group (ASD versus 
control) (F (1,30) = 2.82, p = .10). As expected, both groups were significantly slower 
in detecting orthographic errors in the dual level condition, as compared to the low 
level condition. Second, a significant main effect was found of the condition in which 
syntactic errors were presented (high level versus dual level) on reaction times for 
error detection (F (1,30) = 14.94, p = .001). This effect, however, was qualified by  
a significant interaction between the syntactic condition and group (F (1,30) = 4.84, 
p = .04). 
 In order to further explore the interaction effect, simple effects analyses were 
performed. Results showed that participants with ASD had significantly longer 
reaction times on the syntactic errors in the dual level condition, as compared to the 
high level condition (F (1,15) = 6.94, p = .02). Reaction times of the control participants 
on the syntactic errors did not differ significantly across conditions (F (1,15) < 1, p = 
.65). These results were in line with our expectations; whereas participants with ASD 
showed increases of reaction times both for the orthographic errors and for the 
syntactic errors in the dual level condition as compared to the single level conditions, 
control participants showed increases only for the orthographic errors, but not for the 
syntactic errors. This pattern was further supported by the differences between the 
ASD group and the control group for their reaction times per error type per condition. 
A MANOVA was performed with the four measurements of reaction times as the 
dependent variables and Group (ASD versus control) as the independent factor. No 
significant differences were found between the ASD group and the control group in 
their reaction times for detection of orthographic errors in the low level condition (F 
(1,30) < 1, p = .38), orthographic errors in the dual level condition (F (1,30) = 1.14, p 
= .29), and syntactic errors in the high level condition (F (1,30) = 1.08, p = .31). 
However, a significant group effect was found for the speed of the detection of 
syntactic errors in the dual level condition (F (1,30) = 4.03, p = .05). Participants in 
the ASD group were significantly slower in detecting syntactic errors in the dual level 
condition than participants in the control group.

3.2.1 Effect of diagnosis 
In addition to the main analyses described above, a short comment should be made 
on the comparison between the participants with a diagnosis of Autistic Disorder and 
Asperger’s Disorder. In line with the aforementioned results, logically, there was a 
significant main effect of the condition in which the orthographic errors were presented 
on the reaction times for error detections (F (1,14) = 50.26, p < .001), as well as of the 
condition in which the syntactic errors were presented (F (1,14) = 12.29, p = .003). 
However, there was neither a significant interaction effect on the reaction times 
between the participants’ diagnoses and the condition in which orthographic errors 
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were presented (F (1,14) = 1.85, p = .20), nor between the participants’ diagnoses 
and the condition in which syntactic errors were presented (F (1,14) < 1, p = .53). 
Participants with Autistic Disorder and with Asperger’s Disorder both were slower 
detecting orthographic and syntactic errors in the dual level condition than in the 
single level conditions. Furthermore, no significant differences were found between 
the Autistic Disorder participants and the Asperger’s Disorder participants in their 
reaction times for detection of orthographic errors in the low level condition (F (1,14) 
= 3.16, p = .10), and syntactic errors in the high level condition (F (1,14) = 3.55, p = 
.08). However, (marginally) significant effects of diagnosis were found for the speed 
of the detection of orthographic errors in the dual level condition (F (1,14) = 4.43, p = 
.05) and of syntactic errors in the dual level condition (F (1,14) = 4.40, p = .06). In 

Table 2   Means and standard deviations for accuracy percentages of error detection 
per error type per condition for the total ASD group, the ASD subgroups, 
and the control group.

 
Accuracy in %

Orthography
Low level 

Orthography
Dual level 

Syntax
High level

Syntax
Dual level

M SD M SD M SD M SD

ASD group total (n = 16) 94.5 4.8 95.7 6.1 90.0 10.2 87.1 11.0

Autistic Disorder (n = 8) 93.0 6.0 93.8 8.2 85.2 13.5 81.6 10.0

Asperger’s Disorder (n = 8) 96.1 2.8 97.7 2.2 94.1 3.5 92.6 9.6

Control group (n = 16) 95.3 2.3 95.3 3.6 93.8 5.4 92.0 6.2

Table 3   Means and standard deviations for reaction times in milliseconds of error 
detection per error type per condition for the total ASD group, the ASD 
subgroups, and the control group.

Reaction times in ms

Orthography
Low level 

Orthography
Dual level 

Syntax
High level

Syntax
Dual level

M SD M SD M SD M SD

ASD group total (n = 16) 632.3 140.6 655.3 132.2 800.0 208.4 864.6 216.7

Autistic Disorder (n = 8) 690.6 170.0 718.1 159.7 890.8 241.6 967.2 243.0

Asperger’s Disorder (n = 8) 573.9 75.3 592.6 54.5 709.2 126.1 762.0 132.3

Control group (n = 16) 598.1 61.2 616.9 56.8 740.9 92.1 746.2 93.2
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short, participants with a diagnosis of Autistic Disorder did not differ from those with 
a diagnosis of Asperger’s Disorder on the speed with which they detected errors in 
the single level conditions, yet, they were slower in their error detection in the dual 
level condition. Nonetheless, although participants with Asperger’s Disorder were 
faster in the dual level condition than participants with Autistic Disorder, the actual 
pattern of a processing delay in the dual level conditions as compared with the single 
level conditions did not differ between both groups.

4. Discussion

The aim of the present study was to examine the interaction between attention and 
language in high-functioning adults with ASD as compared to typical controls. It was 
hypothesized that the language atypicalities observed in ASD result from an 

Figure 1 Reaction times in milliseconds of the ASD group and the control group for the 
detection of orthographic errors and syntactic errors in the single level and dual level conditions.
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attentional strategy, rather than from a language (in)competency as such. A dual-task 
experiment was developed to evaluate the effect of attentional focus during the 
processing of different levels of language. Results showed that the participants with 
ASD did not differ from control participants with respect to the accuracy with which 
they processed different levels of language. Furthermore, neither the participants 
with ASD nor the control participants showed differences in their language processing 
accuracy when attention was directed either to orthography or to syntax, as compared 
to when attention was directed to both levels of language simultaneously. Of special 
interest were the findings with respect to the speed of language processing. In the 
dual level condition, in which both low level and high level linguistic information 
needed to be processed, control participants showed a decrease of speed at low 
level processing, but not at high level processing, in comparison with the single level 
conditions. For the autistic participants, however, speed was reduced both at low 
level and at high level processing in the dual level condition, as compared to the 
single level conditions. 
 The results seem supportive of our hypothesis of a different, strategic use of 
attention in ASD. The importance of the role of attention during language processing 
becomes evident when comparing performance in the single levels conditions with 
performance in the dual level condition. In the single level conditions, attention could 
be fully directed either towards low level, orthographic information (low level condition) 
or towards high level, syntactic information (high level condition). Both groups of 
participants were equally fast in these conditions. In the dual level condition, however, 
participants were instructed to process both levels of language. For the control 
participants, this dual level task requirement came at the expense only of low level, 
orthographic processing. High level, syntactic information was processed equally 
fast as compared to the single level condition. For the autistic participants, by 
contrast, the task requirement of the dual level condition came at the cost of both low 
level and high level language processing, as shown by an overall processing delay. 
This suggests that it is the interaction between attention and language, rather than 
the language ability in itself, that is different for people with ASD and people without 
ASD.
 The results of the control participants are in line with the general tendency of 
typical individuals to attend to higher-level aspects, rather than more local, detailed 
aspects of language (Gigerenzer & Goldstein, 1996). This tendency reflects a 
mechanism of so-called top-down control, in which knowledge about, for instance, 
plausible syntactic structures determines to which parts of the information attention 
needs to be directed (Miller, 2000; Miller & Cohen, 2004). Top-down control of 
attention enables the individual to process high level information (in this case the 
syntactic structure) relatively fast and efficiently, because it only requires the use of a 
small proportion of the available information (Eulitz & Hanneman, 2010). In case of 
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multilevel processing, attention is directed towards higher-level structures, whereas 
low level information is processed with less focused attention (Miller & Cohen, 2004). 
In the present experiment, this top-down mechanism was reflected by stability of 
syntactic processing across conditions, and concurrent deceleration of low level 
processing in the dual level condition as compared with the low level condition. 
 For the autistic participants, however, such top-down effect appeared absent. 
When both levels of language needed to be processed simultaneously, attention was 
not directed to either the one or the other. Instead, both levels were processed less 
efficiently, reflected by an overall increase of reaction times. This suggests that, 
whereas typical individuals rely on top-down control of attention during language 
processing, people with ASD do not or do so to a lesser extent. These findings are in 
line with the earlier proposal of Frith (2003), stating that autistic cognition is the result 
of reduced functioning of the feedback control-system that should typically modulate 
early sensory processing. Similarly, neurobiological evidence suggested that the 
neural basis of autistic language problems involves underconnectivity between 
separate brain regions responsible for language processing (Just et al., 2004). Due 
to the subsequent disruption of information integration, higher-level, coherent 
processing would be impaired. The underconnectivity is thus proposed to result in 
diminished controlled processing.
 Alternatively, as the present results suggest, people with ASD might compensate 
for weakened top-down control by a different, strategic use of attention. That is, 
despite absence of the typical top-down modulation of attention, both levels of 
language were still processed accurately in the dual level condition. Orthographic as 
well as syntactic information appeared to be evaluated correctly, although more 
slowly and thus probably less efficiently. In our view, reduced top-down control might 
require people with ASD to apply a more systematic, bottom-up approach of 
language processing (Corbetta & Schulman, 2002), in which a linguistic representation 
is built out of the separate constituents of a sentence or text. In other words, in order 
to make sense of the linguistic information, all available aspects need to be attended 
to. Such a bottom-up attentional strategy could account for the enhanced low level 
performance often found in previous studies (Heaton et al., 2008; Jarvinen-Pasley et 
al., 2008), given that details receive attentional focus and are thus processed more 
thoroughly. At the same time, such a strategy may hinder the formation of a coherent, 
global linguistic representation, explaining the reduced high level performance often 
observed in ASD (Bowler et al., 2008; Jolliffe & Baron-Cohen, 1999). Furthermore, it 
can explain why, when given explicit attentional cues, autistic individuals are able to 
process higher levels (Snowling & Frith, 1986). As long as there is only one task, the 
top-down absence can be compensated by a systematic, attentional focus. Such a 
bottom-up processing style, however, will be more attention-consuming than a 
top-down processing style. Therefore, the use of an attentional compensatory 
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strategy will inevitably lead to processing problems when linguistic information is 
complex, or when multiple linguistic tasks need to be performed at the same time. It 
was exactly this effect that we found in the present experiment. In the single level 
conditions, participants with ASD were as fast as participants without ASD. 
Nonetheless, in the dual level condition, speed of processing was reduced for both 
levels.
 It should be noted that attention was not measured directly in this study, and 
conclusions of an interaction between attention and language should thus be drawn 
with caution. However, the experimental design allows us to compare within 
participants the processing performance in tasks that were linguistically similar but 
administered under different conditions. An explanation in terms of a true deficit in 
language or nonlanguage functions would subsequently be reflected in both single 
and dual level conditions. The finding that the detection of orthographic and syntactic 
errors depended upon condition (single or dual level processing) and not on linguistic 
level (orthography or syntax), suggests that attentional processes rather than 
linguistic processes are different in people with ASD. Obviously, the interplay between 
attention and language suggested by the current results should be further explored 
in future research, measuring attention more directly. Implicit methods with a high 
time resolution such as Event Related Potentials could provide valuable information 
into this matter. 
 Following the aforementioned reasoning, the results appear inconsistent with 
WCC and EPF theories. According to WCC theory (Frith, 1989; Happé, 1999; Happé 
& Frith, 2006), people with ASD have a so-called local cognitive style in which they 
prefer and are biased to processing low level information, whereas people without 
ASD have a global cognitive style in which they are biased towards high level 
information. EPF theory (Mottron & Burack, 2001; Mottron et al., 2006) states that 
ASD is characterized by overactivity of perceptual brain regions, which results in 
enhanced local processing abilities. Examining the assumptions of a local cognitive 
style or superior low level ability in light of the present dual-task experiment, one 
would expect the participants with ASD to (a) be more accurate at processing low 
levels of language than typical controls, and (b) be equally fast in low level processing 
in the dual level condition and the low level condition, regardless of high level task 
and performance. However, this was not the case. First of all, there were no differences 
between the participants with and without ASD in their accuracy of language 
processing (neither for low level nor for high level aspects of language), indicating 
that the perception of the people with ASD was not superior or inferior to that of the 
people without ASD. Even more importantly, the speed with which the participants 
with ASD processed language decreased in the dual level condition, indicating that 
their perception was sensitive to the (attentional) demands of the task. Hence, 
although the present findings support WCC’s and EPF’s assumptions of perceptual 
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processes being atypical in ASD, the results do not agree with the proposed low level 
preference or superiority as an explanation for this atypicality.
 Interestingly, although group sizes are small, a similar interaction between 
attention and language was observed for people with Autistic Disorder and Asperger’s 
Disorder. It was found that, although in the dual level condition participants with 
Asperger’s Disorder were faster than those with Autistic Disorder in processing low 
level and high level information, both groups showed the pattern of a general 
processing delay in the dual level condition in comparison with the single level 
conditions. This suggests that all participants with ASD used a similar attentional 
strategy during language processing, regardless of their specific diagnoses. The fact 
that participants with Asperger’s Disorder were faster suggests that they are more 
skilled in applying a compensatory strategy during language processing. It seems 
likely that their larger working memory capacity, as found in this study, has enabled 
them to become more proficient using attention strategically, resulting in better 
language performance on tests and in daily life than people with Autistic Disorder. 
Hence, the current clinical description of an absence of a general delay in language 
in Asperger’s Disorder (DSM-IV-TR, American Psychiatric Association, 2000) might 
merely indicate a more advanced use of a compensatory strategy, rather than a true 
absence of an atypical processing pattern as such. People with Asperger’s Disorder 
might simply be better able to set in a compensatory strategy; because of this, their 
atypical language processing style does not show up at the behavioral level. The 
current findings shed light on the ongoing debate on whether Autistic Disorder and 
Asperger’s Disorder are discrete disorders or represent different expressions of one 
underlying pathogenesis and are thus settled on the same continuum. The presence 
of a similar atypical interaction between attention and language for Autistic Disorder 
and Asperger’s Disorder confirms recent statements that both disorders share a 
common etiology and developmental neuropathology, with Asperger’s Disorder 
being a mild form of Autistic Disorder (Ritvo, Ritvo, Guthrie & Ritvo, 2008; Ghaziuddin, 
2010). The results therefore are supportive of the dimensional approach suggested 
for the DSM-V, rather than the currently used categorical one in DSM-IV-TR. In the 
dimensional approach, more dimensional measures and descriptions are 
incorporated in order to better close up with behavioral phenotypes and to go across 
current diagnostic boundaries (e.g., Kupfer, Regier & Kuhl, 2008). Accordingly, 
Autistic Disorder and Asperger’s Disorder are viewed as behavioral expressions of 
one underlying disorder, albeit with different symptom severities.
 The most important conclusion from the present study is that language 
atypicalities in people with ASD might not result from language (dis)abilities as such, 
but are more likely the result of a different interplay between attention and language. 
In line with recent neurocognitive perspectives, these findings emphasize the 
importance of focusing on language not as an independent competency, but as a 
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functional entity continuously interacting with other cognitive systems. Such an 
approach could provide relevant suggestions for future directions in the search for 
the nature of language processes in ASD.  
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Appendix A   Examples of Eight Different Sentence Structures With Varying Target 
Word Positions, for the Orthographic Errors and the Syntactic Errors.

Target 
word 
position

Condition Dutch sentence and translated sentence

2nd Orthographic error Peter wackt (wacht) bij de drukke bushalte in de stad.
Peter waitz (waits) at the crowded bus stop in the city.

Syntactic error Peter wachten (wacht) bij de drukke bushalte in de stad.
Peter wait (waits) at the crowded bus stop in the city.

3rd Orthographic error De hond bleft (blaft) naar de oude buurman.
The dog berks (barks) at the old neighbour.

Syntactic error De hond blaffen (blaft) naar de oude buurman.
The dog bark (barks) at the old neighbour.

4th Orthographic error Het ernstige ongeluk gedeurt (gebeurt) bij het kapotte 
stoplicht.
The serious accident happems (happens) at the broken 
traffic-light. 

Syntactic error Het ernstige ongeluk gebeuren (gebeurt) bij het kapotte 
stoplicht.
The serious accident happen (happens) at the broken 
traffic-light.

5th Orthographic error De enthousiaste duiker die zvemt (zwemt) met de 
studenten heeft ervaring.
The enthusiastic diver who swins (swims) with the students 
is experienced.

Syntactic error De enthousiaste duiker die zwemmen (zwemt) met de 
studenten heeft ervaring.
The enthusiastic diver who swim (swims) with the students 
is experienced.

6th Orthographic error Sarah pakt de bezem en veagt (veegt) de vloer.
Sarah takes the broom and sweaps (sweeps) the floor.

Syntactic error Sarah pakt de bezem en vegen (veegt) de vloer.
Sarah takes the broom and sweep (sweeps) the floor.

7th Orthographic error De man die met zijn collega’s afspreeht (afspreekt) komt 
altijd te laat.
The man who with his colleagues meefs (meets) is always 
too late.
 The man who meefs (meets) with his colleagues is always 
too late.

Syntactic error De man die met zijn collega’s afspreken (afspreekt) komt 
altijd te laat.
The man who with his colleagues meet (meets) is always 
too late.
The man who meet (meets) with his colleagues is always 
too late.
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Target 
word 
position

Condition Dutch sentence and translated sentence

8th Orthographic error De leraar die bij de kinderen zit praet (praat) over het 
huiswerk.
The teacher who with the children sits talhs (talks) about 
the homework.
The teacher who sits with the children talhs (talks) about 
the homework.

Syntactic error De leraar die bij de kinderen zit praten (praat) over het 
huiswerk.
The teacher who with the children sits talk (talks) about the 
homework.
The teacher who sits with the children talk (talk) about the 
homework.

9th Orthographic error De slimme auteur heeft een briljant idee en sckrijft (schrijft) 
een boek.
The intelligent author has a brilliant idea and writez (writes) 
a book.

Syntactic error De slimme auteur heeft een briljant idee en schrijven 
(schrijft) een boek.
The intelligent author has a brilliant idea and write (writes) 
a book.
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MONITORING IN LANGUAGE 

PERCEPTION IN HIGH-FUNCTIONING 
ADULTS WITH AUTISM SPECTRUM 

DISORDER: EVIDENCE FROM 
EVENT-RELATED POTENTIALS

ABSTRACT

Objectives Autism Spectrum Disorder (ASD) is characterized by impaired global 
language processing, whereas local language processing often appears intact. Recent 
psycholinguistic research suggests that the quality of language perception relies on 
monitoring, an aspect of executive control. The aim of the study was to examine 
monitoring in people with ASD of (a) local, orthographic violations, and (b) global, 
syntactic violations, when provided with single level versus dual level task instructions. 
Methods We recorded event-related potentials and compared P600 effects to the 
linguistic violations relative to correct words in 14 adults with ASD and 14 matched controls. 
Results In control participants, local errors elicited a monitoring response as tapped by 
the P600 effect in both conditions. For global errors, the P600 effect was present only at 
one centroposterior site in the single level condition, whereas in the dual level condition a 
broadly distributed effect was obtained. People with ASD, however, showed a monitoring 
response to local and global errors both in the single and dual level condition.
Conclusions The main ERP fi nding suggests that when instructed people with ASD 
monitor global aspects of language already under simple circumstances, whereas 
people without ASD mainly do so under more complex circumstances. 
Signifi cance Results suggest that language problems in ASD should not be studied in 
terms of a linguistic dysfunction as such, but in light of the use of executive resources 
during language comprehension. 

This chapter has been accepted for publication:
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perception in high-functioning adults with autism spectrum disorder: Evidence from event- 
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1. Introduction

Impairments in language and communication are among the key characteristics of 
Autism Spectrum Disorders (ASD) (DSM-IV-TR, American Psychiatric Association, 
2000). Individuals with ASD generally show difficulties processing higher-level 
aspects of language, e.g. aspects that require integration of verbal material for 
comprehension such as complex syntactic structures, semantics and pragmatics, 
resulting in impaired understanding of the meaning of language. On the other hand, 
lower-level processes often are found to be relatively spared or even enhanced 
compared to typical individuals (for an overview see Kelley, 2011). It is still unclear, 
however, what mechanisms underlie general findings of spared or even superior 
local processing abilities and impaired global processing. Recently, claims of 
involvement of executive control mechanisms in typical language processing have 
been made (for a review see Ye & Zhou, 2009). In line with this, in the present study it 
was examined how executive control, specifically monitoring, was employed by 
people with ASD during local and global language perception. To this aim, we used 
event-related potentials (ERPs), which, given their excellent temporal resolution, 
provide good insight in the time course of cognitive processes during language 
processing.

1.2 Local and global processing in ASD
Information processing in ASD often is described in terms of a detail-focused 
cognitive style, referring to a bias towards simple, low-level stimuli and local features, 
and an impaired ability to process global information (Frith, 1989; Happé, 1999; 
Happé & Frith, 2006). In language processing, such a local bias is said to lead to a 
stronger focus on individual linguistic features, supported by studies showing 
relatively strong literal-semantic performance on for  instance standardized 
vocabulary tests (Kjelgaard & Tager-Flusberg, 2001), and enhanced discrimination of 
isolated acoustic features of speech sounds, such as pitch (Heaton, Hudry, Ludlow 
& Hill; Jarvinen-Pasley, Wallace, Ramus, Happé & Heaton, 2008). Evidence for 
impaired global processing comes from studies revealing reduced use of context for 
comprehension. For instance, in a homograph task, participants with ASD appear 
less able to use sentence context to derive the appropriate pronunciation of the 
homograph (Frith & Snowling, 1983; Jolliffe & Baron-Cohen, 1999; Snowling & Frith, 
1986). Although the aforementioned results would suggest a clear-cut distinction 
between intact local and impaired global abilities, there is also evidence of people 
with ASD having difficulties at local language tasks that require more elaborate 
integrative processes. For instance, individuals with ASD are less likely than controls 
to be primed by semantically related words in a lexical decision task (Kamio, Kelley, 
Robins, Swainson & Fein, 2007), and tend to show reduced performance on speech 
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perception tasks in which multiple acoustic features need to be integrated (e.g., 
words; Alcantara, Weisblatt, Moore & Bolton, 2004). 
 Moreover, the ‘impairment’ in global processing observed in ASD appears to be 
sensitive to task demands and (attentional) instructions. For instance, when in a 
homograph task people with ASD are provided with explicit instructions to focus on 
sentence context, sentences can be processed for meaning (Snowling & Frith, 1986). 
In line with this, people with ASD show ‘typical’ processing speed of local, 
orthographic and global, syntactic information when instructed to focus their attention 
singly on one of them (Koolen, Vissers, Hendriks, Egger & Verhoeven, 2012). However, 
when attention needs to be focused on local and global information simultaneously, 
processing speed reduces for both levels of information. This overall processing 
delay suggests that these dual level task instructions have attentional costs for both 
local and global processing. 
 Taken together, the results on local and global processing are not straightfor-
ward in terms of intact or impaired processing abilities. Generally, the more linguistic 
input requires complex, integrative processes, the more people with ASD seem to 
experience difficulties processing the input. Moreover, the fact that local and global 
processing in ASD can be modulated by attentional instructions, gives rise to the idea 
that language problems in ASD should be studied in light of cognitive control 
operations, rather than in terms of linguistic functions as such. After all, the suggested 
local bias can be overcome and global processing can take place, but this needs 
specific instructions, suggesting that it may cost more effort for individuals with ASD. 
We propose that the general language processing pattern in ASD of increasing 
problems with increasing linguistic complexity could be explained in terms of 
increased use of executive control, specifically monitoring. We will explain this 
hypothesis based on the monitoring process observed in typical language function. 

1.3 Monitoring in language perception
Monitoring is one of several executive functions that are distinguished in the literature 
(Stuss & Knight, 2002). It is an aspect of executive control that evaluates the demands 
for control, and by evoking changes in control consequently, ensures the quality of 
our thoughts and behavior. According to monitoring theory of language perception, 
monitoring plays an important role in the optimization of language comprehension 
(for a review see Van de Meerendonk, Kolk, Chwilla & Vissers, 2009). In case of 
processing uncertainty resulting from for instance incorrect or complex linguistic 
input, a cognitive control process is needed to come to a correct interpretation and 
hence understanding of the input.
 The idea that the quality of language perception depends on cognitive control 
(monitoring) is based on ERP studies, which showed a so-called P600 effect to different 
types of (non)linguistic violations and complexities. The P600 is a late  positive-voltage 
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effect with a centro-posterior scalp distribution, starting approximately 600 milli- 
seconds after occurrence of conflicting input. The P600 was initially found to be 
elicited by various syntactic anomalies (e.,g., Friederici, 1995; Hagoort, Brown & 
Groothusen, 1993; Kaan, Harris, Gibson & Holcomb, 2000). Therefore, the component 
was thought to reflect syntactic reanalysis or repair processes (e.g., Friederici, 1995; 
Friederici, Mecklinger, Spencer, Steinhauer & Donchin, 2001). However, contrary to 
what would be expected based on a purely syntactic interpretation of the P600, the 
effect was also found to sentences that were syntactically correct and unambiguous 
but that contained semantic violations (e.g., Kolk, Chwilla, Van Herten & Oor, 2003; 
Kuperberg, Sitnikova, Caplan & Holcomb, 2003). In order to account for these 
nonsyntactic effects, Kuperberg (2007) proposed that the effect reflects (the 
consequences of) a clash between a prediction of the input based on evolving rep-
resentations and semantic memory and a representation of the input based on 
integration of the incoming word with the context based on rule-like constraints. This 
conflict between these two outputs would then result in reanalysis to obtain a new 
parse or a new set of thematic roles, reflected by the P600 effect. Although this 
framework can account for the P600 effects found in case of syntactic and semantic 
violations, an increasing number of studies also found the component to other 
violations. For instance, P600 effects have been observed at various linguistic (e.g., 
to orthographic violations, Vissers, Chwilla & Kolk, 2006) and nonlinguistic (e.g., to 
conceptual violations, Vissers, Kolk, Van de Meerendonk & Chwilla, 2008) levels. 
These findings cannot be explained in terms of syntactic or semantic reanalysis. Kolk 
et al. (2003) suggested that, instead, the P600 effect reflects a broader cognitive 
control process; monitoring. Monitoring theory is similar to the accounts described 
above in that all propose reanalysis of unexpected input. However, the accounts 
differ in their explanation of the function of this reanalysis. Whereas other accounts 
provide a linguistic explanation, monitoring theory implies a more general cognitive 
control process in terms of error monitoring, thereby accounting for repair processes 
in case of various linguistic and nonlinguistic violations that would otherwise interfere 
with comprehension.
 Monitoring theory in language perception is based on dual-route models of 
language comprehension. According to these models, the construction of sentence 
meaning occurs along two parallel routes; simple processing heuristics and 
systematic, compositional algorithms (e.g., Ferreira, 2003; Ferreira, Bailey & Ferraro, 
2002). Heuristics are mental shortcuts that are top-down; they rely on knowledge and 
expectations, providing a basis for the most plausible interpretation of the sentence. 
On the other hand, systematic algorithms involve a bottom-up analysis of the 
incoming information. It has been shown that the two routes – perceptual, bottom-up 
algorithms and expectancy based, top-down heuristics – run in parallel and are 
largely independent (e.g., Friederici, 1995; Van Herten, Chwilla & Kolk, 2006; Vissers, 
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Chwilla & Kolk, 2007). In most sentences, expectations and perception will provide 
similar thematic interpretations. In some cases, however, the parallel processing of 
heuristic-based and algorithmic-based sentence interpretations leads to conflicting 
outcomes. For instance, in the sentence ‘The cat that fled from the mouse ran through 
the room.’, the plausibility heuristic leads to the interpretation that ‘the mouse fled 
from the cat’, while the parser suggests that ‘the cat fled from the mouse’. According 
to monitoring theory, it is this conflict between the expected interpretation (heuristic 
outcome) and the perceived interpretation (parser outcome) that triggers a monitoring 
response (e.g., Kolk et al., 2003; Vissers et al., 2007). The monitoring response serves 
to reanalyze the input to check for possible processing errors, in order to optimize 
comprehension. 
 Importantly, monitoring theory implies that language perception does not 
proceed fully automatically, but is in need of executive control. The control process is 
highly efficient; it only becomes active when bottom-up information signals a conflict 
resulting from a strong violation of expectations. Whether expectations are violated, 
and hence whether monitoring occurs, can vary as a function of linguistic context, 
task instructions and individual differences. For instance, research has shown that 
the linguistic context can determine whether a certain word is strongly expected or 
not, and can influence whether a conflict and a reanalysis will occur (Van de 
Meerendonk, Indefrey, Chwilla & Kolk, 2011). Furthermore, P600 has been found to 
be modulated by task instructions. When participants are made aware of certain 
linguistic violations, P600 amplitudes have been found to decrease (e.g., Hahne & 
Friederici, 2002; Vissers et al., 2007), probably as a result of reduced expectancy 
violations and hence reduced conflict strength (Vissers et al., 2007). Moreover, 
research has shown individual differences in sensitivity to linguistic cues (Osterhout, 
1997), and thus probably also in the cognitive control elicited by those cues. 
Altogether, monitoring framework states that the quality of our perception is 
dependent upon cognitive control processes, of which the activation can differ 
across linguistic situations and individuals. It therefore can provide a valuable 
perspective on the language impairments observed in ASD. 

1.4 Monitoring and language perception in ASD
It is possible that the atypical local-global language processing pattern in ASD is 
related to atypical monitoring processes. For instance, in the homograph task, 
people with ASD need explicit instructions to take into account the sentence context 
when pronouncing the homograph (Snowling & Frith, 1986). Without instructions, 
they tend to provide a pronunciation based on the most common interpretation of the 
word, even when the sentence context requires a pronunciation based on a more rare 
interpretation (e.g., Jolliffe & Baron-Cohen, 1999; Snowling & Frith, 1986). This 
suggests that, without instructions, individuals with ASD tend not to monitor their 
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linguistic interpretations, and adopt a more word by word language processing 
strategy. In line with this, for individuals with ASD the task to simultaneously detect 
local, orthographic errors and more global, syntactic errors appears to cost more 
attention than for healthy controls (Koolen et al., 2012), and thus probably requires 
more elaborate monitoring processes. Moreover, recent research showed that 
adolescents with ASD do in fact activate world knowledge primed by implicit 
inferences automatically (Saldana & Frith, 2007). This indicates that comprehension 
problems at an explicit level might be due to poor integration of this knowledge with 
the linguistic context, a process that requires monitoring, rather than to the activation 
of higher-level information as such. 
 To sum up, on the one hand, people with ASD are able to activate world knowledge, 
at least at an implicit level, which suggests that they can build up expectations about 
incoming linguistic input. On the other hand, the fact that without explicit instructions 
they tend to rely mostly on linguistic input, suggests that they are less inclined to 
allocate extra attention in case of processing difficulties based on expectations and 
world knowledge. This raises the question whether the differences in local and global 
processing between ASD and healthy individuals are related to differences in underlying 
monitoring processes. Given the crucial role of monitoring in the optimization of 
language perception, problems with monitoring will hinder the understanding of 
language, and could lead to a word by word processing strategy. 
 In the present study we examined local and global language processing in 
individuals with and without ASD in light of monitoring of language perception. For 
this, we measured ERPs during the dual-task experiment mentioned above (Koolen 
et al., 2012). P600 effects in response to local, orthographic as well as global, 
syntactic errors were measured under single level attentional instructions (focus 
either on orthographic or on syntactic errors), and dual level attentional instructions 
(focus both on orthographic and syntactic errors). The aim of the study was twofold, 
namely, first, to map the inclination to monitor triggered by locally incorrect linguistic 
input, and compare monitoring processes in a simple, single level task to those in a 
more complex, dual level task, and second, to map the inclination to monitor elicited 
by globally incorrect linguistic input, and compare the effect of task demands on the 
monitoring process. Hence, it was intended to explore whether people with ASD, 
compared to healthy individuals, are able to monitor language input, and if yes, how 
they deal with local as well as global information under attentionally demanding task 
instructions, compared with more simple situations.
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2. Methods

2.1 Participants
Sixteen male patients with Autistic Disorder or Asperger’s Disorder participated in the 
study, of whom 14 were included in the final analysis. Two participants with ASD were 
excluded because of low signal quality. Furthermore, 14 male control participants 
were tested and included in the study. All participants were native Dutch speakers, 
and had normal or corrected to normal vision. Patients with ASD were selected for 
their diagnosis by a clinical psychologist or psychiatrist based on DSM-IV criteria. 
Exclusion criteria were diagnoses of Pervasive Developmental Disorder Not Otherwise 
Specified and severe co-morbid psychiatric disorders, and reading disabilities. 
Diagnoses were verified with the Autism Diagnostic Observation Schedule (ADOS, 
fourth module) (Lord, Rutter, DiLavore & Risi, 1999), which was administered by a 
licensed health psychologist. All patients met the ADOS-criteria for autism spectrum 
(M = 10.6, range = 7-18). 
 The ASD and control group were matched on age, intelligence and working 
memory (Table 1). Performance intelligence was measured with the Raven Standard 
Progressive Matrices. Verbal intelligence was measured with the Dutch version of the 
National Adult Reading Test (NART), which is a word reading test that consists of 
words that are irregular in their grapheme-phoneme correspondences and can thus 
only be pronounced correctly if known by the subject. The test was originally designed 
to estimate premorbid level of reading ability in people with brain damage, but has 
been shown to be a reliable and valid estimate of verbal intelligence in healthy 
controls as well (e.g., Bright, Jaldow & Kopelman, 2002; Schmand, Lindeboom & Van 
Harskamp, 1992). Working memory capacity was measured with the Letter-number 
sequencing test (subtest of the Wechsler Adult Intelligence Scale III). Groups did not 
differ significantly on age (p = .93), performance intelligence (p = .52), verbal intelligence 
(p = .39), and working memory (p = .95). 

2.2 Design
As described earlier, we used a dual-task experiment that was developed in a 
previous study by Koolen et al. (2012). The task was designed such that monitoring 
responses could be measured during the processing of different language levels. It 
included three conditions with varying attentional instructions, to which all participants 
were exposed. In the local condition, the participants were told that sentences would 
be presented, some of which contained orthographic errors. Participants were thus 
required to process the sentences at a low, detailed level. In the global condition, the 
participants were explained that there would be syntactic errors in the sentences. 
This required participants to process the words in relation to each other. In the dual 
level condition, participants were told that they could encounter both orthographic 
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and syntactic errors. As a result, there were two factors related to the two research 
questions (orthography for local processing and syntax for global processing), both 
consisting of two levels (single level versus dual level). Group (ASD versus control) 
was the between-subjects factor. 

2.3 Materials
The task consisted of a set of 256 Dutch sentences. The sentences were developed 
such that polysemous words, homonyms, nonliteral and figurative language were 
avoided as much as possible and that no or only minimal social representations were 
required. Word frequency of the nouns and verbs was checked with the Frequentielijst  
by Schrooten and Vermeer (1994), according to a frequency criterion of > 3. Each 
sentence was represented by four variants: an experimental sentence with an 
orthographic error, an experimental sentence with a syntactic error and two control 
sentences. Both the orthographic and the syntactic errors always occurred at the 
verb position. Orthographic were represented by typing errors, where one letter of the 
verb had been replaced by an incorrect letter:
 ‘The dog berks (barks) at the old neighbour.’
Syntactic errors were reflected by subject-verb agreement violations, which are 
characterized by an inconsistency in the number of the subject and the number of the 
verb:
 ‘Sarah takes the broom and sweep (sweeps) the floor.’
For prevention of expectancy effects with respect to the position of the critical word, 
eight different sentence structures were developed, in which the critical word position 
varied from the second to the ninth word position (see Appendix A). None of the 
critical verbs were sentence-final words, to prevent sentence wrap-up effects from 
distorting the data. The different sentence structures were represented equally in 
each condition.
 In order to ensure that each sentence could appear in every form (although to 
different participants), the four variants of each sentence were assigned to four 

Table 1   Means and standard deviations for age, performance intelligence, verbal 
intelligence and working memory capacity for the ASD group and the 
control group.

Age Performance 
IQ

Verbal 
IQ

WM 
capacity

M SD M SD M SD M SD

ASD group total (n = 14) 32.7 12.4 124.2 8.7 100.4 6.7 11.3 3.2

Control group (n = 14) 33.1 7.5 122.1 8.0 103.5 11.5 11.4 3.0
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different lists. Each list consisted of 256 sentences, divided in to four blocks of 64 
sentences each. One block represented the low level condition (32 experimental 
sentences with orthographic error, 32 control sentences), one represented the high 
level condition (32 experimental sentences with syntactic errors, 32 control sentences), 
and two represented the dual level condition (16 experimental sentences with 
orthographic error, 16 experimental sentences with syntactic error, 32 control 
sentences per block). 

2.4 Procedure
Prior to the onset of the study, approval was obtained from the Medical Ethical 
Committee. All participants gave informed consent. Participants were seated in an 
enclosed room. Sentences were presented in a rapid serial visual presentation mode, 
centered at a PC monitor. Participants were asked to read the sentences to 
themselves, and were instructed not to mouth the words or read the sentences aloud 
as this would distort the EEG signal. Because eye movements distort the EEG 
recording, participants were instructed and trained to make eye movements (i.e., 
blinks) in the inter-trials intervals only. No behavioral measures were recorded, to 
prevent the EEG recording from being affected by motor artifacts. Word duration was 
300 ms, the stimulus-onset asynchrony was 500 ms. Words were presented in black 
letters on a white background, at a viewing distance of approximately 1 meter. Each 
sentence was preceded by a fixation cross which was followed by a blank screen 
(duration 300 and 200 ms respectively). Sentence final words were marked by a 
period, and followed by an inter-trial interval of 2000 ms.  Given the rapid serial visual 
presentation method and the short stimulus onset asynchrony, there is the risk of 
contamination of ERPs elicited by the critical words by ERPs to preceding or 
subsequent words. Although reducing the presentation rates would remove the 
problem of possible component overlap, demands on working memory would be too 
high for longer sentences. This form of component overlap is a common problem in 
language-related ERP research, generally assumed to be reasonably reduced by 
randomizing and counterbalancing stimulus lists (Handy, 2005). Therefore, in the 
present study for each type of experimental sentence, a control sentence with the 
same structure was included, ensuring that experimental and control trial types would 
contain approximately the same overlap, aiming to minimize possible distortion of 
target word ERPs. 
 The four blocks (duration 8.5 minutes per block) were separated by breaks of 2 
minutes. A block was preceded by both oral and written instructions, and six example 
trials to familiarize the participants with presentation mode. Sentences were randomly 
presented within blocks. The order of the blocks was counterbalanced across 
participants, with dual level blocks always being presented consecutively, in order to 
simplify task instructions. The total duration of the experiment was 40-45 minutes. 
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2.5 EEG recording
EEG was recorded with 32 electrode sites using an actiCAP (Brain Products) with 
active Ag/AgCl-electrodes. Recordings were referenced to the right mastoid. A 
mastoid recording reference has been used extensively in EEG/ERP research. 
Previous studies on monitoring in language perception on which the present study is 
based, have used the right mastoid as the recording reference (e.g., Vissers et al., 
2008; Van de Meerendonk, Kolk, Vissers and Chwilla, 2010). For purpose of 
comparison of the present ERP-patterns with the P600 component typically found in 
studies on monitoring in language perception, we have chosen to match the settings 
of our EEG recordings with those used in previous studies, and have therefore used 
the right mastoid as the recording reference. Four electrodes (Fc1, Fc2, Cp1, Cp2) 
were used to record the electro-oculogram (EOG) bipolarly. Vertical EOG was 
recorded by placing an electrode above and below the left eye, and horizontal EOG 
was recorded via a left-to-right canthal montage. Signals were amplified (time 
constant = 10 s, bandpass = 0.02-30 Hz) and digitized online at 250 Hz.  Electrode 
impedance was less than 5 kΩ.  EEG and EOG recordings were examined for artifacts 
and for excessive EOG amplitude (> 100 μV) from 100 ms before the onset of a 
critical word to 1000 ms after its onset. Contaminated trials were removed and 
averages were aligned to a baseline period of 100 ms preceding the onset of the 
critical word. 

2.6 Data analysis
Analyses were conducted per error type per condition on the mean amplitudes of 
ERPs evoked by the critical words in the time window of 600-900 ms to capture P600 
effects. The choice for this time window was based on prior research, in which the 
P600 component is analyzed most often within a 600-800/900 ms time window (e.g., 
Vissers et al., 2010; Pijnacker, Geurts, Van Lambalgen, Buitelaar & Hagoort, 2010). 
Visual inspection confirmed that within this time frame, effects were strongest across 
language levels. Previous studies have associated monitoring in language perception 
with a (centro)parietal P600 effect that starts around 500-600 ms after stimulus onset, 
extending up to at least 800 ms (for a review paper on P600 and monitoring, see Van 
de Meerendonk et al., 2009). Based on visual inspection, we identified a clear 
positive-going effect within this particular time window and over scalp regions at 
which the P600 component was shown in prior literature. It must be noted that for the 
orthographic errors, time windows of the effects appear to be wider than for the 
syntactic errors, the first starting around 400/450 ms after onset of the critical word, 
the latter starting around 550/600 ms after stimulus onset (see Figures 1-4). Hence, 
latencies of the effects seemed to differ for the levels of linguistic input (and also 
seemed to vary somewhat across conditions and groups). Nevertheless, for 
consistency within the paper and for comparison with previous research, it was 
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decided to follow up on previous P600 studies, using the standard 600-900 ms 
window both for the orthographic and for the syntactic errors.
 The ERP data in the 600-900 time window were analyzed for the two research 
questions (local processing and global processing) separately. For each research 
question, a mixed repeated measures ANOVA was conducted for midline and lateral 
electrodes separately, with correctness (correct versus incorrect) and condition 
(single level versus dual level) as the within-subjects factors, and group (ASD group 
versus control group) as the between-subjects factor. For the midline analyses, the 
additional factor was site (Fz, Cz, Pz, Oz). For the lateral analyses, we used a region 
of interest (ROI: anterior versus posterior) by hemisphere (left versus right) by site 
(Fp1, F7, F3, Fc5, T7 versus Fp2, F8, F4, Fc6, T8 versus Cp5, P7, P3, PO9, O1 versus 
Cp6, P8, P4, PO10, O2) design. Our choice for these averages of electrodes was 
based on prior research, confirmed by visual inspection. In previous studies, a P600 
effect to linguistic violations was found mainly over (right) posterior electrode sites 
(see for instance Vissers et al., 2007; Vissers et al., 2008 for late positivities in typical 
participants; see for instance Pijnacker et al., 2010 for late positivities in ASD 
participants). Visual inspection revealed a similar topographical distribution of the 
P600 effect. Moreover, an additional (left lateralized) anterior negative effect was 
observed (see Results section). In the present study, an analysis based on quadrants 
was chosen, a decision that was based on the (right lateralized) centroparietal 
distribution of the P600 effect in previous studies, which was confirmed visually by a 
similar topographical pattern in the present data, as well as an additional left 
(lateralized) effect, to be able to capture (topographically different) effects and 
thereby to account for component overlap. 
 In case of a relevant interaction of correctness (P600 amplitude) and group with 
condition, ROI and/or hemisphere, simple effects analyses were performed to 
examine possible P600 effects per level of the independent variable(s) involved in the 
significant interaction. For a more precise description on this procedure, see for 
instance Howell and Larcroix (2012) and Maxwell and Delaney (2004). Only in case of 
a significant interaction of correctness with site, which indicated differences in P600 
amplitude across electrodes, single site analyses were performed. In deciding 
whether or not a particular effect was significant, we used a standard significance 
level of α = 0.05. In all results reported, the Greenhouse-Geisser correction was 
applied when assumptions of sphericity were violated. In these cases, corrected 
degrees of freedom and probability levels are reported. In the simple effects analyses, 
differences in error variances across groups were accounted for by conducting the 
analyses on the mean error variance instead of on the pooled error variance (Maxwell 
& Delaney, 2004). In addition to the P600 time window, we checked for possible 
interactions of correctness, condition and group at earlier stages of processing. We 
performed additional analyses for the P1 and N1 components, which are generally 



 Monitoring in language perception in ASD | 61

assumed to reflect early perceptual and attentional processes, respectively (Mangun, 
1995). The P1 was measured in the standard 75-125 ms time window, the N1 was 
measured in the standard 175-225 ms time window.  

3. Results

We examined differences in electrophysiological response patterns between ASD 
and control participants as a function of I) local processing of orthographically 
incorrect verbs, and II) global processing of syntactically incorrect verbs, both under 
single and dual level conditions. The results of the tasks are described per research 
question, in separate sections (section 3.1 and 3.2, respectively). 

3.1 Research question 1: Local processing
3.1.1 Visual inspection ERP components
Figures 1 and 2 show the grand average ERPs time-locked to the onsets of the critical 
verbs in single and dual level conditions of the ASD and control group respectively. 
As can be seen in these figures, both the ASD and the control group showed a slow 
positive shift starting about 450 ms after presentation of the critical words, extending 
up to 1000 ms, which was largest at centroparietal and parietal sites. Notably, a 
concurrent sustained anterior negativity was observed, although starting somewhat 
later around 600 ms and lasting up to 1000 ms.

3.1.2 Statistical analysis of orthographic errors in P600 window (600-900 ms) 
The mean percentages of rejected trials based on artifacts were 9.1% and 11.5% in 
the single level condition and 14.9% and 11.7% in the dual level condition, for the ASD 
group and the control group, respectively. 
 The midline analysis showed a main effect of correctness (F(1,26) = 34.01, p < 
.001), indicating that overall mean amplitudes were more positive for orthographical-
ly incorrect sentences than for orthographically correct sentences. There were no 
significant interactions between correctness and group and between correctness 
and condition (p’s > .05). However, a significant correctness by site interaction was 
observed (F(1.87,48.53) = 18.76, p < .001). Follow-up single site analyses revealed 
larger P600 amplitudes for orthographically incorrect words at Cz, Pz and Oz in 
single as well as dual level conditions, and a negative shift at Fz in the dual level 
condition (p’s < .05). 
 Lateral analysis showed a significant main effect of correctness (F(1,26) = 20.86, 
p < .001). More important for our study, however, was the significant four-way 
interaction of correctness by group by condition by site (F(4,104) = 2.79, p = .03). 
Therefore, the effects of correctness were examined per level of group and condition 
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in four simple effects analyses. For ease of readability, exact statistical values of all 
subsequent simple effects analyses are presented in Table 2. In line with the pattern 
of posterior positivity with concurrent anterior negativity observed from the grand 
average waveforms (see 3.1.1.), at all levels of the independent variables a significant 
three-way interaction of correctness by ROI by site was found, suggesting amplitude 
differences at anterior and posterior sites. Therefore, the simple effects analyses per 
group per condition were conducted separately for posterior and anterior sites. 
3.1.2.1 Posterior positivity (P600). At posterior sites, the ASD group showed 
significant correctness by site interactions both in the single and dual level condition. 
Follow-up single site analyses indicated a positive shift to orthographically incorrect 
verbs as compared to orthographically correct verbs at (centro)parietal and occipital 
sites in the single level condition (Cp6, P3, P4, O1, p’s < .05), and at similarly located 
but even more sites in the dual level condition (Cp5, Cp6, P3, P4, O1, O2, p’s < .05). 
Analyses at posterior sites for the control group also showed significant correctness 
by site interactions in the single and dual level conditions. Single site analyses 
indicated larger P600 amplitudes to orthographically incorrect verbs than to or-
thographically correct verbs at (centro)parietal and occipital sites (Cp5, Cp6, P3, P4, 
p’s < .05) in the single level condition, and at similarly located but even more sites in 
the dual level condition (Cp5, Cp6, P3, P4, O1, p’s < .05). 
3.1.2.2 Sustained anterior negativity (SAN). Both for the ASD and the control 
group, simple effects analyses at anterior electrodes for the single level condition 
showed a correctness by hemisphere interaction. When examining the effects of 
correctness (per group per condition) for the left and right hemisphere separately, a 
significantly larger negativity was found at left anterior electrodes for orthographical-
ly incorrect words than for correct words, but not at right anterior sites (p’s > .05). In 
the dual level condition, however, differences between ASD and control participants 
were found. ASD participants showed a bilateral anterior negativity, whereas control 
participants showed a correctness by hemisphere interaction. Subsequent 
correctness by site interactions at left anterior electrodes and right anterior electrodes 
indicated negativity at FP1 and F7 (p’s < .05), but positivity at T8 (p < .05). 

3.1.3 Summary local processing
To sum up, in response to orthographic errors, both the ASD and the control group 
showed a bilateral P600 effect over seven (centro)parietal sites in the single level 
condition, and an even more widely distributed P600 effect over nine (centro)parietal 
and occipital sites in the dual level condition. Furthermore, a left lateralized SAN was 
found in the single level condition for both groups. In the dual level condition, however, 
differences between groups were found, with the ASD participants demonstrating a 
bilateral SAN, whereas control participants showed a SAN at three sites only.
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Figure 1  Topographical distributions of the mean amplitude differences between the ERPs in 
the P600 time window and grand average ERPs (F3, F4, P3, P4) of the ASD group for the ortho-
graphically correct (black lines) and orthographically incorrect (grey lines) words in the single level 
and dual level condition. Grand averages are time-locked to the onset of the critical word, and 
superimposed for two levels of correctness, negativity is plotted upwards. The P600 time windows 
are indicated by the rectangles, early components (P1 and N1) are indicated by the circles.

Dual level 

Single level 
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Figure 2  Topographical distributions of the mean amplitude differences between the ERPs in  
the P600 time window and grand average ERPs (F3, F4, P3, P4) of the control group for the ortho-
graphically correct (black lines) and orthographically incorrect (grey lines) words in the single level 
and dual level condition. Grand averages are time-locked to the onset of the critical word, and 
superimposed for two levels of correctness, negativity is plotted upwards. The P600 time windows 
are indicated by the rectangles, early components (P1 and N1) are indicated by the circles.

Dual level 

Single level 
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3.2 Research question 2: Global processing
3.2.1 Visual inspection ERP components
Figures 3 and 4 show the grand average ERPs time-locked to the onsets of the critical 
verbs in single and dual level conditions of the ASD and control group respectively. As 
can be observed in these figures, as for the orthographically incorrect verbs, the ASD 
group showed a slow positive shift after presentation of the syntactically incorrect verbs 
both in the single and the dual level condition, although starting somewhat later at 
about 550-600 ms and lasting up to 1000 ms. For the control group, this positivity was 
observed only in the dual level condition. Furthermore, again, a concurrent sustained 
anterior negative shift was observed from 650 ms onwards extending up to 1000 ms. 

3.2.2 Statistical analysis of syntactic errors in P600 window (600-900 ms) 
The mean percentages of rejected trials based on artifacts were 10.2% and 12.7% in 
the single level condition and 14.9% and 13.3% in the dual level condition, for the ASD 
group and the control group, respectively. 
 The midline analysis showed a main effect of correctness, (F(1,26) = 13.94, p < 
.001), indicating that overall mean amplitudes were more positive for syntactically 
incorrect sentences than for syntactically correct sentences. There were no significant 
interactions between correctness and group, nor between correctness and condition 
(p’s > .05). However, a significant correctness by site interaction was observed 
(F(2.17,56.52) = 7.97, p = .001). Follow-up single site analyses revealed larger P600 
amplitudes for syntactically incorrect verbs at Pz in the single level condition, and at 
Pz and Oz in the dual level condition, both for participants with autism and for control 
participants (p’s < .05).
 For lateral sites, no main effect of correctness was found (p > .05). However, 
more important for our purposes, was the significant three-way interaction of 
correctness by group by hemisphere (F(1,26) = 4.28, p = .05), and a marginally 
significant four-way interaction of correctness by group by hemisphere by ROI (F(1,26) 
= 3.92, p = .06). This suggests that, when presented with global errors, the presence 
of a P600 effect in the two groups seemed to differ across the locations (quadrants) 
at the scalp. Based on these interactions, simple effects analyses were performed to 
examine the effect of correctness per quadrant for the ASD and control group 
separately. For ease of readability, the exact statistical values of the significant simple 
effects are presented in Table 3. Results again are presented for posterior and anterior 
electrodes separately.
3.2.2.1 Posterior positivity (P600). At left posterior sites, a correctness by site 
interaction was found for the ASD group.  Single site analyses showed a significant 
positivity for syntactically incorrect words as compared with correct words at P3 (p < 
.05). For the control group, however, there was no P600 at left posterior sites as a 
function of syntactic correctness of the sentences (p > .05), nor as a function of 
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correctness by condition (p > .05). At right posterior sites, ASD participants showed an 
overall larger positivity for syntactically incorrect words than for correct words across 
conditions. For control participants, however, a significant three-way interaction of 
correctness by condition by site was found. Subsequent simple effects analyses per 
condition revealed that there were no significant effects of correctness in the single 
level condition (p’s > .05). In the dual level condition, however, the controls showed a 
correctness by site interaction at right posterior sites. Single site analyses showed a 
positive shift for syntactically incorrect verbs as compared with correct verbs at Cp6 
and P4 (p’s < .05) (a trend was observed for O2, p = 0.08, and for P8, p = 0.09). 
3.2.2.2 Sustained anterior negativity (SAN). Both the ASD and the control group 
showed a significantly larger negativity at left anterior electrodes for syntactically 
incorrect words than for correct words, but not at right anterior sites (p’s > .05). No 
interactions with condition were found (p’s > .05), indicating that these results did not 
differ as a function of the condition (single versus dual level) under which the 
sentences were presented. 

3.2.3 Summary global processing
To summarize, P600 effects were generally stronger over right posterior than over left 
posterior sites. In response to syntactic errors, people with ASD showed a P600 
effect over seven (centro)parietal and occipital sites in the single level condition, and 
over eight sites in the dual level condition. The control group showed a broadly 
distributed P600 effect in the dual level condition; in the single level condition the 
P600 effect was strongly reduced and found only at Pz.  A left lateralized SAN was 
observed for both the ASD and the control group in the single as well as the dual level 
condition. 

3.3 Results for early components
In addition to the late components that were the focus of this study, possible 
between-group differences in early perceptual processes were examined in the 
standard P1 (75-125 ms) and N1 (175-225) time windows. Both for local, orthographic 
violations and for global, syntactic violations, no main effects of correctness, condition 
or group were found at midline or lateral sites (all p’s > .05) in the P1 time window. 
Moreover, no interactions of correctness, condition, hemisphere or ROI with group 
were found that could have pointed at differences in early perceptual processes 
between ASD and control participants2. 

2 In some studies, a later P1 time window is chosen, from 125-175 ms poststimulus onset (see for instance 
Vissers et al., 2010). Therefore, we performed analyses on the effects of orthographic and syntactic 
violations in this time window as well. Results did not differ from those in the 75-125 ms time frame; no 
significant main effects or interaction effects of correctness, condition, hemisphere or group were found. 
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Figure 3  Topographical distributions of the mean amplitude differences between the ERPs in the 
P600 time window and grand average ERPs (F3, F4, P3, P4) of the ASD group for the syntactically 
correct (black lines) and syntactically incorrect (grey lines) words in the single level and dual level 
condition. Grand averages are time-locked to the onset of the critical word, and superimposed for 
two levels of correctness, negativity is plotted upwards. The P600 time windows are indicated by the 
rectangles, early components (P1 and N1) are indicated by the circles.

Dual level 

Single level 
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Figure 4  Topographical distributions of the mean amplitude differences between the ERPs in the 
P600 time window and grand average ERPs (F3, F4, P3, P4) of the control group for the syntactically 
correct (black lines) and syntactically incorrect (grey lines) words in the single level and dual level 
condition. Grand averages are time-locked to the onset of the critical word, and superimposed for 
two levels of correctness, negativity is plotted upwards. The P600 time windows are indicated by the 
rectangles, early components (P1 and N1) are indicated by the circles.

Single level 

Dual level 
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 In the N1 time window, we did not find any main effects of correctness, condition 
or group or interaction effects with group for the orthographic violations, neither at 
midline nor at lateral sites. For the syntactic violations, we did not find any significant 
main or interaction effects at midline sites. We did, however, find a significant four-way 
interaction of correctness by condition by hemisphere by group at lateral sites (F 
(1,26) =8.89, p = .006). Follow-up simple effects analyses showed a positivity to 
syntactic violations in the single level condition for the control group at left anterior 
sites, a positivity in the dual level condition for the ASD group over the left hemisphere, 
and a negativity in the dual level condition for both control and ASD participants, over 
the left or right hemisphere, respectively (all p’s < .05). 

4. Discussion

Recent research suggests that the language problems in autism – impaired global 
with intact local processing abilities – might reflect atypical cognitive control 
processes during language perception, rather than a linguistic dysfunction as such 
(e.g., Koolen et al., 2012). Given recent evidence of the important role of higher-order 
processes of cognitive control and monitoring in the optimization of language 
perception (for a review see Ye & Zhou, 2009), we studied language perception 
capacities in ASD in light of these monitoring processes. We explored whether people 
with ASD are able to monitor an unexpected linguistic event at the local or at the 
global level, and whether the inclination to monitor differs under complex attentional 
task demands compared with simple task demands. ERPs were recorded while 
participants with and without ASD read sentences with errors on local, global or both 
levels of language.  
 Our main focus was on the P600 component, which has been shown to be 
sensitive to monitoring processes. According to monitoring theory of language 
perception, a mismatch between an expected linguistic representation and a 
perceived linguistic representation triggers reanalysis. The monitoring response 
allows the brain to reattend to the linguistic input to check for possible processing 
errors, with the aim of optimizing language comprehension (Vissers et al., 2008). In 
psycholinguistics, P600 effects have been reported before in relation to conflicting 
linguistic input on local levels such as orthographic violations (Vissers et al., 2006), 
as well as on global levels such as syntactic violations (e.g., Hagoort et al., 1993) and 
semantic violations (e.g., Kolk et al., 2003). Altogether, the P600 has been found to be 
triggered in cases of conflict and conflict resolution, and therefore is said to be an 
index of language monitoring, an aspect of executive control.
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4.1 Local processing
The first aim was to map the electrophysiological activity triggered by locally incorrect 
linguistic input, and compare this activity in a single level attentional task to that in a 
dual level attentional task. Results showed that when instructed to focus attention on 
local (orthographic) linguistic errors (single level), as well as when instructed to focus 
attention not only on local errors but also on global (syntactic) errors (dual level), both 
controls and people with ASD show significantly larger P600 amplitudes for words 
containing an orthographic error, than for correct words. These effects were observed 
mainly over (centro)parietal electrode sites in the single level condition, and over 
(centro)parietal and occipital sites in the dual level condition3. 
 When interpreting these results in terms of monitoring processes, it seems that 
both control and ASD participants show a monitoring response when presented with 
orthographic violations, as tapped by the P600. The orthographic violations likely 
resulted in a mismatch between the orthographically correct representation of the 
word stored in memory, and the orthographically incorrect representation perceived 
in the task. Even though the participants were made aware of the presence of 
orthographic violations in the sentences, the perception was unpredictable and 
probably elicited a conflict. Subsequently, a monitoring response was triggered in the 
single ánd dual level condition, in all participants.

4.2 Global processing
The second aim of this study was to map the electrophysiological activity triggered 
by globally incorrect linguistic input, and compare this activity in a single level 
attentional task to that in a dual level attentional task. For control participants, in the 
single level condition a significant P600 effect was observed only at one centropos-
terior site. In the dual level condition, a P600 effect was present after syntactically 
incorrect verbs at (centro) parietal sites and one occipital site. For ASD participants, 
however, significantly larger P600 amplitudes were found for syntactically incorrect 
words than for syntactically correct words over posterior electrodes, both in the single 
and in the dual level condition. 
 Interpreting the P600 in terms of monitoring processes, it seems that, when 
instructed to focus explicitly on syntactic errors, people with ASD monitor their 
language perception both under single level and dual level attentional demands. For 
control participants, monitoring in response to syntactic violations was triggered in 
the dual level condition; in the single level condition the monitoring response was 

3  Although we did not measure behavioral responses, we can conclude from the ERP results that 
participants noticed the linguistic errors presented during the experiment. A P600 effect only occurs 
when a conflict arises between what one expects to read and what is actually perceived (Van de 
Meerendonk et al., 2009). The findings of a P600 effect to the orthographic and syntactic errors 
indicate that participants noticed the mistakes in the sentences and were paying attention to the task.
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strongly reduced, shown by the presence of the P600 at only one site. The latter 
finding is in line with previous research that showed that when people are made 
aware of specific errors in sentences, the typical monitoring response largely 
disappears, as reflected by a less broadly distributed P600 effect. That is, against the 
background of the instructions, conflicts between expected and perceived sentence 
representations reduce; after all, grammatical errors are expected. The reduction of 
conflict between representations diminishes the urge to monitor after syntactic 
violations, reflected in a reduced P600 effect (Vissers et al., 2007). In the present 
study, for typical individuals, the instruction about the syntactic errors also seems to 
have resulted in a reduced mismatch between the expected and perceived word 
representations, and subsequently a reduced inclination to reattend to the linguistic 
input in the single level condition. That is, the P600 effect being found only at one site 
suggests that, although the control operation to check for processing errors was 
active to some extent, the control system was recruited to a lesser degree than in the 
dual level condition. When task complexity increased (dual level task), and thus more 
cognitive control operations were needed for optimal language perception, a stronger 
monitoring response to syntactic violations was observed, reflected by a more 
broadly distributed P600 effect. For people with ASD, however, the tendency to 
monitor syntactic violations did not vary as a function of task complexity, and was 
observed in both conditions.

4.3 Sustained Anterior Negativity
A short note should be made on the sustained anterior negativity observed. The 
effect was found in response to local as well as global violations for all participants. 
The effect clearly differed from a variety of earlier and short-lived left anterior 
negativities and from a standard N400 at least in terms of duration, starting only after 
600 ms and extending up to 1000 ms. Instead, the sustained anterior negativity 
observed in this experiment seems similar to that found in language tasks that impose 
high load on working memory, such as in cases of referential ambiguity (Van Berkum, 
Brown, Hagoort & Zwitserlood, 2003) and difficult thematic role assignment such as 
object relative clauses (King & Kutas, 1995; Müller, King & Kutas, 1997). Following 
these findings, the sustained anterior negativity observed in the present study may 
reflect increased working memory load. The findings could be related to the task 
instructions. Participants were aware of the fact that they could encounter errors, 
possibly stimulating them to actively build up sentences and predict violations, 
thereby putting increased demands on working memory. Interestingly, whereas in the 
single level condition the P600 to the syntactic violations was found to be strongly 
reduced for control participants, a sustained anterior negativity was elicited. This may 
imply that control participants were building up sentence representations and were 
predicting violations; working memory capacity was thus used, but the perception of 
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the violations was not monitored, probably because of reduced conflict strength due 
to the instructions. This suggests that different executive processes are going on 
during language perception independently from each other, which can be mapped 
differentially using ERP research. Given that we did not manipulate our experimental 
materials in light of working memory predictions, these interpretations remain 
speculative and no firm conclusions must be drawn. However, it would be interesting 
to include measures on sustained anterior negativity in future research, to differentiate 
subprocesses of cognitive control in language comprehension. 
 Moreover, the presence of the SAN brings into mind the problem of possible 
overlapping components elicited by the target words. That is, the anterior negativity 
could have counteracted or masked the positive shift of the P600 component. In that 
case, findings of reduced P600 effects could have been explained by the obscuring 
effect of the SAN. For instance, the finding of the strongly reduced P600 effect in the 
syntactic single level condition for control participants described in the previous 
paragraph, could theoretically be due to the fact that there was a concurrent anterior 
negative effect that masked the posterior positivity. When examining the data, 
however, this seems unlikely, given that in the dual level condition a SAN was found 
similar to the one found in the single level condition, while a P600 was also present. 
Moreover, ASD participants showed a SAN and a P600 to syntactic errors in the 
single level condition. Hence, it seems improbable that the reduced P600 effect was 
due merely to the presence of a SAN. 

4.4 Early perceptual and attentional processes
In addition to the later ERP components that are assumed to reflect cognitive 
processes, we examined early perceptual and attentional processes in the standard 
P1 and N1 time windows. In the P1 time window, we did not find any differences 
between ASD and control participants that could have pointed at differences in 
general attention or arousal, neither for the local nor for global processing. In the N1 
time window, we did not find differences between groups in activity to the orthographic 
violations. We did, however, find differences in the activity elicited by the syntactic 
violations, in that ASD as well as control participants showed both more negative 
amplitudes and more positive amplitudes (the latter possibly being related to the P2 
component that follows the N1 component in the first 300 ms poststimulus onset) to 
the syntactic violations compared with the control sentences, mainly in the dual level 
condition. As the N1 and P2 are generally assumed to reflect stimulus discrimination 
and classification, these findings could point at differential patterns of early attentional 
processes in both groups to syntactically incorrect compared with syntactically 
correct input (e.g., Mangun & Hillyard 1991; Mangun, 1995; Potts, 2004). It would be 
interesting for future research to shed more light on early attentional processes in 
complex linguistic conditions such as the present dual level condition, and focus on 
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possible differences between patients and typical individuals (for instance in scalp 
distribution).  

4.5 Monitoring and language perception in ASD
Taken together, the results show evidence of atypical monitoring processes in people 
with ASD. Whereas for typical individuals the tendency to monitor language perception 
is strong for unpredictable and/or complex input (orthography in single and dual 
level, syntax in dual level) and weak for more predictable input (syntax in single level), 
people with ASD monitored their language perception in all cases. In other words, 
people with ASD attended to information that was processed without much additional 
attention by typical individuals.  
 From psycholinguistic research it is known that monitoring is not triggered by 
every linguistic conflict encountered. In daily life, there is variation in the degree to 
which linguistic events are expected and predictable, and thus a gradation in the 
strength of the conflict triggered by the unexpected information (Van de Meerendonk 
et al., 2009). Research has shown that only strongly unexpected linguistic events 
trigger a monitoring response (Van de Meerendonk et al., 2010). In other words, there 
appears to be a threshold that has to be exceeded for a monitoring response to be 
triggered. This threshold allows for efficient language perception; rather than 
reanalyzing all incoming information, only the perception of input that is highly 
unexpected and unpredictable receives additional attention, enabling optimal 
information integration. 
 The current findings suggest that the threshold to monitor language perception 
might be lower in people with ASD than in people without ASD. Despite the instructions 
about the presence of syntactic violations, the violations were perceived as 
unexpected linguistic events, eliciting reanalysis of the input. Based on the hypothesis 
that monitoring results from a mismatch between the outcomes of algorithmic 
sentence analysis and heuristic sentence analysis (e.g., Kolk et al., 2003), the lowered 
threshold in ASD observed in the present study could be interpreted in two ways. On 
the one hand, it could indicate that people with ASD are strongly inclined to rely on a 
systematic, algorithmic analysis of the sentence, which, in case of a syntactic 
violation, results in an outcome that strongly conflicts with grammatical knowledge. 
On the other hand, it could indicate that they are more inclined to use heuristics, 
resulting in strong expectations of a grammatically correct verb, which leads to a 
conflict when an unexpected grammatically incorrect verb is encountered. The 
present findings do not allow us to decide whether algorithmic, heuristic or both 
analyses underlie the increased monitoring response in ASD. However, on the basis 
of the present results it does seem plausible that, for people with ASD, language 
perception is less efficient and costs more executive resources, probably eventually 
resulting in impaired global processing and subsequent language comprehension. 
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Reduced higher-level language performance would then be explained in terms of an 
increased use of monitoring resources for perception of linguistic input.
 The idea of an increased use of attention during language processing in ASD is 
in line with behavioral performance on the dual-task experiment found in a previous 
study (Koolen et al., 2012). For participants with ASD, the dual level attentional 
instructions led to reduced behavioral performance of both local, orthographic and 
global, syntactic processing compared to the single level condition. In contrast, for 
typical individuals, reduced performance was observed only for orthographic 
violations. Together, the results suggest that for people with ASD, perception of 
global aspects of language takes up additional attention in conditions where people 
without ASD do not use extra attention (as shown by the monitoring response in the 
single level global processing task), leading to reduced behavioral performance in 
more complex conditions as compared to people without ASD (as shown by the 
increased reaction times in the dual level global processing task). 
 The finding of people with ASD monitoring their language perception already 
under more simple circumstances would also explain findings of the so-called local, 
detail-focused processing style in ASD (e.g., Jolliffe & Baron-Cohen, 1999). That is, 
(local) information that is processed without additional attention by people with ASD 
does receive attention from people with ASD. Moreover, it would clarify why people 
with ASD are able to process language for meaning when receiving explicit 
instructions (e.g. Snowling & Frith, 1986), but do so to a lesser extent without such 
instructions. Higher-level comprehension can be achieved, but consumes more 
attention. Finally, the hypothesis also seems in line with the finding that people with 
ASD appear to activate prior knowledge at an implicit level of language processing 
(Saldana & Frith, 2007). That is, people with ASD seem to be able to process 
information heuristically, as reflected by the monitoring response in the present study, 
but the reanalysis of the information based on this heuristic information may take up 
more cognitive resources.
 Given that monitoring reflects an aspect of executive control in language 
comprehension, it seems worthwhile to briefly describe our results in light of Executive 
Dysfunction theory of ASD. According to this theory (for a review see Hill, 2004), 
behavioural symptoms of ASD can be explained in terms of impairments in executive 
functions (EF). Although language problems in ASD have been associated with EF 
deficits such as a failure to shift between aspects of information (e.g., Rinehart, 
Bradshaw, Moss, Brereton & Tonge, 2000), there are also studies showing language 
atypicalities in people with ASD without impairments in EF (e.g., Booth & Happé, 
2010). This leaves the role of possible EF impairments in language problems in ASD 
far from clear. Although the present results do show differences in monitoring during 
language processing between individuals with and without ASD, patients with ASD 
appeared to be able to monitor their language perception when instructed to do so. 
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This suggests that the language problems in ASD may be caused by an atypical 
interaction between EF and language, rather than by a particular EF deficit as such. 
Therefore, an interactive approach, in which the focus is on the relation between 
cognitive domains rather than on isolated cognitive functions, could provide new 
insights in information processing in ASD, and might clarify inconsistencies across 
findings about the role of executive (dys)function in autistic information processing. It 
would be interesting to compare performance on measures of isolated executive 
functions with more interactive measures of EF in association with other cognitive 
functions such as language in future research (see also Egger, DeMey & Janssen, 
2007). 
 It is important to note that, since we provided explicit instructions to the 
participants about the type of violations that could be encountered, we cannot draw 
conclusions about monitoring processes in people with ASD under more naturalistic 
(i.e. uninstructed) circumstances. Based on the hypothesis of language perception 
being more effortful in ASD, two scenarios seem possible. On the one hand, more 
effortful processing could be reflected in an increased monitoring tendency. On the 
other hand, if language processing in fact costs a lot of executive resources, it could 
also be that complex, higher-level information does not receive attention at all without 
instructions. From the present findings we can conclude that people with ASD do 
have the ability to process various aspects of linguistic input both in simple and more 
complex conditions when instructed to do so, but that the cognitive control operations 
involved in the optimization of comprehension of the input probably differ from those 
in typical individuals. Future research should provide insight in monitoring of language 
perception in more natural situations, and compare this with monitoring under 
instructional conditions. It also would be interesting then to compare ERP findings of 
monitoring during language processing with behavioral performance on language 
comprehension tasks. As sample sizes were relatively small, when further examining 
the hypothesis in future research, studies should aim at including larger groups of 
participants. 
 To conclude, the present ERP findings suggest that, when instructed about the 
presence of violations at global level of language, people with ASD monitor global 
aspects of language already under simple circumstances, whereas people without 
ASD mainly do so under more complex circumstances. Possibly, language perception 
costs more attention in ASD, resulting in impaired language comprehension in more 
complex situations. This would indicate that language problems observed in 
individuals with ASD might not result from a linguistic dysfunction as such, but from 
an increased need for executive resources to achieve optimal language 
comprehension. Such an interactionist perspective on language impairments in ASD 
may provide valuable insights for assessment and intervention. An integrated 
approach to cognitive functioning would plead for changes in neuropsychological 
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testing, in which the interplay between various aspects of information processing 
should be examined, rather than performance at separate cognitive domains as 
such. Moreover, insight in the interplay between cognitive domains will provide new 
directions for intervention and will lead to tailored treatment and coaching. As the 
present findings suggest that language impairments in ASD are related to differences 
in cognitive control, it may be fruitful to intervene on activation and optimization of 
attentional processes (in terms of cognitive control) during language processing. 
Future research should explore the possibilities of such an interactionist approach to 
assessment and intervention in ASD. 
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Appendix A   Examples of Eight Different Sentence Structures With Varying Target 
Word Positions, for the Orthographic Errors and the Syntactic Errors.

Target 
word 
position

Condition Dutch sentence and translated sentence

2nd Orthographic error Anne struikalt (struikelt) over haar speelgoed in de 
woonkamer.
Anne tripz (trips) over her toys in the living room. 

Syntactic error Anne struikelen (struikelt) over haar speelgoed in de 
woonkamer.
Anne trip (trips) over her toys in the living room. 

3rd Orthographic error De jongens ravottem (ravotten) met de jonge hond. 
The boys ronp (romp) with the young dog. 

Syntactic error De jongens ravot (ravotten) met de jonge hond. 
The boys romps (romp) with the young dog. 

4th Orthographic error De avontuurlijke familie reizt (reist) naar het gevaarlijke 
woud. 
The adventurous family trawel (travel) to the dangerous 
forest.

Syntactic error De avontuurlijke familie reizen (reist) naar het gevaarlijke 
woud. 
The adventurous family travel (travels) to the dangerous 
forest. 

5th Orthographic error Het verlegen meisje dat logeerf (logeert) bij haar 
vriendinnen heeft heimwee.
The shy girl who steys (stays) at her friends feels homesick. 

Syntactic error Het verlegen meisje dat logeren (logeert) bij haar 
vriendinnen heeft heimwee.
The shy girl who stay (stays) at her friends feels homesick. 

6th Orthographic error Julia belt haar grootmoeder en vertalt (vertelt) het verhaal. 
Julia calls her grandmother and telfs (tells) the story.  

Syntactic error Julia belt haar grootmoeder en vertellen (vertelt) het verhaal. 
Julia calls her grandmother and tell (tells) the story.

7th Orthographic error De getuige die met de agenten spreakt (spreekt) vertelt over 
het voorval. 
The witness who with the officers speeks (speaks) tells 
about the incident. 
The witness who speeks (speaks) with the officers tells 
about the incident. 

Syntactic error De getuige die met de agenten spreken (spreekt) vertelt 
over het voorval. 
The witness who with the officers speak (speaks) tells about 
the incident. 
The witness who speak (speaks) with the officers tells about 
the incident. 
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Target 
word 
position

Condition Dutch sentence and translated sentence

8th Orthographic error De vader die bij de kinderen zit praet (praat) over zijn 
kindertijd. 
The father who with the children sits talkz (talks) about his 
childhood. 
The father who sits with the children talkz (talks) about his 
childhood. 

Syntactic error De vader die bij de kinderen zit praten (praat) over zijn 
kindertijd. 
The father who with the children sits talk (talks) about his 
childhood. 
The father who sits with the children talk (talks) about his 
childhood.

9th Orthographic error De jarige meisjes bakken een heerlijke taart en verzieren 
(versieren) het huis. 
The birthday girls bake a delicious pie and decorete 
(decorate) the house.

Syntactic error De jarige meisjes bakken een heerlijke taart en versiert 
(versieren) het huis. 
The birthday girls bake a delicious pie and decorates 
(decorate) the house. 
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CAN MONITORING IN LANGUAGE 

COMPREHENSION IN AUTISM 
SPECTRUM DISORDER BE MODULATED? 

EVIDENCE FROM 
EVENT-RELATED POTENTIALS 

ABSTRACT

The present study examined language comprehension in Autism Spectrum Disorder 
(ASD) in light of monitoring. It was studied whether individuals with ASD monitor their 
language perception, and whether monitoring during language perception could be 
modulated with instructions. We presented higher-level (semantic) linguistic violations 
and lower-level (orthographic) linguistic violations in a free reading condition and in 
an instructed condition, recording event-related potentials. For control participants, a 
monitoring response as tapped by the P600 effect was found to semantically and 
orthographically incorrect input in both conditions. For participants with ASD, 
however, a monitoring response to semantically implausible input, tapped by the 
P600, was found only in the instructed condition. For orthographic errors monitoring 
was observed both in the free reading and in the instructed condition. This suggests 
that people with ASD are less inclined than typical individuals to monitor their 
perception of higher-level linguistic input, but that this can be enhanced with 
instructions. 

This chapter has been published as:

Koolen, S., Vissers, C.Th.W.M., Egger, J.I.M., & Verhoeven, L. (2013). Can monitoring in language 

comprehension in autism spectrum disorder be modulated? Evidence from event-related potentials. 

Biological Psychology, 94, 354-368.
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1. Introduction

Autism Spectrum Disorders (ASD) are characterized by a range of language and 
communication deficits (DSM-IV-TR, American Psychiatric Association, 2000). 
Although individuals with ASD vary greatly in their language abilities, some being 
completely mute and others being verbally fluent, even the most verbal individuals on 
the spectrum experience difficulties with more complex aspects of language (e.g., 
Huemer & Mann, 2010; O’Connor & Klein, 2004; Tager-Flusberg, 2001). The present 
study focuses on language comprehension in high-functioning adults with ASD. In 
this subgroup, basic language abilities such as phonological and lexical processing 
are shown to be relatively intact. However, the processing of linguistic aspects that 
require integration of verbal information for comprehension, such as complex 
semantics and pragmatics, is often found to be impaired (for an overview see Kelley, 
2011). Although a lot of research has been conducted on language comprehension 
impairments in ASD, their cognitive correlates are still poorly understood. Researchers 
have proposed some form of cognitive control to be involved in the impairments, but 
the exact mechanism has not yet been specified and warrants further examination. 
 Evidence from recent psycholinguistic research suggests that the quality of our 
understanding of language depends largely upon cognitive control processes (for a 
review see Ye & Zhou, 2009). Cognitive control refers to the control over attention, 
thoughts and behaviors in order to ensure goal-directed behavior (e.g., Botvinick, 
Braver, Barch, Carter & Cohen, 2001). An aspect of cognitive control that has been 
found to be of specific relevance for the optimization of language comprehension is 
monitoring (for an overview see Van de Meerendonk, Kolk, Chwilla & Vissers, 2009). 
Monitoring entails the evaluation of the demands for control, a process that can vary 
as a function of for instance context and individual abilities (Stuss & Knight, 2002). 
The role of cognitive control processes in language comprehension indicates that 
language (and problems associated with it) should not be studied in isolation, but in 
light of its interaction with monitoring. As such, the present study used the monitoring 
perspective on language as a starting point to study language comprehension in 
individuals with ASD. Below we will provide a brief overview of the literature on 
monitoring and language, where after we will describe how we studied language 
comprehension in ASD from this perspective. 

1.1 Monitoring in language comprehension
Monitoring is an aspect of cognitive control that ensures the quality of perception and 
behavior (Stuss & Knight, 2002). In the domain of language, people monitor to 
optimize their comprehension of linguistic input. According to monitoring theory of 
language perception, this occurs by checking for conflicts that arise in case of 
discrepant linguistic representations, and by adjusting attentional control accordingly 
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(Kolk, Chwilla, Van Herten & Oor, 2003). A representational conflict occurs when an 
observed linguistic element does not match the element expected based on context 
or world knowledge. In case of such conflicts, additional attention is needed for 
reanalysis of the input, to prevent erroneous information from being integrated in the 
interpretation and hence to optimize language comprehension.
 Monitoring can be mapped using event-related potentials, and is said to be 
reflected by the P600 effect. The P600 is a late, positive-voltage effect with a centro-
posterior scalp distribution, starting approximately 600 milliseconds after occurrence 
of a representational conflict (Van de Meerendonk et al., 2009). Although the P600 
has previously been related specifically to syntactic processes (e.g., Friederici, 1995; 
Hagoort, Brown & Groothusen, 1993; Kaan, Harris, Gibson & Holcomb, 2000), more 
recent research shows that violations of expectancy in general also elicit a P600 
effect. That is, the P600 has been found to be elicited by several linguistic (e.g., 
orthographic, syntactic, semantic) as well as nonlinguistic (e.g., conceptual) violations 
of expectancy (e.g., Kim & Osterhout, 2005; Kolk et al., 2003; Kuperberg, Sitnikova, 
Caplan & Holcomb, 2003; Vissers, Chwilla & Kolk, 2006; Vissers, Kolk, Van de 
Meerendonk & Chwilla, 2008). As such, the P600 has been proposed to reflect a 
neurophysiological marker of general monitoring processes, and hence, of the 
optimization of language comprehension.
 Whether the control process during language perception is elicited, depends on 
the strength of the linguistic conflict. Only strong representational conflicts result in 
reprocessing of language, whereas mild conflicts do lead to integration difficulties 
but do not require reprocessing to be resolved (Van de Meerendonk, Kolk, Vissers & 
Chwilla, 2010). Moreover, whereas under certain circumstances a particular linguistic 
element will result in a conflict and trigger a monitoring response, in other situations 
it will not. For instance, sentence context can modulate the expectancy for a certain 
linguistic event, and thus influence whether we need to reprocess certain information 
or whether the information can be integrated into the ongoing representation without 
extra attention (Van de Meerendonk, Indefrey, Chwilla & Kolk, 2011). Furthermore, the 
process of reanalysis is sensitive to various task variables. For example, the probability 
of encountering linguistic violations within a given block of sentences influences 
whether a control process is triggered. Less probable linguistic violations appear to 
result in increased P600 amplitudes relative to their probable counterparts, 
supposedly because the violation is more unexpected and a strong conflict arises 
between the expected and the perceived input (Coulson, King & Kutas, 1998; Gunter; 
Stowe & Mulder, 1999; Hahne & Friederici, 1999). Other evidence for the sensitivity of 
monitoring to task demands comes from studies using a levels of processing 
approach, in which participants are either stimulated to shallow processing by 
judging the physical characteristics of a word in a sentence (i.e., judge whether a 
word was printed in upper case letters), or to deep processing by judging the 
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grammatical correctness of a word in a sentence (Gunter & Friederici, 1999). 
Compared with the deep processing task, P600 amplitudes elicited by grammatical 
errors encountered during the shallow processing task appear largely reduced. 
Hence, task instructions appear to affect the control process triggered in case of 
linguistic violations. In line with this instruction effect, in a study by Vissers and 
colleagues (2007) participants were informed about the presence of certain semantic 
violations and were told not to be deceived by those, but to focus on the syntactic 
structure of the sentences instead. This instructed adjustment in processing strategy 
appeared to strongly attenuate the monitoring tendency, probably because of 
reduced conflict strength in case of semantic violations. Above all, processing 
strategies and linguistic competences can vary across individuals, making some 
individuals more sensitive to linguistic violations than others (Osterhout, 1997). Given 
that there are individual differences in sensitivity to linguistic violations, one could 
assume that, consequently, there are differences in the inclination to monitor. Findings 
from behavioral studies on comprehension monitoring, in which poor comprehenders 
and good comprehenders (i.e., individuals with similar decoding skill but different 
comprehension skill) are compared, seem supportive of this idea. It has been 
proposed that poor comprehenders tend to attend to the decoding of individual 
words, are less likely to notice anomalies in text  (Yuill & Joscelyne, 1988; Yuill & 
Oakhill, 1988), and would not notice inconsistencies in information in relation to 
discourse or world knowledge (Garner, 1981). This suggests that there are individual 
differences in monitoring tendency, some individuals being more likely to monitor 
their understanding than others (Nation & Angell, 2006).  
 Altogether, the abovementioned findings clearly suggest that language 
comprehension is not an autonomous, algorithmic process. The quality of our 
understanding of language depends upon cognitive control processes such as 
monitoring. Moreover, the interaction between monitoring and language entails a 
dynamic process. Several variables appear to influence expectancy and conflict 
strength (such as linguistic context, task demands and individual strategies) and 
hence the cognitive control exerted for comprehension. 

1.2 Monitoring in language comprehension in ASD
Given that ASD is associated with impairments in the understanding of language, the 
question arises as to whether these impairments might be related to differences in 
the inclination to monitor during language comprehension. The idea that cognitive 
control processes are involved in the language difficulties in ASD is consistent with 
findings from several previous studies. For instance, although people with ASD seem 
to have difficulties in deriving the correct pronunciation of a homograph (e.g., the 
word ‘tear’) from sentence context, they are able to do so when attention is explicitly 
directed towards sentence meaning with instructions (Snowling & Frith, 1986; Jolliffe 
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& Baron-Cohen, 1999). Moreover, when provided with task instructions, adults with 
ASD appear to detect errors at global (syntactic) linguistic level with accuracy similar 
to that of a matched control group (Koolen, Vissers, Hendriks, Egger & Verhoeven, 
2012), but in individuals with ASD this error detection is associated with higher 
attentional costs, as shown by longer reaction times (Koolen et al., 2012) and broader 
distributed P600 effects (Koolen, Vissers, Egger & Verhoeven, 2013). The finding  
that (higher-level) processing is sensitive to instructions suggests that language 
comprehension difficulties in ASD are related to differences in the process of cognitive 
control. Moreover, several researchers have reported relatively intact semantic or 
contextual priming at an early, implicit level of processing in individuals with ASD, but 
impaired processing of linguistic elements at later processing stages where linguistic 
input needs to be integrated to form a coherent representation of the input (Henderson, 
Clarke & Snowling, 2011; Saldana & Frith, 2007; Tesink et al., 2011). Above, researchers 
have pointed out similarities in reading comprehension profiles of individuals with 
ASD and that of ‘poor comprehenders’. As mentioned before, the poor comprehension 
profile in less skilled readers has been associated with superficial reading and a 
reduced tendency to monitor comprehension in order to detect comprehension 
failure (Nation & Angell, 2006). Reading comprehension in ASD is often characterized 
by a similar profile of intact word decoding skill and impaired comprehension skill 
(Nation, Clarke, Wright & Williams, 2006). Several factors have been identified to play 
a role in the impaired reading comprehension in ASD, such as impairments in oral 
language comprehension and socio-communicative abilities (Ricketts, Jones, 
Happe & Charman, 2013). It may be very well possible that – next to factors that have 
already been identified to be involved in the poor reading comprehension in ASD – a 
pattern similar to that in less skilled readers of reduced control over integration of 
integration underlies the reading profile in ASD. 
 Together, the findings suggest that not a linguistic dysfunction, but differences in 
the inclination to exert cognitive control during language processing play a role in 
problems in language understanding in ASD. Although several researchers have 
proposed some form of cognitive control to be involved in language difficulties in 
ASD, the exact mechanism still needs to be specified and tested directly. 

1.3 The present study 
The goal of this study was to further elucidate which processes contribute to language 
processing differences in ASD, studying monitoring in language perception. We 
questioned whether language comprehension difficulties could be explained in terms 
of reduced monitoring during perception, and hence could be ascribed (partly) to 
more general cognitive control processes rather than to a linguistic deficit as such. 
Individuals with ASD experience difficulties especially at tasks for which more 
complex, higher-level processing is required, such as when contextual information 
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needs to be integrated into the ongoing linguistic context. As impaired monitoring in 
language perception will result in increasing comprehension problems with increasing 
linguistic complexity, we propose that comprehension difficulties in ASD could very 
well be associated with impaired monitoring processes. Moreover, people with ASD 
seem to benefit from explicit task instructions for linguistic understanding. Following 
from this, as the monitoring framework implies a dynamic interaction between 
cognitive control and language, we were specifically interested in whether monitoring 
during language perception, and hence the optimization of comprehension, in ASD 
could be enhanced with instructions. 
 We used the monitoring framework to study language comprehension in ASD.  
We recorded event-related potentials to map monitoring processes after linguistic 
violations, specifically the P600 component. As described earlier, the P600 has been 
found to be elicited by various (linguistic) violations of expectancy. For instance, a 
P600 is observed for words that are orthographically incorrect, such as the word 
‘berks’ in the sentence ‘the dog berks at the old neighbor’ compared with its correct 
counterpart ‘barks’ (Koolen et al., 2013). A discrepancy between an expected 
 orthographically correct representation and a perceived orthographically incorrect 
representation appears to evoke reanalysis of perception. In line with this, a P600 is 
observed for words that are semantically implausible within sentence context, such 
as the word ‘sticker’ in the sentence phrase ‘the eye consisting of among other things 
a pupil, iris and sticker…’ compared with its plausible counterpart ‘retina’ (Van de 
Meerendonk et al., 2010). Although processes of semantic integration are often 
associated the N400 component (e.g., Chwilla Brown & Hagoort, 1995), and although 
one thus might expected a N400 effect to semantically implausible sentences, the 
semantic implausibilities appear to elicit a P600 effect instead. These findings have 
been taken as further evidence for the general monitoring function of the P600. When 
semantic information is deeply implausible and cannot be integrated into the linguistic 
representation, actual reanalysis is needed for comprehension, and a P600 effect is 
triggered. The P600 thus has been proposed to be a neurophysiological marker of 
general monitoring processes. Therefore, in our study we studied P600 effects to 
examine monitoring to linguistic violations in individuals with ASD and control 
participants. As described above, the aim of our study was twofold. First, we 
questioned whether individuals with ASD show monitoring of their language 
perception as such. To this aim, we examined whether individuals with ASD monitored 
linguistic violations in a ‘free reading’ (i.e., uninstructed) task. In this task, errors could 
occur at level of semantics (high-level) and at level of orthography (low-level), 
dependent upon the condition at hand. In previous research, a reduction in the 
presence of the P600 effect in terms of amplitude or width of distribution has been 
taken as an indication of reduced conflict strength and resolution, i.e. reduced 
recruitment of the control operation to check for processing errors (e.g., Vissers et al., 
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2007).  As individuals with ASD generally have most difficulties with higher-level 
linguistic information, we predicted that individuals with ASD would show a reduced 
monitoring response to semantic errors compared to a control group as shown by 
smaller or less widely distributed P600 effect, but intact monitoring of orthographic 
errors as shown by  P600 effects similar to those of the control group. Our second 
aim was to explore whether monitoring during language perception in ASD could be 
modulated with instructions. Therefore, in an ‘instructed’ reading task, in which errors 
again could occur at level of semantics and at level of orthography, participants were 
explicitly asked to focus on the errors of the condition at hand. We expected that, 
when provided with explicit instructions, people with ASD would show increased 
monitoring of higher-level, semantic input (as shown by increased P600 effects) 
compared with semantic processing in the free reading condition. As we did not 
predict atypical monitoring of orthographic information anyhow, we did not expect to 
find differences in monitoring responses to these errors between the free reading and 
the instructed condition. 

2. Methods

2.1 Participants
Participants were 18 high-functioning adults with ASD and 18 healthy controls (17 
males, 1 female per group). All participants were native Dutch speakers, and had 
normal or corrected to normal vision. Patients were selected for their diagnosis of a 
disorder within the autism spectrum (Autistic Disorder, Asperger’s Disorder, Pervasive 
Developmental Disorder Not Otherwise Specified (PDD NOS)) by a psychiatrist or 
healthcare psychologist based on DSM-IV criteria. In addition, the Autism Diagnostic 
Observation Schedule (ADOS) Module 4 was administered to all patients by a 
licensed health psychologist to verify the ASD diagnoses (M = 11.5, range = 7-25). 
Patients with severe comorbid psychiatric disorders and word decoding problems 
(dyslexia) were excluded from participation, based on dossier assessment. 
 The ASD group and the control group were matched for gender, age, intelligence 
and working memory capacity (Table 1). Performance intelligence was measured 
with Raven’s Standard Progressive Matrices. Verbal ability was measured with the 
Dutch version of the National Adult Reading Test (NART). This is a word reading test, 
in which participants are presented with a list of 50 words that they are asked to read 
aloud. All words are irregular in their grapheme-phoneme correspondences, and can 
thus only be pronounced correctly if the participant knows the word in its written form 
and the word can hence be processed along the grapheme-semantic route 
(processing along the grapheme-phoneme route would lead to an incorrect 
pronunciation). The total score is corrected for age and gender, and this norm score 
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is used to derive a verbal estimate. The word reading test was originally designed to 
estimate premorbid level of vocabulary in people with brain damage, but has been 
shown to be a reliable and valid estimate of verbal intelligence in healthy controls as 
well (e.g., Bright, Jaldow & Kopelman, 2002; Schmand, Lindeboom & Van Harskamp, 
1992). Working memory capacity was measured with the Letter-number sequencing 
test (subtest of the Wechsler Adult Intelligence Scale III). Analyses show that there 
were no differences in age (p = .67), nonverbal intelligence (p = .52), and working 
memory (p = .93). A significant difference in verbal ability was found (p = .04), with 
the control participants having higher verbal ability scores than the ASD participants. 
However, for both groups the scores fall within the average ability range (ASD group 
M = 98.4, SD = 9.8; control group M = 105.4, SD = 10.3). Moreover, the norm scores 
used to derive the verbal estimates center around the 50th percentile and do not differ 
significantly between the ASD group (M = 85.1, SD = 8.7) and the control group (M 
=  89.8, SD = 7.8) (p = .11).

2.2 Design
We developed an experimental task with which we could measure attentional 
processes during high-level, semantic processing and low-level, orthographic 
processing, both without and with instructions. For this, we developed four conditions, 
presented to all participants: high-level processing without instructions, low-level 
processing without instructions, high-level processing with instructions, and low-level 
processing with instructions. In the two free reading (uninstructed) conditions, we 
mapped participants’ ‘natural’ inclination to monitor (detect and resolve) conflicts at 
semantic level and at orthographic level. In the two instructed conditions, we mapped 
their inclination to monitor conflicts at semantic and orthographic levels of language 
when explicitly instructed to do so. This way, we could compare conflict detection and 
linguistic reanalysis (and thus optimization of language comprehension) of both high- 
level and low-level linguistic input under uninstructed and instructed circumstances. 

Table 1   Means and standard deviations for age, performance intelligence, verbal 
ability and working memory capacity for the ASD group and the control 
group.

Age Performance 
IQ

Verbal 
estimate

WM  
capacity

M SD M SD M SD M SD

ASD group total (n = 18) 37.0 13.7 125.5 9.7 98.4 9.8 11.4 2.9

Control group (n = 18) 38.9 13.4 123.7 6.9 105.4 10.3 11.3 1.6
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 To summarize, there were two within-subjects factors (semantics and orthography), 
both presented in two conditions (uninstructed and instructed). Group (ASD versus 
control group) was the between-subjects factor. The dependent variables measured 
were the P600 effects elicited by the different error types in the different conditions. 

2.3 Materials
The experiment consisted of 360 Dutch sentences, of which 240 were used as 
experimental sentences and 120 were used as filler sentences. All experimental 
sentences were centrally embedded subject relative clause sentences, represented 
by four variants (an experimental sentence with a semantic reversal, an experimental 
sentence with an orthographic error and two control sentences). Twenty-five percent 
of the filler sentences contained a semantic reversal, 25% of the fillers contained an 
orthographic error and 50% of the fillers were correct. 
 Semantic reversals were formulated in line with the type of centrally embedded 
subject relative clauses used in previous studies on monitoring in semantic language 
perception (e.g., Vissers et al., 2007). The semantic reversals expressed scenarios 
conflicted with general world knowledge, resulting from reversing the first and second 
noun phrase of semantically plausible sentences. 
 ‘De fotograaf die voor het model poseerde werkte voor het tijdschrift.’
 ‘The photographer who for the model posed worked for the magazine.’ (literal)
 ‘ The photographer who posed for the model worked for the magazine.’ (paraphrase). 
Anomalies were not evident before the relative clause’s verb (seventh word position), 
to ensure that conflict detection required deep processing of the relative clause.  
 Orthographic errors were represented by typing errors, with one letter of the verb 
being replaced by an incorrect one. In the experimental sentences the verb (and thus 
the orthographic errors) always occurred at the seventh word position. 
 ‘De president die over het volk regearde sprak met de journalisten.’
 ‘The president who over the people ruleb spoke to the journalists.’ (literal)
 ‘The president who ruleb over the people spoke to the journalists.’ (paraphrase)
To reduce expectancy effects, two types of filler sentences (half experimental, half 
control) of which the syntactic structures differed from the experimental sentences 
were added to the lists of experimental sentences. To ensure that each experimental 
sentence could appear in every form, albeit to different participants, the four variants 
of the sentences were assigned to four different lists. Each list consisted of 360 
sentences, divided into four blocks of 90 sentences each. One block represented the 
high-level condition without instructions (30 experimental sentences with a semantic 
reversal, 30 controls sentences, 15 fillers with semantic reversal, 15 control fillers), 
one block represented the high-level condition with instructions (similar design, but 
with different sentences), one block represented the low-level condition without 
instructions (30 experimental sentences with an orthographic error, 30 control 
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sentences, 15 fillers with orthographic error, 15 control fillers), and one block 
represented the low-level condition with instructions (similar design, but with different 
sentences). 

2.4 Procedure
Prior to the onset of the study, approval was obtained from the Medical Ethical 
Committee and the Institutional Review Board. All participants gave informed 
consent. Participants were seated in an enclosed room. Sentences were presented 
centered at a PC monitor, using a rapid serial visual presentation mode. Word duration 
was 300 ms, stimulus-onset asynchrony was 500 ms. Words were presented in black 
letters on a white background at a viewing distance of approximately 1 meter. Prior to 
each sentence a fixation cross was presented (300 ms), followed by a blank screen 
(200 ms). Sentence final words were marked by a period, and followed by an inter-trial 
interval of 2000 ms. Participants were asked to read the sentences to themselves. As 
eye movements distort the EEG recording, participants were trained to make eye 
movements (i.e., blinks) in the inter-trial intervals only. No behavioral measures were 
recorded, to prevent distortion of the EEG signal as a result of motor artifacts.
 The four blocks (duration 12 minutes per block) were separated by breaks of at 
least two minutes. First, participants were exposed to high-level and low-level errors 
without being instructed to focus on either of them. We always started with the 
semantic reversals, as to ensure that the possibly (and expected) reduced detection 
of higher-level linguistic errors by participants with ASD was not due to a perseverative 
focus on details due to low-level linguistic errors presented in a previous block. After 
this first (uninstructed, high-level) block, participants were asked whether they noticed 
anything in the sentences presented. Next, the uninstructed, low-level block was 
presented. Again, afterwards participants were asked whether there was anything 
noticeable in the sentences presented.
 Hereafter, semantic reversals and orthographic errors were presented again, but 
now explicit task instructions were provided. We again started with the semantic 
reversals. In order i) to check whether participants were able to evaluate the plausibility 
of the sentences by themselves and ii) to make participants aware of the semantic 
reversals in the instructed high-level condition, they were asked to judge the 
plausibility of a list of 25 sentences (50% containing semantic reversals, 50% correct; 
paper-and-pencil task) prior to EEG-block. The researcher then went over the 
sentences with the participants to check whether they had understood the sentences 
correctly. After this practice session, participants again were presented with semantic 
reversals, while instructed to read the sentences for plausibility (‘read the sentences 
and evaluate whether the situation at hand is plausible, that is, read the sentences in 
the same way you did when you filled out the form’). Finally, we ended with the 
orthographic errors in the instructed condition. Participants were given both oral and 
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written instructions and examples of the orthographic errors. They then were again 
presented with the orthographic errors and were instructed to read the words for 
orthographic correctness. 

2.5 EEG recording
EEG was recorded using an actiCAP (Brain Products) with 32 active Ag/AgCl-elec-
trodes (see Figure 1). Recordings were referenced to the right mastoid. Previous 
research on monitoring in language comprehension on which the present study is 
based, has used the right mastoid as the recording reference (e.g., Vissers et al., 
2008; Van de Meerendonk, Kolk, Vissers and Chwilla, 2010). For purpose of 
comparison of the present ERP findings with the P600 component typically found in 
studies on monitoring in language perception, we have matched the settings of our 
EEG recordings with settings applied in previous research and thus used the right 
mastoid as the recording reference. Four electrodes (Fc1, Fc2, Cp1, Cp2) were used 
to record the electro-oculogram (EOG) bipolarly with horizontal EOG being recorded 
via a left-to-right canthal montage, and vertical EOG being recorded by two electrodes 
placed above and below the left eye. Signals were amplified (time constant = 10 s, 
bandpass = 0.02-30 Hz) and digitized online at 250 Hz. Electrode impedance was 
less than 5 kΩ. EEG and EOG recordings were examined for artifacts and for 
excessive EOG amplitude (> 100 μV) from 100 ms before onset of a critical word to 
1000 ms after the onset. Averages were aligned to a baseline period of 100 ms prior 
to the onset of the critical word. 

2.6 Data analysis
Prior to the ERP-analyses, we performed analyses on the data from the behavioral 
judgment task. With independent t-tests we examined whether the accuracy rates 
(percentages of correctly judged sentences) differed as a function of group (ASD 
versus control group). 
 Next, based on visual inspection, analyses were performed per error type per 
condition on the mean amplitudes of ERPs elicited by the critical words in the time 
window of 650-850 ms4 to capture P600 effects. The ERP data in the 650-850 time 
window were analyzed for the semantic reversals and the orthographic errors 
separately. For the semantic reversals, a mixed repeated measures ANOVA was 
conducted for midline and lateral electrodes separately, with plausibility (plausible 

4  ERP grand mean inspection for the orthographic errors suggests that a P600 effect is present in a 
time window broader than 650-850 ms, starting around 600 ms and extending up to about 1000 ms.. 
However, statistical analyses in the 500-900 ms time frame revealed essentially the same pattern of 
results as those in the 650-850 ms window. For ease of comparison with the semantic reversals in the 
present study (for which the time window is similar to windows reported in previous studies with this 
materials, e.g., Kolk et al. (2003) and Vissers et al. (2007)), we decided to present the results for the 
650-850 ms time window.



 Modulating monitoring in language comprehension in ASD | 97

versus implausible) and condition (free reading versus instructed) as within-subjects 
factors, and group (ASD group versus control group) as the between-subjects factor. 
For the orthographic errors, similar analyses for midline and lateral electrodes were 
conducted, with correctness (correct versus incorrect) and condition (free reading 
versus instructed) as within-subjects factors, and group (ASD group versus control 
group) and the between-subjects factor. For the midline analyses, the additional 
factor was site (Fz, Cz, Pz, Oz). For the lateral sites, we used a region of interest (ROI: 
anterior versus posterior) by hemisphere (left versus right) by site (Fp1, F7, F3, Fc5, 
C3 versus Fp2, F8, F4, Fc6, C4 versus Cp5, P7, P3, PO9, O1 versus Cp6, P8, P4, 
PO10, O2) design. These electrode groupings were based on previous studies, in 
which P600 effects to linguistic violations were found mainly over (right) posterior 
electrode sites (see for instance Koolen et al., 2013; Vissers et al., 2007; Pijnacker, 
Geurts, Van Lambalgen, Buitelaar, & Hagoort, 2010) as well as visual inspection of 

Figure 1 Electrode configuration used in the experiment.
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the scalp distribution of the ERP-activity in the different conditions. In case of a 
relevant interaction of plausibility/correctness (P600 amplitude) and group with 
condition, ROI and/or hemisphere, simple effects analyses were performed to 
examine possible P600 effects per level of the independent variable(s) at hand (see 
also Howell & Lacroix 2012; Maxwell & Delaney, 2004). Significant interactions of 
plausibility/correctness with site, indicating differences in P600 amplitude across 
electrodes, were followed-up by single site analyses (p < .05). In case assumptions 
of sphericity were violated, the Greenhouse-Geisser correction was applied and the 
corrected degrees of freedom are reported. In the simple effects analyses, we 
accounted for differences in error variances by performing the analyses on the mean 
error variance instead of the pooled error variance (Maxwell & Delaney, 2004). In 
addition to the 650-850 ms time window, we performed supplementary analyses for 
the semantic reversals in the N400 time window (standard 300-500 ms time frame). 
As the N400 is highly sensitive to semantic processes (e.g., Chwilla & Kolk, 2003; 
Kutas & Federmeier, 2000), investigation of possible effects within this time window 
allowed us to examine whether there may have been (between-group) differences in 
semantic integration.

3. Results

3.1 Semantic reversals
3.1.1 Visual inspection of ERP components semantic reversals
Figures 2 and 3 depict the grand average ERPs time-locked to the onsets of the 
critical words in the free reading and the instructed condition, of the ASD group and 
the control group respectively. For the control group a slow positive shift can be 
observed both in the free reading and the instructed condition (although seemingly 
larger in the instructed condition), which started around 650 ms after presentation of 
a critical word, extending up to 1000 ms, which was largest at centroparietal and 
parietal sites. For the ASD group, a similar although slightly shorter positive shift was 
observed mainly in the instructed condition, from about 650 ms up to 900 ms. In 
addition, notably, a sustained anterior negativity was observed in the 600-1000 ms 
time window.   

3.1.2 Statistical analysis of behavioral performance on plausibility judgment task
In the judgment task, 25 sentences needed to be judged for (im)plausibility. The 
mean percentage correct judgments was 96% (SD = 4.6) for the ASD group, and 
98.2% (SD = 3.1) for the control group. Independent t-tests showed that these 
percentages of accurate plausibility judgments did not differ significantly between 
groups (t (34) = -1.71, p = .10). 
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3.1.3 Statistical analysis of semantic reversals in P600 window (650-850 ms)
The mean percentages of rejected trials due to artifacts were 7.6% and 14.5% in the 
free reading condition and 10.5% and 12.1% in the instructed condition for the ASD 
group and the control group, respectively. 
 For an overview of the significant effects to the semantic reversals, see Table 2. 
The midline analysis showed a trend for the effect of plausibility (F(1,34) = 3.59, p  = 
.07), indicating that overall mean amplitudes tended to be more positive for implausible 
than for plausible sentences. No significant interactions of plausibility and group and/
or condition were found (p’s > .05). However, a significant plausibility by site 
interaction was observed (F(2.06,69.92) = 3.52, p < .05). Follow-up single site 
analyses5 revealed no significant P600 effects in the free reading condition (all p’s > 
.05), but significantly larger P600 amplitudes for implausible than for plausible 
sentences at Pz (p < .001), and marginally larger at Cz (p = .06) and Oz (p = .07) in 
the instructed condition. In addition, a negative shift after critical verbs in implausible 
sentences was found at Fz (p = .05). 
 Lateral analysis showed no main effect of correctness (F < 1). However, more 
important for our purposes was the significant five-way interaction of plausibility by 
condition by group by ROI by site (F(4,136) = 2.84, p = .03). Subsequent simple 
effects analyses were performed on the effect of plausibility at separate levels of 
condition (free reading versus instructed), group (ASD group versus control group) 
and ROI (anterior versus posterior regions). For ease of interpretation, the results are 
presented per participant group.   

3.1.3.1 ASD Group
In the free reading condition, an effect of plausibility was found neither at anterior 
sites, nor at posterior sites (p’s > .05) in the ASD group (p = .26 and p = .71, 
respectively). In other words, there were no indications of a P600 effect among the 
ASD participants when they were reading the sentences without being instructed to 
focus on the plausibility of the sentences. In the instructed condition, however, a 
significant P600 effect was present posteriorly (p = .03). Furthermore, a significant 
effect of plausibility was found at anterior sites (p = .05), which appeared to reflect a 
negative shift to implausible sentences compared with plausible sentences. 

5  Because the single site analyses focused on the mean difference between the amplitudes elicited 
by critical experimental words and those elicited by critical control words, single site analyses 
needed to be performed for both conditions separately (paired t-tests needed to be performed on 
these two values per condition; no overall amplitudes across conditions exist). 
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3.1.3.2 Control group
In the free reading condition, at posterior sites a significant effect of plausibility was 
present (p = .04), indicating more positive amplitudes to critical verbs in the 
implausible sentences than to those in the plausible sentences for control participants. 
At anterior sites a significant interaction effect of plausibility by site was found (p = 
.05). Follow-up single site analyses revealed a significant P600 effect at C3 (p < .01), 
and a reversed effect at F8 (p < .05). Hence, the control participants showed a P600 
effect to the implausible (compared to the plausible) sentences when they were 
reading the sentences without being instructed to focus on the semantic reversals. 
When instructed to focus on the plausibility of the sentences, again, a significant 
P600 effect was found overall at posterior sites (p = .002). In addition, at anterior sites 
a significant effect of plausibility was found (p = .002), which was qualified by a 
significant plausibility by hemisphere interaction (p = .028). Simple effects analyses 
for the effect of plausibility per hemisphere indicated a plausibility by site interaction 
both at left anterior sites (p = .007) and at right anterior sites (p = .005). Subsequent 
single site analyses revealed more negative amplitudes to implausible than to 
plausible sentences at Fp1, F7, F3, Fc5 and Fp2 (p’s < .05), and a P600 effect at C4 
(p < .05).
 Altogether, the control group showed a broad posterior P600 effect in both 
conditions, and a negative shift mainly in the instructed condition. Visual inspection 
suggested that P600 amplitudes were larger in the instructed condition than in the 
free reading condition. Therefore, for the control group we performed an additional 
repeated measures analysis on the effect of condition on the mean amplitude 
(differences in amplitude for plausible versus implausible sentences). Results showed 
a significant three-way interaction of condition by hemisphere by ROI (F (1,17) = 
10.72, p = .004). In line with the expectations based on grand means, subsequent 
simple effects analyses of the effect of condition on the mean amplitude per quadrant 
revealed significantly larger P600 amplitudes at left posterior regions in the instructed 
condition than in the free reading condition (p = .023), and a larger negativity at left 
anterior regions (p = .002). Over right hemisphere quadrants, no differences in mean 
amplitude between conditions were found (p’s > .05). 

3.1.4 Statistical analysis of semantic reversals in N400 window (300-500 ms)
As semantic processes have been related to the N400 effect (e.g., Chwilla & Kolk, 
2003), we examined possible effects of semantic plausibility in the N400 time window. 
Analysis in the standard N400 time window at midline sites showed neither a main 
effect of plausibility nor an interaction effect of plausibility with group, condition and/
or site (F’s < 1). At lateral sites, no main effect of plausibility was found (F < 1). A 
five-way interaction of plausibility by condition by group by hemisphere by site was 
found, however, subsequent simple effects analyses on the effect of plausibility per 
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group, level of condition and hemisphere, did not reveal any significant main or 
interaction effects (all p’s > .05).   

3.2 Orthographic errors
3.2.1 Visual inspection ERP components orthographic errors
Figures 4 and 5 depict the grand average ERPs time-locked to the onsets of the 
critical words in de the free reading and the instructed condition, of the ASD group 
and the control group respectively. As can be observed, the ASD as well as the 
control participants showed a slow positive shift both in the free reading and the 
instructed condition, which started around 500 ms after presentation of a critical 
word, extending up to 1000 ms, being largest at centroparietal and parietal sites. In 
addition, a sustained anterior negativity was observed in the 600-1000 ms time 
window.

3.2.2 Statistical analysis of orthographic errors in P600 window (650-850 ms1) 
For an overview of the significant effects to the orthographic errors, see Table 3. 
Midline analysis revealed a significant effect of correctness (F(1,34) = 41.38, p <.001), 

Table 2   Sites at which significant effects of semantic reversals were found per group 
per condition

Group Condition Effect Significant sites

ASD Group

Free reading condition SAN -

P600 -

Instructed condition SAN (Fp1, Fp2, F7, F8, F3, F4, Fc5, Fc6, C3, 
C4)

P600 Pz, (Cz, Oz), Cp5, Cp6, P7, P8, P3, P4, 
PO9, PO10, O1, O2

Control Group

Free reading condition SAN F8

P600 C3, Cp5, Cp6, P7, P8, P3, P4, PO9, 
PO10, O1, O2

Instructed condition SAN Fp1, Fp2, F7, F3, Fc5

P600 Pz, (Cz, Oz), C4, Cp5, Cp6, P7, P8, P3, 
P4, PO9, PO10, O1, O2

NB. Electrodes at which effects were only marginally significant are shown between parentheses.
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Figure 2  Exemplary grand average ERPs (F8, P3, O1) of the ASD group for the semantically 
plausible (black lines) and semantically implausible (grey lines) words in the free reading and 
instructed conditions. Averages are time-locked to the onset of the critical word, and superimposed 
for two levels of plausibility. Negativity is plotted upwards.
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Free reading condition

ASD group

Instructed condition
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Figure 3  Exemplary grand average ERPs (F8, P3, O1) of the control group for the semantically 
plausible (black lines) and semantically implausible (grey lines) words in the free reading and 
instructed conditions. Averages are time-locked to the onset of the critical word, and superimposed 
for two levels of plausibility. Negativity is plotted upwards.

Control group

Free reading condition

Control group

Instructed condition
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showing that overall amplitudes were more positive for orthographically incorrect 
than for correct verbs. There were no significant interactions of correctness and 
group and/or condition (p’s > .05). However, a significant correctness by site 
interaction (F(1.72,58.38) = 14.89, p < .001) was found. Follow-up single site analyses 
revealed a P600 effect at Cz, Pz and Oz in both conditions (p’s < .01). 
 Lateral analysis revealed a significant effect of correctness (F(1,34) = 10.26, p = 
.003), indicating that overall amplitudes were more positive for orthographically 
incorrect verbs than for orthographically correct verbs. However, more important was 
the significant four-way interaction of correctness by group by hemisphere by ROI 
(F(1,34) = 4.2, p = .05). Simple effects analyses were conducted on the effect of 
orthographic correctness at separate levels of group (ASD group versus control 
group), hemisphere (left versus right hemisphere) and ROI (anterior versus posterior 
regions). For ease of presentation, again, results are reported per participants group.

3.2.2.1 ASD Group
For the ASD group, both at left and at right posterior sites, a correctness by site 
interaction was revealed (p = .012 and p = .027, respectively). Follow-up analyses for 
posterior sites showed a P600 effect to the orthographically incorrect verbs as 
compared with the correct verbs at P3, P4, Cp6 and O2 in the free reading condition 
and at P3, P4 and O1 in the instructed condition. At left anterior sites an effect of 
correctness was found (p = .036), qualified by a significant interaction between 
correctness and condition (p = .027). Subsequent simple effects analyses on 
correctness per condition, showed a correctness by site interaction (p = .002) in the 
free reading condition, which, following single site analyses, reflected a P600 effect 
at C3 (p < .05) and a negative shift at F7 (p < .05), and an overall negative shift as a 
result of orthographic correctness in the instructed condition (p = .009). At right 
anterior sites, no effect of correctness was found (F < 1). 

3.2.2.2 Control Group
For the control group, at left posterior sites, a correctness by site interaction was 
present (p = .001), reflecting a P600 effect at Cp5, P7 (in the instructed condition only 
a trend was found for P7, p = 0.08) and P3, and additionally at O1 in the instructed 
condition (p’s < 0.05). At right posterior sites, a correctness by condition interaction 
was found, which following simple effects analyses per condition reflected a 
correctness by site interaction in the free reading condition (p <.001) as well as in the 
instructed condition (p = .001). Follow-up single site analysis at right posterior sites 
showed a P600 effect at Cp6, P8 and P4 in both conditions, and additionally, at O2 in 
the instructed condition (p’s < .05). At left anterior sites a significant effect of 
orthographic correctness (p < .001), qualified by a significant interaction of 
correctness and condition (p = .022) was observed. Simple effects analyses of the 
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effect of orthographic correctness per condition revealed significant correctness by 
site interactions both in the free reading condition (p = .007) and in the instructed 
condition (p = .001). Single site analyses showed a negative shift to orthographically 
incorrect words at Fp1, F7 and Fc5 (p < .05) in the free reading condition, and at Fp1, 
F3, F7 and Fc5 (p < .05) in the instructed condition.  At right anterior sites, a significant 
correctness by sites interaction was revealed (p < .001), reflecting a P600 effect at 
C4 in both conditions, a negative shift at F8 in both conditions, and a negative shift at 
Fp2 in the instructed condition (p’s < .05). To summarize, at left posterior sites, an 
effect of orthographic correctness was found that did not differ across conditions. At 
right posterior sites, a P600 effect to orthographic correctness was found in both 
conditions, which was more broadly distributed in the instructed than in the free 
reading condition. In addition, an anterior negative was present.

Table 3   Sites at which significant effects of orthographic errors were found per 
group per condition

Group Condition Effect Significant sites

ASD Group

Free reading condition SAN F7

P600 Cz, Pz, Oz, C3, P3, P4, Cp6, O2

Instructed condition SAN Fp1, F3, F7, Fc5, C3

P600 Cz, Pz, Oz, P3, P4, O1

Control Group

Free reading condition SAN Fp1, F8, F7, Fc5

P600 Cz, Pz, Oz, C4, Cp5, Cp6, P7, P8, P3, P4

Instructed condition SAN Fp1, Fp2, F3, F7, F8, Fc5

P600 Cz, Pz, Oz, C4, Cp5, Cp6, (P7), P8, P3, 
P4, O1, O2

NB. Electrodes at which effects were only marginally significant are shown between parentheses.
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Figure 4  Exemplary grand average ERPs (F7, P3, P4) of the ASD group for the orthographically 
correct (black lines) and orthographically incorrect (grey lines) words in the free reading and 
instructed conditions. Averages are time-locked to the onset of the critical word, and superimposed 
for two levels of correctness. Negativity is plotted upwards.

ASD group

Free reading condition

ASD group
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Figure 5  Exemplary grand average ERPs (F7, P3, P4) of the control group for the orthographical-
ly correct (black lines) and orthographically incorrect (grey lines) words in the free reading and 
instructed conditions. Averages are time-locked to the onset of the critical word, and superimposed 
for two levels of correctness. Negativity is plotted upwards.

Control group
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Control group
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4. Discussion

Recent studies suggest that language comprehension problems in ASD reflect 
problems with cognitive control in language perception, more so than an actual 
linguistic deficit (e.g., Koolen et al., 2012; Koolen et al., 2013; Saldana & Frith, 2007).  
In the present study, we examined language comprehension in individuals with ASD 
from a monitoring account (Kolk et al., 2003; Van de Meerendonk et al., 2009). 
Specifically, we studied whether individuals with ASD show monitoring of their 
language perception as such, and whether monitoring during language perception 
could be modulated with instructions. Hereto, we compared monitoring of linguistic 
input in a free reading condition with that in an instructed condition. This was done 
both for higher-level (semantics) and lower-level (orthography) linguistic input. In the 
free reading condition, participants were asked only to read the sentences, without 
any further instructions. In the instructed condition, participants were instructed 
explicitly to read the sentences for plausibility (high-level) or orthographic correctness 
(low-level). ERPs were recorded while participants with ASD and typical controls read 
sentences with violations at the level of semantics or orthography, both with and 
without being instructed to focus on the specific type of violation. 

4.1 Summary and functional interpretation of the ERP findings
ERP patterns of the ASD group differed from those of the control group mainly at 
higher levels of language. In the free reading condition, ASD participants did not 
show a P600 effect to the semantically implausible sentences compared to the 
plausible sentences, whereas the control participants did show a posteriorly 
distributed P600 effect to the semantic reversals. Importantly, when instructed to 
focus on the semantic plausibility of the sentences, the ASD participants did show a 
P600 effect that was broadly distributed over posterior sites. For control participants, 
as was the case in the free reading condition, a P600 effect was found to the semantic 
reversals in the instructed condition, which was even enhanced (in terms of 
topography and amplitude) compared with the effect elicited in the free reading 
condition. At lower levels of language, all participants showed a (centro)posterior 
P600 effect to the orthographically incorrect words compared with the orthographi-
cally correct words both in the free reading and in the instructed condition, although 
in both conditions the effect was distributed more broadly for the control participants 
than for ASD participants.  
 As was predicted on the basis of  monitoring theory of language perception (Kolk 
et al., 2003), the ERP findings indicate that typical individuals monitored their perception  
of semantically (im)plausible sentences in a free reading condition, as tapped by  
the P600. Implausible sentences appeared to have resulted in a conflict between the 
expected linguistic representation and the perceived linguistic representation, triggering 
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a repair process (Van de Meerendonk et al., 2009). This monitoring response is in line 
with studies on typical language comprehension, which have reported a P600 effect to 
a variety of semantic violations (e.g., Kolk et al., 2003; Kuperberg, Caplan, Sitnikova, 
Eddy & Holcomb, 2006), as well other (non)linguistic violations (e.g., Hagoort et al., 
1993; Vissers et al., 2008; Vissers et al., 2006). When instructed specifically to pay 
attention to the plausibility of the sentences, this response even increased, as reflected 
by increased P600 amplitudes and topography. Apparently, the instruction to focus on 
semantic content strengthened the representational conflict and enhanced the 
subsequent reanalysis. In individuals with ASD, this monitoring response to semantically 
implausible input was absent in the free reading condition. Without being instructed to 
do so, the control process that typically becomes active in case of semantically 
implausible input did not occur. However, when instructed to focus on the plausibility of 
the input, people with ASD did detect and reprocess semantically conflicting linguistic 
input, as tapped by the P600. At word level, a monitoring response was found for all 
participants, regardless of whether they were instructed to focus on orthography or not. 
Orthographic violations appeared to result in a mismatch between the orthographical-
ly correct representation of the word stored in memory, and the orthographically 
incorrect representation perceived during the task, triggering a repair process. This is 
in line with previous findings of a P600 elicited by misspellings, both in free reading and 
instructed conditions (e.g., Koolen et al., 2012; Vissers et al., 2006).

4.1.2 Sustained Anterior Negativity
Let’s now focus on the sustained anterior negativity (SAN) observed. Both for ASD 
and for control participants, the semantic reversals elicited a SAN mainly in the 
instructed condition (in the free reading condition the effect was only found for the 
control group at one electrode). The orthographic errors evoked a SAN mainly in the 
instructed condition for ASD participants. For control participants this effect in the 
free reading condition was also present, and in addition a smaller SAN effect was 
observed after orthographic errors in the free reading condition. The effect was 
clearly different from the standard N400 and from various earlier and short-lived 
anterior negativities at least in terms of duration, starting around 600 ms extending up 
to 1000 ms. A similar effect was found in a previous study, in which participants were 
told that syntactic and orthographic errors could be encountered in the sentences 
presented. We then interpreted the effect as a reflection of increased working memory 
load due to the task instructions; an explanation in line with findings from other studies 
in which a sustained anterior negativity was elicited by language tasks that impose a 
high load on working memory (Van Berkum, Brown, Hagoort & Zwitserlood, 2003; 
Müller, King & Kutas, 1997). The present findings of the SAN mainly being elicited in 
the instructed conditions fit with this idea; because participants were asked to judge 
the semantic plausibility or the orthographic correctness of the input, they were 
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stimulated to actively build sentence representations and predict implausibilities or 
errors, thereby increasing demands on working memory. For control participants, we 
also found a SAN to orthographic errors in the free reading condition. This could be 
an arbitrary effect due to the quite unusual form of the orthographic errors, which are 
uncommon in normal written discourse. However, future research should shed more 
light on the functional interpretation of this finding and the possible differences 
between typical individuals and patients with ASD. 

4.1.3 N400 effect
In ERP research, semantic processes have been associated with the N400 effect. An 
increase in N400 amplitude has been proposed to reflect difficulties with the integration of 
semantic input (Chwilla et al., 1995; Friederici, 1995; Holcomb, 1993; Nieuwland & 
Van Berkum, 2005). Only if integration fails and difficulties cannot be resolved, for 
instance in case of deeply implausible sentences, a process of reanalysis is said to 
be triggered, reflected by the P600 effect (Van de Meerendonk et al., 2010). As the 
N400 component has been associated with semantic processes, one could expect 
an N400 effect to occur to the semantically implausible sentences compared with the 
semantically plausible sentences. However, no N400 effects were found, neither in 
the ASD group nor in the control group. The finding of a P600 effect in absence of an 
N400 effect to semantic reversals has been reported in previous studies, however 
(e.g., Kolk et al., 2003; Van Herten, Chwilla & Kolk, 2006; Vissers et al., 2007). This 
absence of an N400 effect has been explained by the idea that the word-level 
integration process does not encounter difficulties when integrating the words of a 
reversal anomaly into a coherent meaning. Following this reasoning, in the present 
study, the plausibility heuristic – which generates the expected sentence representation 
based on world knowledge and hence took into account only content words – 
resulted in a plausible interpretation of the input both in case of plausible and 
implausible sentences. Hence, no integration difficulties arose and no N400 effect 
was obtained. However, in the implausible sentences, this expected interpretation 
conflicted with the perceived interpretation, triggering reanalysis of the perception, 
reflected by the P600 effect.  

4.2 Monitoring in language perception in ASD
Unlike for control participants, for participants with ASD the level of linguistic input 
appeared to affect their inclination to monitor in the free reading condition. When 
presented with errors at the semantic level of language, individuals with ASD did not 
show a monitor response, whereas they did do so when presented with errors at the 
orthographic level of language. Only when instructed to read sentences for semantic 
plausibility they monitored their perception of higher-level errors. How can this 
atypical monitoring pattern be explained?
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 It could be argued that individuals with ASD were not paying attention during the 
free reading block with semantic reversals, and were paying attention during the free 
reading block with orthographic errors. However, in both cases, participants were 
unaware of the presence of linguistic violations. We consider it highly unlikely that 
participants with ASD were systematically inattentive in the semantic block but 
systematically attentive in the orthographic block, without knowing what to expect 
beforehand. 
 An alternative explanation for the absence of the monitoring response to the 
semantic reversals might be the lowered score on the word reading test in the ASD 
group, compared with the control group. The test used in this study is taken as an 
indicator of vocabulary, and is said to be strongly reflective of verbal intelligence 
(Schmand et al., 1992). It seems imaginable that reduced word reading could have 
affected the ability to monitor the plausibility of semantic input, which would then 
explain the absent monitoring effect in the semantic free reading condition. As a 
counterargument, it could be posed that would the absent monitoring response to 
semantic implausibilities in the ASD group really have been the result of impaired 
word knowledge, one would expect monitoring in the instructed condition to be 
affected by this impairment as well. In the instructed condition, individuals with ASD 
did show a monitoring response, however. Unfortunately, we cannot rule out the 
possibility that a control group matched on the verbal estimate would have shown the 
same pattern and that the atypical monitoring findings thus do not merely reflect 
verbal differences. Nonetheless, in additional correlational analyses6, we did not find 
any indications of a correlational pattern between the verbal estimate and the size of 
the P600 effect. This suggests that the monitoring responses were not systematically 
related to the verbal estimates of the participants in the present study. This is in line 
with another study, in which monitoring differences were found between an ASD 
group and a control group that were in fact matched on verbal ability (Koolen et al., 
2013). In addition, we would like to point out that although there were significant 

6  To further account for an explanation of the results in terms of differences in verbal ability, we performed 
additional correlational analyses on the size of the P600 effect (mean amplitude per electrode) and 
the estimate of verbal ability per group. In the free reading condition, we found a significant positive 
correlation (Pearson’s) on only one of the 24 electrodes (PO10: r = .59, p = .01) for the ASD group, and 
no significant correlations for the control group (for the total sample we found one negative correlation 
Fp2  r = -.34, p = .04, and two nearly significant positive correlations F3 r = .36, p = .05, PO10 r = .33, 
p = .05). In the instructed condition, we found a negative correlation on only one of the 24 electrodes 
for the ASD group (Fz: r = -.53, p = .02), and on one of the 24 electrodes (PO9 r = -.56, p = .02) for the 
control group (for the total sample we did not find any significant correlations). Given that 24 analyses 
per group per condition were performed, the p-values should be interpreted with caution. Altogether, 
there does not seem to be a systematic correlation between the size of the P600 effect and the verbal 
estimate within a particular condition or group of participants. In other words, monitoring does not 
seem to be related to vocabulary knowledge in the present sample.
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differences in verbal estimates, the norm scores from which these estimates are 
derived did not differ significantly between the two groups. This discrepancy can be 
explained by the fact that the verbal estimates are based on clustered norm scores, 
and the norm scores hence provide a more precise differentiation. Altogether, 
although possible effects of the differences in verbal estimates cannot be ruled out 
and should be taken into account when interpreting the findings, the finding that there 
were no systematic associations between the verbal estimates and the monitoring 
responses (and the finding that groups do not differ on the norm scores) suggests 
that the atypical monitoring pattern does not result merely from differences in word 
knowledge. This does not, however, negate the fact that there were statistical 
differences between both groups in verbal estimates, which is a clear limitation of the 
present study. In future studies, groups need to be matched carefully to rule out 
possible effects of differences in verbal ability on monitoring. 
 Another explanation for the absence of the monitoring response to the semantic 
reversals would be that patients are unable to access and/or use knowledge relevant 
to the processing of the thematic role reversals, and the results would therefore point 
into the direction of a deficit in the semantic representations of words (for a recent test 
of the semantic deficit hypothesis in ASD see Henderson et al., 2011). Somewhat in 
line with this, it could be proposed that often reported Theory of Mind deficits in ASD 
(Baron-Cohen, 1995) in terms of difficulties with understanding another person’s 
beliefs, goals, motivations and feelings, hampered navigation of semantic perception. 
That is, even though sentences contained no or only minimal nonliteral and complex 
social information, individuals with ASD may still have not been able to understand 
what was insinuated due to a deficit in Theory of Mind. However, when instructed to 
focus on the plausibility of the sentence, participants did show a monitoring response, 
indicating that they were able to identify and reprocess semantically conflicting 
information. Furthermore, on the offline behavioral plausibility judgment task, 
accuracy rates of the ASD group were as high as those of the control group. Hence, 
individuals with ASD seem very well able to access and use relevant world knowledge 
and to represent the situations described to distinguish plausible and implausible 
scenarios, which clearly contradicts an explanation in terms of a deficit in the 
processing of semantic information or understanding the situations as such. Instead, 
we would like to argue that the absence of the monitoring response to the semantic 
reversals reflects an aberration of the monitoring process as such. 
 As described in the Introduction, variations in monitoring responses to linguistic 
errors have been found in previous research. Monitoring entails a control process in 
case of processing uncertainty, resulting from a conflict between the bottom-up, 
perceptual representation formed of the linguistic input and the top-down, expected 
representation formed of the input (Kolk et al., 2003). This control process is not 
always active; only when the conflict between two representations is sufficiently 
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strong, a monitoring response is triggered. When one of the representations is weak, 
no conflict occurs and the attentional system will not be enhanced for reprocessing. 
The strength of the conflict can vary across linguistic contexts (for instance, in certain 
contexts a linguistic event is expected whereas in others it is not; Van de Meerendonk 
et al., 2011), tasks (for instance, instructions can modulate expectations towards a 
certain linguistic event; Vissers et al., 2007) and individuals (for instance, some 
individuals are more sensitive to linguistic violations than others; Osterhout, 1997). 
 Based hereon, it seems plausible that the absent monitoring response to the 
semantically implausible input in individuals with ASD is the result of a limited repre-
sentational conflict (i.e. insufficient conflict strength). It has already been shown that 
some individuals are more sensitive to linguistic violations than others (Osterhout, 
1997). Probably, individual differences in expectancy (i.e., differences in the strength 
of the expectancy-based representations) affect the strength of the conflict and 
hence the cognitive control exerted for comprehension. We propose that, in ASD, 
representations of the input based on linguistic context and world knowledge are 
weak, as a result of which the control process that is typically elicited by the 
implausibility of the reversals is not triggered. In other words, without instructions, 
when processing semantic information, individuals with ASD tend to rely mainly on 
their perception of the input, as their representations based on heuristics and world 
knowledge are weak. However, when instructed to focus on the semantic plausibility 
of the input, people with ASD did monitor in case of implausible sentences. Hence, 
the control process can be triggered by stimulating people with ASD to process 
higher-level input based on world knowledge and sentence context. The instruction 
thus enhances the formation of an expected, plausible representation of the input, 
strong enough to evoke a conflict with the perceived representation and subsequent 
monitoring response in case of implausible input.  
 The intact monitoring response to orthographic violations shows that for 
lower-level linguistic input, people with ASD do detect conflicts between observed 
linguistic elements and expected linguistic elements and pay extra attention to 
resolve the conflict. Reasonably, for increasingly complex linguistic input, conflict 
identification and repair becomes more complex. That is, monitoring at word level 
requires forming representations only of the single word at hand and may be 
supported by intact or even enhanced low-level phonological processing (e.g., 
Jarvinen-Pasley, Wallace, Ramus, Happé & Heaton, 2008), whereas monitoring at 
the level of sentence meaning requires forming representations of the content of the 
entire sentence. It seems logical that, would monitoring be atypical, this would 
become most visible at levels of language that require more extensive processes.
 What does this mean for language comprehension in individuals with ASD? The 
finding that people with ASD do not monitor their perception of semantic input without 
instructions, indicates that they do not control for possible processing errors. 
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Linguistic errors that may hamper comprehension do not seem to be detected, or at 
least these errors do not trigger allocation of additional attention to the linguistic input 
to adjust the interpretation. It is likely that processing mainly based on perception and 
the resulting absence of a quality check in case of uncertainty will easily result in the 
integration of false information into the overall linguistic model or context, and thus in 
language comprehension problems.
 The proposed idea of reduced monitoring at higher levels of language fits with 
general findings on language comprehension problems in ASD. For instance, when 
reading sentences containing a homograph people with ASD tend to pronounce the 
word based on its most common interpretation, rather than on its meaning within the 
sentence context (Snowling & Frith, 1986; Jolliffe & Baron-Cohen, 1999). This 
suggests that the interpretation of the homograph (i.e., its correctness) is not 
monitored. Moreover, other studies show problems with language comprehension 
mainly at higher levels of language, which is in line with our findings of reduced 
monitoring specifically at those levels. For instance, processing of grammatical errors 
appears impaired when these are embedded in long sentences (Eigsti & Bennetto, 
2009), semantic processing in a lexical decision task seems reduced (Kamio, Kelley, 
Swainson & Fein, 2007), and pragmatic processing appears to be most severely 
affected (Boucher, 2003). Other researchers have found that higher-level information 
is activated at an implicit level, but it is not used for ‘regulation’ of processing 
(Henderson et al., 2011; Saldana & Frith, 2007; Tesink et al., 2011). In contrast, 
processing of less complex aspects of language is often found to be unimpaired, as 
shown by intact vocabulary performance (Kjelgaard & Tager-Flusberg, 2001) and 
even enhanced speech pitch perception (Heaton, Hudry, Ludlow & Hill, 2008; Jarvin-
en-Pasley et al., 2008). The latter is in line with the present results of intact monitoring 
responses at local (word) levels of language. 
 Importantly, the absence of the tendency to monitor can be overcome with 
instructions. This is in line with previous studies showing that with explicit task 
instructions, language can be processed for meaning. For instance, when in the 
homograph task people with ASD are explicitly instructed to focus on the meaning of 
the words within sentence context, they can process the sentences for meaning 
(Snowling & Frith, 1986). In a previous study, in which participants were made aware 
of the presence of syntactic errors, we even found an increased monitoring tendency 
in people with ASD compared to controls (Koolen et al., 2013). At a behavioral level 
this instruction resulted in reduced processing speed in more complex situations 
(Koolen et al., 2012), supporting the idea that top-down processing of complex 
linguistic input naturally is reduced and language processing naturally is less efficient 
in ASD; it can be enhanced with instructions, but this seems to be a more effortful 
process. Moreover, intervention studies on reading comprehension in ASD have 
found increased comprehension after interventions targeting underlying cognitive 
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processes in reading for meaning (for a review see Randi, Newman & Grigorenko, 
2010). For instance, it has been found that anaphoric cuing, in which participants are 
cued to choose among possible referents of a pronoun, enhances students’ 
understanding of a text, presumably because enhanced self-monitoring (O’Connor & 
Klein, 2004). In another study it was found that teaching individuals with ASD to 
identify causality in texts by using statement inferences, facts and analogies, 
promotes reading comprehension (Flores & Ganz, 2007). Hence, in accordance with 
the present findings, understanding of sentences and text can be affected by specific 
reading instructions. When individuals with ASD can draw on cues to activate relevant 
prior knowledge during reading, textual integration appears to increase (Wahlberg & 
Magliano, 2004). These instruction effects show that the comprehension problems 
cannot be accounted for by an absolute deficit in the ability to process language for 
meaning and/or use contextual information and relevant knowledge. 

4.4 Clinical implications
The present results have several important implications. From a theoretical point of 
view, the findings add up to an increasing number of studies showing that language 
(and possibly communication) problems in ASD should be studied from an 
interactionist perspective, focusing on the interplay between cognitive control 
mechanisms and language, rather than in terms of a linguistic deficit. From a clinical 
viewpoint, such an approach requires changes in the assessment and treatment of 
(neuro)psychological functioning of people with ASD. Neuropsychological testing at 
one cognitive domain may not provide full insight in the impairments as well as the 
abilities of patients with ASD. After all, difficulties with language and communication 
may very well result from an atypical interaction between cognitive functions, more 
than from dysfunctioning within one cognitive domain. The fact that standardized 
measures of reading comprehension involve instructions and that assessment takes 
place in a structured setting, may affect task performance in individuals with ASD and 
observations may not be truly reflective of comprehension in more naturalistic 
settings. This is not to say that standardized tests for language comprehension 
should no longer be used. However, diagnosticians should be aware of the effect of 
the task instructions and structured assessment, and should ideally compare 
performance in an instructed, structured situation with performance in a more 
naturalistic situation. Performance differences can provide important information for 
subsequent intervention. This would be in line with recent recommendations of the 
development of more dynamic assessment procedures for patients with psychiatric 
disorders, to improve diagnostic accuracy and provide a more extensive view on the 
trainability of those patients (e.g., Egger, De Mey & Janssen, 2007). The finding that 
with clear instructions the quality control of semantic processing can be enhanced, 
is valuable for interventions aimed at improving communicative abilities in people 
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with ASD. Attentional instructions seem to improve patients’ language perception 
and comprehension. Altogether, the results plead for a change in the approach to 
language (and possibly more general information) processing difficulties in ASD. 

4.5 Conclusions
In the present study, we examined language comprehension difficulties in people 
with ASD from a monitoring account. It was found that individuals with ASD are less 
inclined than individuals without ASD to monitor their perception of higher-level, 
semantic input, whereas they do exert cognitive control during lower-level, 
orthographic processing. Based on the present findings, we propose that people 
with ASD form weaker expectancy-based representations of linguistic input and rely 
more strongly on a systematic, word-by-word analysis of the sentence than typical 
individuals, as a result of which conflicting, unexpected, or complex information is not 
or incorrectly integrated into the ongoing linguistic interpretation. Furthermore, the 
finding that monitoring of semantic perception can be enhanced with instructions 
supports the idea that comprehension problems cannot be accounted for by an 
absolute deficit in the ability to access semantic information to process language for 
meaning and/or use contextual information and relevant knowledge. Instead, 
importantly for neuropsychological assessment and intervention, differences in the 
inclination to monitor semantic perception appear to play a role in the reduced 
processing of the meaning of language. The finding that language comprehension 
can be modulated with instructions strengthens the importance of theories that take 
an interactive, dynamic approach to cognitive functioning in ASD. Future research 
should examine whether the atypical monitoring tendency found in relation to 
semantic perception also holds for other aspects of language. 
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HOW STIMULUS AND TASK 

COMPLEXITY AFFECT MONITORING 
IN HIGH-FUNCTIONING ADULTS WITH 

AUTISM SPECTRUM DISORDER

ABSTRACT

The present study examined whether individuals with ASD are able to update and 
monitor working memory representations of visual input, and whether performance is 
infl uenced by stimulus and task complexity. 15 high-functioning adults with ASD and 
15 controls were asked to allocate either elements of abstract fi gures or semantically 
meaningful pictures to the correct category, according to a certain set of rules. In 
general, the groups did not differ on measures of intelligence, working memory, 
attention, fl uency and memory. For the monitoring of allocation of abstract fi gures, a 
similar pattern of reaction times was found for ASD and control participants. For the 
monitoring of allocation of semantically meaningful pictures, a different response 
pattern was found, with a stronger increase in response times for the ASD than for the 
control group when the number of categories increased. This suggests that 
participants with ASD are able to monitor working memory representations, but suffer 
under more complex circumstances. 
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1. Introduction

Autism Spectrum Disorder (ASD) is characterized by impaired communication and 
social interaction as well as repetitive behaviors and restricted interests (DSM-IV-TR, 
American Psychiatric Association, 2000). It has been proposed that many of the 
symptoms in ASD arise from deficits in executive functions (Eigsti, 2011). Executive 
function (EF) is used as an umbrella term for a wide range of control mechanisms 
involved in the higher-order modulation of  thought and behavior (Miyake, Friedman, 
Emerson, Witzki & Howerter, 2000). Executive functions are essential for the formulation of 
goals and the generation, organization, evaluation and adaptation of complex thought 
and behavior (e.g., Kennedy et al., 2008). Within the field of ASD, problems in the social 
as well as in the non-social domains have been linked to EF deficits, including difficulties 
in pragmatic and syntactic development (Eigsti, Marchena, Schuh & Kelley, 2011), 
social cognition (Pellicano, 2007) and treatment response (Fischer & Happe, 2005). As 
such, EF impairments have been designated as one of the core deficits of autism. 
 In the EF literature, many different functions have been described. Based on a 
latent component analysis, Miyake and colleagues (2000) identified three basic 
cognitive component processes that are said to underlie performance on complex 
executive tasks; shifting between mental representations, inhibition of dominant or 
prepotent responses, and updating and monitoring of working memory representa-
tions. The first two components have been studied extensively in individuals with ASD 
(for overviews see Eigsti, 2011; Hill 2004a; 2004b). Performance on set shifting 
abilities or cognitive flexibility tasks (e.g., the Wisconsin Card Sorting Test) generally 
suggest that individuals with ASD are highly perseverative and have difficulty shifting 
to a new set of rules when the task context requires to do so (e.g., Lopez, Lincoln, 
Ozonoff & Lai, 2005; Ozonoff & Jensen, 1999; Tsuchiya, Oki, Yahara & Fujieda, 2005). 
Tasks measuring inhibition, such as the Stroop task, stop-signal tasks and negative 
priming tasks, mostly reveal intact inhibitory skills and normal levels of interference in 
individuals with ASD (e.g., Barnard et al., 2008; Ozonoff & Jensen, 1999; Ozonoff, 
Strayer, McMahon & Filloux, 1994), although tasks that require inhibition of a prepotent 
response in favor of an overarching goal have demonstrated reduced performance 
(Hughes & Rusell, 1993). In contrast to set-shifting and inhibition, updating and 
monitoring of working memory content has gained less attention in the field of ASD 
research. Updating and monitoring involves screening and coding of incoming 
information for task relevance and revising items kept in working memory by 
substituting information that is no longer relevant for newer, more relevant information 
(Miyake et al., 2000). As such, monitoring plays a crucial role in the control over the 
quality of one’s thoughts and actions. 
 Only little research has been conducted on monitoring in patients with ASD. Most 
studies that examined monitoring processes in ASD focused on what is called 



124 | Chapter 5

‘self-monitoring’ or ‘action monitoring’; a subpersonal process said to enable people 
to know themselves to be the source of changes in perceptual input, actions and 
mental episodes (Hill & Russell, 2002; Russell & Hill, 2001). This is a broader concept, 
however, than the basic executive process of updating and monitoring of working 
memory representations that underlies performance on more complex, higher-level 
(executive) tasks, as identified by Miyake et al. (2000). Although there is some indication of 
impaired updating and monitoring of working memory content in ASD, the results are 
inconclusive, and findings seem to vary across tasks and stimulus levels. Whereas 
some studies found that individuals with ASD are able to keep track of previous 
responses and adjust a current response accordingly (Williams, Moss, Bradshaw & 
Rinehart, 2002), others suggest that the tendency to monitor incoming information 
depends upon the complexity of the task (Koolen, Vissers, Egger & Verhoeven, 
2013a) and the type of information (Koolen, Vissers, Egger & Verhoeven, 2013b). 
 As monitoring is crucial for the optimization of the quality of perception and 
action, and is likely to be involved in more complex executive functions such as 
planning (which has been found to be impaired in ASD, e.g., Ozonoff & Jensen, 
1999), it is important to further examine monitoring processes in patients with ASD. 
Within the field of EF research in ASD, it is being increasingly underscored that 
traditional EF tasks may not be sensitive enough to provide an accurate view of more 
subtle EF impairments in higher-functioning individuals with ASD (e.g., Baron-Cohen, 
Wheelwright, Stone & Rutherford, 1999; Geurts, Corbett & Solomon, 2008; Hill & Bird, 
2006), and that executive capabilities and deficits should be studied in a more 
dynamic fashion (for a discussion see Hill, 2004a; 2004b). Tests of EF in which the 
effect of levels of task complexity and stimulus input are taken into account are 
suggested to provide a clearer en more subtle profile of capabilities and deficits in 
ASD. For instance, although studies on set-shifting generally find performance 
impairments in ASD, a detailed set-shifting task that includes several stages of 
complexity has offered a more nuanced picture. That is, participants with ASD appear 
to be impaired in comparison to control participants only at later stages of the task, 
in which more complex, extradimensional mental shifts are required, but not at more 
simple stages when only intradimensional shifting is needed (Hughes, Russell & 
Robbins, 1994; Ozonoff et al., 2004). Another study that examined monitoring in 
relation to linguistic input in adults with ASD, found monitoring differences for 
higher-level, semantic input, but not for lower-level, orthographic input. This suggests 
that the cognitive control exerted to perform the reading task interacts with the 
complexity of the input (Koolen et al., 2013b). Altogether, as stimulus and task 
complexity may impact the interpretation of EF performance in ASD, both factors 
were taken into account when studying monitoring in ASD in the present research.
 The aim of the present study was to gain more insight in monitoring in patients 
with ASD, taking into account both stimulus and task complexity to get a clear profile 
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of performance. We designed a computerized monitoring task, in which pictures 
needed to be sorted according to a certain set of rules, placing them alternately 
either in a box representing their category or in a bucket. This method of alternate 
sorting required updating and monitoring of working memory representations, as 
decisions with regard to incoming information needed to be made based on previous 
ones and older, previous decisions kept in working memory needed to be substituted 
for the newer decision. Stimulus complexity was varied, by asking participants to 
monitor either processing of abstract figures or processing of semantically meaningful 
pictures. For the latter category, semantic memory needed to be activated, thereby 
complicating the monitoring process. Moreover, task complexity was varied, by 
increasing the number of abstract figures or semantic categories for which allocation 
of pictures needed to be monitored across the task. Based on previous findings, it 
was expected that compared with typical individuals, people with ASD would show 
more difficulties when monitoring complex, semantically meaningful stimuli than 
more simple, abstract stimuli. Moreover, it was expected that these monitoring 
differences may only show at more complex task levels, where allocation of pictures 
from three or four different figures or categories needed to be monitored. 

2. Methods

2.1 Participants
Participants were 15 high-functioning adults with ASD and 15 healthy controls (14 
males, 1 female per group). There was no significant difference in the age of the ASD 
group (M = 37.5, SD = 13.1) and the control group (M = 28.0, SD = 13.6) (p > .05). 
Patients were selected for their diagnosis of a disorder within the autism spectrum 
(Autistic Disorder, Asperger’s Disorder, Pervasive Developmental Disorder Not 
Otherwise Specified (PDD NOS)) by a psychiatrist or healthcare psychologist based 
on DSM-IV criteria. In addition, the Autism Diagnostic Observation Schedule (ADOS) 
Module 4 was administered to all patients by a licensed health psychologist to verify the 
ASD diagnoses (M = 10.4, range = 7-18). Patients with severe comorbid psychiatric 
disorders were excluded from participation. 
 In order to account for possible differences in executive functioning on other 
tasks than the task of interest, we administered a neuropsychological test battery to 
all participants. Performance intelligence was measured with Raven’s Standard 
Progressive Matrices, and verbal intelligence was assessed with the Dutch version of 
the National Adult Reading Test (NART). 
 Moreover, we assessed selective attention with the Stroop task, in which 
participants’ reading times for a) 100 words, b) the color of 100 words, and c) the 
color of the ink of 100 written incongruent color names were measured (we calculated 
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scores based on a standardized procedure provided by Schmand, Houx & de 
Koning, 2003, generally used to calculate Stroop performance in clinical practice in 
the Netherlands, in which time at condition c corrected for the time at condition b is 
converted into a T-score. A higher T-score indicates less interference). Sustained 
attention was examined with the D2, a test in which target characters need to be 
cancelled out against nontarget characters on 14 successive trials. Standardized 
scores for total number of correctly cancelled targets minus cancelled nontargets 
were calculated. 
 Cognitive flexibility or divided attention was measured with the Trail Making Test 
(TMT), in which participants needed to connect numbers (ascending) and letters 
(alphabetically) alternately, requiring to switch between a numerical and an 
alphabetical code (we calculated a standardized score by subtracting the time to 
connect only numbers (measured separately) from the time to connect numbers and 
letters alternately, with higher scores indicating more cognitive flexibility). 
 Furthermore, verbal fluency was measured with the semantic fluency test, in 
which participants first were asked to name i) as many boys names as possible 
starting with the letter J and ii) as many four-letter words starting with the letter M as 
possible, within 60 s per category. The dependent variable was the sum of the 
number of correctly named words for both letters. 
 Working memory capacity was measured with the Digit Span test and the 
Letter-number sequencing test (subtests of the Wechsler Adult Intelligence Scale III). 
Furthermore, verbal memory was assessed with the Dutch version of the Rey Auditory 
Verbal Learning Task (RAVLT). Participants were presented with a list of 15 semantically 
unrelated words, repeated in five learning trials. Immediate recall was measured after 
each learning trial. Delayed recall and recognition (from a list of 30 words) were tested 
after a 20 minutes delay. Measures of interest were the total number of correctly 
recalled words at immediate recall and at delayed recall, and the number of correctly 
recognized words. Finally, visual memory was examined with the Rey Complex Figure 
Test (Rey CFT), in which participants needed to reproduce a complex figure consisting 
of 18 elements by copying, by direct recall and after a 20 minutes delay. Measures of 
interest were the total score for correct elements (minimum score 0.5 points per 
element, maximum score 2 points per element) on the copy, the immediate recall and 
the delayed recall trials. 
 The results from the neuropsychological test battery are depicted in Table 1. The 
ASD group and the control group showed a significant difference in performance IQ, 
with ASD participants scoring somewhat higher than the control participants. On all 
other measures, no significant differences were found between both groups (all p’s 
>.10), indicating that the participants in the present study did not differ significantly 
on the measures of working memory, attention and response generation and memory. 
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2.2 Experimental design and materials
The study consisted of a mixed between-within subjects design. The aim was to 
examine monitoring of semantically meaningful information and monitoring of 
abstract figural information. We developed two conditions, one in which allocation of 
abstract figures needed to be monitored, and one in which allocation of semantically 
meaningful pictures needed to be monitored. Hence, in these conditions the tasks 
were identical, except for the type of visual stimuli that needed to be monitored 
(abstract figures or meaningful pictures) (see Appendix A).
 In the semantic condition, participants were presented with pictures of objects 
from semantic categories shown at the bottom of a computer screen. In addition to 
the categories, there was a picture of a ‘bucket’ in the right upper corner of the screen. 
Participants were asked to allocate the pictures presented according to a certain set 
of rules, via a response device with five buttons (one for each category and one for 
the bucket) that was placed in front of them. The first block, level 1, included the 
category box ‘kitchenware’ and a bucket. Pictures of objects representing kitchenware 
were presented one-by-one at the fixation cross. Subsequently, participants were 
asked to sort the pictures in an every-other-way: the first picture of the kitchenware 
needed to be allocated to the category box ‘kitchenware’, the second picture needed 
to be allocated to the bucket, the third picture to the category box, the fourth picture 
to the bucket, and so forth. The second block, level 2, included the category box 
kitchenware, a second category box ‘tools’, and the bucket. At the fixation cross 
pictures of objects were presented one by one, belonging to the category kitchenware 
or tools. Again, pictures needed to be sorted every-other-way, per category. That is, 
pictures of kitchenware needed to be allocated alternately to the category box 
kitchenware and the bucket. Pictures of tools needed to be allocated alternately to 
the category box tools and the bucket. The third block, level 3, included the category 
boxes kitchenware and tools, a new category box ‘toys’ and the bucket. Again 
pictures needed to be sorted every-other-way to the category box and the bucket per 
category. The fourth block, level 4, included the category boxes kitchenware, tools, 
toys and ‘office supplies’, as well as the bucket. Again, pictures needed to be 
allocated to the correct category box and the bucket alternately. The task required 
participants to keep track of their last responses per category, and base their decision 
for the currently presented picture (whether to allocate the picture to the category box 
or to the bucket) on their decision with regard to previous picture from that particular 
category. This required constant monitoring and updating of working memory repre-
sentations. By increasing the number of categories across the task, effect of task 
complexity on monitoring performance could be taken into account. 
 All pictures were black and white line drawings of objects belonging to those 
categories. A total of 140 different pictures were presented: 20 pictures of kitchenware 
were presented in the first block; 20 pictures of kitchenware and 20 pictures of tools 
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were presented in the second block; 13 pictures of kitchenware, 13 pictures of tools 
and 14 pictures of toys were presented in the third block; and 10 pictures of 
kitchenware, 10 pictures of tools, 10 pictures of toys and 10 pictures of office supplies 
were presented in the fourth block. Different stimulus lists were composed and 
presented randomly across participants, in which the pictures of every category were 
presented randomly across the blocks.
 In the figural condition, the exact same task was performed, now for abstract 
figures. Rather than semantically meaningful categories, pictures of figures were 
presented at the bottom of the screen, from which elements were presented that 
needed to be allocated to the correct category box or the bucket. For the abstract 
figures, four different figures were designed. From these figures, elements were 
selected that were presented across the blocks. As for the objects, a total of 140 
different elements were presented both in the categorization and the monitoring task: 
20 elements of figure 1 in the first block; 20 elements of figure 1 and 20 elements of 
figure 2 in the second block; 13 elements of figure 1,  13 elements of figure 2 and 14 
elements of figure 3 in the third block; and 10 elements of figure 1, 10 elements of 
figure 2, 10 elements of figure 3 and 10 elements of figure 4 in the fourth block. 
Different stimulus lists were composed, in which the elements of every figure were 
assigned randomly to the blocks. 
 Prior to each monitoring task, a categorization task was administered. In contrast 
to the monitoring tasks, in the categorization tasks there was no bucket; hence, 
pictures only needed to be allocated to the correct box or figure presented at the 
bottom of the screen. Herewith, we could account for possible between-group 
differences in the ability to categorize semantically meaningful pictures of abstract 
figures that could obscure performances on the monitoring task. The categorization 
task also involved four blocks for four levels of complexity. The stimulus list presented 
in the categorization task always differed from the list presented in the monitoring 
task. 

2.3 Procedure
Prior to the study, approval from the Medical Ethical Committee was obtained. All 
participants were asked to sign an informed consent form. Participants with ASD 
were tested at an institution for mental health care from which they were recruited. 
Control participants were employees from the mental health care institution and 
university students, tested at the institution and university, respectively. Participants 
were seated in a sound-attenuating room. The assessment started with the first half 
of the neuropsychological tests, administered by a psychologist (duration 40 minutes). 
The tests were divided in two blocks, of which the order of administration was coun-
terbalanced: half of the participants performed the RAVLT immediate recall, TMT, D2, 
RAVLT delayed recall and recognition, letter-number sequencing and Raven SPM, 
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respectively; half of the participants started with the Rey CFT copy and immediate 
recall, Stroop, semantic fluency, Rey CFT delayed recall, digit span and NART, 
respectively. Next, either the categorization and monitoring tasks for abstract figures 
or the categorization and monitoring tasks for semantic objects were performed 
(duration 20 minutes). Again, order of administration was counterbalanced. After a 
subsequent break of 15 minutes, the remaining half of the neuropsychological tests 
was administered (again 40 minutes). Finally, the other half of the experimental tasks 
was performed (again 20 minutes). For participants with ASD, the ADOS was 
administered by a licensed health psychologist prior to the assessment. Altogether, 
participation took about 2-2,5 hours for control participants and 2,5-3 hours for 
participants with ASD. 
 The experimental task was performed on a computer. Participants were seated 
approximately 80 centimeters from a computer screen. A response device with five 
buttons was placed in front of the participant. Pictures were presented one-by-one at 
the center of the computer screen, and participants were asked to allocate the 
pictures to the correct figure or box on the screen as fast as possible. For every figure 
or box there was a specific response button at the response device, and in addition 
there was a fifth button for the bucket presented in the monitoring tasks. The response 
device was developed such that locations of the buttons were similar to the positions 
of the categories on the screen (four buttons next to each other at the lowest side of 
the box, and one button at the upper right side of the box). Pictures remained on the 
screen until the participants responded. Each block was preceded by instructions 
from the psychologist and examples of the task were shown in a booklet before the 
start of the task. Prior to the blocks in the monitoring tasks, practice trials were 
performed. 

2.4 Data analysis
For each participant, accuracy and reaction times were measured from the time 
when the picture appeared until the participants responded. Only reaction times from 
correctly allocated pictures were used for analysis. For the correctly allocated 
pictures, individual cut-off values were calculated per level per condition, as the 
mean ± 2 standard deviations. Values exceeding the individual cut-off scores were 
removed from the data set. Next, for every participant a mean reaction time per level 
per condition per task was calculated. Accuracy was calculated per level per condition 
per task as the number of correctly allocated pictures divided by the total number of 
pictures presented in that particular block. Both for the analysis of the reaction times 
and for the accuracy percentages, repeated measures ANOVAs were performed to 
analyze differences between groups (ASD and control participants), tasks 
(categorization and monitoring), conditions (abstract figures and semantic objects) 
and complexity (level 1-4). Greenhouse Geisser corrections were performed in case 
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of violation of the assumption of sphericity (in that case, adjusted degrees of freedom 
are reported). 

3. Results

3.1 Reaction times
The repeated measures analyses showed a significant main effect of Task F(1,28) = 
29.10, p < .001, Condition F(1,28) = 6.88, p = .01, Level F(1.46, 40.85) = 132.96,  
p < .001 and Group F(1,28) = 7.86, p = .009. More importantly, however, a significant 
two-way interaction between Task and Level and a three-way interaction between 
Task, Level and Group were observed (F(1.59, 44.46) = 34.93, p < .001, and F(1.59, 
44.46) = 3.97, p = .03, respectively), indicating that the effect of level differed for the 
categorization and the monitoring task, and that this difference varied across groups. 
In addition, a two-way interaction between Condition and Level was found F(2.28, 
63.90) = 15.42, p < .001. As we were interested in the effect of condition within each 
task (rather than across tasks), simple effects analyses were performed per task. 

3.1.1 Categorization task
For the categorization task, significant main effects of Condition F(1,28) = 11.65,  
p = .002 and Level F(1.41,39.33) = 47.28, p < .001 were revealed, which were 
qualified by a significant Condition by Level interaction effect F(1.46, 40.65) = 17.33, 
p < .001. No main or interaction effects of Group were found (all p’s > .05), indicating 
that there were no significant differences in reaction times between the ASD and 
control participants for categorization. To further explore the Condition by Level 
interaction, reaction times were  analyzed for the figures and objects conditions 
separately. In the figural condition, a significant effect of level was found F(1.23,34.53) 
= 14.07, p < .001. As can observed in Figure 1, there was an overall increase in 
reaction times for categorizing the figures across the four levels of complexity. Post 
hoc paired t-tests per step of increasing complexity (alpha after Bonferroni correction 
for three t-tests: .05/3 = .017) revealed that the observed increase in reaction times 
was significant from level 2 (two categories) to level 3 (three categories) (p < .001), 
whereas there were no significant differences in reaction times from level 1 to level 2 
and from level 3 to level 4 (p = .04 and p = .70, respectively). In addition, a significant 
main effect of Group was obtained F(1,28) = 4.7, p = .04, which reflected an overall 
higher average reaction time for the ASD than for the control participants when 
categorizing the elements of the figures. There was no significant interaction between 
level and group, however, showing that although the reaction times for the ASD 
participants overall were higher than for the control participants, both groups showed 
a similar pattern of increasing reaction times for increasing levels of complexity. 
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 In the semantic condition, a significant effect of level was found (F(1.61,45.09) = 
76.72, p < .001). As can be observed from Figure 2, the reaction times for categorizing 
the pictures from the semantic categories increased with increasing levels of 

Figure 1 Reaction times in milliseconds of the ASD group and the control group when categorizing 
elements of abstract figures, at four levels of complexity (1, 2, 3 or 4 figures) (***  p < .001).

Figure 2  Reaction times in milliseconds of the ASD group and the control group when categorizing 
pictures from semantic categories, at four levels of complexity (1, 2, 3 or 4 semantic categories) 
(***  p < .001).
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complexity. Post hoc paired t-tests (alpha after Bonferroni correction for three t-tests: 
.05/3 = .017) showed that with every step of complexity, reaction times increased 
significantly (all p’s < .001). No effect of group was found (p > .05), indicating that 
both groups showed similar reaction times. 

3.1.2 Monitoring task
 For the monitoring task, main effects of Level F(1.34,37.39) = 104,45, p < .001 and 
Group F(1,28) = 6.1, p = .02 were found, which were qualified by a Condition by Level 
F(3,84) = 3.9, p = .01 and a Level by Group F(3,84) = 3.6, p = .02 interaction effect. 
Simple effects analyses per condition were performed. In the figural condition, a main 
effect of Level F(3,84) = 71.93, p < .001 was observed. Figure 3 demonstrates 
increasing reaction times for monitoring figures with increasing levels of complexity. 
Post hoc paired t-tests (alpha after Bonferroni correction for three t-tests: .05/3 = 
.017) revealed that the observed increase in reaction times was significant from level 
1 to level 2 and from level 2 to level 3 (p’s < .001), whereas the difference in the 
reaction times between level 3 and level 4 was not significant (p = .15). In addition, a 
significant main effect of Group, F(1,28) = 5.36, p = .03, was found. There was no 
significant Level by Group interaction (p > .05). Overall, ASD participants showed 
higher reaction times than control participants when monitoring the allocation of 
elements of figures. However, the pattern of increasing reaction times with increasing 
levels of complexity was similar for both groups. 
 In the semantic condition, we found a main effect of Level (F(1.4,39.57) = 118,23, 
p < .001) and of Group (F(1,28) = 5.66, p = .02), qualified by a Level by Group 
interaction effect (F(1.4,39.57) = 4.49, p = .03). As can be observed from Figure 4, 
ASD participants showed a stronger increase in reaction times than typical controls 
when levels of complexity increase. Post hoc contrasts per group (alpha after 
Bonferroni correction for six contrasts: .05/6 = .008), showed a significant increase in 
reaction times for both groups from level 1 to level 2 (p’s < .001) and from level 2 to 
level 3 (p < .001 ASD, p = .005 control). From level 3 to level 4, we did find a difference 
in reaction times for ASD participants (p < .001), but we did not find a difference for 
control participants (p = .118) . Hence, when levels of complexity raised, ASD 
participants showed a stronger increase in reaction times when monitoring the 
allocation of pictures from semantic categories than control participants. 

3.2 Accuracy
The repeated measures analyses showed a significant main effect of Task F(1,28) = 
63.91, p < .001 and Level F(1,28) = 59.30, p < .001. Above, a significant two-way 
interaction between Task and Level F(2.3,64.51) = 37.39, p < .001 and a marginally 
significant interaction between Condition and Level F(3,84) = 2.74, p = .05 were 
found, indicating that the effect of level differed for the categorization and the 
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monitoring task, and possibly for the figural and the semantic condition. As we were 
interested in the differences in accuracy between the figural and semantic condition 
per task rather than across tasks, simple effects analyses were performed per task. 

Figure 3  Reaction times in milliseconds of the ASD group and the control group when monitoring 
the allocation of elements of abstract figures, at four levels of complexity (1, 2, 3 or 4 figures) 
(*** p < .001).

Figure 4  Reaction times in milliseconds of the ASD group and the control group when monitoring 
the allocation of pictures from semantic categories, at four levels of complexity (1, 2, 3 or 4 semantic 
categories) (** p < .01, *** p < .001).
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3.2.1 Categorization task
For the categorization task, main effects of Level (F(3,84) = 39.16, p < .001) and 
Group (F(1,28) = 5.33, p = .03) were found, which were qualified by a significant 
Level by Group interaction effect (F(3,84) = 3.12, p = .03). When examining the effect 
of level for the two groups separately, both ASD and control participants showed a 
main effect of level (F(3,42) = 27.69, p < .001, and F(3,42) = 18.61, p < .001, 
respectively). As can be observed from Figure 5, accuracy percentages tend to vary 
somewhat across levels of complexity, yet, at all levels of categorization, percentages 
were still above 95% for the two groups (when splitting out percentages per condition, 
for the categorization of elements of figures the lowest accuracy percentage was 97% 
for the ASD group and 95% for the control group; for the categorization of pictures of 
semantic categories the lowest accuracy percentage was 95% for both the ASD and 
the control group).  

3.2.2 Monitoring task
For the monitoring task, a main effect of Level was demonstrated (F(3,84) = 49.05, p 
< .001), which was qualified by a marginally significant Level by Condition interaction 
effect (F(3,84) = 2.65, p = .05). When examining the effect of level per condition, we 
found a main effect of Level both for monitoring figures (F(3,84) = 29.74, p < .001) 
and for monitoring objects (F(2.26,63.32) = 41.63, p < .001). As can be observed 
from Figure 6, the decrease in accuracy percentages is somewhat stronger for 

Figure 5  Mean accuracy in percentages of the ASD group and the control for categorization of 
both figures and objects, at four levels of complexity (1,2,3 or 4 figures and categories). 
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monitoring the allocation of pictures of semantic categories than for monitoring the 
allocation of elements of figures. Post hoc paired t-tests (alpha after Bonferroni 
correction for three t-tests: .05/6 = .008) revealed that when monitoring figures the 
decrease in accuracy was significant from level 1 to level 2, whereas when monitoring 
objects errors increased from level 1 to level 2 as well as from level 2 to level 3. 
Notably, in both conditions percentages are still above 74% correctness (when 
splitting out percentages per group, for monitoring the allocation of elements of 
figures the lowest accuracy percentage was 79% for the ASD group and 78% for the 
control group; for monitoring the allocation of pictures of semantic categories the 
lowest accuracy percentage was 70% for the ASD group and 79% for the control 
group).  

3.3 Summary of results
For categorization, no differences in response pattern were found across ASD and 
control participants. That is, both groups showed a similar pattern of heightened 
response times with increasing complexity. This effect was stronger for semantic 
categories, for which response times increased for every additional category. For 
figures, the increase in response times was present mainly in the change of complexity 
from two to three categories. Although there was some (between-group) variation in 

Figure 6  Mean accuracy in percentages of all participants when monitoring the allocation of 
elements of figures and when monitoring allocation of pictures from semantic categories, at four 
levels of complexity (1,2,3, or 4 figures or categories). 
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the response accuracy across levels of complexity, percentages were above 95% at 
all levels both when categorizing figures and objects.
 For monitoring, differences in response pattern were found across ASD and 
control participants when allocation of pictures of semantic categories needed to be 
monitored, but not when allocation of elements of figures needed to be monitored. In 
the figural condition, both groups showed an increase in response times across the 
first three steps of complexity, whereas reaction times at the last level of complexity 
were similar to those at the previous, third level. In the semantic condition, ASD 
participants showed a stronger increase in response patterns especially at more 
complex levels of monitoring compared with control participants. Response accuracy 
decreased across levels of complexity, with stronger reductions when monitoring 
objects than when monitoring figures. However, this pattern of decrease was similar 
across ASD and control participants, and response accuracy was at least 74%.  

4. Discussion

The aim of the present study was to further explore monitoring in individuals with 
ASD, taking into account both stimulus and task complexity to obtain a clear profile 
of performance. A computer task was developed, in which participants were asked to 
sort visual stimuli according to a certain set of rules, requiring the adjustment of the 
current decision based on the previous one, hence, monitoring to optimize task 
performance. To account for stimulus and task complexity, we varied stimulus input 
including a simple condition with abstract figures and a more complex condition with 
semantic categories, and complexity by increasing the number of figures or semantic 
categories across the task. When asked simply to categorize the pictures presented 
with the right category, both ASD and control participants showed a similar pattern of 
increasing reaction times with an increasing number of categories. Above, in both 
conditions and at all levels of complexity ASD as well as control participants show 
categorizing accuracy of at least 95%. Hence, differences in monitoring did not result 
simply from differences in the ability to evaluate and categorize abstract figures or 
semantically meaningful pictures. Our main interest was the performance on the 
monitoring task. Interestingly, although participants with ASD were generally slower 
than control participants when monitoring allocation of elements of abstract figures, 
both groups showed a similar pattern of reduction of processing speed when the 
complexity of the task increased. However, when asked to monitor processing of 
semantically meaningful pictures, patients with ASD showed a stronger increase in 
the time needed to monitor allocation of semantically meaningful pictures than typical 
individuals. Both groups showed a drop in accuracy across levels of complexity, but 
this pattern did not differ between groups. 
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 The present findings suggest that individuals with ASD are able to monitor and 
update working memory representations to optimize their responses. Monitoring 
accuracy of individuals with ASD did not differ from accuracy of individuals without 
ASD. Furthermore, both typical controls and individuals with ASD showed an increase 
in processing time when the number of categories for which allocation needs to be 
monitored increased. When asked to monitor abstract figures, which are relatively 
simple stimuli compared with the semantically meaningful pictures, this increase in 
the pattern of processing speed was similar across participants. The results thus 
suggest that we cannot speak of a monitoring deficit as such in patients with ASD. 
 Alternatively, the type of input seems to play a role in monitoring performance. 
That is, we do find a stronger deterioration in processing speed in patients with ASD 
compared with healthy controls when processing complex input under complex 
circumstances, i.e., semantically meaningful pictures from three or four different 
categories. Both groups seem to suffer from the complexity of the semantic stimuli, 
compared with the abstract figures. Already for the categorization task in which no 
monitoring aspects or other rules or restrictions are involved, participants were slower 
categorizing the semantic pictures than the abstract figures. As the process of 
categorization is involved in the monitoring task (participants first need to decide to 
which category the picture belongs, before they can start with the process of deciding 
on their current action based on the previous one), it seems not surprising that 
monitoring responses for semantic categories are generally slower than those for 
abstract figures. However, participants with ASD seemed to be bothered more by the 
(meaningfulness of) the semantic pictures than controls in the monitoring task. In 
other words, monitoring performance seems to be affected more strongly by the 
stimulus content in individuals with ASD than in individuals without ASD. 
 The present findings line up with findings from monitoring studies in which 
linguistic rather than pictorial stimuli were used. In those studies, it was found that the 
complexity of the linguistic input interacts with the subsequent monitoring response. 
Whereas participants with ASD appeared to monitor their perception of more simple, 
orthographically ill-formed words, they did not show such a response to more 
complex, semantically implausible sentences (Koolen et al., 2013b). Hence, as was 
found in the present study, the monitoring response in ASD seemed to be affected by 
the stimulus content. Moreover, in another language study it was revealed that the 
complexity of the task differently affected monitoring in individuals with ASD and 
individuals without ASD. It was suggested that patients with ASD needed additional 
attention to keep track of perception in relatively simple conditions, whereas healthy 
individuals did not (Koolen et al., 2013a), as a result of which in more complex 
conditions, behavioral performance was impaired (Koolen et al., 2012). This is in line 
with current findings of performance differences showing up only for meaningful 
information at more complex task levels. In all, people with ASD seem to be able to 
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monitor their working memory representations when information and circumstances 
are not too complex. This could explain why relatively simple measures of updating 
and monitoring, such as the Random Number Generation task that involves only 
simple input (simple digits) and that does not involve increases in task complexity, do 
not reveal performance differences with regard to monitoring in individuals with ASD 
compared with controls (e.g., Williams et al., 2002). Possibly, monitoring costs 
excessive effort already in relatively simple situations, as a result of which monitoring 
of more complex input under more complex circumstances suffers. 
 Findings from the present study plead for a more nuanced view of executive 
functioning in ASD. This is in accordance with a general trend observed in the field of 
EF and ASD, in which the importance of task aspects when interpreting EF 
performance in ASD is highlighted (for reviews see Hill, 2004; 2004b). For instance, 
although individuals with ASD show impairments in cognitive flexibility on general 
tasks, a more detailed set-shifting task including different stages of complexity (ID/
ED task) revealed impairments in comparison to control participants only at later 
stages of the task, in which more complex, extradimensional mental shifts are 
required. This suggests that set-shifting impairments depend upon the complexity of 
the task at hand (Hughes et al., 1994). In line with this, although in general research 
has found intact inhibitory skills in people with ASD, more complex tasks in which 
inhibition of a prepotent response is needed in favor an overarching goal have in fact 
shown reduced performance (e.g., Hughes & Rusell, 1993). Accordingly, in the 
present study we found atypical monitoring only for more complex, meaningful 
information in more complex circumstances. 
 Altogether, the pattern of results holds important implications for clinical practice, 
where sometimes a discrepancy is observed between the problems experienced by 
patients with ASD and their performance during standardized assessment. Individuals 
with ASD often report problems in daily life that would likely be related to EF 
impairments (Channon, Charman, Heap, Crawford & Rios, 2001), such as difficulties 
to adjust to new situations or difficulties to oversee large amounts of new information. 
In neuropsychological assessment, however, deficits in executive functioning are not 
always found (Geurts, Corbett & Solomon, 2009). Especially for higher-functioning 
adults with ASD, standardized measures of EF typically used in neuropsychological 
assessment may be too simple to detect more nuanced EF impairments, and/or the 
patients may be able to compensate for impairments as long as tasks are not too 
complex (for instance, patients may have learned strategies to tackle relatively simple 
planning tasks) (Baron-Cohen et al., 1999; Hill & Bird, 2006). In the present study, no 
differences were found between the ASD group and the control group on standardized 
measures of attention, set-shifting, and (working) memory. On the experimental 
monitoring task, differences were only observed when monitoring of higher-level, 
meaningful information was tested under more complex circumstances. This is 
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supportive of the idea that traditional neuropsychological tests may not be complex 
enough to detect EF differences in individuals with ASD (Hill & Bird, 2006). As already 
proposed by Hill (2004a; 2004b), interpretation of results on EF tasks may be 
confounded by task complexity, and new, more sensitive tasks (for instance, with a 
stepwise nature), are needed to determine clearer neuropsychological profiles in 
patients with ASD. More specific insights in the EF profiles of individual patients may 
subsequently help interpret (disturbed) performance on other (neuro)psychological 
tasks. For instance, a differentiated view of EF abilities and deficits may help 
interpreting problems with the processing of more complex, social information that 
are generally experienced by patients with ASD (South, Schultz & Ozonoff, 2011). The 
present study underlines the importance of the development of more sensitive EF 
tests, as the type of information that needs to be monitored as well as complexity of 
the situation differently affected individuals with ASD compared with healthy 
individuals. 
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Appendix A  Examples of the Four Levels of the Monitoring Task for the Condition 
With Semantic Categories and for the Condition With Abstract Figures
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SUMMARY AND GENERAL DISCUSSION
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Language comprehension impairments are among the key characteristics of ASD. 
Whereas the processing of simple linguistic input is relatively intact, the processing 
of more complex input appears impaired (Kelley, 2011). Up to now, most research 
examining language problems in ASD has focused only on specific aspects of the 
language profile, and the mechanism underlying the functioning across the entire 
language spectrum is still poorly understood. The present thesis has examined an 
overarching explanation for the language profile in ASD, studying the relation between 
various linguistic aspects in ASD and cognitive control. In this final chapter I will 
review the main findings of the studies, after which I will put forward a new neuropsy-
chological approach to the language profile in ASD in terms of an interaction between 
cognitive control and language. Furthermore, I will relate this new model to existing 
cognitive theories on ASD. Finally, I will elaborate on the clinical implications and 
future perspectives resulting from the present findings. 

1. Summary of the findings

The main aim of the present thesis was to examine whether the language profile in 
ASD of intact processing of relatively simple information and impaired processing of 
more complex linguistic information, can be explained in terms of a reduced tendency 
to exert cognitive control during language perception. The interaction between 
cognitive control and language was tested in several experimental paradigms. 
 First, it was examined whether language processing in ASD was affected by task 
complexity. Processing of orthographic errors in a simple, single level task was 
compared with that in a more demanding, dual level task. Similarly, we compared 
processing of syntactic errors in a single level and in a dual level task. The behavioral 
and ERP findings suggest that when instructed, for individuals with ASD the 
processing of more complex linguistic input takes up cognitive control resources 
already in simple circumstances. For individuals without ASD this is the case only 
under more complex circumstances. Probably as a result of this, in individuals with 
ASD behavioral performance in more complex, demanding situations is found to be 
reduced. It can be concluded that people with ASD are in fact able to process the 
linguistic information presented, which argues against a linguistic deficit. Instead, the 
finding that compared with healthy individuals, language processing in individuals 
with ASD is differently affected by task demands, suggests that the interaction 
between cognitive control and language is atypical.  
 Moreover, it was examined whether cognitive control during language perception 
could be modulated with task instructions. In an ERP study, we compared cognitive 
control during the perception of orthographic and semantic input in a free reading 
condition, with that in an instructed condition. The findings suggest that compared 



148 | Chapter 6

with typical individuals, individuals with ASD are less inclined to monitor perception 
of higher-level, semantic input, whereas they do exert cognitive control during the 
perception of lower-level orthographic input. Monitoring of semantic perception can 
be enhanced, however, with explicit attentional instructions. Again, these findings 
support the presented idea that atypical language perception in ASD does not reflect 
a linguistic deficit (individuals with ASD are able to process linguistic input - both 
spelling and meaning), but that problems with the comprehension of more complex 
information are related to atypical cognitive control processes during perception. 
 Finally, the interaction between cognitive control and nonlinguistic information 
was tested, in order to examine whether the proposal of atypical cognitive control 
could be generalized to processing outside the domain of language. We tested 
whether individuals with ASD were able to update and monitor working memory rep-
resentations of visual input, and whether this processing was affected by the 
complexity of the stimuli (simple, meaningless versus complex, meaningful pictures) 
and the complexity of the task (the amount of information that needed to be 
monitored). The results show that individuals with ASD perform similar to individuals 
without ASD when monitoring their processing of simple, meaningless pictures. 
However, monitoring of processing of meaningful pictures seems more demanding 
than for typical individuals, resulting in reduced monitoring performance for this type 
of information when the amount of information that needs to be monitored increases. 
Again, these findings support the present proposal of an atypical interaction between 
cognitive control and informational input in ASD. For relatively simple information, 
performance is typical to that of individuals without ASD. Monitoring is hampered 
when presented with more complex information.
 Altogether, although i) the various aspects of language that were tested could be 
processed by individuals with ASD, and although ii) individuals with ASD appeared 
to be able to exert control over their perception, in case of more complex circumstances 
(in terms of information or task) language processing appeared less efficient. Hence, 
supportive of the proposal of the present research, the language profile in ASD 
seems to reflect an atypical interaction between cognitive control and language, 
rather than a linguistic deficit as such. Possibly, this atypical interaction between 
incoming information and cognitive control is not restricted to the linguistic domain, 
but is also involved in processing of other types of information, as shown in the visual 
perception paradigm. 
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2. Language comprehension in ASD revisited

As described above, based on the present research I propose that the language 
profile in ASD is characterized by an atypical interaction between cognitive control 
and language. In this paragraph I will further explain this new approach to language 
comprehension in ASD. 

2.1  The interplay between cognitive control and language:  
weaker cognitive control

In the field of psycholinguistics it has been put forward that cognitive control is 
essential for optimal language comprehension (Ye & Zhou, 2009). Cognitive control in 
language perception is triggered by the processing of information along two processing 
routes: a bottom-up route that results in a perceived linguistic representation and a 
top-down route that results in an expected linguistic representation based on prior 
knowledge (Kolk, Chwilla, Van Herten & Oor, 2003; Van Herten, Chwilla & Kolk, 2006; 
Van de Meerendonk, Kolk, Chwilla & Vissers, 2009). The top-down processing of 
incoming information based on preexisting knowledge structures, allows people to 
check the quality of their bottom-up perception. In case of a mismatch between the 
outcomes of the two routes, additional attention is triggered for reanalysis of the input, 
to prevent the integration of erroneous information and optimize comprehension. As 
described in previous chapters, an optimal offset of the interaction between cognitive 
control and language is important for optimal comprehension (Van de Meerendonk 
et al., 2009): a reduced tendency to exert control can lead to impaired quality of 
comprehension, an increased tendency to exert control is inefficient and will thus 
eventually hamper understanding as well. Hence, it is important to exert control (only) 
in case of serious processing uncertainty (see also Van de Meerendonk, Indefrey, 
Chwilla & Kolk, 2011).   
 The present studies illustrate such an optimal offset in typical individuals. 
Individuals without ASD show monitoring responses when they encounter violations 
at lower linguistic levels (orthographic errors) as well as higher linguistic levels 
(semantic reversals). Conflicts between expectations of spelling or sentence meaning 
and the actual perception of the input elicit additional attention, which allows for a 
check of perception and optimal comprehension. Moreover, when they are instructed 
specifically to examine the plausibility of the input (i.e., the presence of the semantic 
reversals), the tendency to exert control during perception even increases. In line with 
findings from previous research (e.g., Hahne & Friederici, 2002; Vissers, Chwilla & 
Kolk, 2007), however, when typical individuals are informed about the presence of 
linguistic violations without any further instructions, the tendency to exert control 
strongly reduces. This is efficient, as it is unnecessary to control perception of a 
linguistic error when knowing that errors can be encountered. In case processing 
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uncertainty increases, for instance because different types of errors can be encountered 
(i.e.., dual level processing), the control process is triggered. Altogether, in typical 
individuals there seems to be an optimal offset of the interaction between cognitive 
control and language. In case of linguistic errors, additional attention is exerted to 
check the quality of perception, which may be even enhanced with explicit instructions. 
In case errors are expected, however, almost no additional attention is exerted as 
there is less need to check for perceptual errors. In other words, individuals without 
ASD exert control in case of strong processing uncertainty, and can efficiently adjust 
this process based on contextual influences.  
 For individuals with ASD, the interplay between cognitive control and language 
seems disturbed. Individuals with ASD are inclined to exert control over perception 
when they encounter violations at lower linguistic levels (orthographic errors), but not 
when they encounter violations at higher linguistic levels (semantic reversals). At 
lower levels of language the control process is relatively little demanding, as only 
relatively simple representations at the word level need to be formed and reprocessed. 
However, at higher levels of language the control process is more extensive, as 
formation of more complex representations is required. Findings show that individuals 
with ASD are less inclined to exert control over higher-level perception, i.e. have a 
weaker tendency to monitor higher-level perception. Moreover, when informed about 
the presence of linguistic errors, individuals with ASD show an enhanced monitoring 
tendency compared with typical individuals. That is, whereas individuals without ASD 
appear to benefit from the knowledge that linguistic errors can be encountered and 
therefore do not (need to) check the quality of their perception, individuals with ASD 
do not. Even though the awareness of the presence of errors should diminish 
processing uncertainty, they do check the quality of their perception of the erroneous 
input. At a behavioral level, reduced speed of processing of this input is observed in 
more complex circumstances. 
 Altogether, I conclude that the language profile in ASD of relatively intact 
processing of simple language with impaired processing of more complex language 
(Kelley, 2011), is the result of a weaker tendency to exert control over perception. In 
case of higher-level linguistic input, individuals with ASD do not exert additional 
attention to check the quality of perception. For lower-level information, cognitive 
control is exerted, probably because this requires less extensive processes. As more 
complex linguistic information requires more extensive cognitive control processes, a 
reduced tendency to exert control is most likely to affect processing of higher-level 
aspects of language that requires more integration (e.g, semantics, pragmatics), 
whereas processing of lower-level aspects of language (e.g., phonology, vocabulary) 
is less likely to be affected. Importantly, the findings imply that language 
comprehension impairments do not result from a linguistic deficit as such, but from 
an atypical interaction between cognitive control and language. 
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2.1.1 Proposed mechanism for the weaker monitoring tendency in ASD
Now how may a reduced tendency to exert control during perception in individuals 
with ASD be explained? Although the present studies do not provide insight in the 
mechanism underlying the atypical interplay between cognitive control and language, 
it seems worthwhile to briefly speculate on it. Based on the present findings, I suggest 
that people with ASD are less inclined to exert cognitive control during language 
perception because of weaker formation of top-down representations of incoming 
input. The function of top-down, heuristic processing has been described by theories 
of bounded rationality (Simon, 1956), which state that human information processing 
is constrained by conditions of limited time, knowledge and computational capacities. 
In order to deal with these conditions, people make use of heuristic, top-down 
processing of information. Top-down representations are mental shortcuts, which 
rely on preexisting knowledge structures and thereby only require the use of a small 
proportion of the incoming information (Gigerenzer & Goldstein, 1996; Gigerenzer & 
Sturm, 2012). Top-down representations of incoming input parallel to perception 
allow for fast and efficient information processing and optimal outcome quality. This 
proposed mechanism is depicted in Figure 1a. As can been observed from this 
figure, limited employment of heuristics and reduced formation of top-down repre-
sentations, will enforce reliance on a detailed, bottom-up analysis of the input merely 
based on perception (step 2). I propose that individuals with ASD are less likely to 
efficiently use top-down knowledge and contextual information, as a result of which 
they are thrown back at a bottom-up approach to informational input. This is in line 
with proposals based on neurobiological findings in ASD (Frith, 2003; Frith, 2004; Hill 
& Frith, 2003), stating that reduced connectivity between brain regions results in 
reduced formation of high-level representations of input and the subsequent use of 
these representations during processing. This would lead to a perceptual strategy in 
which all incoming information is processed as equal and novel. As heuristic, 
top-down processing allow for fast and frugal cognition, weakened formation of 
those representations and (forced) reliance on more detailed, bottom-up perception 
is generally likely to easily result in an overload of working memory capacity and 
reduced quality of outcome or performance (step 3). In cases where incoming stimuli 
need to be processed for their elementary physical properties and top-down 
processing is rather inefficient, however, individuals with ASD will benefit from the 
perceptual strategy (e.g., when detecting melody modifications, Mottron, Peretz & 
Menard, 2000; or when detecting simple elements within a figure, Shah & Frith, 1983). 
 Within the domain of language, simultaneous processing of linguistic input along 
a top-down and a bottom-up processing route, allows for detection of possible 
deviations in perception from what could be expected based on prior knowledge and 
context, and the subsequent reanalysis of perception (Kolk et al., 2003; Van de 
Meerendonk et al.,  2009). An overview of this system is provided in Figure 1b (based 
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on Vissers, 2008). Reduced processing of language along the top-down processing 
stream (step 2) will lead to weaker conflicts is case input in fact deviates from what 
could be expected based on prior knowledge or context (step 3), and hence a weaker 
tendency to reprocess. The present data suggest that people with ASD are less likely 
to make use of prior knowledge and contextual information to guide language 
processing. Consequently, they rely more strongly on a bottom-up, detailed 

Figure 1a  Schematic overview of the processing of incoming information (step 1) along a 
top-down route based on heuristics and a bottom-up route based on actual perceptual features 
(step 2). Quality of the outcome (step 3) is dependent upon the processing of the information 
along the two routes.

Figure 1b  Schematic overview of language processing and cognitive control. The linguistic 
stimuli (step 1) are processed based on a bottom-up route (actual perceived representation of the 
input) and on a top-down route (expected representation of the input based on knowledge and 
context) (step 2). In case of a conflicting outcome, reprocessing is triggered to optimize perception 
and enhance understanding (step 3). 
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processing approach. In other words, I propose that the disturbed offset between 
cognitive control and language observed in ASD – i.e., the weaker tendency to exert 
cognitive control during language perception – results from a weaker linguistic 
conflict due to weaker formation of top-down representations. Strong reliance on 
detailed, bottom-up representations will result in more extensive language processing 
with a higher working memory load, and reduced conflict detection and repair in case 
of discrepancies between perceived and expected linguistic representations. 
Altogether, this is likely to result in impaired understanding of the input. 
 Weakened top-down processing of incoming input will not only affect linguistic 
processing, but is likely to impact processing of other types of information as well. 
For instance, when processing visual, nonlinguistic information, preexisting 
knowledge and contextual information can make certain features of the input more 
salient, as a result of which not all details need to be perceived and information can 
be processed efficiently (Corbetta & Schulman, 2002). The present findings from the 
visual perception paradigm (Chapter 5) are supportive of the more generalized effect 
of weaker cognitive control during information processing and may also be explained 
by weakened top-down processing (see Figure 1c). In order to accurately perform the 
task, the pictures presented needed to be processed along the bottom-up route 
(based on their perceptual features) and the top-down route (based on their meaning 
in relation to the categories presented). If top-down processing is weakened (step 2), 
the eventual performance (step 3) with respect to information that is strongly 
dependent upon top-down processing will be more disturbed than performance with 
respect to information that is less dependent upon top-down processing. The more 
complex, semantically meaningful pictures likely required more extensive top-down 

Figure 1c  Schematic overview of the processing in the visual perception paradigm discussed 
in Chapter 5. The visual stimuli (step 1) are processed based on a bottom-up route (visual char-
acteristics of the input) and on a top-down route (meaning of the stimulus in relation to the 
presented categories) (step 2), resulting in outcome performance (allocation of the picture to the 
correct category based on the rule constraints of the task) (step 3).
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processing than the simple, meaningless pictures. Individuals with ASD indeed 
seemed to suffer from the meaningfulness of the information when completing the 
task, suggesting that they do make less efficient use of prior knowledge, in this case 
the semantic categories to which the pictures belonged. Reduced top-down processing 
of visual information, will lead to less efficient, more demanding processing.  

3.  The new approach in relation to existing models  
of ASD

As described in Chapter 1, the three main cognitive theories of ASD have all been put 
forward to describe the language profile in ASD. Here I will argue how our new proposal 
of an atypical interaction between cognitive control and language, relates to existing 
cognitive perspectives on ASD. According to WCC theory (Frith, 1989), the relatively 
intact lower-level language processing in ASD reflects a preference for detailed 
information. Impaired global language processing is said to result from this local 
processing bias (Happé & Frith, 2006; Happé & Booth, 2008). WCC theory thus 
predicts enhanced processing of lower-level, simple information in individuals with 
ASD. The present findings, however, show that processing of lower-level linguistic 
information is similar to that of typical individuals. Moreover, in attentionally more 
demanding situations (dual level processing), individuals with ASD show deterioration 
of processing of this local linguistic information similar to control participants. In line 
with this, in the visual, nonlinguistic monitoring task, the processing pattern of simple 
information is similar for individuals with and without ASD. Altogether, the present results 
argue against a view of a bias or superiority with respect to the processing of local 
information. Instead, the fact that differences are only found at higher, more complex 
levels of linguistic and nonlinguistic information and the fact that processing of linguistic 
information is affected by task complexity and instructions, suggests that cognitive 
control processes are involved. The present thesis proposes that weaker cognitive 
control, rather than a bias for local information, underlies the language profile in ASD. 
 The Theory of Executive Dysfunction describes problems in ASD in light of 
deficits in executive functions (EF) needed to regulate thoughts and behavior, such 
as cognitive flexibility, planning and self-monitoring. (Hill, 2004; Pennington & 
Ozonoff, 1996). Language problems in ASD sometimes have been associated with 
deficits in mental shifting (Kissine, 2012). The present findings, however, plead for a 
more nuanced view of EF in ASD. That is, cognitive control during perception in ASD 
seems to depend upon the complexity of the stimuli and the task. Individuals with 
ASD are able to exert control over perception when processing more simple 
information. Moreover, cognitive control, specifically monitoring, can be enhanced 
with explicit instructions. This suggests that atypical information processing in ASD 
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reflects an atypical interaction between cognitive control and language, rather than a 
particular EF deficit as such. 
 According to ToM theory, language problems in ASD arise from an impaired 
ability to understand other people’s mental states (Baron-Cohen, 1995). Impaired 
development of skills related to ToM (e.g., joint attention) that typically promote 
language learning experiences, would impair the learning of language (Baron-Cohen, 
Baldwin & Crowson, 1997). Numerous studies have demonstrated problems with 
ToM in ASD (for overviews see Baron-Cohen, 1995; Baron-Cohen, 2001), and an 
impaired ability to understand other’s thoughts and feelings will indeed likely hinder 
the (development of) understanding of a speaker’s or writer’s message. However, the 
language profile in ASD seems broader and more differentiated than explainable by 
a ToM deficit alone. For instance, individuals with ASD appear to be less inclined to 
exert control during semantic processing and to use contextual knowledge for the 
pronunciation of a homograph, but they can do so with explicit instructions. Would 
reduced processing of linguistic meaning result from an inability to understand the 
message of the linguistic input, individuals with ASD would probably not benefit from 
attentional instructions. We propose that individuals with ASD indeed show difficulties 
processing information that requires ToM, but that these problems observed in ASD 
result from an atypical interaction between cognitive control and social cognition, 
rather than from a ToM deficit as such. On the one hand, an atypical interaction 
between cognitive control and informational input is likely to become most visible for 
more complex aspects of information processing. Social information in itself is 
complex and requires complex processing. Cognitive control may be insufficient for 
optimal processing of this input, and understanding of social information will thus be 
hampered. On the other hand, knowledge of social information facilitates the 
processing of social information and can assist in the quality control one’s perception 
of the information. In other words, I think ToM abilities play a role in language 
comprehension difficulties in ASD, but plead for a more dynamic view in which ToM 
deficits are not seen as the sole cause of the problems, but are seen from an 
interaction with cognitive control needed to develop and use ToM skills.   

4. Implications and future perspectives

4.1  Theoretical implications: A new neuropsychological perspective 
on ASD

Research on ASD often focuses on a particular aspect of behavioral or cognitive 
functioning, and ASD symptomatology is generally explained in terms of various 
isolated deficits and capacities. The present research, however, shows that language 
functioning in ASD is better explained in relation to cognitive control, than in terms of 
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specific linguistic deficits or abilities as such. In line with this, in the nonlinguistic 
paradigm, the quality of performance on a cognitive control (monitoring) task appears 
to depend upon the complexity of visual input. This suggests that when studying 
neuropsychological functioning in ASD, it may be more informative to focus on the 
interaction between various cognitive domains than to examine functioning within a 
particular domain as such. 
 In Figure 2, I present a new neuropsychological approach to ASD, in which ASD 
symptomatology is explained against a background of an interaction between various 
cognitive domains and cognitive control, which in turn is interrelated to behavior, 
environment and experience. Cognitive control includes a set of functions that serve 
to guide thought and behavior (Miller, 2000; Miller & Cohen, 2001). As such, deficient 
cognitive control is likely to hinder functioning at various cognitive domains. However, 
cognitive control is only disturbed under certain circumstances (e.g., when presented 
with complex information). The quality of functioning at various cognitive domains is 
thus proposed to depend upon a reciprocal relation between these domains and 
cognitive control. Importantly, cognitive functions should not be viewed in isolation. 
Behavior, environmental factors and previous experiences can both promote and 
hinder neuropsychological functioning. In return, neuropsychological functioning will 
affect the individual’s environment, quality of behavior, and ability to benefit from 
experiences. Moreover, the behavior of an individual will interact with environmental 
factors and previous experiences. For instance, the quality of social cognitive 
functioning depends upon the quality of cognitive control processes, which in turn is 
dependent upon the social cognitive demands (neuropsychological functioning). 
Impaired social cognitive functioning will reduce an individual’s tendency to initiate a 
conversation (behavior), will reduce the individual’s amount of social contacts 
(environmental factors), and will negatively affect the individual’s experience with 
communication with other people (experience). In turn, limited conversations, social 
contact and experiences will affect the development of social cognitive skills. 
Moreover, reduced conversational skills will affect the amount of social contacts and 
restrict learning experiences, whereas limited contacts and experiences will decrease 
the tendency to initiate a conversation. 
 Altogether, I plead for an interactionist approach to ASD, in which the behavioral 
symptoms of ASD can be explained against a background of those various 
interactions. This interactionist model provides a parsimonious explanation of ASD, in 
the sense that all behavioral and cognitive characteristics of ASD are viewed as 
interrelated factors, rather than as separate, isolated deficits that deserve distinct 
explanations. Future research should more systematically examine the interaction 
between various cognitive domains, and their interrelation with behavioral characteristics, 
environment and experience. The present model provides a framework for setting up 
such future research.
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4.2 Clinical implications
The assumption that an interaction between various cognitive domains underlies 
(part of) the symptoms of ASD holds several clinical implications for patients with 
ASD. Generally, neuropsychological assessment in patients with ASD aims to map 
cognitive functioning within various separate domains (e.g., intelligence, language, 
memory, executive functioning). An interactionist perspective on neuropsychological 
functioning of patients with ASD, however, implies that cognitive functions should not 

Figure 2  A schematic overview of the interplay between cognitive domains, environment, 
experience and behavior. Symptoms in ASD are proposed to be accounted for by the interaction 
between those factors. 
NB. The present model does not imply that cognitive control is the only factor reciprocally involved 
in cognitive functioning at the various domains – there are likely to be interactions between other 
cognitive domains as well – but in the present thesis cognitive control gained special attention in 
terms of its interaction with language. 
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be studied merely in isolation, but that the focus should be on the interaction between 
those functions. That is, cognitive functions may not be deficient as such, but be 
disturbed only under certain (demanding) circumstances. In simple, relatively 
structured circumstances cognitive impairments may not become apparent, whereas 
the patient may experience problems in more complicated situations that put higher 
demands on the cognitive system. For instance, a patient may not show impairments 
on relatively simple, standardized linguistic or Theory of Mind tasks, but may suffer 
when required to read complex texts or socially interact with other people. Moreover, 
it is important to bear in mind that performance on one task may be related to 
functioning on another cognitive domain. For example, low intelligence scores may 
(partly) reflect weakened cognitive control rather than weak intellectual abilities as 
such. It is essential for future research to develop neuropsychological tests that take 
into account the interaction between cognitive domains and as such allow for more 
sensitive quantification of cognitive (dys)functioning in patients with ASD. 
 More specific and sensitive differentiation of the cognitive profile in individual 
patients with ASD, will furthermore provide useful insights for setting up interventions. 
Assessment of individual cognitive strengths and weaknesses can be used to employ 
more specific, patient-tailored treatment. For instance, interestingly, the present 
experimental paradigms showed that instructions could promote the quality of 
otherwise hampered processing of more complex linguistic information in individuals 
with ASD. Would neuropsychological assessment in an individual patient reveal 
deficient cognitive control processes, an attentional training could be set up focusing 
on redirecting attention to the processing of relevant linguistic information (e.g., 
semantics), with the aim of improving social communication. As such, an interactionist 
approach to ASD can provide important guidelines for clinical practice. 

5. To conclude

Taken together, the language profile in ASD can be explained in terms of an atypical 
interaction between language and cognitive control, rather than in terms of linguistic 
abilities and deficits as such. People with ASD appear to be able to process language, 
but processing of more complex input is less efficient and receives less cognitive 
control resources, as a result of which the quality of comprehension seems impaired.  
It is probable that this atypical interaction between informational input and cognitive 
control is not restricted to the domain of language, but is involved in processing of 
other types of information as well. ASD symptomatology is proposed to be explained 
in light of an interaction between cognitive domains, rather than in light of isolated 
skills and deficits, an interaction that in turn is reciprocally related to the individual’s 
behavior, environment and experiences.
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Taal speelt een centrale rol in ons vermogen ons uit te drukken en te communiceren 
met andere mensen. Doorgaans begrijpen wij een gesproken of geschreven 
boodschap zonder dat het ons veel moeite kost. Het vermogen taal te begrijpen 
wordt door de meeste mensen dan ook als iets vanzelfsprekends ervaren. Voor 
mensen met een autismespectrumstoornis (ASS) geldt dit echter niet; hun taal-
vaardigheden zijn veelal ernstig beperkt. De problemen in het begrijpen van taal 
belemmeren de communicatie met andere mensen, en hebben daarmee grote 
impact op het dagelijks functioneren van mensen met ASS. In dit proefschrift 
onderzoek ik taalbegrip bij mensen met ASS, waarbij ik mij specifiek richt op de rol 
van cognitieve controle tijdens de taalwaarneming. 

1. Autismespectrumstoornissen

Het begrip autismespectrumstoornissen (ASS) verwijst naar een spectrum van ont-
wikkelingsstoornissen. De diagnose ASS wordt gesteld op basis van een combinatie 
van gedragskenmerken, te weten kwalitatieve beperkingen in de sociale interactie en 
communicatie, en bijkomende beperkte, zich herhalende stereotype patronen van 
gedrag, belangstelling en activiteiten (DSM-IV-TR, American Psychiatric Association, 
2000). Autistische stoornis, Stoornis van Asperger en Pervasieve Ontwikkelingsstoor-
nis Niet Anderszins Omschreven zijn de meest beschreven en onderzochte 
stoornissen binnen het autismespectrum. In Nederland wordt de prevalentie van ASS 
geschat op ongeveer 1% (Nederlands Vereniging voor Autisme, 2013). Stoornissen in 
het autismespectrum zijn zeer heterogeen, wat wil zeggen dat de aard, de ernst en 
de uiting van de symptomen sterk variëren tussen personen. 
 Het huidige onderzoek richt zich specifiek op taalvaardigheden bij ASS. 
Taalverwerking bij ASS is een belangrijke focus van onderzoek, niet in het minst 
gezien de communicatieve beperkingen ervaren door patiënten met ASS. Hoewel 
mensen met ASS sterk verschillen in hun taalvaardigheden (bij sommige patiënten is 
er sprake van volledige afwezigheid van gesproken taal, terwijl anderen vloeiend 
spreken), hebben zelfs degenen met relatief goede taalvaardigheden problemen met 
het begrijpen van complexe en communicatieve aspecten van taal (Tager-Flusberg, 
2001). Dit proefschrift richt zich op taalwaarneming en -begrip (niet op productie) bij 
hoogfunctionerende volwassenen (IQ-score > 80) met ASS. 
 Onderstaande paragraaf biedt een beknopt overzicht van het taalprofiel bij ASS, 
waarna een nieuw in dit proefschrift getoetst perspectief op dit taalprofiel wordt 
beschreven. Voorts volgt een beschrijving van de verschillende deelstudies en wordt 
geëindigd met de belangrijkste conclusies volgend uit dit onderzoek. 
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2. Een overzicht van het taalprofiel bij ASS

Het laagste niveau van de taalwaarneming betreft de fonologie, oftewel de verwerking 
van spraakklanken in de taal. Bevindingen met betrekking tot de fonologische 
waarneming van mensen met ASS lopen uiteen. Onderzoek toont aan dat de 
aandacht van mensen met ASS sterk gericht is op spraakklanken en dat zij beter zijn 
in het onderscheiden van deze klanken dan mensen zonder ASS (Jarvinen-Pasley, 
Wallace, Ramus, Happe & Heaton, 2008; Lepisto et al., 2005). Het effect van deze 
verhoogde fonologische waarneming op het begrip van taal is tot dusver echter 
onduidelijk. Hoewel de perceptie intact of zelfs superieur lijkt, wijzen studies 
bijvoorbeeld uit dat mensen met ASS moeite ervaren de betekenis van variatie in 
klanken te interpreteren en begrijpen (Diehl, Bennetto, Watson, Gunlogson & 
McDonough, 2008). 
 Naar de verwerking van de grammaticale structuur van taal, de zogeheten 
syntactische verwerking, is relatief weinig onderzoek gedaan bij mensen met ASS. 
Onderzoeksbevindingen suggereren dat mensen met ASS over het algemeen in 
staat zijn grammaticale structuren te begrijpen en te gebruiken voor het zinsbegrip. 
Echter, wanneer de complexiteit van de syntactische structuur van een zin toeneemt, 
worden problemen geobserveerd in het begrijpen van deze zinsstructuur (Prior & 
Hall, 1979; Eigsti & Bennetto, 2009).
 Veel taalonderzoek bij ASS heeft zich gericht op de waarneming van semantiek, 
dat wil zeggen, het begrip van de betekenis van woorden en zinnen. Mensen met 
ASS blijken relatief goed te presteren op taken die woordbegrip en woordenschat 
meten (Kjelgaard & Tager-Flusberg, 2001). Echter, de verwerking van meer complexe 
aspecten van semantiek blijkt beperkt. Zo zijn mensen met ASS minder gevoelig voor 
variaties in de waarschijnlijkheid van gepresenteerde zinsbetekenissen (Tager-
Flusberg, 1981), en hebben ze moeite werkwoorden te begrijpen die mentale 
toestanden representeren (bijvoorbeeld ‘denken’, ‘herinneren’) (Kelley et al., 2006). 
Hoewel de verwerking van simpele aspecten van semantiek dus ongestoord lijkt, 
ervaren mensen met ASS problemen met de verwerking van meer complexe 
aspecten van semantiek, zoals de verwerking van woordbetekenissen in de context. 
 Het meest complexe niveau van de taal is de pragmatiek; het gebruik van taal 
voor communicatie en dus het gebruik van (verbale en nonverbale) context voor het 
begrijpen van taal. Zelfs wanneer patiënten met ASS nauwelijks problemen ervaren 
met de waarneming van de eerder beschreven aspecten van taal, hebben zij 
aantoonbare problemen op het gebied van pragmatiek (Kelley, Naigles & Fein, 2010; 
Lewis, Murdoch & Woodyatt, 2007). Zo is het begrip van figuurlijke taal (e.g. Dennis, 
Lazenby, & Lockyer, 2001), ironie (e.g., Happe, 1995) en humor (e.g., Ozonoff & Miller, 
1996) ernstig beperkt bij mensen ASS.
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 Samengevat kan worden gesteld dat de waarneming van sommige aspecten 
van taal (bijvoorbeeld het begrijpen van ironie) ernstiger gestoord is dan die van 
andere aspecten (bijvoorbeeld het onderscheiden van spraakklanken). Tot nu toe 
worden de taalvaardigheden van mensen met ASS betrekkelijk fragmentarisch 
onderzocht. Studies richten zich veelal op één specifiek aspect van taal, waarbij de 
onderlinge relaties tussen de verschillende taalniveaus niet in kaart worden gebracht. 
Om een eenduidiger beeld te krijgen van de taal- en communicatieve problemen (en 
vaardigheden) van mensen met ASS, is het essentieel inzicht te vergaren in de relatie 
tussen het functioneren op de verschillende taalniveaus, en bovenal, in het mogelijke 
cognitieve mechanisme dat ten grondslag ligt aan het algehele taalprofiel. Dit 
proefschrift stelt zich ten doel invulling te geven aan dit vraagstuk middels een nieuw 
perspectief op taalbegrip bij ASS. Getracht wordt het functioneren op verschillende 
taalniveaus te begrijpen tegen de achtergrond van cognitieve controle processen.

2.1 Een nieuw perspectief op taalwaarneming in ASS
Wanneer we kijken naar de hierboven beschreven bevindingen uit taalonderzoek kan 
worden geconcludeerd dat het taalprofiel bij ASS over het algemeen wordt 
gekenmerkt door relatief intacte verwerking van simpele, lagere-orde aspecten van 
taal enerzijds, en verminderde verwerking van meer complexe, hogere-orde aspecten 
van taal anderzijds. Zo is het woordbegrip van mensen met ASS relatief intact en lijkt 
ook de verwerking van simpele syntactische structuren zonder problemen te 
verlopen. Daarentegen presteren mensen met ASS minder goed dan gezonde 
personen wanneer de verwerking van globale taalaspecten vereist is, zoals wanneer 
de tekstuele context van belang is voor het begrijpen van een zin of de zinscontext 
relevant is voor het begrijpen van een woord. Binnen de psycholinguïstiek wordt 
gewezen op het belang van cognitieve controle voor een goed taalbegrip. Studies 
laten zien dat de kwaliteit van onze taalwaarneming en daarmee ons begrip, afhangt 
van cognitieve controle processen tijdens het waarnemen van taal (Van de 
Meerendonk, Kolk, Chwilla & Vissers, 2009; Ye & Zhou, 2009). Hoe complexer de 
talige invoer is, des te afhankelijker we zijn van cognitieve controle om te komen tot 
een optimaal taalbegrip. Deze cognitieve controle processen zijn bovendien 
complexer in het geval van meer complexe taal (bijvoorbeeld een ingewikkelde 
zinstructuur- of betekenis) dan in het geval van eenvoudigere taal (bijvoorbeeld de 
spelling van een woord). In dit proefschrift veronderstel ik dat het taalprofiel van 
mensen met ASS, gekenmerkt door intacte waarneming van eenvoudige taalaspecten 
en beperkte waarneming van complexere taalaspecten, kan worden verklaard in 
termen van atypische cognitieve controle processen over de taalwaarneming. 
Alvorens deze verklaring verder uit te werken, zal ik een beknopt overzicht geven van 
de interactie tussen cognitieve controle en taal bij mensen zonder ASS.
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2.2 Taalwaarneming en cognitieve controle
Taalverwerking werd lange tijd gezien als een autonoom proces, niet beïnvloedbaar 
door andere cognitieve functies zoals aandacht en emoties (Fodor, 1983). Recente 
studies binnen de psycholinguïstiek wijzen echter uit dat er meer cognitieve controle 
bestaat over de taalwaarneming dan eerder werd aangenomen (voor een overzicht 
zie Van de Meerendonk et al., 2009). Cognitieve (of executieve) controle verwijst naar 
een reeks functies die cognitieve processen reguleren en sturen tegen de achtergrond 
van intern gestelde doelen (Miller, 2000; Miller & Cohen, 2001). Een aspect van 
cognitieve controle dat essentieel is gebleken voor taalwaarneming- en begrip, is 
‘monitoren’ (Kolk, Chwilla, Van Herten & Oor, 2003). Monitoren is een proces dat 
evalueert hoeveel controle er nodig is, en op basis daarvan veranderingen in controle 
in gang zet. Monitoren is daarmee essentieel voor het bewaken van de kwaliteit van 
onze gedachten en ons gedrag.
 In het domein van de taalwaarneming, heeft monitoren als doel het taalbegrip te 
optimaliseren. Volgens de Monitoring Theorie van taalwaarneming (Kolk et al., 2003; 
Van de Meerendonk et al., 2009), zorgt een conflict in gelijktijdig geactiveerde 
linguïstische representaties voor onzekerheid in het taalsysteem. Een dergelijk 
conflict ontstaat doordat wij taal op twee manieren verwerken. Enerzijds vormen wij 
een verwachte representatie van de invoer op basis van kennis en context. Anderzijds 
vormen wij een perceptuele representatie van de invoer op basis van onze 
daadwerkelijke waarneming. Wanneer de verwachte representatie niet overeenkomt 
met de daadwerkelijke representatie kan dit wijzen op een mogelijke verwerkingsfout. 
Het ontstane representationeel conflict beweegt de lezer ertoe extra aandacht op de 
taal te richten om de invoer opnieuw te verwerken. Dit proces van conflict detectie en 
heranalyse voorkomt de integratie van foutieve informatie en optimaliseert het 
taalbegrip. 
 Er kan dus worden gesteld dat er sprake is van voortdurende interactie tussen 
cognitieve controle en taal. Dit samenspel verzekert ons ervan dat hetgeen wij 
waarnemen overeenkomt met hetgeen we zouden kunnen verwachten op basis van 
context en kennis. Voor efficiënte taalwaarneming is het belangrijk dat alleen sterke 
onzekerheid (en dus sterke representationele conflicten) leidt tot herverwerking. Het 
voortdurend inzetten van extra aandacht bij zwakke conflicten is inefficiënt en 
belemmert de integratie van nieuwe informatie, resulterend in beperkt taalbegrip. 
Anderzijds kan een te beperkte neiging tot het inzetten van cognitieve controle 
resulteren in de integratie van foutieve informatie en daarmee ook leiden tot beperkt 
taalbegrip. Met andere woorden, een optimale afstemming van de interactie tussen 
cognitieve controle en taal is essentieel: (uitsluitend) informatie die anderszins de 
interpretatie en daarmee het begrip ernstig zou belemmeren, verdient extra aandacht.
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3.  Dit proefschrift: taalwaarneming en cognitieve 
controle bij ASS

Tot op heden is geen onderzoek verricht naar het samenspel tussen cognitieve 
controle en taal bij mensen met ASS. Gezien het feit dat de kwaliteit van onze 
taalwaarneming in sterke mate berust op cognitieve controle processen, is het uiterst 
relevant om juist bij mensen met ASS - bij wie het taalbegrip ernstig gestoord is - de 
interactie tussen cognitieve controle en taal bij ASS in kaart te brengen. Gegeven dat 
i) complexere talige informatie uitgebreidere cognitieve controle operaties vereist dan 
eenvoudige talige informatie en dat ii) mensen met ASS met name taalproblemen 
ervaren wanneer de complexiteit van de taal toeneemt, veronderstel ik dat de taal-
problematiek bij ASS voortkomt uit een atypische interactie tussen cognitieve controle  
en taal. Meer specifiek verwacht ik dat mensen met ASS van nature minder geneigd 
zijn cognitieve controle in te zetten tijdens de verwerking van taal. Belangrijk is dat 
deze hypothese geen onvermogen tot het verwerken van taal impliceert, maar uitgaat 
van  een zwakkere cognitieve controle over de taalwaarneming. 
 De centrale onderzoeksvraag in dit proefschrift is of het taalprofiel in ASS (relatief 
intacte verwerking van simpele informatie en beperkte verwerking van meer complexe 
informatie) kan worden verklaard in termen van een zwakkere geneigdheid tot 
cognitieve controle over de taalwaarneming. Ter toetsing van deze onderzoeksvraag 
is de interactie tussen cognitieve controle en taal middels verschillende experimentele 
paradigma’s gemanipuleerd. 

3.1 Het effect van taakcomplexiteit op de taalwaarneming bij ASS
Allereerst is in twee studies onderzocht of de taalwaarneming bij mensen met ASS 
afhankelijk is van de complexiteit van een taak. Participanten kregen zinnen te lezen 
waarin fouten konden voorkomen in de spelling van de woorden (‘De hond die naar 
de voetgangers blefte was van de buurman.’), en zinnen waarin fouten konden 
voorkomen in de grammaticale structuur van de zinnen (‘De hond die naar de 
voetgangers blaften was van de buurman.’). In relatief eenvoudige condities kregen 
de participanten eerst de instructie om op spelling of op grammatica te letten. In een 
volgende, complexere conditie kregen zij de instructie om tegelijkertijd op spelling en 
grammatica te letten. Tijdens de eerste studie maten we de snelheid waarmee de 
participanten de fouten in de zinnen opmerkten. In de tweede studie registreerden 
we de elektrofysiologische activiteit (zie Box 1) tijdens het lezen van de zinnen. De 
resultaten van mensen met ASS werden vergeleken met die van op leeftijd en 
intelligentie gematchte controleproefpersonen.  
 De elektrofysiologische onderzoeksbevindingen laten zien dat mensen met ASS 
tijdens het verwerken van grammatica al in de eenvoudige conditie cognitieve 
controle inzetten (er is sprake van elektrofysiologische activiteit die cognitieve 
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controle weerspiegelt). Met andere woorden, zowel onder eenvoudige als onder 
complexere (geïnstrueerde) omstandigheden ontlokten de grammaticale fouten 
cognitieve controle. Bij mensen zonder ASS was dat pas het geval wanneer de 
grammaticale fouten voorkwamen in de complexere conditie, hetgeen in overeen-
stemming is met eerdere studies die suggereren dat wanneer fouten zeer voorspelbaar 
zijn (zoals in de eenvoudige conditie), het minder nodig is de waarneming te 
controleren (Vissers, Chwilla & Kolk, 2007). Daarenboven blijkt dat mensen met ASS 
op gedragsniveau langzamer zijn in het opmerken van de grammaticale fouten in de 
complexere conditie dan in de simpele conditie. Bij de controlegroep werd er geen 
verschil tussen de condities gevonden in de snelheid waarmee zij fouten opmerkten. 
Deze studies laten zien dat mensen met ASS wel degelijk in staat zijn tot accurate 
waarneming van de aangeboden linguïstische materialen. Echter, in vergelijking met 
gezonde controleproefpersonen, ontlokken deze materialen al onder eenvoudige 
(geïnstrueerde) omstandigheden cognitieve controle operaties, hetgeen op 
gedragsniveau lijkt te resulteren in verminderde prestaties wanneer de complexiteit 
toeneemt. De taalwaarneming wordt bij mensen met ASS dus op een andere manier 
beïnvloed door de complexiteit van de taak, dan bij gezonde proefpersonen. Dit pleit 
voor een beschrijving van de taalwaarneming bij ASS in termen van een atypische 
interactie tussen cognitieve controle en taal, in plaats van in termen van een 
onvermogen tot het verwerken van taal.

3.2 Het effect van taakinstructies op de taalwaarneming bij ASS
Voorts is onderzocht of de taalwaarneming bij mensen met ASS kan worden 
beïnvloed door middel van taakinstructies. Participanten kregen zinnen te lezen 
waarin fouten konden voorkomen in de spelling van de woorden (‘Het model dat voor 
de fotograaf poseerbe werkt voor het tijdschrift.’), en zinnen die implausibel konden 
zijn qua betekenis (‘De fotograaf die voor het model poseerde werkte voor het 
tijdschrift.’). Eerst werd het materiaal aangeboden in zogenoemde ‘vrij lezen 
condities’, waarin geen specifieke instructies werden gegeven. Vervolgens werd 
soortgelijk materiaal aangebonden in geïnstrueerde condities, waarin de deelnemers 
geïnstrueerd werden de woorden te beoordelen op correctheid van spelling, of de 
zinnen te beoordelen op plausibiliteit van de beschreven situaties. Opnieuw werd de 
elektrofysiologische reactie tijdens het lezen van de zinnen in kaart gebracht, zowel 
bij mensen met ASS als bij gezonde controleproefpersonen. 
 In vergelijking met controleproefpersonen blijken mensen met ASS in de vrij 
lezen conditie minder geneigd cognitieve controle in te zetten tijdens de waarneming 
van zinsbetekenissen, terwijl wel cognitieve controle wordt ingezet tijdens de 
waarneming van de spelling van woorden. Echter, wanneer specifieke instructies 
worden gegeven, kan de cognitieve controle over de waarneming van zinsbetekenissen 
worden gestimuleerd. Ook deze bevindingen steunen de veronderstelling dat er bij 



Samenvatting | 169

ASS geen sprake is van onvermogen tot het verwerken van de betekenis van taal, 
maar dat er sprake is van verminderde cognitieve controle tijdens de waarneming 
ervan. Cognitieve controle lijkt bovendien beïnvloedbaar gegeven de geboden context.

3.3  Cognitieve controle en de verwerking van non-linguïstische 
informatie bij ASS

In de laatste studie is het samenspel tussen cognitieve controle en visuele, non- 
linguïstische informatie onderzocht. Ik veronderstelde dat, als mensen met ASS 
minder geneigd zijn tot cognitieve controle over hun waarneming van informatie, dit 
mogelijk niet alleen geldt voor talige input, maar ook voor niet-talige input. Om dit te 
onderzoeken kregen participanten simpele, betekenisloze figuren en complexere, 
betekenisvolle afbeeldingen te zien. Participanten kregen de opdracht deze plaatjes 
te sorteren aan de hand van een aantal regels, hetgeen cognitieve controle vereiste 
(input en eigen handelingen moesten worden geëvalueerd, op basis waarvan ver-
volghandelingen moesten worden aangepast). De snelheid waarmee de plaatjes 
werden gesorteerd werd gemeten bij een groep patiënten met ASS en een gematchte 
controlegroep. 
 De resultaten toonden dat mensen met ASS hetzelfde presteerden als de controle- 
groep op de cognitieve controletaak wanneer simpele, betekenisloze figuren moesten 
worden gesorteerd. Echter, wanneer complexere, betekenisvolle afbeeldingen moesten 
worden gesorteerd bleken zij uiteindelijk minder snel dan de controleproefpersonen. 
Met andere woorden, wanneer het vereiste cognitieve controle proces moest worden 
ingezet voor de verwerking van simpele visuele informatie werden geen verschillen 
gevonden. Moest het worden ingezet voor de verwerking van complexere visuele 
informatie, dan bleken mensen met ASS minder goed te presteren dan mensen 
zonder ASS. Hiermee werd opnieuw bewijs gevonden voor de stelling dat de mate 
van cognitieve controle tijdens de verwerking van informatie in ASS atypisch 
interacteert met het type informatie dat verwerkt moet worden.

4. Conclusies

Samengevat tonen de studies in dit proefschrift dat i) mensen met ASS in staat zijn 
de verschillende taalaspecten waar te nemen, en dat ii) mensen met ASS in staat zijn 
cognitieve controle uit te oefenen over hun taalwaarneming. Echter, in het geval van 
complexere omstandigheden (bij complexere informatie of bij een complexere taak), 
blijkt de taalwaarneming minder efficiënt. In lijn met mijn veronderstelling, lijkt het 
taalprofiel bij ASS een atypische interactie tussen cognitieve controle en taal te 
weerspiegelen, in plaats van een onvermogen tot het verwerken van bepaalde 
taalaspecten an sich. Mogelijk is deze atypische interactie tussen informationele 
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input en cognitieve controle niet beperkt tot het talige domein, maar is deze ook 
betrokken bij de verwerking van niet-talige informatie, zoals geobserveerd in een 
visueel, non-linguïstisch paradigma. 
 Op basis van de bevindingen in dit proefschrift concludeer ik dat het taalprofiel 
in ASS, gekenmerkt door intacte verwerking van eenvoudige taalaspecten en 
beperkte verwerking van complexere taalaspecten, voortkomt uit een zwakke neiging 
tot het inzetten van cognitieve controle over de taalwaarneming. Anders gezegd, 
ontlokt talige invoer minder waarschijnlijk cognitieve controle in mensen met ASS, 
dan in mensen zonder ASS. Deze zwakke neiging komt tot uiting onder bepaalde 
omstandigheden, namelijk wanneer de talige invoer complex is. Bij complexe 
informatie is het cognitieve controle proces omvattender dan bij eenvoudigere 
informatie (Ye & Zhou, 2009). Zo vereist het bij de verwerking van een zinsbetekenis 
dat representaties van de gehele zin worden gevormd, waarna, indien nodig, 
herverwerking van de gehele zin plaatsvindt. Bij de verwerking van een enkel woord 
hoeven slechts representaties van enkel dat woord te worden gevormd, waarna, 
indien nodig, herverwerking van dat specifieke woord in gang wordt gezet. Het idee 
dat de in ASS geobserveerde zwakke neiging tot cognitieve controle over de 
taalwaarneming vooral effect heeft op de kwaliteit van de waarneming van 
hogere-orde aspecten van taal (bijvoorbeeld semantiek en pragmatiek), en minder 
op de kwaliteit van de waarneming van lagere-orde aspecten van taal (bijvoorbeeld 
fonologie en losse woorden), sluit aan bij het in ASS geobserveerde taalprofiel van 
toenemende taalbegripproblematiek bij toenemende complexiteit van de informatie. 
Zo is het woordbegrip van mensen met ASS relatief intact, maar worden problemen 
ervaren met het verwerken van de waarschijnlijkheid van zinsbetekenissen. 
 Alles overziend pleiten de resultaten in dit proefschrift voor een interactionistich 
perspectief op de neuropsychologie van ASS, waarbij de cognitieve symptomen van 
ASS moeten worden bezien in termen van een interactie tussen cognitieve domeinen, 
in plaats van in termen van afzonderlijke vaardigheden en beperkingen. Vervolgon-
derzoek richt zich idealiter op het verder in kaart brengen van deze interacties, en hun 
wederkerige relaties met gedrag, omgeving en ervaringen van mensen met ASS. Een 
interactionistische visie op de cognitieve problematiek bij ASS heeft voorts belangrijke 
implicaties voor de klinische praktijk van diagnostiek en behandeling. Huidige neuro-
psychologische diagnostiek heeft als doel het functioneren op verschillende, 
afzonderlijke cognitieve domeinen in kaart te brengen. Een gestoorde interactie 
tussen cognitieve domeinen impliceert echter dat cognitieve tekorten mogelijk 
onopgemerkt blijven in relatief eenvoudige, gestructureerde taken, terwijl de patiënt 
wellicht wel degelijk problemen ervaart in complexere situaties. Daarnaast kunnen 
prestaties binnen een cognitief domein (gedeeltelijk) worden vertekend door het 
functioneren op een andere cognitief domein. Een geïntegreerde visie op het cognitief 
functioneren vereist een nieuwe invulling van neuropsychologische diagnostiek, 
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waarbij het samenspel tussen de verschillende aspecten van informatieverwerking 
aan het licht komt. Deze cognitieve differentiatie van de problematiek van de patiënt 
zal naar verwachting concrete handvatten opleveren voor de praktijk van behandeling, 
waarbij behandeling kan worden aangepast aan het specifieke cognitief profiel van 
de patiënt.
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Box 1 Event-Related Potentials

Het ElektroEncefaloGram (EEG) weerspiegelt de elektrische hersenactiviteit, gemeten 

middels elektroden die op de schedel worden geplaatst. De spontane hersenactiviteit wordt 

ook wel het ruwe of achtergrond EEG genoemd. Event-related potentials (‘gebeurtenis-

gerelateerde potentialen’) weerspiegelen kleine veranderingen in de hersenactiviteit als 

gevolg van een specifieke sensorische, cognitieve of motorische gebeurtenis. Omdat ERP 

amplitudes veel kleiner zijn dan de spontane hersenactiviteit, zijn ze moeilijk zichtbaar 

in het ruwe EEG. Om ERPs zichtbaar te maken, worden kleine segmenten waarbinnen 

de gebeurtenis plaatsvindt uit het ruwe EEG geknipt. Door een groot aantal van deze 

segmenten te middelen, verdwijnt een groot deel van de activiteit die niet gerelateerd is 

aan de gebeurtenis, en blijft de gemiddelde activiteit gerelateerd aan de gebeurtenis over. 

 Het gemiddelde ERP signaal bestaat uit een aantal opeenvolgende pieken. Deze 

pieken worden ook wel ERP-componenten genoemd. Ze kunnen verschillen in hun polariteit 

(positief of negatief voltage), het moment waarop ze optreden (de latentie of ordinale positie) 

en de locatie in de hersenen waar ze voorkomen. ERP componenten worden meestal 

vernoemd naar een aantal van deze eigenschappen. Zo reflecteert de component ‘P100’ 

een positieve piek die optreedt rond 100 ms na presentatie van de stimulus, en verwijst de 

‘ELAN’ (early left anterior negativity) naar een relatief vroege negatieve piek die optreedt in 

het linker anterieure gebied van de hersenen. 

 In dit proefschrift werd gefocust op segmenten uit het EEG die optraden na visuele 

presentatie van een kritisch woord in een zin. De ERP component die het meest relevant was 

voor het huidige onderzoek was de ‘P600’. De P600 is een positieve piek met een centraal-

posterieure schedeldistributie, die optreedt rond 500 ms en aanhoudt tot ten minste 800 ms 

na presentatie van een kritisch woord. Het P600 effect verwijst naar het verschil in amplitude 

tussen twee experimentele condities, zoals het verschil in activiteit opgewekt door een 

controle woord (het woord ‘lopen’ in het zinsdeel ‘de jongens lopen’) en de activiteit 

opgewekt door een experimenteel woord (het woord ‘loopt’ in het zinsdeel ‘de jongens 

loopt’). Hoewel het P600 effect eerder gerelateerd werd aan syntactische verwerking, laat 

recenter onderzoek zien dat meer algemene schendingen van verwachtingen in de taal 

ook een P600 effect opwekken. Dit heeft geleid tot de veronderstelling dat de P600 een 

neurofysiologische marker weerspiegelt van een meer algemeen cognitief controle proces 

ter controle van de waarneming op verwerkingsfouten, en daarmee van de optimalisatie 

van taalbegrip. 

 Hoewel de ERP techniek een beperkt spatiële resolutie heeft, is de temporele resolutie 

ervan zeer nauwkeurig. De techniek vormt een non-invasieve onderzoeksmethode die 

kan worden toegepast zonder gelijktijdige gedragstaken, en is daarmee een waardevol 

instrument om cognitieve processen online in kaart te brengen bij psychiatrische (en niet-

psychiatrische) populaties.
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is in de loop der jaren voor mij gaan voelen als mijn tweede werkplek, niet in de laatste 
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na de kitkat chunky. Ik ben blij dat onze vriendschap met de veranderde vragen is 
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Papa, na jouw verhalen over je eigen onderzoek, en mama, na jouw verhalen over je 
werk met kinderen met autisme, kan dit proefschrift geen toeval zijn. Papa, vroeger al 
vertelde je regelmatig vol enthousiasme over het hoe en waarom van jouw 
(onderzoeks)werk. Hoewel mijn interesse zich inhoudelijk in een andere richting heeft 
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hebt mij altijd vol vertrouwen gestimuleerd mijn nieuwsgierigheid achterna te gaan en 
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