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1CHAPTER

Introduction



Foreword

The thesis concerns neuropsychological studies about aspects of cognitive functioning in
non-retarded adults with autism spectrum disorders (ASD; vide infra). In the following 
paragraphs a framework is developed for the understanding of the studies; also, the aims
and methods are described in more detail. In the next chapters the consecutive experiments,
concerning cognitive flexibility, divided attention, post-error reaction, automatization and
relation between speed and executive function, are described in detail. The thesis closes 
with a general discussion and with a summary of the results.

Autism: description and classification

Autism is a lifelong developmental disorder, typified by social difficulties, communicative
limitations and a restricted range of interests and behaviors; full criteria must be met by 
the age of three (American Psychiatric Association, Diagnostic and Statistical Manual of Mental
Disorders (4th ed.), 1994). The behavioral manifestations vary with age and ability, but the 
core features are principally the same (e.g. Frith, 1991).

There are two international systems of classification in which autism and associated 
disorders are included: the Diagnostic and Statistical Manual of Mental Disorders (DSM) of the
American Psychiatric Association and the International Statistical Classification of Diseases and
Related Health Problems (ICD) of the World Health Organization (WHO). A new diagnostic
term was introduced in the third edition of the DSM in 1980: the concept of pervasive devel-
opmental disorder (PDD). It included significantly impairing syndromes present from the
first years of life, encompassing several domains of functioning (social, language, emotional,
cognitive). In the fourth edition of the DSM (DSM-IV) the group of PDD consists of three 
disorders: autism, Asperger’s disorder and pervasive developmental disorders not otherwise
specified (PDDNOS)*. The PDDNOS group includes a larger number of individuals than
those who can be stringently classified; their nosological status is much less well defined.

Although not an official diagnostic term, the phrase ‘autism spectrum disorders’ (ASD) 
is now in widespread use and is synonymous with the term PDD (Wing, 1997; Wing, 2005).
It has been shown that the majority of individuals with strictly defined autism are mentally
retarded (75% according to DSM-IV). A much broader range of IQ scores is observed in the
broader autistic spectrum (Bailey, Palferman, Heavy & Le Couteur, 1998; Volkmar & Klin,
2005). In the 1980s the term ‘high functioning autism’ (HFA) [IQ above 70] was introduced
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Table 1.

DSM-IV criteria for Autistic Disorder.
(A) A total of six (or more) items from (1), (2), and (3), with at least two from (1), and one each

from (2) and (3):
(1) qualitative impairments in social interaction, as manifested by at least two of the 

following:
a. marked impairments in the use of multiple nonverbal behaviors such as eye-to-eye
gaze, facial expression, body posture, and gestures to regulate social interaction.
b. failure to develop peer relationships appropriate to developmental level
c. a lack of spontaneous seeking to share enjoyment, interests, or achievements with
other people, (e.g., by a lack of showing, bringing, or pointing out objects of interest
to other people) 
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 modes of communication such
as gesture or mime)
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 age 3 years: (1) social interaction, (2) language as used in social communication, or 
(3) symbolic or imaginative play.

C. The disturbance is not better accounted for by Rett’s Disorder or Childhood
Disintegrative Disorder
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DSM-IV criteria for Asperger’s Disorder
A. Qualitative impairments in social interaction, as manifested by at least two of the 

following:
(1) marked impairments in the use of multiple nonverbal behaviors such as eye-to-eye

gaze, facial expression, body posture, and gestures to regulate social interaction.
(2) failure to develop peer relationships appropriate to developmental level
(3) a lack of spontaneous seeking to share enjoyment, interests, or achievements with

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

(4) lack of social or emotional reciprocity 
B. Restricted repetitive and stereotyped patterns of behavior, interests and activities, as

manifested by at least one of the following: 
(1) encompassing preoccupation with one or more stereotyped and restricted patterns 

of interest that is abnormal either in intensity or focus
(2) apparently inflexible adherence to specific, nonfunctional routines or rituals
(3) stereotyped and repetitive motor mannerisms (e.g., hand or finger flapping or 

twisting, or complex whole-body movements)
(4) persistent preoccupation with parts of objects

C. The disturbance causes clinically significant impairment in social, occupational, or 
other important areas of functioning.

D. There is no clinically significant general delay in language (e.g., single words used by 
age 2 years, communicative phrases used by age 3 years).

E. There is no clinically significant delay in cognitive development or in the development 
of age-appropriate self help skills, adaptive behavior (other than in social interaction)
and curiosity about the environment in childhood.

F. Criteria are not met for another specific Pervasive Developmental Disorder or
Schizophrenia.

PDD NOS
This category should be used when there is a severe and pervasive impairment in the devel-
opment of reciprocal social interaction or verbal and nonverbal communication skills or
when stereotyped behavior, interests, and activities are present but the criteria are not met
for a specific Pervasive Developmental Disorder, Schizophrenia, Schizotypal Personality
Disorder, or Avoidant Personality Disorder. For example, this category includes “atypical
autism” – presentations that do not meet the criteria for autistic disorder because of late 
age at onset, atypical symptomatology, or subthreshold symptomatology, or all of these.



(Baron-Cohen et al., 2005). The validity of Asperger’s disorder apart from HFA has not been
clearly established (Volkmar & Klin, 2005).

Diagnostic instruments such as the Autism Diagnostic Interview (ADI) and the Autism
Diagnostic Observation Schedule (ADOS) have been developed to increase the reliability of
diagnostic classification. The construct validity of those instruments depends on the validity
of the diagnostic framework on which the instrument is based, in this case the DSM. The
ADOS is a standardized protocol for the observation of social and communicative behavior;
it is under-inclusive with verbal adolescents with very mild ASD, and with adults with ASD.
This pattern is not unique to the instrument, but reflects a general difficulty in the applica-
tion of standard diagnostic criteria to various developmental levels (Lord & Corsello, 2005).

It was Kanner (1943) who first elaborated what today is termed the syndrome of childhood
autism. In his initial paper, he indicated that he believed autism to be congenital; however,
he also described that there were major problems in the relationship between parents and
their autistic child. The issue of potential psychological factors in causing autism plagued
the history of the field for many years. Today there is broad agreement that autism is a devel-
opmental disorder, and that autism and associated disorders represent the behavioral mani-
festations of underlying dysfunctions of the central nervous system (Volkmar & Klin, 2005).
No clear conclusions can be drawn yet about genetic loci involved, but it is clear that autism
is among the most heritable of neuropsychiatric disorders (Klauck, 2006; Rutter, 2000), with
a prevalence estimated to range from 10 to 20 per 10.000 subjects and even to 65 per 10.000
for ASD (Fombonne, 2003).

In the future, the discovery of biological correlates will change the ways in which autism 
is diagnosed and may well lead to new nosological approaches (Rutter 2000). For the
moment it should be emphasized that there are no other diagnostic criteria than the afore-
mentioned behavioral symptoms. In other words, there are no tests i.e. laboratory proce-
dures, psycho-physiologic tests or psychological tests to diagnose an ASD or to make such 
a diagnosis plausible. Clearly this is not different for any other psychiatric disorder. For 
that reason Van Praag (i.e. 1991) argues to abandon the strategy of designing and redefining
so called ‘nosologic entities’ and to concentrate on understanding and classifying patients 
in terms of lesions to information processing systems (see also Charlton, 1995; Halligan &
David, 2001).
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* Left aside are two syndromes included in the class of PDD, which are characterised by normal early
development followed by profound regression: childhood disintegrative disorder, and Rett’s disorder.
For instance Gillberg (1994) has raised the question if disorders with such clear neurological aspects
should be classified within the PDDs.



There are three major methodological approaches to research addressing the identification
of affected brain systems (Dunn, 1994): (1) cognitive and behavioral evaluations attempting
to discover those deficits that are specific to the disorder [e.g. experiments within the frame-
work of cognitive psychology or cognitive neuropsychology]; (2) pathologic studies and brain
imaging studies identifying structural abnormalities; and (3) electrophysiologic studies [and
fMRI] attempting to identify brain systems that function aberrantly and relating brain func-
tion and behavioral abnormalities.

The theoretical and research approach of cognitive psychology is the framework of this
thesis. Cognitive psychology, or cognitive neuropsychology, tries to understand and classify
patients in terms of lesions to information processing systems (i.e. Charlton, 1995; Halligan
& David, 2001). In other words, it strives ‘to understand the patients (…) more clearly, by
explaining their characteristics in relation to a model of normal functioning, (which) may
enable more theory-driven remediation’ (Temple, 1997). Within cognitive neuropsychology
it is attempted to subdivide cognitive processes, deriving from the concept of modularity: 
it is proposed that it would make evolutionary sense if cognitive processing depends upon
separable components called modules (Temple, 1997). In cognitive neuropsychology the
chronometric methodology, i.e. the use of reaction time (RT) tasks, is essential: we miss
certain subtle differences in performance if we only consider whether a person is correct
or incorrect at a task (Gazzaniga, Ivry & Mangun, 2002a)

Neurobiology

In this paragraph genetics will be touched upon, and more recent findings concerning 
brain anatomy and brain function in autism will be discussed. Anatomy and function 
of the prefrontal cortex (PFC) will be discussed in more detail in the following paragraph.

Twin and family studies in ASD have elucidated a high heritability of the narrow and
broad phenotype of ASD. Genome-wide linkage analysis has identified several susceptibility
loci for ASD, and susceptibility genes for the ASD have been identified. However, only a few
genes have been reproducibly shown to display specific mutations that segregate with
autism, likely because of the complex polygenic nature of this syndrome (Polleux & Lauder,
2004). According to some authors (e.g. Geschwind & Levitt, 2007) autism should be consid-
ered not as a single disorder, analogous to broad syndromes like mental retardation, but as 
a polygenetic set of disorders with a ‘final common pathway’.

Early theories of the pathophysiology of autism generally postulated a single primary
deficit in basic cognitive abilities associated with information acquisition, with the respon-
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sible neuropathology in a localized area of the brain. Currently several authors state that
autism is a ‘distributed disorder’ on various levels of study (genetic, neuroanatomical, neuro-
functional, behavioral), and that therefore ‘localizing’ models are not promising (Muller,
2007; Happé, Ronald & Plomin, 2006; see also e.g. Goodman, 1989; Minshew, Sweeney &
Bauman, 1997). It is suggested that multiple (or all) emerging functional brain networks are
affected during early development in children with autism. It is further suggested that inter-
actions during development between affected functional networks and atypical experiential
effects (associated with atypical behavior) further complicate the neurological bases of the
disorder, resulting in an ‘exponentially distributed’ profile (Muller, 2007).

Classic neuropathological observations are rather consistent with respect to the limbic
system (increased neuronal cell packing density and decreased neuronal size), the cerebellum
(decreased number of Purkinje cells) and the cerebral cortex (>50% of the studied cases
showed features of cortical dysgenesis). However, all reported studies had to contend with
the problem of small sample sizes, the use of quantification techniques not free of bias and
assumptions, and high percentages of autistic subjects with comorbid mental retardation 
or epilepsy (Bauman & Kemper, 2005; Palmen, Van Engeland, Hof & Schmitz, 2004).

The most replicated finding till date has been that the brains of autistic individuals are
unusually large (Herbert, 2005; see also Palmen & Van Engeland, 2004). However, macro-
cephaly is not unique for individuals with autism; it occurs in 3% of the normal population
and is more prominent than usual in PDDNOS, in first-degree relatives of individuals with
autism, in people with ADHD, and with developmental language disorder (Herbert et al.,
2003). More interesting is the fact that among individuals with autism macrocephaly occurs
in 20% of the population, and that there is an overall upward shift in head circumference 
distribution (Dementieva et al., 2005). The clinical onset of autism in a large subgroup of
autistic individuals appears to be preceded by two phases of brain growth abnormality: a
reduced head size at birth, and a sudden and excessive increase in head size between 1 to 2
months and 6 to 14 months of age (Courchesne, Carper & Akshoomoff, 2003; Dementieva et
al., 2005). Brain enlargement is not conspicuous in older subjects with autism (e.g. Aylward
et al., 2002; Courchesne et al., 2001). Several studies showed that increased brain volume in
young individuals with autism is largely caused by a disproportionate increase of white
matter (Courchesne et al., 2001; Herbert et al., 2003), the prefrontal white matter being 
most strongly affected (Herbert et al., 2004). This increase in white matter is likely to be a
consequence of some change intrinsic to white matter, such as increased myelination.
Herbert (2005) proposes, that this ‘pervasive abnormality’ is probably linked to general-
ized information processing abnormalities, such as weak central coherence (vide infra),
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rather than to a more circumscribed behavioral deviance.
Until recently it was assumed that autism does not involve inflammatory processes.

However, neuroinflammation of unknown origin has been demonstrated in a series of autis-
tic brains, as well as in cerebrospinal fluid from individuals with autism, ranging in age
from 5 to 44 years (Vargas, Nascimbene, Krishnan, Zimmerman & Pardo, 2005). According 
to Herbert (2005) it is conceivable that a cascade of effects of this neuroinflammation could
lead to the described increase of myelination.

One possible effect of brain enlargement may be a decrement in integration of brain 
activity. Indeed recent fMRI studies, in which participants performed cognitive tasks (Just,
Cherkassky, Keller, Kana & Minshew, 2006; Just, Cherkassky, Keller & Minshew, 2004;
Koshino et al., 2005), showed a reduced degree of synchronization between the various par-
ticipating areas (see also Uhlhaas & Singer, 2006). A further cause of the proposed reduction
of synchronization could be the existence of unstable cortical networks in autism, due to 
an imbalance between excitation and inhibition (Hussman, 2001; Rubenstein & Merzenich,
2003). This is in accord with findings concerning abnormalities in GABAergic and glutamer-
gic transmitter systems (DiCicco-Bloom et al., 2006; Polleux & Lauder, 2004). The latter find-
ings are in line with the results of a recent genetic study, highlighting glutamate-related
genes as promising candidates for contributing to ASD (Szatmari et al., 2007).

The neurobiology of autism is currently in the midst of a third phase of studies and 
evolving findings, based on diffusion tensor imaging and tracking methods, voxel based
morphometry (VBM), and magnetic resonance spectroscopy (MRS). Furthermore it is based 
on the longitudinal study of first diagnosed preschool children with ASD, and just started 
or to be started studies of infant siblings of children with autism, as well as on large scale
multi-site imaging, phenotype and genotype studies (Williams & Minshew, in preparation).

Still, a particular challenge remains the provision of data that define the link between labo-
ratory deficits and behavioral abnormalities in autism (Minshew, Sweeney & Bauman, 1997).
Besides, progress in forming links between abnormal behavior and underlying brain struc-
ture and function will typically be easier with patients with adult onset lesions than with
patients with developmental psychopathologies (Courchesne, Townsend & Chase, 1995).

It has been only quite recently, that data concerning sensory abnormalities have emerged.
It has been stated by Kern et al. (2007) that in sensory processing dysfunction in autism is
global in nature: all the main modalities and multisensory processing appear to be affected.
Sensorimotor gating deficits in adults with autism have come to the fore as well (Perry,
Minassian, Lopez, Maron, & Lincoln , 2007).

16 I NTRODUCTION



Cognitive theories, executive function and frontal cortex

Although a core symptom of autism is social inadequacy, autism might be due to deviant
information processing in a non-social domain (Jolliffe & Baron-Cohen 1997; Rutter & 
Bailey 1993). Three major domains of cognitive dysfunction in autism have been proposed:
(a) theory of mind, (b) central coherence, and (c) executive function (e.g. Baron-Cohen &
Swettenham, 1997; Hill, 2004). Additional cognitive theories have come to the fore, like the
sensory perceptual theory as formulated by Bogdashina (2003), and the theory concerning
joint attention proposed by Mundy (e.g. Mundy & Burnette, 2005; Mundy & Sigman, 1989),
but these have not reached the status of the aforementioned three theories. Another impor-
tant addition to the understanding of cognition in autism has been the research concerning
‘complex information processing’. Minshew and co-workers have been stressing that in indi-
viduals with HFA, deficits in information processing only occur when high demands are
made on integration of information and when coordination of multiple neural systems is
required; when information processing demands are low, and dependent on local neural
connections, intact or enhanced abilities are shown (e.g. Minshew, Goldstein & Siegel, 1997;
Williams, Goldstein & Minshew, 2006).

The theory of mind (TOM) or ‘mindblindness theory’ of autism (Baron-Cohen, 1995) and
its extension into empathizing-systemizing theory (Baron-Cohen, 2002) propose that in ASD
there are deficits in the normal process of empathizing, relative to mental age. TOM also
refers to the ability to identify, attribute and manipulate mental states such as beliefs and
desires. Central coherence is the term coined by Frith (1989) for the everyday tendency to
process incoming information in context for gist. It has been suggested that this aspect of
information processing is disturbed in autism and that people with autism show detail-
focused processing in which features are perceived and retained at the expense of global 
configuration and higher level meaning (Happé, 2005). It refers to a processing style, rather
than a deficit (Hill, 2004). Executive function being the central theme of this thesis, the two
preceding theories will not be discussed in further detail.

It has been proposed by some authors that deficits in executive function (EF) are central
in autism (Hill, 2004; Hughes, Russel & Robbins, 1994; Ozonoff, 1997; Ozonoff, South &

Provencal, 2005; Ozonoff et al., 2004; Ozonoff, Pennington & Rogers, 1991; Ozonoff, Strayer,
McMahon & Falloux, 1994; Pennington & Ozonoff, 1996; see also Baron-Cohen, 2004; Baron-
Cohen & Swettenham, 1997; and Happé & Frith, 1996). EF is the cognitive construct origi-
nally used to describe the deficits associated with damage of the prefrontal cortex (PFC),
i.e. the many skills required for goal-directed, future-oriented behaviors. Many cognitive
operations are needed for the successful generation and completion of goal-oriented behav-
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ior, i.e. shifting of attention, inhibition of pre-potent response, and solving problems in 
a planned, strategic way (e.g. Goldman-Rakic 1993; Mesulam, 2002). Patients with frontal
lobe damage fail on tests that tap these abilities (e.g. Damasio, 1994). For instance, they do
not perform well in the Stroop test, the Wisconsin Card Sorting Test and the Go-No Go test
(Milner, 1963; Perret, 1974; Guitton et al. 1985). Another deficit is their inability to calculate
‘chance’ (Damasio, 1994). The concept of EF is very much aligned to our special gifts as
humans. When we talk about someone as being clever, it is almost always a comment 
concerning their creativity and their flexible problem solving ability (Andrewes, 2001a).

The frontal lobes comprise about a third of the cerebral cortex in humans. The frontal
cortex is present in all mammalian species but has undergone tremendous expansion in
human evolution, especially in the most anterior aspects. The frontal lobes are part of a 
massive network that links the brain’s motor, perceptual and limbic regions (Gazzaniga et
al., 2002c). They consist of the motor area, associated motor areas, and the PFC. The exten-
sive reciprocal PFC connections to virtually all cortical and subcortical structures, and the
many local axon collaterals, place the PFC in a unique neuroanatomical position to monitor
and manipulate diverse cognitive processes across wide regions of the central nervous
system (e.g. Tamminga & Buchsbaum, 2004; Damasio, 1994; Knight & Stuss, 2002; Lewis,
2000). However, despite the general acceptance of the importance of the PFC, the study of
its functions has been difficult for theoretical, experimental and clinical reasons. In the first
place it has appeared to be difficult to define separable processes; secondly, the relationship
of these processes to potentially specific PFC regions has been difficult to determine, since
frontal lobe lesions are rarely focal and limited to a circumscribed region (Stuss et al., 2002).
There is evidence, however, that different cognitive processes can be linked to distinct
regions of the PFC; this preliminary understanding of integrated networks should not 
lead to a ‘modern phrenology’, though (Stuss et al., 2002). In any case, given the vast expan-
sion of PFC in humans, explication of this part of the brain appears to be fundamental for 
a complete understanding of human cognition in both health and disease.

Evidence in favor of the EF hypothesis in autism is threefold. Firstly, clinical similarities
between people with autism and adults with prefrontal lesions have been noted. Like indi-
viduals with prefrontal lobe disorder, autistic individuals often appear rigid and inflexible,
perseverative, narrowly focused on details, impulsive, and deficient in the ability to inhibit
familiar or overlearned responses (e.g. DSM-IV; Mesulam, 2002; Ozonoff, 1997). Also, there is
a common deficient ability to “read others’ minds” (Baron-Cohen, 2005; Damasio & Maurer,
1978; Mesulam, 2002; Ozonoff, 1997). According to a study by Ruble and Scott (2002), chil-
dren with autism show shorter and less overlapping goal-directed behavior, as compared 
to children with Down syndrome. Secondly, the results of cognitive studies indicate that 
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EF is disturbed in autism (Damasio & Maurer, 1978, Hughes, Russel & Robbins, 1994;
Ozonoff, 1997; Ozonoff et al., 2004; Ozonoff, Pennington & Rogers, 1991; Pennington &
Ozonoff, 1996; see also Baron-Cohen & Swettenham, 1997, and Happé & Frith, 1996).
Thirdly, abnormal activity patterns in the prefrontal cortex have been revealed in fMRI 
studies (Muller, Cauich, Rubio, Mizuno & Courchesne, 2004). Fourthly, studies by Herbert
and co-workers (2004, 2005) show, that there is a very strong white matter increase in the
PFC which is part of the post-natal growth spurt of the brain of autistic individuals. Also,
relevant parts of the corpus callosum, through which many cortical areas communicate,
have proven to be smaller in cross-sectional area in individuals with HFA as compared to
controls (Hardan, Minshew & Keshavan, 2000; Just et al., 2004; Just et al., 2006). These data
have led to the theory that there is a local over-connectivity in the autistic cortex, paired to a
long distance under-connectivity (Courchesne & Pierce, 2005; Courchesne, Redcay, Morgan 
& Kennedy, 2005; Frith, 2004). Fifthly, microanatomic studies indicate that in the autistic 
neocortex neurons are smaller and more numerous as compared to controls, which may 
for instance be due to defective apoptosis early in development, and that the microstructure
(‘minicolumns’) of the neuronal network is deviant (Casanova, Buxhoeveden & Gomez, 2003;
Casanova et al., 2006). Also, proton magnetic resonance spectroscopy showed that people
with autism and related disorders have significant abnormalities in prefrontal lobe neuronal
integrity, and that these are related to severity of clinical symptoms (Murphy et al., 2002).
However, these data may not be fully applicable to the phylogenetically oldest part of the
PFC, the anterior cingulated cortex (ACC), which has a different cytoarchitecture than the
rest of the PFC (e.g. Gazzaniga et al., 2002c). Nevertheless, researchers report that the ACC 
is abnormal in microstructure in the autistic brain (Leigh et al., 2006), consistent with the
increased cell packing density reported by Bauman and Kemper (2005). Other researchers
found hypometabolism of the ACC in autism (Gomot et al., 2006; Haznedar et al., 2000;
Luna et al., 2002), while a recent study reported that multiple neurotransmitter systems in
the ACC are altered in autism (Blatt et al., 2006).

Though it is difficult to ‘translate’ structural findings to the level of function (e.g. Rose,
1984), it is suggested that these abnormalities impair the fundamental frontal function 
of integrating information from widespread and diverse systems and, providing complex
context-rich feedback, guidance and control to lower level systems. This could lead not only
to EF deficiencies, but also to less efficient and slower information processing in general.
Furthermore the local cortical over-connectivity plus the abundance of neurons in the 
neocortex may explain why people with autism tend to focus on details rather than pay
attention to the whole.

Another aspect is the developmental issue. It is known that the frontal lobe and its execu-
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tive functions do not fully develop until rather late in life (Diamond, 2002; Luna, Garver,
Urban, Lazar & Sweeney, 2004; Luna & Sweeney, 2004; Mesulam, 2002; Rubia et al., 2000),
which may also be the case in autism (Luna, Doll, Hegedus, Minshew & Sweeney, 2007).
Supportive for the aforementioned notion may be the observation that the clinical picture 
of autism changes markedly in the course of development, with a tendency towards better
adaptation (Lord & Rutter, 1994). Because deficiencies in EF at a young age may have far-
reaching consequences for development (e.g. Anderson, Bechara, Damasio, Tranel &
Damasio, 2005; Mundy, 2003), mapping EF in children with ASD is of interest, in particular
by means of longitudinal studies tracking participants over their lifespan (Hill, 2004).

It should be noted that generally speaking executive dysfunction is not unique to autism,
but that it occurs in other psychiatric disorders too (i.e. Baron-Cohen & Swettenham, 1997).
If the large construct of executive function is parsed into more unitary and functionally
independent cognitive operations, it is possible that different neurodevelopmental disorders
are associated with different profiles of strength and weakness in executive function. EF
deficits have been postulated to be the core cause in ADHD and autism (e.g. Geurts, Verté,
Oosterlaan, Roeyers & Sergeant, 2004), but EF problems have also been considered to be
essential in other psychiatric disorders; for instance oppositional defiant disorder (ODD) 
and conduct disorder (e.g. Sergeant, Geurts & Oosterlaan, 2002), schizophrenia (e.g.
Perlstein, Garter, Noll & Cohen, 2001), personality disorders (e.g. Gorenstein, 1982) and
depression (e.g. Robinson et al., 1984; Stoddaert, Craddock, & Jones, 2007). This tendency to
explain the symptomatology of many disorders as based on EF problems has been criticized
by David (1992), who argues that ‘psychiatric problems are by definition problems at the
highest level of thought, so that a statement that these are, by analogy and implication, the
surface manifestations of frontal lobe neuropathology, is a tautology’. Nevertheless, this so-
called ‘discriminant validity problem’ as first formulated by Pennington (1997), has been the
subject of several studies in which the performances on different EF tasks, of children with
autism and children with ADHD and other disorders were compared (e.g. Bishop & Norbury,
2005; Geurts et al., 2004; Nyden Gillberg, Hjelmquist & Heiman, 1999; Liss et al., 2001;
Ozonoff & Jensen, 1999). However interesting this approach may be, there may be two points
of criticism. Firstly, the same methodological problems as in other studies are under discus-
sion in this case (vide infra). Secondly, the search for an EF profile seems to stretch the limits
of the still rather provisional, theoretical and experimental state of affairs concerning EF
(cf. Burgess & Robertson, 2002).

Whether EF deficiencies, if present, should be considered to be a core feature of autism,
or secondary to some other cerebral malfunction, or just one of the problems constituting
the autistic syndrome, remains to be seen. Happé (2003) argues that there will not prove 
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to be a single cognitive cause for the diverse symptoms defining autism, in accordance with
Goodman (1989) who states that autism may involve multiple functional deficits due to 
multiple coexistent neurological features. In any case, at least for therapeutic purposes 
and perhaps for the development of diagnostic tools, it seems highly relevant to delineate
possible limitations in EF.

Aspects of cognitive function studied

The concept of EF is uncomfortably broad (Andrewes, 2001a).The current studies are con-
fined to a few aspects, i.e. divided attention (the capacity to pay attention to several important
cues at the same moment), cognitive flexibility, and post-error reaction. These EF aspects will 
be explained in some detail in this paragraph. Additionally, an experiment was carried out
concerning automatization.

One aspect of EF is the ability to select the most relevant information from an abundance
of information presenting itself at a given moment; an ability that is essential for survival.
The process of selecting information, by enhancing the input or processing of certain infor-
mation while suppressing the rest, is called selective attention. Two types of selective atten-
tion are distinguished: focused attention and divided attention (Shiffrin & Schneider, 1977).
Focused attention is the capacity to select information that is known to be relevant to a deci-
sion making process. Divided attention is defined as the function that enables one to direct
attention to a number of stimuli at the same time, stimuli that are all relevant to a given
decision making process; it can also be defined as the ability to process high levels of cogni-
tive load simultaneously (Shiffrin & Schneider, 1977; Schneider & Shiffrin, 1977). It is
thought that this faculty is dependent on the ACC and of the dorsolateral PFC (Gazzaniga 
et al., 2002b; Knight & Stuss, 2002).

A divided attention deficit may be the cause of certain behavioral aspects of ASD, or may
be responsible for certain problems encountered by people with ASD. Researchers have
hypothesized that a divided attention deficit is at the basis of the confusion in unfamiliar
situations, which is typical for people with ASD (Althaus, DeSonneville, Minderaa, Hensen 
& Til, 1996; Swaab-Barneveld, 1998). According to Bogdashina (2005) a limited divided atten-
tion capacity could contribute to a failure to establish and maintain joint attention, a specific
problem in ASD. Some self-reports of persons with ASD describe problems when taking part
in traffic and problems in the performance of tasks that require dividing one’s attention
(e.g. O’Neill & Jones, 1997).

Cognitive flexibility is an important aspect of EF; it is required for producing novel behavior
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or for combining patterns of behavior into novel sequences (Gazzaniga et al., 2002b).
According to a theoretical framework, developed by Shimamura (2000, 2002), the PFC moni-
tors and controls information by a filtering or gating mechanism, encompassing several
aspects. In his view, the most demanding of these aspects is cognitive flexibility, defined as
the ability to switch from one topic to another. Implicit in this faculty is the need to inhibit
one behavior and spontaneously commence another (Andrewes, 2001a). Cognitive flexibility
is supposed to be mediated by the medial area of the PFC (Andrewes, 2001a), but also the
basal ganglia as a subserving system may be involved (Gazzaniga et al., 2002b).

After making an error, normal adults slow down their responding on the next trial, which
is apparent when reaction time after an error (RTE+1) is measured. This post-error reaction 
is considered to be a compensatory effortful mechanism (Kahneman, 1977) geared toward
improving performance in subsequent trials (Gehring & Fencsik, 2001).

Post-error processing is supposed to be critically associated with activity in the ACC
according to many researchers (Carter, Mintun & Cohen, 1995; Fan, Flombaum, McCandliss,
Thomas & Posner, 2003; Gehring & Knight, 2000; Hayward, Goodwin & Harmer, 2004;
Holroyd, Dien & Coles, 1998; Kiehl, Liddle & Hopfinger, 2000; Luu, Flaisch & Tucker, 2000;
Mars et al., 2005; Ullsperger & Von Cramon, 2004). Although in one study, concerning four
human subjects with ACC damage, no impairment of post-error slowing was found (Fellows
& Farah, 2005).

Evaluating post-error processing in autism is important, since error signals provide crucial
evaluative information for flexible adaptation in changing environments. A deficit in this
faculty could be explanatory, or partly explanatory, for the characteristic ‘insistence on same-
ness’ of autistic people (DSM-IV). Another reason to explore ACC function in autism is that
ACC dysfunction may be implicated in the developmental psychopathology of autism.
Studies have indicated that a neural system involving the ACC, may contribute to the devel-
opment of joint attention initiation in infancy. Similarly, research has implicated this system
in theory of mind performance. It may also play a role in the capacity to monitor propriocep-
tive information concerning self-action and in integrating this self-related information with
exteroceptive perceptual information about the behavior of other people. A disturbance in
these functions may contribute to the atypical development in autism of intersubjectivity,
joint attention and social cognition (Mundy, 2003).

In the current study it was evaluated whether non-retarded adults with ASD have prob-
lems in shifting from controlled towards automatic processing, with the following rationale. For
people with autism it appears to be unusually difficult to acquire new skills. This is common
knowledge to professionals familiar with autism. Autistic individuals do not reach the level
of education and adaptation that would be expected, based on IQ (De Bildt, Sytema, Kraijer,
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Sparrow & Minderaa, 2005; Howlin, 2000; Klin, Saulnier, Tsatsanis & Volkmar, 2005; Liss et
al., 2001). A deficiency in automatization could contribute to the learning problems in ASD,
as indicated by a self-report (Gerland, 1999), and by the results of a study investigating the
acquisition of everyday object use in children with autism (Williams, Kendell-Scott &
Costall, 2005). Also, slowness in acquiring skills may add considerably to the difficult coping
of autistic individuals and to the high level of stress they seem to experience.

The process of automatization was evaluated from the perspective of a model, designed 
by Walter Schneider and Richard Shiffrin (1977). These researchers proposed two levels 
of processing relevant to attention: automatic processing, which can be used on easy tasks
involving highly familiar items, and controlled processing, which must be used on difficult
tasks or tasks involving unfamiliar items. According to Anderson (1983) automatization
implies transformation of slow declarative knowledge into fast-access procedural knowl-
edge. Procedural memory is an aspect of the wider concept of non-declarative or implicit
memory. The information stored as non-declarative memory is typically out of reach of our
conscious awareness. The brain structures that support various memory processes differ,
depending on the type of information to be retained and how it is encoded and retrieved.
Basal ganglia and the cerebellum participate in the process of automatization (Gazzaniga et
al., 2002b). Automatization also leads to a decline of brain activity in the working memory
system as measured with functional MRI [fMRI] (Ramsey, Jansma, Jager, Van Raalten &
Kahn, 2004).

Skill learning has been studied in the elderly (Madden, 1982; Strayer & Kramer, 1994),
in schizophrenic patients (Granholm, Asarnow & Marder,1991) and in children with
Attention Deficit Hyperactivity Disorder (Van der Meere & Sergeant, 1988). However,
an extended search in databases and relevant journals did not bring to light any articles 
concerning this topic in autism.

Phenotyping of participants

Severity of autism may be indexed in several ways. However, phenotyping adults with
autism, and estimating the degree of severity of their disorder proved to be no easy task.

The widely used Autism Diagnostic Interview (ADI), a semi-structured, investigator-based
interview for caregivers (Lord, 1997), was not suitable since caregivers – if at all available –
either may not remember important details anymore, or their memory has become biased 
by later events. An alternative approach, filling out ADI forms by using the medical records,
appeared not to be a realistic option either. Medical records in the cohort from which we
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selected subjects, were not standardized and were seldom sufficiently detailed to answer all
the questions of the ADI properly. For the same reason it appeared to be impossible to screen
for a diagnosis of Asperger’s disorder. Besides, the confusion and controversies surrounding
the definition of Asperger’s disorder implicate that its nosological status as a discrete condi-
tion, separate from autism, is still uncertain (Klin, McPartland & Volkmar, 2005).

Dawson and co-workers (Dawson, Meltzoff, Osterling, Rinaldi & Brown, 1998) used degree
of impairment in certain domains, reflecting early emerging core symptoms, as an index 
of severity and reported a correlation with performance on neuropsychological tests measur-
ing prefrontal and temporal lobe functions. Teunisse and co-workers (Teunisse, Cools, Van
Spaendonck, Aerts & Berger, 2001) scored the twelve DSM-IV diagnostic criteria for autism for
each participant as ‘not impaired’, ‘mild’, ‘moderate’ or ‘severe’. Both methods seemed either
not suitable or not sufficiently reliable for the current purpose.

In the current study, symptom severity was taken into account by testing two groups with
different levels of adaptation: a group of individuals with autism who lived independently
with professional, out-reaching support (outpatients) versus a group dependent of ‘around
the clock’ residential care (inpatients). As far as we are aware, this is the first time such 
a stratification has been used. However, it is obvious that the given dichotomy outpatients
versus inpatients might also be determined by factors besides symptom severity, such as
family problems, quality of health service, et cetera. Therefore, to see whether this dichotomy
is a valid one, and also as an alternative way of classifying and stratifying, the participants 
in the experimental group were tested by means of the Autism Diagnostic Observation
Schedule (ADOS-G; Lord et al., 2000), tapping communication and social interaction abili-
ties. However, classification systems and diagnostic instruments, like the ADOS for pervasive
developmental disorders, have been most accurate in addressing autism in somewhat verbal,
mildly to moderately intelligent school age children, and decrease in interpretability accord-
ing to how far one moves away from this group (Lord, 1997; Lord & Rutter, 1994; see also
Klinger & Renner, 2000). Besides, even in a study by Lord et al. (2000) concerning children 
it was found that the ADOS-G only provided moderate differentiation of Autism from PDD-
NOS. Obviously existing diagnostic measures for diagnosing autism fall short when used 
for adults. In spite of that, experts in the field use the ADOS as an inclusion criterion in their
research concerning adults (e.g. Ozonoff et al., 2004).

The ADOS-G screening results in an ordinal measurement, like an intelligence test does
(but less reliably than an intelligence test); however it does not lead to a linear quantification
of the severity of the disorder (for instance: if someone obtains a score 8, this does not impli-
cate that severity of the disorder is double than that of a person with a score 4), and therefore
the ADOS score in itself is not suitable to serve as a variable in a parametric statistical analysis.
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Test method

In the current study a relatively simple RT task was used, in which the presentation of items
and the task performance were controlled by a personal computer (PC). The computerized
task was designed on the basis of information processing paradigms. The information 
processing approach focuses on an understanding of the sequence of mental operations 
in the performance of a particular cognitive task. It is not a specific model or theory, but
rather a broad framework for understanding cognition, and it provides relatively independ-
ent methods and specific experimental paradigms for understanding complex behavior.
One central methodological strategy of this approach is component process analysis, which
has been used for many years in the fields of experimental psychology and cognitive psy-
chology: the decomposition of complex cognitive functions into elementary operations
(Friedrich & Rader, 1996). Applying the chronometric methodology is essential in the infor-
mation processing approach: we miss certain subtle differences in performance if we only
consider whether a person is correct or incorrect at a task (Gazzaniga et al., 2002a). Therefore
information processing tasks are typically presented by means of a computer, thus minimiz-
ing the error variance that can be introduced during data collection. These tasks measure
very specific processes, and thus reduce unintentional measurement of other cognitive 
operations (Ozonoff, 1997). Also, with this method social interaction can be limited to a 
minimum.

Limitations of earlier studies concerning EF in autism

There are some aspects that may detract from the results of earlier studies. Poor performance
on traditional neuropsychological tests such as the Tower of Hanoi and the Wisconsin Card
Sorting Test (WCST) supports the idea that autism is associated with deficits in cognitive
flexibility (for reviews see Pennington & Ozonoff, 1996; Sergeant, Geurts & Oosterlaan,
2002). However, traditional neuropsychological tests only provide crude comparisons of
functional deficits (Gazzaniga et al., 2002b). In addition, social interaction may interfere
with the test outcome, especially in people with autism (Liss et al., 2001). Secondly, autism
seems to be associated with problems in processing complex information (Minshew, 2002;
Minshew et al., 1997; Williams et al., 2006); this by itself may lead to an unjust supposition
or an overestimation of EF problems when relatively complex tests are used. Thirdly, in
some studies it was not reported whether the participants were using psychoactive medica-
tion. The group of participants with ASD who use such medication should be delineated

25I NTRODUCTION



because this medication may have negative effects on RT performance (Scheepers et al., 2001)
and consequently the performance of these participants may bias overall results. But it is
also important to study the test performance of these participants, because they constitute 
a considerable part of the clinical population (Nederlandse Vereniging voor Autisme & De
Ombudsman 2005; see also Aman, Lam & Van Bourgondien, 2005). Fourthly, the results of
EF studies concerning children and adolescents may not be indicative for EF in adults, given
that the frontal lobe and its EF do not fully develop until rather late in life (Diamond, 2002;
Luna et al., 2007; Luna et al., 2004; Luna & Sweeney, 2004; Mesulam, 2002; Rubia et al.,
2000). Fifthly, Liss et al. (2001) stated that as a prerequisite for a conclusion that autism is
associated with a certain executive impairment, a strong relationship would have to be
established between EF and behavioral variables, including the severity of the disorder.
Earlier studies concerning cognitive flexibility and divided attention did not investigate 
the relationship between task performance and symptom severity.

Advantages of the current approach

In the studies at hand the medication factor was controlled for. The experimental group 
consisted of adults; a maximum age of 40 was set as an inclusion criterion to avoid con-
founding by cognitive problems as a result of aging (e.g. Salthouse, 1996). The participants
were not retarded, according to DSM-IV criteria, i.e. they had an average IQ of above 70.
Mental retardation of a participant may influence his performance, and thus should be 
considered to be a bias in a study like this (Rutter, 1999). All participants in the experimental
group were screened by means of the Autism Diagnostic Observation Schedule (ADOS-G;
Lord et al., 2000). This allowed for a statistical analysis to investigate whether symptom
severity as expressed by ADOS-G classification is related to the capacity of a certain EF.

Outline of the thesis

In Chapter 2, the assessment of divided attention capacity in a group of non-retarded adults with
ASD is described. This faculty is important in all situations in which it is highly relevant to
pay attention to several significant items at the same moment, like in traffic for instance.
Divided attention capacity may be tested by varying the number of computational steps that
are required in a serial search task. In this study a computerized version of Sternberg’s (1966)
memory recognition test with two levels of difficulty was used.

26 I NTRODUCTION



27I NTRODUCTION

In Chapter 3, a study is described concerning cognitive flexibility, encompassing motor 
presetting, response inhibition and set shifting, in relation to HFA. In addition, a priori
planning was taken into account by analyzing the effects of stimulus probability on per-
formance. Cognitive flexibility is a very important aspect of EF, and generally thought to 
be deficient in ASD, although results of earlier studies are not unequivocal. In this study
again a computerized version of Sternberg’s (1966) memory recognition test was used; this
time target probability was manipulated.

In Chapter 4, an analysis concerning post-error processing in relation to HFA is described. After
making an error, normal adults slow down their responding on the next trial. This phenom-
enon is considered to be a compensatory effortful mechanism geared toward improving 
performance in subsequent trials. Evaluating post-error processing in autism is important,
since error signals provide crucial evaluative information for flexible adaptation in changing
environments.

Chapter 5 concerns a study about automatization in ASD. We assumed that automatization,
that is a shift from controlled to automatic information processing, might be hampered in autism;
given that people with autism seem to need more time to learn a skill than usual. Again a
computerized version of the Sternberg’s (1966) memory recognition test was used; this time
a version with so-called ‘constant mapping’, in order to aid the process of automatization.

In Chapter 6 the possible relation between speed of information processing and EF is investigated.
Several authors state, that speed of information processing may be crucial for the quality of EF.

The thesis closes with a summary and general discussion (Chapter 7). All references have been
assembled in Chapter 8.
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Abstract

Deficits in executive function (EF), i.e. function of the prefrontal cortex, may be central in
the etiology of autism. One aspect of EF is the faculty to pay attention to more than one 
cue at the same moment (divided attention). Earlier research showed that divided attention
capacity is limited in both children and adults with autism spectrum disorders (ASD). The
current study evaluated the relation between divided attention capacity in non-retarded
adults with ASD, taking symptom severity and medication use into account. Participants
were screened by means of the Autism Diagnostic Observation Schedule (ADOS-G). Thirty
six non-retarded adults with ASD, of whom twelve used psychotropic medication, were
tested. A computerized version of Sternberg’s memory recognition test was used, with two
levels of cognitive load. The effect of cognitive load on reaction time performance is consid-
ered to be inversely proportional to divided attention capacity. The current study failed 
to provide a relationship between divided attention and ASD, contrary to earlier research.
Findings indicate that only medicated adults with ASD have a divided attention deficit,
and that this group has a specific problem with reaching a binary decision when faced with 
a memory search task that is not self-limiting. An additional finding was, that the partici-
pants with ASD were overall slow, especially the participants with medication. Possible
causes and implications of these findings are discussed.

Introduction

Autism is a lifelong developmental disorder typified by social difficulties, communicative
limitations, and a restricted range of interests and behaviors (American Psychiatric
Association, Diagnostic and Statistical Manual of Mental Disorders (4th ed.), 1994). Although the
core symptom of autism is social inadequacy, autism might be due to deviant information
processing in a non-social domain (Jolliffe & Baron-Cohen, 1997; Rutter & Bailey, 1993).
Some researchers take the view that a deficit in executive function (EF) is central in autism
(Hill, 2004; Hughes, Russell & Robbins,1994; Ozonoff, South & Provencal, 2005; Ozonoff et
al., 2004; Ozonoff , Pennington & Rogers, 1991; Pennington & Ozonoff 1996; see also Baron-
Cohen & Swettenham 1997, and Happé & Frith 1996).

EF is the cognitive construct originally used to describe the deficits associated with
damage of the prefrontal cortex (PFC), i.e. the many skills required for goal-directed, future-
oriented behaviors (e.g. Goldman-Rakic, 1993; Lewis, 2000; Mesulam, 2002; Tamminga &
Buchsbaum, 2004).
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The view that a deficit in EF is central in autism, is among other things based on the simi-
larity between the behavior of individuals with autism and patients with prefrontal damage
(e.g. Mesulam, 2002; Ozonoff, 1997). The results of cognitive studies concerning EF in
autism point in the same direction (Damasio & Maurer, 1978; Hughes et al., 1994; Ozonoff
1997; Ozonoff et al., 2004; Ozonoff et al.,1991; Pennington & Ozonoff, 1996; see also Baron-
Cohen & Swettenham 1997, Hill, 2004, and Happé & Frith 1996). Also, anatomical and func-
tional deviances of the frontal cortex in autism have come to the fore (Bauman & Kemper,
2005; Blatt et al., 2006; Casanova, Buxhoeveden & Gomez, 2003; Gomot et al., 2006; 
Hardan, Minshew & Keshavan, 2000; Haznedar et al., 2000; Just, Cherkassky, Keller, Kana &
Minshew, 2006; Just, Cherkassky, Keller & Minshew, 2004; Kemper & Bauman, 1993; Leigh
Simms, Kaplan, Kemper, Bauman & Blatt, 2006; Murphy et al., 2002; Palmen, Van Engeland,
Hof & Schmitz, 2004; Piven et al., 1990; Schmitz, Daly & Murphy, 2007).

One aspect of EF is the ability to select the most relevant information from an abundance
of information presenting itself at a given moment; an ability that is essential for survival.
The process of selecting information, by enhancing the input or processing of certain infor-
mation while suppressing the rest, is called selective attention. Two types of selective atten-
tion are distinguished: focused attention and divided attention (Shiffrin & Schneider, 1977).
Focused attention is the capacity to select information that is known to be relevant to a deci-
sion making process. Divided attention is defined as the function that enables one to direct
attention to a number of stimuli at the same time, stimuli that are all relevant to a given
decision making process; it can also be defined as the ability to process high levels of cogni-
tive load simultaneously (Shiffrin & Schneider, 1977; Schneider & Shiffrin, 1977). It is
thought that this faculty is dependent on the anterior cingulate, which is a part of the
frontal lobe system, and of the dorsolateral PFC (Gazzaniga, Ivry & Mangun, 2002c; 
Knight & Stuss, 2002).

A divided attention deficit may be the cause of certain behavioral aspects of autism spec-
trum disorders (ASD) [for the term ‘autism spectrum disorders’ see for instance Wing 2005],
or may be responsible for certain problems encountered by people with ASD. Researchers
have hypothesized that a divided attention deficit is at the basis of the confusion in unfa-
miliar situations, which is typical for people with ASD (Althaus, De Sonneville, Minderaa,
Hensen & Til, 1996; Swaab-Barneveld, 1998). According to Bogdashina (2005) a limited
divided attention capacity could contribute to a failure to establish and maintain joint atten-
tion, a specific problem in ASD. Some self-reports of persons with ASD describe problems
when taking part in traffic and problems in the performance of tasks that require dividing
one’s attention (e.g. O’Neill & Jones, 1997).

The results of earlier research concerning divided attention support the hypothesis that
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ASD is associated with a divided attention deficit. Ciesielski and colleagues (1995) [n=8] 
and Casey and colleagues (1993) [n=10], both using cross-modal tests, found that divided
attention is limited in high functioning adolescents and adults with autism. Althaus and
colleagues (1996) [n=19] and Swaab-Barneveld (1998) [n=40], using the same method as in 
the current study (vide infra), found a limited divided attention capacity in high functioning
children with ASD (PDDNOS and autism according to DSM-IV criteria). Using videotaped
vignettes of children interacting in naturalistic social environments, Pierce and colleagues
(1997) found that children with autism performed significantly worse than controls when
multiple cues were present. However, there are some aspects that may detract from the
results of earlier studies. Firstly, in the cross-modal studies auditory signals were used,
while recent research indicates that auditory signals may be processed abnormally by indi-
viduals with autism (Boddaert et al., 2004). Secondly, autism seems to be associated with
problems in processing complex information (Minshew, 2002; Minshew, Goldstein & Siegel,
1997; Williams, Goldstein & Minshew, 2006); this by itself may lead to an unjust supposition
or an overestimation of EF problems when relatively complex tests are used. Thirdly, in the
study by Casey and others concerning divided attention in adults with autism it was not
reported whether the participants were using psychotopic medication. The group of partici-
pants with ASD who use psychotopic medication should be delineated because this medica-
tion may have negative effects on reaction time (RT) performance (Scheepers et al., 2001) and
consequently the performance of these participants may bias overall results. But also, it is
important to study the test performance of these participants, because they constitute a con-
siderable part of the clinical population [about 50% of this group according to a recent
survey (n=3035) in the Netherlands] (Nederlandse Vereniging voor Autisme & De Ombuds-
man 2005; see also Aman, Lam & Van Bourgondien, 2005). Fourthly, the results of EF studies 
concerning children and adolescents may not be indicative for EF in adults. It is known 
that the frontal lobe and its EF do not fully develop until rather late in life (Diamond, 2002;
Luna, Garver, Urban & Lazar, 2004; Luna & Sweeney, 2004; Mesulam, 2002; Rubia et al.,
2000). This development may occur even later in autism (Luna, Doll, Hegedus, Minshew &
Sweeney, 2007). Supportive for the aforementioned notion may be the observation that the
clinical picture of autism changes markedly in the course of development, with a tendency
towards better adaptation (Lord & Rutter, 1994). Fifthly, Liss et al. (2001) stated that as a 
prerequisite for a conclusion that autism is associated with a certain executive impairment,
a strong relationship would have to be established between that executive function and behav-
ioral variables, including the severity of the disorder. Earlier studies concerning divided atten-
tion did not investigate the relationship between task performance and symptom severity.

In the current study the medication factor was controlled for. The experimental group 
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consisted of adults; a maximum age of 40 was set as an inclusion criterion, to avoid confound-
ing by cognitive problems as a result of aging (e.g. Salthouse, 1996). The participants were 
not retarded, according to DSM-IV criteria, i.e. they had an average IQ of above 70. Mental
retardation of a participant may influence his performance, and thus should be considered 
to be a bias in a study like this (Rutter, 1999). All participants in the experimental group were
screened by means of the Autism Diagnostic Observation Schedule (ADOS-G; Lord et al.,
2000). This allowed for a statistical analysis to investigate whether symptom severity as
expressed by ADOS-G classification is inversely proportional to divided attention capacity.

In divided attention tasks performance of at least two different operations are required,
and the tasks may be presented to more than one modality channel. However, according 
to Schneider and Schiffrin (1977) divided attention capacity may also be tested by varying 
the number of computational steps that are required in a serial search task (see also Althaus
et al., 1996, and Swaab-Barneveld, 1998). In such a test automatization needs to be avoided 
by applying a varied mapping procedure (vide infra).

In the current study a computerized version of Sternberg’s (1966) memory recognition 
test with two levels of difficulty was used. In this test subjects are instructed to compare 
a set of items (memory set) with a set of items (display set) which is displayed after a brief
interval. Items vary from trial to trial (varied mapping procedure). If one of the items of the
display set matches one of the items of the memory set (target trial), a “yes” response is
required. Should there be no match between both sets (non-target trial), a “no” response is
required. The cognitive load of the test used consisted of two levels of difficulty. Cognitive
load is defined as the product of the number of items of the memory set and the number 
of items of the display set. In our task the number of items in the two sets are, respectively,
one and four items in the easy condition (cognitive load 1x4=4) and two and four items in 
the difficult condition (cognitive load 2x4=8). The test may be looked upon as a divided
attention test, since the items of the display set are presented simultaneously, i.e. attention
has to be divided over all items of the display set at the same moment. According to the
model, a divided attention deficit is defined in terms of slow and erroneous performance 
as a function of cognitive load.

Method

Participants
Thirty six adults with ASD (29 males; 7 females) were tested. Twenty two participants 
(20 males; 2 females) scored in the Autism range, and fourteen participants (9 males; 
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5 females) scored in the PDDNOS range, according to the criteria of the ADOS-G (Lord 1997;
Lord et al., 2000). The group as a whole is best referred to as participants with ASD (e.g.
Wing, 2005). A total of twelve participants, of which nine in the Autism range (8 males; 
1 female) and three in the PDDNOS range (1 male; 2 females), used psychotropic medication
on a permanent basis. The test performance of the ASD group was compared to the perform-
ance of a control group, consisting of 32 medically healthy and neuropsychiatrically normal
individuals (14 males; 18 females). The characteristics of the four participating groups are
summarized in Table 1.

The four groups (experimental groups and control group) did not differ in terms of age;
the group main effect was F(3, 64) = 2.7, p > .05. The four groups did not differ in their IQ
either; the group main effects were for Full-scale IQ , F(3, 64) = 1.4, p >.25, for Verbal IQ , F(3,
64) = 1.9, p > .13, and for Performance IQ , F(3, 64) = 1.6, p > .20. Note: If no up-to-date, reliable
intelligence score was available from the records of the subject, the intelligence level was
measured with the Wechsler Adult Intelligence Scale – Third Edition (WAIS III) (Wechsler
2000). All participants in the control group were tested by means of the WAIS III.

There were no somatic disorders in the ASD group and in the control group that might
influence performance on the RT test. People with some form of epilepsy (three individuals
with autism) were all on appropriate medication and free of symptoms.

Written informed consent was obtained; participants were aware of the duration of their
involvement and the option to drop out of the study at any moment. The ethics committees
of the institutes involved approved the protocol.
Task and instruction
A computerized version of the Sternberg memory recognition test (1966) was used. The sub-
ject was placed in an easy chair in front of a monitor. The monitor was situated at a distance
of 1 meter from the subject. Consonants were displayed on the monitor. The consonants
(stimuli) were constructed from an appropriate matrix of 0.6x1.0 cm, and were presented 
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Table 1. Characteristics of the groups of participants

Variables ASD with medication Autism PDDNOS Controls 
(n=12) (n=13) (n=11) (n=32)

Age [years] 30 (20-39) 25 (10-38) 25 (19-31) 28 (19-39)
Full-scale IQ 101 (89-113) 100 (78-122) 109 (84-133) 101 (72-125)
Verbal IQ 101 (85-122) 95 (71-118) 109 (84-129) 104 (74-138)
Performance IQ 101 (81-125) 104 (85-132) 109 (84-140) 98 (70-130)



at the corners of a 5x5 cm2 virtual square, central in the screen of the monitor. Stimuli 
and timing were controlled by a personal computer. Two sets of items, a memory set and 
a display set, were presented sequentially on a monitor. The time gap between the memory
set and the display set was 500 milliseconds. Each memory set was shown for 500 millisec-
onds. The display set was presented on the screen for 3000 milliseconds. A “yes” response
was required when one of the items of the display set matched one of the items of the
memory set. Otherwise a “no” response was required. Fifty percent of the trials required 
a “yes” response. The testee responded by pressing either a right or a left response button: 
a “yes” response had to be given by pressing a key with the index finger of the dominant
hand, and a “no” response had to be given by pressing a key with the index finger of the
other hand. The subject was instructed to respond as quickly and accurately as possible.
Note: usually a “yes” response takes less time than a “no” response. The reason for this is 
that in target trials search is self-terminating (search is said to stop directly after target detec-
tion), while in non-target trials search is ‘exhaustive’ (all items of the display set need to be
checked). This difference in RT between “no” and “yes” responses is called ‘cognitive decision
time’.

The number of items in the memory and the display set were, respectively, one and four
items in the easy condition, and two and four items in the difficult condition. Preceding each
test the participant did a number of practice trials (a sample of 15% of the trials of the com-
plete task; or more than 15% if necessary). The task consisted of two sets of 64 trials each.
The order was randomized.

Design
Performance measures included mean RT and percentage of errors (false alarms, i.e. incor-
rect “yes” responses, and misses, i.e. incorrect “no” responses).

The first analysis contrasted the control group with the total sample of ASD individuals.
The design was a 2 x 2 x 2 repeated measures ANOVA with group (controls vs. ASD) as a
between-subjects factor, and response type (“yes” response vs. “no” response) and load 
(easy vs. difficult) as within subject factors.

The second analysis contrasted the three subgroups of individuals with ASD (PDDNOS,
Autism, and ASD with medication). The design was a 3 x 2 x 2 ANOVA, with ASD subgroup
(PDDNOS, Autism, and ASD with medication) as between-subjects factor, and response 
type (“yes” response vs. “no” response) and load (easy vs. difficult) as within subject factors.

Pair-wise comparisons, using the Sidak adjustment for multiple comparisons, were carried
out to investigate significant interactions. A two-tailed significance level of p< .05 was
adopted.
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To further investigate the effect of slowness on divided attention and the decision process,
two regression analyses were performed with the mean RT in the easy target trials as inde-
pendent variable, and the difference in RT between the two load conditions [‘easy’ sub-
tracted from ‘difficult’] (i.e. the measure which is inversely proportional to divided attention
capacity) and the cognitive decision time (difference in RT between non-target trials and
target trials) as the dependent variables.

Results

Comparison between the total ASD group and the control group.
The average RT scores for the two groups in each condition are presented in Table 2 and 
in Figure 1.

As predicted by the model, and as can be observed in the figure, the mean RTs of the “yes”
and “no” responses of both groups increased in the difficult condition, relative to the easy
condition; the load main effect was F(1, 66) = 220, p<.0005. Statistical analysis confirmed that
RTs in both groups increased to the same extent, as a function of cognitive load; the two-way
group by load interaction was F(1, 66) = 1.8, p>.18.

As predicted by the model, and as can be observed in the figure, the “no” responses were
slower than the “yes” responses; the response-type main effect was F(1, 66) = 47.4, p<.0005.
This difference in RT between the two response types, or the cognitive decision time, was
largest in the difficult load condition; the two-way response type by load interaction was 
F(1, 66) = 39.4, p<.0005. Groups differed with respect to this effect of response type on RT
performance; the group by response type interaction was F(1, 66) = 6.5, p<.02. This difference
did not hold up when the control group was compared with the ASD group without medica-
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Table 2. RT performance of the control group vs. the total group of participants with ASD

Yes No

Load Controls ASD Controls ASD

easy 713 (137) 866 (274) 747 (164) 967 (366)
difficult 884 (159) 1056 (277) 1005 (252) 1291 (465)

Note. (RT) mean reaction time (milliseconds), (easy) ‘easy’ load condition, (difficult) ‘difficult’ load condition,
(Yes) correct “yes” responses, (No) correct “no” responses. The standard deviation (SD) is reproduced in italics 
between brackets.
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Figure 1.
Comparison of the total group of participants with ASD vs. the control group, and comparison
of the three subgroups of participants with ASD among themselves. The graph displays the
mean RT of the “yes” trials and “no” trials, in the two load conditions (‘easy’ and ‘difficult’).
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tion; the group by response type interaction was F(1, 54) = 1.3, p >.25. The effect of cognitive
load was similar in both groups; the three-way interaction group by condition by response
type was F(1, 66) = 1.8, p >.18.

The participants with ASD were slow; the group main effect was F(1,66) = 10.2, p < .002.
When comparing the control group with the ASD group without medication, the group
main effect was F(1, 54) = 3.3, p=.07, indicating that this general slowness was less but
remained a trend in subjects without medication.

As can be observed in Table 3, error percentages doubled from about 4 percent in the easy
condition to 8 percent in the difficult condition; the load main effect was F(1, 63) = 53.4,
p< .0005. No group differences in accuracy were found; the group main effect for errors was 
F(1, 63) = .03, p>.86 and the group by load interaction was F(1, 63) = .32, p>.57.

Comparison between the three ASD groups. Regression analyses.
To investigate the relation between severity of ASD and task performance, and to investigate
the effect of medication, the performances of the three subgroups with ASD were compared
(PDDNOS, Autism, and ASD with medication). The average RT scores for the three groups 
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Table 3. Error performance of the control group vs. the total group of participants with ASD and the three subgroups

Controls ASD

Load Total PDDNOS Autism ASD med

easy 3.4 (2.6) 4.1 (4.1) 4.1 (3.1) 3.5 (3.4) 4.7 (5.5)
difficult 7.6 (3.9) 7.6 (6.0) 5.8 (5.2) 7.4 (6.9) 9.5 (5.5)

Note. (easy) ‘easy’ load condition, (difficult) ‘difficult’ load condition, (med) with medication. The standard deviation 
(SD) is reproduced in italics between brackets

Table 4. RT performance of the three subgroups of participants with ASD

Yes No

Load PDDNOS Autism ASD med PDDNOS Autism ASD med

easy 742 (143) 850 (258) 997 (336) 780 (150) 937 (385) 1170 (404)
difficult 918 (118) 1007 (263) 1237 (314) 1055 (248) 1196 (421) 1611 (511)

Note. (RT) mean reaction time (milliseconds), (easy) ‘easy’ load condition, (difficult) ‘difficult’ load condition,
(Yes) correct “yes” responses, (No) correct “no” responses, (med) with medication. The standard deviation (SD) 
is reproduced in italics between brackets.



in each condition are presented in Table 4 and Figure 1.
As can be observed in Figure 1, the effect of cognitive load on RT was greatest in the ASD

group with medication, as compared to the other two experimental subgroups. This was
supported by a significant two-way interaction group by load, F(2,33) = 3.7, p <.04; pair-wise
comparisons of this interaction effect confirmed that there was no difference between the
Autism group and the PDDNOS group (p>.98).

As can be observed in Figure 1, the ASD group with medication was the slowest of the
three experimental subgroups. This was supported by a significant between group interac-
tion, F(2, 33) = 4.7, p < .02. However, pair-wise comparisons revealed that the ASD group with
medication was significantly slower than the PDDNOS group (p<.02), but not significantly
slower than the Autism group (p>.12) and the Autism group was not significantly slower
than the PDDNOS group (p >.69).

The cognitive decision time in the ASD group on medication was more than twice the cog-
nitive decision time in the other two groups. A significant two-way group by response type
interaction, F(2,33) = 4.0, p <.03 supported this observation; pair-wise comparisons showed
that there were no differences in cognitive decision time between the Autism group and
PDDNOS group (p>.84). The effect of load on cognitive decision time was similar in the three
groups; the three-way group by load by response type interaction was F(2,33) = 1.9, p>.16.

Error percentages in Table 3 suggest that the ASD group with medication performed less
accurate than the other groups. However, no statistical group differences in accuracy were
found; the group main effect for errors was F(2, 33) = .70, p>.50. In addition, no significant
findings were obtained considering the two-way group by load interaction, F(2, 33) = 1.27,
p>.29; indicating that all three experimental groups had a comparable error profile.

Discussion

Neither the group of participants with PDDNOS nor the group of participants with Autism
according to ADOS-G criteria showed a divided attention deficit, when the medication factor
was taken into account. Only the subgroup of participants with ASD who used medication
showed such a deficit.

Our negative finding concerning divided attention in ASD is not in accordance with 
earlier studies. Possible origins for this discrepancy are the following. Firstly, in the studies
concerning adults auditory signals were used, while recent research indicates that auditory
signals may be processed abnormally by individuals with ASD (Boddaert et al., 2004).
Secondly, autism seems to be associated with problems in processing complex information
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(Minshew, 2002; Minshew & Goldstein, 2001; Minshew et al., 1997; Williams et al., 2006).
This by itself may lead to an unjust supposition or an overestimation of EF problems when
relatively complex tests are used. Thirdly, possibly some adults were using medication.
Fourthly, the finding that children with HFA showed a divided attention deficit when 
performing the same task as was used in the current study (Althaus et al., 1996; Swaab-
Barneveld, 1998), may be not conflicting but instead complementary to the present results,
since EF improves over time (Diamond, 2002; Luna et al., 2007; Luna et al., 2004; Luna &
Sweeney, 2004; Mesulam, 2002; Rubia et al., 2000).

An additional finding of the current study was that the group of participants with ASD
was slower than the control group, also when the medication factor was taken into account.
This applied especially for the group of participants with ASD who used medication.
Slowness has been mentioned earlier by several researchers (e.g. Bowler, 1997; Mottrock,
Burack, Stauder & Robaey, 1999; Swaab-Barneveld, 1998), but has not been studied by itself,
to our knowledge, until recently (Schmitz et al., 2007 [vide infra]). According to Sternberg
(1966), differences in the intercept of the RT function between groups indicate slowness of
information input (encoding) and output (motor preparation). Indeed, motor preparation
deficits are suggested to be involved in autism (Rinehart, Bradshaw, Brereton & Tonge, 2001).
However, disordered movement in ASD is relatively under-researched, compared to the cog-
nitive, affective, and behavioral disturbances seen in these disorders (Nayate, Bradshaw &
Rinehart, 2005). The overall slowness could also be related to cognitive inefficiency. A limita-
tion in autism of cognitive efficiency may be plausible on the basis of recent findings. There
are indications that in the autistic neocortex there is an excessive preservation of un-needed
short-distance connections versus a relative poverty of long-distance connections (Casanova
et al., 2003; Courchesne & Pierce, 2005; Courchesne, Redcay, Morgan & Kennedy, 2005; Frith,
2004; Hardan, Minshew & Keshavan,2000; Just et al., 2004; Just et al., 2006), which could
lead to less efficient and slower information processing in general. These cortical abnormali-
ties may also explain why people with autism tend to focus on details rather than pay atten-
tion to the whole. This attention to detail may imply a relatively precise mode of working 
in general, and in this case an overly precise way of handling each trial in the test situation.
In this context it is of interest that in a recent study Schmitz and colleagues (2007) reported
that the degree of frontal lobe volume reduction they found in individuals with ASD corre-
lated positively with increased RT. The described slowness by itself could lead to problems
with EF (cf. Salthouse, 1996; Salthouse, 2005). In this case it is important to realize that it is
debated if there is a real, gradual dividing of attention (‘sharing’) or a constant ‘switching’
between tasks or stimuli (Andrewes, 2001b; Boelhouwer & Kok, 1997; Burack, Enns, Stauder,
Mottron & Randolph, 1997). If dividing one’s attention is dependent or partly dependent on

40 DIVI DED ATTENTION



the capacity to oscillate one’s attention between two ore more items, slowness could lead to
an early ceiling effect. This may explain why in this study problems concerning divided
attention are experienced solely by the group of participants with ASD who use medication,
since these participants are especially slow in responding.

The ASD group as a whole, but especially the group of participants with ASD who used
medication, responded particularly slow in non-target trials. According to Sternberg’s model
(1966) this finding suggests that these participants have a specific problem with reaching 
a binary decision when faced with a memory search task that is not self-limiting. One could
postulate that in non-target trials these participants tend to keep on checking all stimuli in
the display set in a compulsory manner, as patients with an obsessive compulsive disorder
(OCD) might do. However, in our patient sample only few individuals showed compulsive
acts in normal life, and if so only fleetingly. Besides, in a study by McDougle and co-workers
(2000) it was shown that OCD patients and compulsive autistic patients differ greatly in
their compulsory acts, and that ‘checking’ is not a prominent symptom amongst people with
autism. A more plausible explanation seems to be that the individuals with ASD who partic-
ipated in our experiment are relatively dependent on cues and leads to come to a decision.
Our finding seems to be in line with the study by Goldstein and colleagues (2001), who con-
cluded that purported attention deficits in autism may actually be primary deficits in com-
plex decision making or psychomotor abilities. Recent research involving neuroimaging,
neuropsychological studies, and animal work indicate that the prefrontal cortex plays a cen-
tral role in decision making, ranging from binary choices to multi-attribute decisions that
require explicit deliberation and integration of diverse sources of information (Krawczyk,
2002).

Cognitive problems, as described, may have implications for everyday practice. We suggest
that people with ASD who use medication become confused more easily than others when
faced with situations in which attention has to be paid to multiple significant items at the
same time, or when faced with high loads of information, as in traffic, new environments,
new or multiple tasks, and so forth, and they need clear and simple directions and instruc-
tions in general and especially in ‘open end’ tasks.

Factors affecting the interpretation of the current study.
A possibly confounding factor in the current study is that most of the controls (18 out of
32 participants) were female, while most of the participants with ASD were male (29 out of
36). An extensive literature search did not produce conclusive information about possible
gender differences concerning EF, to be sure, but a more balanced composition of the control
group concerning gender is to be preferred.
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Suggestions for further studies.
The hypothesis that divided attention capacity develops with age in individuals with ASD
needs to be tested by using the same task in different age cohorts (cf. Hill, 2004). The impor-
tance of this is underlined by reports that early deficiencies of EF may have serious long-
term consequences (Anderson, Bechara, Damasio, Tranel & Damasio, 2005; Mundy, 2003).

Finally, any neuropsychological test is an indirect measure of brain function, and results
need to be replicated with evoked response studies and neuroimaging studies.
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Abstract

The goal of the current study was to evaluate presetting, response inhibition, set- shifting
and a priori planning in autism; abilities which can be lumped together under the term 
cognitive flexibility. Cognitive flexibility is an aspect of executive functioning, which in 
turn is mediated by the prefrontal cortical lobes. A group of adults with HFA (n=23) were
compared with a normal control group (n=32), by using a computerized variant of the
Sternberg response bias paradigm. Contrary to the results of earlier studies, no deficit was
found in presetting, response inhibition, set-shifting, and a priori planning in participants
with autism, even when the medication factor was taken into account. Methodological issues
which could be explanatory for this difference are discussed. An additional finding was,
that individuals with HFA (especially those on medication) were slow in reacting. Possible
origins and consequences of this slowness, also for cognitive flexibility, are discussed.

Introduction

Although the core symptom of autism is social inadequacy, some researchers take the view
that a deficit in executive function (EF) is central in autism. EF is the cognitive construct
originally used to describe the deficits associated with damage of the prefrontal lobe, i.e. the
many skills required for goal-directed, future-oriented behaviors (e.g. Goldman-Rakic, 1993;
Mesulam, 2002). This view is, among others, based on the similarity between the behavior 
of individuals with autism and patients with prefrontal damage. Like individuals with 
prefrontal lobe disorder, autistic individuals often appear rigid and inflexible, perseverative,
narrowly focused on details, impulsive, and deficient in the ability to inhibit familiar or
overlearned responses (e.g. American Psychiatric Association, Diagnostic and Statistical Manual
of Mental Disorders (4th ed.), 1994; Mesulam, 2002; Ozonoff, 1997). The results of cognitive
studies concerning EF in autism point in the same direction (Damasio & Maurer, 1978,
Hughes, Russel & Robbins, 1994; Ozonoff, 1997; Ozonoff, Cook, Coon, Dawson, Joseph,
Klin et al., 2004; Ozonoff, Pennington & Rogers, 1991; Pennington & Ozonoff, 1996; see also
Baron-Cohen & Swettenham, 1997, and Happé & Frith, 1996). Also anatomical deviancies 
of the frontal cortex in autism have come to the fore (Casanova, Buxhoeveden & Gomez,
2003; Hardan, Minshew & Keshavan, 2000; Just, Cherkassky, Keller, Kana & Minshew, 2006;
Just, Cherkassky, Keller & Minshew, 2004; Murphy et al., 2002).

The primary aim of the current study was to investigate cognitive flexibility, encompass-
ing motor presetting, response inhibition and set shifting, in relation to autism. In addition,
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a priori planning was taken into account by analyzing the effects of stimulus probability 
on performance. Cognitive flexibility is an important aspect of EF; it is required for produc-
ing novel behavior or for combining patterns of behavior into novel sequences (Gazzaniga,
Ivry & Mangun, 2002b). According to a theoretical framework developed by Shimamura
(2000, 2002), the prefrontal cortex monitors and controls information by a filtering or gating
mechanism, encompassing several aspects. In his view, the most demanding of these aspects
is cognitive flexibility, defined as the ability to switch from one topic to another. Implicit 
in this faculty is the need to inhibit one behavior and spontaneously commence another
(Andrewes, 2001a). Cognitive flexibility is supposed to be mediated by the medial area of the
prefrontal cortex (Andrewes, 2001a), but also the basal ganglia as a subserving system may 
be involved (Gazzaniga et al., 2002b).

Poor performance on traditional neuropsychological tests such as the Tower of Hanoi 
and the Wisconsin Card Sorting Test (WCST) supports the idea that autism is associated with
deficits in cognitive flexibility (for reviews see Pennington & Ozonoff, 1996; Sergeant, Geurts
& Oosterlaan, 2002). The WCST is perhaps the most famous of the set shifting tests. The
most consistent finding of studies using the WCST is that individuals with autism make 
significantly more perseverative errors than normal controls. However, traditional neur0-
psychological tests only provide crude comparisons of functional deficits. In the WCST,
for one, subjects must evaluate multidimensional stimuli, keep an internal record of their

most recent responses, generate rule-sorting hypotheses and be flexible about altering
hypotheses based on the feedback provided after each response. An inability in any of these
operations could be the origin of problems with this task (Gazzaniga, Ivry & Mangun,
2002b). For instance, perseveration may be caused by a failure to flexibly select new alter-
natives or by amnesia (Andrewes, 2001a). In addition, social interaction may interfere with 
the test outcome, especially in people with autism (Liss et al., 2001). Studies using computer-
ized reaction time tests tapping cognitive flexibility obtained conflicting results. Some
researchers reported no deficits in response inhibition (Brian, Tipper, Weaver & Bryson,
2003; Eskes, Bryson & McCormick, 1990; Lopez, Lincoln, Ozonoff & Lai, 2005; Nydén,
Gillberg, Hjelmquist & Heiman, 1999; Ozonoff & Jensen, 1999; Ozonoff & Strayer, 1997;
Ozonoff, Strayer, McMahon & Filloux, 1994; Pascualvaca, Fantie, Papageorgiou & Mirsky,1998),
whereas others did (Bishop & Norbury, 2005; Geurts, Verté, Oosterlaan, Roeyers & Sergeant,
2004; Raymaekers, Van der Meere & Roeyers, 2004; Verté, Geurts, Roeyers, Oosterlaan &
Sergeant, 2005). Concerning set shifting, results of earlier studies suggested an impairment
in autism (i.e. Ozonoff et al., 2004; Ozonoff, South & Provencal, 2005).

There are some general interpretation problems concerning earlier studies. Many studies
failed to mention if participants used medication, and possibly failed to control for it. It is

45COGN ITIVE FLEXI BI LITY



well-recognized that many individuals with autism are on psychotropic medication [accord-
ing to a recent survey (n=3035) in the Netherlands about 50% of this group] (Nederlandse
Vereniging voor Autisme & De Ombudsman, 2005; see also Aman, Lam & Van Bourgondien,
2005), and that this medication may have negative effects on RT performance (Scheepers et
al., 2001). Moreover, many studies concerned children or the age range of the experimental
group was very broad. It is known that the frontal lobe and its executive function do not
fully develop until rather late in life (Diamond, 2002; Luna, Garver, Urban, Lazar & Sweeney,
2004; Luna & Sweeney, 2004; Mesulam, 2002), which may also be the case in autism (Luna,
Doll, Hegedus, Minshew & Sweeney, 2007). Supportive for the aforementioned notion may
be the observation that the clinical picture of autism changes markedly in the course of
development, with a tendency towards better adaptation (Lord & Rutter, 1994). Sometimes
mental retardation is a confounding element in studies. Mental retardation of a participant
may influence his performance, and thus should be considered to be a bias in a study like
this (Rutter, 1999).

In the current study the medication factor was controlled for. The experimental group
consisted of adults; a maximum age of 40 was set as an inclusion criterion, to avoid con-
founding by cognitive problems as a result of aging (e.g. Salthouse, 1996). The participants
were not retarded, according to DSM-IV criteria, i.e. they had an average IQ of above 70.
The usual term for autism without mental retardation is ‘high functioning autism’ (HFA)
(e.g. Wing, 2005; Baron-Cohen et al., 2005). For the present study a computerized variant 
of the Sternberg (1966) response bias task was used, i.e. a relatively simple task that does 
not require social interaction.

In the Sternberg task a memory set consisting of two consonants, and a display set con-
sisting of four consonants, are presented sequentially on a monitor. The participant is
instructed to press the “yes” response button when there is a match between one of the con-
sonants of the memory set and one of the consonants in the display set (target trial). The
“no” response button has to be pressed if there is no match (non-target trial). The consonants
of the memory set and display set vary with each trial; this is called ‘varied mapping’. In the
baseline condition, the relation target trials versus non-target trials is fifty-fifty, preventing
presetting. In the response bias condition the percentage non-target trials is 75 %, triggering
presetting for “no” responses. So the “no” responses should become faster in the response
bias condition, relative to the baseline condition. However, when a “yes” response is required,
subjects have to inhibit the preset (“no”) response and change the response set (set shifting).
The sequence length of consecutive, preceding “no” trials on the RT of a “yes” response may
be informative concerning a priori planning. Given the ratio of the “yes” and “no” responses,
an individual will expect a “yes” response after three “no” responses in the response bias
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condition, and a “yes” response after one “no” response in the baseline condition.
Using the test, the following predictions can be made. Firstly, if HFA is associated with 

difficulty in presetting the (motor) system in favor of the most frequent response type, either
no acceleration of the “no” responses will take place in the response bias condition, or the
acceleration will be less than normal. This would be expressed statistically by a significant
three-way interaction between the factors group by condition (baseline versus response bias)
by response type (correct “yes” response versus correct “no” response) for the variable ‘mean
reaction time’. Secondly, if HFA is associated with poor set shifting, then the reaction times
of the “yes” responses will be increased in the response bias condition, relative to the base-
line condition, statistically expressed by a significant three-way interaction group by condi-
tion by response type. Thirdly, if HFA is associated with poor response inhibition, then
many incorrect “no” responses (misses) are to be expected in the response bias condition,
relative to the baseline condition. A significant three-way interaction group by condition 
by response type for the variable ‘errors’ would express this statistically. Fourthly, if HFA
is associated with sensitivity for the given stimulus probability, then the latency of “yes”
responses will depend on the number of preceding, consecutive non-target trials.

Method

Participants
Twenty three adults with HFA (21 males; 2 females) were tested; 9 of them used psychotropic
medication on a permanent basis. For all a DSM-IV diagnostic classification of Autistic
Disorder was established by a psychiatrist (first author), who has extensive experience with
diagnosing and treating autism and related disorders. The classification was based on clini-
cal observation, on reported observations and assessments by earlier examiners (psychiatrists
and psychologists), and on study of the medical history of the individuals involved. The
participants scored in the Autism range according to the criteria of the Autism Diagnostic
Observation Schedule [ADOS-G] (Lord, 1997; Lord, Risi & Lambrecht, 2000). The test per-
formance of the HFA group was compared to the performance of a control group, consisting
of 32 medically healthy and neuropsychiatrically normal individuals (14 males; 18 females).
Group characteristics are summarized in table 1.

The two groups did not differ in terms of age: the group main effect was F(1, 53) = .07,
p = .79. If no up-to-date, reliable intelligence score was available from the records of the 
subject, the intelligence level was measured with the Wechsler Adult Intelligence Scale –
Third Edition (WAIS III) (Wechsler 2000). All participants in the control group were tested
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by means of the WAIS. The groups did not differ in terms of IQ: the group main effects were
for Full-scale IQ , F(1, 53) = 0.11, p >.74, for Verbal IQ , F(1, 53) = 1.2, p > .27, and for Performance
IQ , F(1, 53) = 2.7, p > .10.

There were no somatic disorders in the HFA group and in the control group that might
influence performance on the RT test. People with some form of epilepsy (three individuals
in the HFA group) were all on appropriate medication and free of symptoms.

Written informed consent was obtained; participants were aware of the duration of their
involvement and the option to drop out of the study at any moment. The ethics committees
of the institutes involved approved the protocol.

Task and instruction
We used a computerized variant of the Sternberg reaction time paradigm (1966). Stimuli and
timing were controlled by a personal computer. The participant was seated in an easy chair,
facing a monitor placed on a table. The monitor was situated at a distance of 1 meter from
the subject. Consonants were presented on the screen of the monitor. The consonants (stim-
uli) were constructed from an appropriate matrix of 0.6x1.0 cm, and were presented at the
corners of a 5x5 cm virtual square central in the screen of the monitor. Two sets of items,
a memory set and a display set, were presented sequentially on the monitor. The time gap
between the memory set and the display set was 500 milliseconds. Each memory set was
shown on the screen for 500 milliseconds, and each display set was shown for 3000 milli-
seconds. A “yes” response was required when one of the items of the memory set matched
one of the items of the display set (target trial); otherwise a “no” response was required (non-
target trial). Note: usually a “yes” response takes less time than a “no” response. The reason
for this is that in target trials search is self-terminating (search is said to stop directly after
target detection); while in non-target trials all items of the display set need to be checked.
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Table 1. Characteristics of the two groups of participants

HFA Controls

Variables (n=23) (n=32)
Age [years] 28 (20-39) 28 (19-39)
Full-scale IQ 102 (78-133) 101 (72-125)
Verbal IQ 99 (71-129) 104 (74-138)
Performance IQ 105 (81-138) 98 (70-130)

Note. Of all variables the mean values are reproduced, with the range in italics between brackets.



A “yes” response had to be given by pressing a button with the index finger of the dominant
hand. A “no” response had to be given by pressing a button with the index finger of the
other hand. None of the participants were left-handed.

In the baseline condition, 50% of the trials required a “no” response. In the response 
bias condition, 75% of the trials required a “no” response. Participants were instructed
accordingly. Each condition consisted of two sets of 64 trials. The order of conditions was
randomized. After each condition, a short break was introduced. Preceding each condition,
the participant ran a few practice trials (a sample of 15% of the trials of the complete task,
or more if necessary). After the training the experimenter left the participant alone and 
went to an adjacent room. The whole experiment required approximately 20 minutes.

Design
The design was a repeated measurement design with group (two levels: participants with
HFA vs. controls) as the between-subject factor. Response type (two levels: a “yes” response
vs. a “no” response), and condition (two levels: baseline condition vs. response bias condi-
tion) were the within-subject factors. Mean reaction time and percentage of incorrect “no”
responses (misses) were the dependent variables. The percentage of incorrect “yes” responses
(false alarms) was less than 3 in all groups; hence this variable was not taken into further 
consideration. Another repeated measurement design, with group (two levels: HFA vs.
controls) as the between-subject factor and sequence class (three levels: fast vs. expected 
vs. slow) as the within-subject factor, was used to explore the relation between the length 
of a sequence of “no” trials, and the RT in the subsequent “yes” trial.

Results

Figure 1 presents the mean RTs of both groups in the baseline (50-50) and response bias 
(25-75) condition.

The decrease of the RTs of the “no” responses in the response bias condition is considered
an index of motor presetting. The figure shows that the mean RTs of the “no” responses 
of both groups decreased in the response bias condition, relative to the baseline condition.
The condition main effect was F(1, 53) = 49.2, p< .000, and the two-way interaction response
type by condition was F(1, 53) = 47.2, p< .000. Statistical analysis confirmed that both groups
were presetting to the same extent: the two-way interaction group by condition was F(1, 53) =
1.18, p= .28, and the three-way interaction group by condition by response type was F(1, 53) =
1.18, p = .28. However, in spite of the presetting, the participants with HFA remained slow;
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Figure 1.
Mean RTs of target trials (“yes”) and non-target trials (“no”), of the HFA group and the control
group, in both conditions (baseline and response bias) of the Sternberg visual memory search
task. The error bars represent the standard error of the group means (SEM).



the group main effect was F(1, 53) = 12.7, p = .001. When comparing the controls with the
medication-free participants with HFA, the group main effect was F(1, 44) = 3.7, p = .06,
indicating that this general slowness was less but remained a trend in subjects without 
medication.

The effect of the response bias condition on the RT in “yes” trials is an index of set- 
shifting. Since the interaction group by condition by response type was not significant,
it is concluded that groups did not differ with respect to set shifting either.

Presetting taxed response inhibition, resulting in a higher percentage of misses, as
depicted in figure 2; the condition main effect was F(1, 53) = 18.3, p < .0005. However, no 
difference between the groups was found: the two-way interaction group by condition was 
F(1, 53) = .92, p = .34.
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Figure 2.
Overall percentage of errors of commission, of the HFA group and the control group, in the two
conditions (baseline and response bias) of the Sternberg visual memory search task. The error bars
represent the standard error of the group means (SEM).



Figure 3 presents the mean of the “yes” responses as function of the number of consecu-
tive, preceding “no” responses. We distinguished three classes of sequences. These three
classes of sequences are supposed to be associated with different subjective probability
estimations: (1) a “yes” trial after either a “yes” trial or one “no” trial [‘early’, i.e. sooner than
expected, taking the 1:3 ratio into account], (2) a “yes” trial after two, three or four “no” trials
[‘expected’, i.e. in agreement with expectation, given the base-rate], and (3) a “yes” trial after
more than four “no” trials [‘late’, i.e. later than expected].

In the control group, “yes” responses were fastest in ‘expected’ “yes” trials, as figure 3
shows. Hence, controls were responding in accord with the 1:3 ratio. The profile of “yes”
responses was different in the group of participants with HFA. More specifically, the speed
of the “yes” responses was slower, especially when the “yes” trials were ‘early’, and no differ-
ences were found between the ‘expected’ and ‘late’ trials. Findings were statistically con-
firmed by the earlier mentioned significant group main effect and a significant interaction
group by class of sequence, F(6, 128) = 2.6, p< .02. When comparing the controls with the
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medication-free participants with HFA, the interaction group by class of sequence was 
F(2, 88) = 3.2, p = .04, indicating that this profile difference remained significant in subjects
without medication.

Discussion

The goal of the current study was to evaluate presetting, response inhibition, set shifting
and a priori planning in high functioning autism (HFA); abilities which can be lumped
together under the term cognitive flexibility. In summary, results of earlier studies concern-
ing cognitive flexibility in autism do not offer a completely clear picture, in so far that
response inhibition may or may not be affected, while set shifting is supposed to be
impaired. The current experiment tested the hypothesis that HFA is associated with poor
cognitive flexibility, by using a relatively simple test, by applying a computerized variant 
of this test, by testing a rather ‘homogenous’ and non-retarded group of individuals with
autism – namely adults with HFA – , and by controlling for medication use.

The results of the study at hand showed no deficit concerning response inhibition and the
ability to change the response set if required, in the group of participants with HFA. This
was concluded on the basis of the following results. The increase of RT of “yes” answers in
the response bias condition was statistically the same in both participating groups. In other
words, the individuals with HFA could shift from the common “no” answers to the rare
“yes” answers as easily as the individuals in the normal control group. Also, they were able 
to inhibit their preset response as well as controls, as shown by the fact that there was no 
difference with respect to the number of errors of commission. Obviously proof of preset-
ting is a precondition for the aforementioned conclusions. Indeed, there was no difference
between the HFA group and the control group regarding the ability to preset in favor of the
most frequent response type (“no” response), as shown by the statistically similar decrease
in RT of “no” answers in both participating groups.

However, the group of individuals with HFA, especially the subgroup on medication,
was performing slowly; which in turn could be explained in terms of the Pew (1966) curve.
This curve plots response speed against performance accuracy: fast responses are associated
with a high frequency of errors, slower responses are associated with more accuracy, which
accuracy reaches a certain optimum; that is to say performance does not improve any further
if responses are slowed even more by increasing care. Within this perspective, the perform-
ance of individuals with HFA (especially those with medication) seems to be located at the
right asymptote of the Pew curve, i.e. compared to controls they were apparently in an overly
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cautious or precise mode of working, resulting in high RTs, but not in greater accuracy.
That a comparatively cautious or precise mode of working may be a feature in HFA, is also
suggested by the so-called a priori analysis. In the control group, expected “yes” responses –
after a consecutive number of “no” trials in accord with the 1:3 ratio – were faster than unex-
pected (early) “yes” responses. However, in the group of individuals with HFA this speeding
up was not present with expected stimuli. This might be interpreted twofold: either individ-
uals with HFA are not able to abandon the assumed precise mode of working, for one reason
or another, or they are not aware of the given probability.

Slowness has been mentioned earlier by several researchers (e.g. Bowler, 1997; Mottrock,
Burack, Stauder & Robaey, 1999), but has not been studied by itself, to our knowledge.
The overall slowness could be related to either motor problems or cognitive inefficiency.
Disordered movement in autism is relatively under-researched, compared to the cognitive,
affective, and behavioral disturbances seen in these disorders (Nayate, Bradshaw & Rinehart,
2005). A limitation in autism of cognitive efficiency may be plausible on the basis of recent
findings. There are indications that in the autistic neocortex there is an excessive preserva-
tion of un-needed short-distance connections versus a relative poverty of long-distance con-
nections (Casanova et al., 2003; Courchesne & Pierce, 2005; Courchesne, Redcay, Morgan &
Kennedy, 2005; Frith, 2004; Hardan et al., 2000; Just et al., 2004 & 2006), which could lead to
less efficient and slower information processing in general. These cortical abnormalities may
also explain why people with autism tend to focus on details rather than pay attention to the
whole. This attention to detail may imply a relatively precise mode of working in general,
and in this case an overly precise way of handling each trial in the test situation.

Slowness of responding may have contributed to the problems with cognitive flexibility
found in earlier studies. Set shifting may become increasingly hampered by slowness, with
increasing task complexity and increasing presentation rate; in other words, there may be
a relatively early ceiling effect related to an overall slowness of responding (cf. Salthouse,

1996). Illustrated, in a cognitive study concerning adults with HFA, increase of the presenta-
tion rate led to a decrease in performance efficiency (Raymaekers, Van der Meere & Roeyers,
2004). Besides, autism seems to be associated with problems in processing complex informa-
tion (Minshew, 2002; Minshew, Goldstein and Siegel, 1997; Williams, Goldstein & Minshew,
2006); this by itself may lead to an unjust supposition or an overestimation of EF problems
when relatively complex tests are used.

Factors affecting the interpretation of the current study.
In the current research an ADOS-G classification of Autistic Disorder was an inclusion crite-
rion for the experimental group. Although the ADOS-G has been considered to be a ‘golden
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standard’ for diagnosing autism and related disorders, the use of the ADOS for measuring
autism symptoms in adults is not undisputed (Lord, 1997; Lord & Corsello, 2005; Lord &
Rutter, 1994; Lord et al., 2000; see also Klinger & Renner, 2000). In conclusion, application 
of the ADOS for this age group may lead to a selection bias. Another possibly confounding
factor in the current study is that most of the controls (18 out of 32 participants) were female,
while most of the participants with HFA were male (21 out of 23 participants). An extensive
literature search did not produce conclusive information about possible sex differences 
concerning EF, to be sure, but a more balanced composition of the control group concerning
gender is to be preferred.

Suggestions for further studies.
In sum, the current findings suggest no difference in cognitive flexibility between adults
with HFA and a normal control group. Earlier-mentioned studies focusing on children 
with HFA did report problems with cognitive flexibility. Consequently, it could be argued
that this faculty develops with age in individuals with HFA. This suggestion needs a direct
comparison using the same task in different age cohorts (cf. Hill, 2004).

It would also be useful to conduct an experiment, similar to the one described, in individ-
uals with autism and mental retardation, given the high prevalence of co-morbidity of these
disorders.
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Abstract

Deficits in executive function (EF), i.e. function of the prefrontal cortex, may be central 
in the etiology of autism. One of the various aspects of EF is error detection and adjusting
behavior after an error. In cognitive tests, adults normally slow down their responding on
the next trial after making an error, a compensatory mechanism geared toward improving
performance on subsequent trials, and a faculty critically associated with activity in the ante-
rior cingulate cortex (ACC). The current study evaluated post-error slowing in people with
high functioning autism (HFA) (n = 36), taking symptom severity into account, compared 
to the performance of a normal control group (n = 32). Symptom severity in the HFA group
was defined in terms of level of adaptation: living independently (outpatients; n=12) and
living residentially (inpatients; n=24). Half the group of inpatients was on medication; the
results of their performance were analyzed separately. A computerized version of a memory
search task was used with two response probability conditions. The subjects in the control
group adjusted their reaction time (RT) substantially after an error, while the group of par-
ticipants with HFA appeared to be overall slow, with no significant adjustment of RT after
an error. This finding remained significant if the medication factor was taken into account,
and was independent of the degree of severity of the autistic disorder, as defined by the
dichotomy ‘inpatient versus outpatient’. Possible causes and implications of the finding 
are discussed.

Introduction

Autism is a lifelong developmental disorder, typified by social difficulties, communicative
limitations, and a restricted range of interests and behaviors (American Psychiatric
Association, Diagnostic and Statistical Manual of mental disorders (4th ed.), 1994). No clear
conclusions can be made yet about genetic loci involved, but it is clear that autism is among
the most heritable of neuropsychiatric disorders (Klauck, 2006; Rutter, 2000), with a preva-
lence estimated to range from10 to 20 per 10.000 subjects and even to 65 per 10.000 for
Autism Spectrum Disorders (ASD) (Fombonne, 2003).

Although the core symptom is social inadequacy, autism might be associated with deviant
information processing in a non-social domain (Jolliffe & Baron-Cohen, 1997; Rutter &
Bailey, 1993). Some researchers even take the view, that a deficit in executive functioning (EF)
is central in autism (Hill, 2004; Hughes, Russel & Robbins, 1994; Ozonoff, 1997; Ozonoff et
al., 2004; Ozonoff, Pennington & Rogers, 1991; Ozonoff, South & Provencal, 2005; Penning-
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ton & Ozonoff, 1996; see also Baron-Cohen & Swettenham, 1997, and Happé & Frith, 1996).
EF is the cognitive construct originally used to describe the deficits associated with damage

of the prefrontal lobe, i.e. the many skills required for goal-directed, future-oriented behav-
iors (e.g. Goldman-Rakic, 1993; Mesulam, 2002). EF is fractionable into different cognitive
processes which are related to different parts of the prefrontal cortex including the anterior
cingulate cortex (ACC) (e.g. Andrewes, 2001a; Gazzaniga, Ivry & Mangun, 2002c; Stuss et al.,
2002). Evidence in favor of the EF/frontal lobe hypothesis in autism is threefold. First, clini-
cal similarities between people with autism and adults with prefrontal lesions have been
noted, for instance with regard to their ability to “read others’ minds” (Baron-Cohen, 2005;
Damasio & Maurer, 1978; Mesulam, 2002; Ozonoff, 1997). Second, proton magnetic reso-
nance spectroscopy showed that people with autism and related disorders have significant
abnormalities in prefrontal lobe neuronal integrity, and that these are related to severity 
of clinical symptoms (Murphy et al., 2002). Third, micro-anatomic studies indicate that 
in the autistic neocortex neurons are smaller and more numerous compared to controls,
which may for instance be due to defective apoptosis early in development (Casanova,
Buxhoeveden & Gomez, 2003). However, this may not be fully applicable to the phylogenet-
ically oldest part of the prefrontal brain, the ACC, which has a different cytoarchitecture
than the rest of the prefrontal cortex (e.g. Gazzaniga et al., 2002c). Nevertheless, researchers
report that the ACC in the autistic brain is abnormal in microstructure (Leigh Simms,
Kaplan, Kemper, Bauman & Blatt, 2006), consistent with the increased cell packing density
reported by Bauman and Kemper (1994, 2005). Other researchers found hypo-metabolism 
of the ACC in autism (Gomot et al., 2006; Haznedar et al., 2000; Luna et al., 2002), while 
a recent study reported that multiple neurotransmitter systems in the ACC are altered in
autism (Blatt et al., 2006). Also, relevant parts of the corpus callosum, through which many
cortical areas communicate, have proven to be smaller in cross-sectional area in individuals
with HFA as compared to controls (Courchesne & Pierce, 2005; Courchesne, Redcay, Morgan
& Kennedy, 2005; Frith, 2004; Hardan, Minshew & Keshavan, 2000; Just, Cherkassky, Keller,
Kana & Minshew, 2006; Just, Cherkassky, Keller & Minshew, 2004). Though it is difficult to
‘translate’ structural findings to the level of function (e.g. Rose, 1984), it is suggested that
these abnormalities impair the fundamental frontal function of integrating information
from widespread and diverse systems and providing complex context-rich feedback, guid-
ance and control to lower-level systems.

The current study aims at contributing to the knowledge about EF in high functioning
autism (HFA; IQ>70) (e.g. Wing, 2005; Baron-Cohen et al., 2005) by exploring post-error 
processing. This faculty is supposed to be critically associated with activity in the ACC
according to many researchers (Carter, Mintun & Cohen, 1995; Fan, Flombaum, McCandliss,
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Thomas & Posner, 2003; Gehring & Knight, 2000; Hayward, Goodwin & Harmer, 2004;
Holroyd, Dien & Coles, 1998; Kiehl, Liddle & Hopfinger, 2000; Luu, Flaisch & Tucker, 2000;
Mars et al., 2005; Ullsperger & Von Cramon, 2004), although in one study, concerning four
human subjects with ACC damage, no impairment of post-error slowing was found (Fellows
& Farah, 2005). Rabbitt (1966, 1968) was one of the first researchers who studied post-error
processes. He showed that after making an error, normal adults slow down their responding
on the next trial, which is apparent when reaction time after an error (RTE+1) is measured.
This phenomenon is considered to be a compensatory effortful mechanism (Kahneman,
1977) geared toward improving performance in subsequent trials (Gehring & Fencsik, 2001).

Evaluating post-error processing in autism is important, since error signals provide crucial
evaluative information for flexible adaptation in changing environments. A deficit in this
faculty could be explanatory, or partly explanatory, for the characteristic ‘insistence on same-
ness’ of autistic people (DSM-IV). Another reason to explore ACC function in autism is that
ACC dysfunction may be implicated in the developmental psychopathology of autism.
Studies have indicated that a neural system involving the AAC, may contribute to the devel-
opment of joint attention initiation in infancy. Similarly, research has implicated this system
in theory of mind performance. It may also play a role in the capacity to monitor propriocep-
tive information concerning self-action and in integrating this self-related information with
exteroceptive perceptual information about the behavior of other people. A disturbance in
these functions may contribute to the atypical development in autism of intersubjectivity,
joint attention and social cognition (Mundy, 2003).

The RTE +1 phenomenon was studied using a visual memory search task, tapping mental
flexibility and inhibition, skills suggested to be impaired in people with autism (e.g. Hill,
2004). In this task, a memory set of two consonants and a display set of four consonants were
presented sequentially on the monitor of a personal computer. The consonants of both sets
varied with each trial (varied mapping). A “yes” response (pressing a response button with
the index finger of the dominant hand) was required when one of the items of the memory
set matched one of the items of the display set (target trial). Otherwise a “no” response
(pressing a response button with the index finger of the non-dominant hand) was required
(non-target trial). In the first series of 64 trials, the target probability was 50% (baseline 
condition), and in the second series of 64 trials the target probability was 25% (response 
bias condition). The response bias condition requires executing control involving both the
ability to adjust a response set towards the most frequent response type (“no” response),
and the ability to stop and change this pre-set response if the infrequent response type 
(“yes” response) is required. No response set adjustment is possible in the baseline condition.
Since HFA is suggested to be associated with cognitive inflexibility (rigidity) (e.g. Ozonoff
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et al., 2004), it was expected that this group would give more incorrect “no” responses in 
the response bias condition than the controls. Also, the two probability conditions could
have different effects on response evaluation and on response strategy adjustment including
post-error slowing.

In our study the participants in the experimental group were not retarded (according to
DSM-IV criteria), i.e. they had an average IQ of above 70. The usual term for autism without
mental retardation is ‘high functioning autism’ (HFA) (e.g. Wing, 2005; Baron-Cohen et al.,
2005). Mental retardation of a participant may influence his performance, and thus should
be considered to be a bias in a study like this (Rutter, 1999).

The current study elaborates on the possible relationship between symptom severity and
the RTE+1 phenomenon. Liss et al. (2001) stated that a strong relationship would have to be
established between a cognitive deficit and behavior variables as a prerequisite for a conclu-
sion that these variables are caused by this deficit. Within this perspective, the performance
of two groups of individuals with HFA with different levels of adaptation were compared: 
a group of individuals who lived independently with professional, out-reaching support
(outpatients) versus a group dependent on ‘around the clock’ residential care (inpatients).
It is obvious that the given dichotomy might also be determined by factors besides symptom
severity such as family problems, quality of health service, et cetera. Therefore, to see whether
this dichotomy is a valid one, the inpatient and outpatient groups were compared by means
of the Autism Diagnostic Observation Schedule (ADOS-G; Lord et al., 2000), tapping com-
munication and social interaction abilities. In addition, medication use was taken into
account. As for instance recent surveys in the Netherlands (Nederlandse Vereniging voor
Autisme & De Ombudsman, 2005) and the USA (Aman, Lam & Van Bourgondien, 2005)
show, very often inpatients use psychotropic medication and antiepileptic drugs, to prevent
temper tantrums, mood disorders or epileptic seizures. Antipsychotic compounds may affect
the size of several brain structures involved in cognition (Scheepers et al., 2001), and psy-
chotropic drugs in general may influence RT. Therefore, the test results of inpatients with
medication were analyzed separately.

Method

Participants
Thirty six adults with HFA were tested. The DSM-IV diagnostic classification of Autistic
Disorder was established by a psychiatrist (first author), who has extensive experience with
diagnosing and treating autism and related disorders, on the basis of clinical observation,
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reported observations and assessments of earlier examiners (psychiatrists and psychologists),
and study of the medical history of the individuals involved. Twenty four participants 
(20 males) lived in so-called workhomes, specialized residential settings for adults with
autism. This kind of institute combines a sheltered workshop with group homes, and indi-
vidual apartments on site in some cases, and is situated in a rural area. The model is compa-
rable to the one described by Giddan and Giddan (1993), although agricultural activities 
are more limited than in the described design, or even absent. Twelve of these inpatients 
(9 males) used psychotropic medication to prevent temper tantrums, mood disorders or
epileptic seizures (antipsychotic drugs, antidepressants, mood stabilizing agents, anxiolytic
drugs, sedatives, antiepileptic drugs). Twelve participants (8 males) lived independently 
with professional out-reaching support (outpatients). None of these participants used 
medication. Inpatients were compared to outpatients by means of the ADOS-G. The control
group consisted of 32 medically healthy and neuropsychiatrically normal individuals 
(12 males). The characteristics of the four participating groups are summarized in Table 1.

Note, the cutoff score for an ADOS-G diagnosis of Autism is 10, while the cutoff score for
an ADOS-G diagnosis of Pervasive Developmental Disorder Not Otherwise Specified [PDD-
NOS] (‘mild autism’) is 7. This implies that the outpatients as a group scored in the PDD-
NOS range according to ADOS-G criteria, contrary to the clinical diagnostic classification
according to DSM-IV criteria. Both groups of inpatients scored in the Autism range according
to ADOS-G criteria. Some participants did not have either an ADOS diagnosis of autism 
or an ADOS diagnosis of PDDNOS (four individuals in the outpatient group, one individual
in the group of inpatients without medication, and one individual in the group of inpatients
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Table 1. Characteristics of the four groups of participants

Inpatients  

Outpatients With medication Without medication Controls
Variables (n=12) (n=12) (n=12) (n=32)

Age [years] 24 (19-31) 26 (20-38) 29 (20-39) 27 (19-39)
Full-scale IQ 109 (84-133) 101 (78-133) 100 (89-113) 104 (77-125)
Verbal IQ 108 (84-125) 98 (71-129) 100 (85-122) 106 (77-138)
Performance IQ 107 (84-140) 106 (85-138) 100 (81-125) 101 (71-130)
ADOS (total) 7.6 (3-11) 11.8 (7-19) 11.8 (2-19) -
ADOS (social) 4.8 (1-8) 8.0 (4-13) 8.4 (1-12) -
ADOS (comm.) 2.8 (1-5) 3.8 (2-7) 3.4 (1-8) -

Note. Of all variables the mean values are reproduced, with the range in italics between brackets.



with medication), again contrary to the clinical diagnostic classification according to DSM-IV
criteria. The ADOS-G has been considered to be a ‘golden standard’ for diagnosing autism
and related disorders, but classification systems and diagnostic instruments for pervasive
developmental disorders like the ADOS-G have been most accurate in addressing autism 
in somewhat verbal, mildly to moderately intelligent school age children, and decrease 
in interpretability according to how far one moves away from this group (Klinger & Renner,
2000; Lord, 1997; Lord & Rutter 1994). According to leading experts the ADOS-G is under-
inclusive with adults with autism spectrum disorders (Lord, 1997; Lord & Corsello, 2005;
Lord et al., 2000; Lord & Rutter, 1994; see also Klinger & Renner, 2000). Besides, in a study 
by Lord et al. (2000) concerning children it was found that the ADOS-G only provided mod-
erate differentiation of autism from PDD-NOS. But in spite of this, and although existing
diagnostic measures for diagnosing autism fall short when used for adults, the ADOS-G was
useful in validating the chosen dichotomy of severity.

The ADOS scores of the outpatients were lower than those of the inpatients: the group
main effects for the ADOS-G Total, and Reciprocal Social Interaction scores were respectively
F(2,33) = 5.5, p = .01 and F(2,33) = 6.7, p < 0.005, indicating that the severity of the symptoms
was most pronounced in the inpatient groups. However, groups were not different concern-
ing Communication, F(2,33) = 1.3, p = .30.

The four groups (experimental groups and controls) did not differ in their age: the group
main effect was F(3, 64) = 3.67, p = .06. The four groups did not differ in their IQ either: the
group main effects were for Full-scale IQ , F(3, 64) = 0.8, p >.47, for Verbal IQ , F(3, 64) = 1.4,
p >. 24, and for Performance IQ , F(3, 64) = 1.3, p > .25. Note, if no up-to-date reliable intelli-
gence score was available, the intelligence level was measured with the Wechsler Adult
Intelligence Scale – Third Edition (WAIS III) (Wechsler, 2000).

There were no somatic disorders, either in the autistic sample or in the control group,
which might influence performance on the RT test. In the inpatient group, people with some
form of epilepsy (three patients) were all on appropriate medication and free of symptoms.

Written informed consent was obtained; participants were aware of the duration of their
involvement and the option to drop out of the study at any moment. The ethics committees
of the institutes involved approved the protocol.

Task and instruction
The subject is placed in an easy chair in front of a monitor. The monitor is situated at a dis-
tance of 1 meter from the subject. Consonants are displayed on the monitor. The consonants
are constructed from an appropriate matrix of 0.6x1.0 cm, and are presented at the corners 
of a 5x5 cm2 virtual square, central in the screen of the monitor. Stimuli and timing are 
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controlled by a personal computer. Two sets of items, a memory set and a display set, are 
presented sequentially on a monitor. The time gap between the memory set and the display
set is 500 milliseconds. Each memory set of two items is shown for 500 milliseconds. The 
display set (four items) is presented on the screen for 3000 milliseconds. A “yes” response 
is required when one of the items of the memory set matches one of the items of the display
set. Otherwise a “no” response is required. The subject is instructed to respond as quickly
and accurately as possible. Note, “yes” responses are given by pressing a key with the index
finger of the dominant hand. Less than 5 percent of the participants were left-handed. In 
the baseline condition the target probability is 50%. In the response bias condition the target
probability is 25%, requiring 25% “yes” responses and 75% “no” responses. Preceding each
test, the subject will do a number of practice trials (a sample of 15% of the trials of the com-
plete task; or more than 15% if necessary). Each condition consists of 64 trials.

Design
Performance measures included mean RT of correct answers (RTC), mean RT of correct
answers following errors (RTE+1) and mean RT of errors (RTE). Note: RTE+1 responses were
taken out of the RTC. To control for laterality, “yes” responses directly followed by “no”
responses or vice versa were not included in the analysis.

The first analysis contrasted the control group with the total sample of HFA individuals.
The design was a 2 x 2 x 3 repeated measures ANOVA with group (Controls vs. HFA) as 
a between subjects factor, and probability (Baseline vs. Response Bias) and response type
(RTE vs. RTE+1 vs. RTC) as within subject factors.

The second analysis contrasted the three groups of individuals with HFA (outpatients,
inpatients with medication, and inpatients without medication). The design was a 3 x 2 x 3
ANOVA, with HFA subgroup (outpatients, inpatients with medication, inpatients without
medication) as a between subjects factor, and probability (Baseline vs. Response Bias) and
response type (RTE vs. RTE+1 vs. RTC) as within subject factors.

The Huynh-Feldt correction was applied when the sphericity assumption was not met.
Simple main effects analysis and pair-wise comparisons, using the Sidak adjustment for

multiple comparisons, were done to investigate significant interactions. Independent sam-
ples T-tests were carried out to investigate group differences in number of errors. Paired
samples T-tests were carried out to investigate probability differences in error percentages.
A two-tailed significance level of p < .05 was adopted.
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Results

Few (about 3%) “yes” responses appeared to be incorrect. Consequently, the RTE+1 analysis
was confined to “no” responses. The percentage of incorrect “no” responses in respectively
the baseline and response bias condition was 13.3% and 18.4% in the control group and 11.9%
and 19.4% in the HFA group. Groups did not differ statistically in error percentage numbers
of errors in both baseline (p= .439) and response bias (p= .711) conditions. The increase in the
error percentages was significant in both the control (p<0.025) and the HFA (p<0.005)
groups. The RTE+1 analysis was based on a total number of n = 137 incorrect “no” responses
in the baseline condition and n= 112 in the response bias condition in the HFA group. The
total number of incorrect “no” responses of the control group was n = 136 in the baseline
condition and n = 94 in the response bias condition. Only subjects that made errors in both
probability conditions were included in the analyses, leaving 29 participants in the control
group and 28 participants in the HFA group (8 outpatients, 10 inpatients without medica-
tion and 10 inpatients with medication).

A comparison between the total HFA group and the control group.
The average RT scores for the two groups in each condition are presented in Table 2 and 
in Figure 1.

Comparison of the baseline condition with the response bias condition shows that the RTs
of the “no” responses (RTE, RTE+1, RTC) decreased in the response bias condition; the main
effect of probability being F(1,55) = 43.8, p < .0005. Groups did not differ in this respect; the
probability by group interaction was F(1,55) = .61, p= .44.
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Table 2. Performance of the control group versus the total group of participants with HFA

Baseline Response bias

Response Controls HFA Controls HFA

RTE 1024 1257 818 1145
(302) (409) (303) (587)

RTE+1 1226 1390 954 1172
(342) (476) (333) (534)

RTC 939 1259 832 1129
(256) (460) (246) (473)

Note. RT= mean reaction time (milliseconds). RTE= idem of incorrect “no” responses. RTE+1= idem 
of post-error responses. RTC= idem of correct “no” responses after correct “no” responses. The standard 
deviation (SD) is reproduced in italics, between brackets.
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Figure 1.
Comparison of the total group of participants with HFA versus the control group, and comparison 
of the three subgroups of participants with HFA amongst themselves. The graph displays the mean
reaction time of the three different types of “no” responses [error (RTE), correct response following 
an error (RTE+1) and correct response following a correct response (RTC)], in the baseline condition
and the response bias condition.



RTE+1 responses were slower than RTC and RTE responses; the main effect of response
type was F(1.74, 95.8) = 26.2, p < .0005. This effect was most pronounced in the baseline 
condition, the interaction between response type and probability being F(1.59, 87.2) = 3.24,
p = .05. Simple main effects analysis on response type confirmed that making an error had 
a greater effect in the baseline condition, Fs(2,54) = 15.7; p< .0005, than in the response bias
condition, Fs(2,54) = 5.24; p = .01. Overall, the HFA group was slower than the control group;
the main effect of group was F(1, 55) = 7.20, p = 0.01.

The goal of the current study was to investigate the effect of errors on subsequent correct
responses: the RTE+1 effect. Figure 1 suggests, that in the HFA group in the baseline con-
dition there was only a minor increase of RT after an error, and that in the response bias 
condition there was no difference in latency between the three response types (RTE, RTE+1
and RTC). The controls significantly slowed down their responses after an error both in the
baseline condition and the response bias condition. These observations were tested by the
following statistical analyses. The two-way interaction response type by group was F(1.74,
95.7) = 3.98, p = .03. The three-way interaction response type by probability by group was
F(1.59, 87.2) = .67, p = .48. Simple main effects analysis on response type confirmed that in the
HFA group making an error had a smaller effect on the performance in a subsequent trial
(RTE+1), Fs(2, 54)= 3,96, p = .03, than was the case in the control group, Fs(2, 54)= 22.9, p <
.0005.

Furthermore, pair-wise comparisons revealed that for the participants with HFA in the
baseline condition, RTE+1 was significantly slower than RTC ( p = .05) but not significantly
slower than RTE (p= .06). For this group RTE+1 did not differ significantly from RTC (p=.60)
and RTE (p=.96) in the response bias condition. For controls RTE+1 was significantly slower
than RTC ( p < .0005) and RTE (p = .002) in the baseline condition. For controls RTE+1 was
significantly slower than RTC ( p = .005), but not significantly slower than RTE (p= .07) in the
response bias condition. Note: in both groups and in both conditions, error responses were
not significantly different from correct responses (p > .07).

A comparison between the three HFA groups.
To investigate the relation between severity of HFA and post-error performance, the per-
formances of the three subgroups with HFA were compared (outpatients, inpatients without
medication and inpatients with medication). The average RT scores for the three groups in
each condition are presented in Table 3 and Figure 1.

The graph in Figure 1 suggests that the inpatients with medication performed slowest 
of the three experimental subgroups. However, this was not supported by a significant
group main effect, F(2, 25) = 2.46, p = 0.11. In addition, no significant findings were obtained
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considering the two-way group by response type interaction, F(4,50) = 1.211, p = .318, or the
three-way group by probability by response type interaction, F(3.398,42.471) = 1.196, p = .325,
indicating that all three experimental groups had a comparable RT profile, including post-
error performance. Finally, a pair-wise comparison between inpatients with and without
medication showed no significant differences for all response types and probability condi-
tions (p values between .12 and .97).

Discussion

The aim of the current research was to evaluate the ability to monitor errors and the effect 
of error-detection on subsequent behavior in individuals with HFA. This faculty is essential
for the capacity to adapt to changing circumstances, and is associated with the ACC, a part 
of the prefrontal cortex thought to be deficient in autism, and as such thought to be involved
in the deviant early development of social behavior in that disorder (Mundy, 2003). In the
study at hand, participants executed a memory recognition task with a “yes”/”no” probabil-
ity of either 50 : 50 (baseline condition) or 25 : 75 (response bias condition).

The probability manipulation had an effect on cognitive processing, including post- error
slowing. That is to say, compared to the baseline condition, participants traded accuracy for
speed in the response bias condition, as was reflected by an increase in the error percentages
of both groups. Moreover, the RTE + 1 was smaller in the response bias condition than in the
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Table 3. Performance of the three subgroups of participants with HFA

Baseline Response bias

Inpatients Inpatients

Response Outpatients Without With Outpatients Without With

RTE 1124 1272 1349 1034 942 1436
(198) (444) (498) (528) (490) (650)

RTE+1 1212 1336 1584 970 1046 1458
(321) (578) (536) (318) (513) (607)

RTC 1057 1135 1542 939 997 1412
(138) (428) (532) (268) (421) (544)

Note. RT= mean reaction time (milliseconds). RTE= idem of incorrect “no” responses. RTE+1= idem of post-
error responses. RTC= idem of correct “no” responses after correct “no” responses. The standard deviation (SD) 
is reproduced in italics, between brackets. With= with medication. Without= without medication.



baseline condition, suggesting less controlled processing . This (impulsive) response style in
the response bias condition occurred in both groups to the same degree and is at odds with
the cognitive inflexibility hypothesis in HFA (Ozonoff et al., 2004).

Compared to the control group, the individuals with HFA were slow responders in gen-
eral. Concerning the central question of the study the findings were as follows. Controls
slowed down their response after an error in both the baseline and the response bias condi-
tion, indicating a compensatory effortful mechanism geared toward improving performance
in the subsequent trial. However, in the baseline condition individuals with HFA had slower
RTE+1 responses as compared to the RT of correct responses ( p = .05) but the difference
between RTE+1 and RTE was marginal (p= .06). In the response bias condition individuals
with HFA showed no differences between their RTE+1, RTC and RTE. Since error signals
provide crucial evaluative information for flexible adaptation in changing environments,
a deficit in this faculty could be explanatory, or partly explanatory, for the characteristic
‘insistence on sameness’ of autistic people (DSM-IV). Also, a general slowness of reaction
could hamper swift and flexible adaptation as well (Salthouse, 1996). This slowness of react-
ing has been mentioned earlier by several researchers (e.g. Bowler, 1997; Mottrock, Burack,
Stauder & Robaey, 1999) and could be related to motor and/or cognitive problems. Within
this perspective, disordered movement in autism is relatively under-researched compared 
to the cognitive, affective, and behavioral disturbances seen in these disorders (Nayate,
Bradshaw & Rinehart, 2005).

Slowness might be explained by recent neurobiological findings. There are indications
that there is an excessive preservation of unneeded short-distance connections versus a rela-
tive poverty of long-distance connections in the autistic neocortex (Casanova et al., 2003;
Courchesne & Pierce, 2005; Courchesne et al., 2005; Frith, 2004; Hardan et al., 2000; Just et
al., 2006; Just et al., 2004). These cortical abnormalities may explain why people with autism
tend to focus on details rather than pay attention to the whole. This attention to detail may
imply an excessively precise or laborious way of handling each trial in the test situation, and
could bring with it that after an error the effort needed to react appropriately cannot be
summoned, implicating an insufficient activation of the ACC (see also Salthouse, 1996). Also,
ACC function – and thus error detection and post-error reaction – may be hampered because
of structural and functional deficiencies of the ACC itself (Bauman & Kemper, 2005; Blatt 
et al., 2006; Gomot et al., 2006; Haznedar et al., 2000; Leigh Simms et al., 2006; Luna et al.,
2002; Minshew, Sweeney, Bauman & Webb, 2005). Structural and functional deficiencies 
of the ACC may contribute to the atypical development in autism of intersubjectivity, joint
attention and social cognition (Mundy, 2003).

The same degree of slowness of reaction and post-error deficiency was seen in inpatients
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and outpatients, indicating no association between the severity of the disorder and the
described slowness or post-error deficiency. This observation is of importance, since Liss et
al. (2001) stated that a strong relationship would have to be established between a given cog-
nitive impairment or deviance and the severity of behavior variables, as a prerequisite for 
a conclusion that those variables are related to that impairment or deviance. In line with 
this statement it is less likely that slowness of reaction and post-error deficiency would 
be decisive etiological factors in either the autistic symptomatology or the commonly found
large discrepancy between intellectual level and adaptive level in autism (e.g. Klin, Saulnier,
Tsatsanis & Volkmar, 2005). Such a conclusion can only be made with caution however,
because of some methodological limitations of the current study. Firstly, the comparison 
of the three groups with HFA was based on a small number of cases. Secondly, the dichotomy
outpatients versus inpatients might be determined by factors besides symptom severity,
such as family problems, quality of health service, et cetera. It’s true, the severity index was
validated by the ADOS, but classification systems and diagnostic instruments for pervasive
developmental disorders, like the ADOS, have limited interpretability when used for adults
(Lord, 1997; Lord & Corsello, 2005; Lord & Rutter, 1994; Lord et al., 2000; see also Klinger &
Renner, 2000). Although some experts in the field use the ADOS as an inclusion criterion in
their research concerning adults (Ozonoff et al., 2004), obviously existing diagnostic meas-
ures for diagnosing autism fall short when used for adults, and may even lead to a selection
bias.

Another possible limitation of the study concerns a statistical aspect: it could be argued
that too few “no” errors were made in the groups to enable the calculation of reliable mean
response times. A way to counter this problem, i.e. to increase the number of errors, could
have been an extending of the test by presenting more trials. However, this could have con-
founded the RT results by time-on-task effects (sustained attention problems). Another
approach could have been to provoke more errors, for instance by increasing the presenta-
tion rate of the trials. However, it is well-recognized that a higher error percentage in such
a case would be related to a less careful way of processing information (Pachella, 1974),
which in turn would affect post-error reaction. This argument is well-illustrated by the 
current finding that a higher percentage of incorrect “no” responses occurred in the
response bias condition, compared to the baseline condition, and that this was coupled 
with a less pronounced post-error slowing.

To analyze the issue of error detection and post-error processing in autism, further
research is warranted, for instance using psychophysiological indices. It has been shown 
that normally heart rate decelerates and skin conductance rate increases during post-error
periods (Hajcak, McDonald & Simons, 2003; Kleiter & Schwarzenbacher, 1989). We would
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hypothesize that in people with autism the values of these indices are small in post-error
periods, as compared to the indices of normal controls. Also, the function of the ACC in
people with HFA could be investigated by means of ERP research focusing on error detec-
tion and post-error reaction. In a recent study concerning children with HFA it was found
that error-related negativity, which is related to error detection, was greater within the HFA
sample than in the control group (Henderson et al., 2006). This finding of high levels of
activity in the ACC of individuals with HFA seems to be contrasted by the results of an fMRI
study in children with autism, showing reduced activation of the left ACC during both
deviance and novelty detection (Gomot et al., 2006).

Since EF improves over time (Diamond, 2002; Luna, Doll, Hegedus, Minshew & Sweeney,
2007; Luna, Garver, Urban, Lazar & Sweeney, 2004; Luna & Sweeney, 2004), post-error reac-
tion may be more deficient in children with autism than in the adult subjects in this study.
Because deficiencies in EF at a young age may have far-reaching consequences for develop-
ment (e.g. Anderson, Bechara, Damasio, Tranel & Damasio, 2005; Mundy, 2003), mapping
post-error adaptation in children with HFA would be of interest, in particular by means of
longitudinal studies tracking participants over their lifespan (Hill 2004).
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Abstract

The ability to shift from controlled, effortful information processing towards automatic 
processing was studied in non-retarded adults with Autism Spectrum Disorders (ASD).
For this purpose a computerized memory recognition reaction time task with two levels 
of mental load (difficulty, related to the number of items) was used. During controlled 
processing the mental load factor has a considerable effect on the mean reaction time (RT):
the higher the mental load, the longer the mean RT. However, when information processing
becomes automatic as a result of practice, the effect of load on RT decreases. The group of
participants with ASD appeared to shift from controlled towards automatic information
processing as a consequence of practice. However, in spite of this, their information process-
ing strategy remained relatively controlled and thus slow and effortful, as compared to 
the information processing strategy of the control group. Possible consequences of this 
deficiency in automatization are discussed.

Introduction

Schneider and Shiffrin (1977) and Shiffrin and Schneider (1977) have made an important 
distinction between controlled and automatic information processing. When learning 
a task, a person starts in a controlled processing mode. Information processing in this 
phase is serial, implying that only one item can be handled at a time. As a consequence, the
information processing is slow and effortful. A shift to automatic information processing,
or automatization, develops as a function of practice; information processing becomes paral-
lel, implying that more than one item can be handled at the same time. As a consequence
speed increases, while the required cognitive involvement becomes minimal, which frees
processing capacity to pursue and accomplish other goals and ends (Chein & Schneider, 2005).
Automatization leads to a decline of brain activity in the working memory system (especially
in the anterior cingulate cortex) (e.g. Ramsey, Jansma, Jager, Van Raalten & Kahn, 2004;
Schneider, Pimm-Smith & Worden, 1994; Van Dellen, Brookhuis, Mulder, Okita & Mulder,
1984). The two types of processing are presumed to be on a continuum (Andrewes, 2001b).

The aim of the current study is to evaluate whether non-retarded adults with Autism
Spectrum Disorders (ASD) have problems in shifting from controlled towards automatic
processing, with the following rationale. Autistic individuals do not reach the level of educa-
tion and adaptation that would be expected, based on IQ (De Bildt, Sytema, Kraijer, Sparrow
& Minderaa, 2005; Howlin, 2000; Klin, Saulnier, Tsatsanis & Volkmar, 2005; Liss et al., 2001).
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A deficiency in automatization could contribute to the learning problems in ASD, as indi-
cated by a self-report (Gerland, 1999), and by the results of a study investigating the acquisi-
tion of everyday object use in children with autism (Williams, Kendell-Scott & Costall, 2005).

To evaluate the ability to shift from controlled to automatic processing, we used a comput-
erized version of Sternberg’s (1966) visual memory test. Sternberg’s test has a central position
in the theoretical framework of Shiffrin and Schneider, and has been successfully applied in
studies concerning aging (Madden, 1982; Strayer & Kramer, 1994), schizophrenia (Granholm,
Asarnov & Marder, 1991) and Attention Deficit Hyperactivity Disorder (Van der Meere &
Sergeant, 1988). In this test, subjects are instructed to remember and compare a constant set
of memory items with changing display set items (consistent mapping procedure). If one of
the items of the display set matches one of the items of the memory set (target trial), a “yes”
response is required. Should there be no match between the items of subsequent sets (non-
target trial), a “no” response is required. The number of items of a set may vary. The diffi-
culty of a trial depends on the total number of items and is expressed by the so-called mental
load (memory set x display set). When practicing starts, RT performance is sensitive to the
level of mental load: the higher the load, the longer and more variable the RTs. However, the
load effect slowly disappears as a function of practice, reflecting a change in memory search
strategy from a serial search to a parallel search. A parallel search implies that the items of
the display set are compared instantly, at the same time, with the remembered items of the
memory set. In addition to this, the usual difference in RT performance in target trials
versus non-target trials disappears. In target trials search is self-terminating: search is said 
to stop directly after target detection. In non-target trials all items of the display set need 
to be checked. However, also in non-target trials, the search strategy becomes parallel after
prolonged practice. As a result, the speed of “no” responses will decrease and will become
similar to that of “yes” responses.

In sum, if indeed ASD is associated with a failure to shift from controlled to automatic
processing, the load effect on the RT performance will persist after prolonged practice.
Also, the difference in RTs between non-target trials and target trials will persist.

The study did take the medication factor into account. Individuals with ASD are often 
prescribed psychotropic medication, especially neuroleptics (e.g. Aman, Lam & Van
Bourgondien, 2005). These compounds affect the size of several brain structures involved 
in cognition (Scheepers et al., 2001). Therefore, two contrast analyses were carried out. Firstly,
task performance of the control group was compared with the task performance of the total
group of participants with ASD. Clinical reality is mirrored best by this contrast. Secondly,
task performance of the control group was compared with the task performance of only the
medication-free subjects.
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Method

Participants
Thirty two adults (22 males, 10 females) participated in the experiment who fulfilled the 
criteria for Autistic Disorder (AD) according to the DSM-IV (American Psychiatric Association,
Diagnostic and Statistical Manual of mental disorders (4th ed.), 1994). The AD diagnosis was
established by a psychiatrist (first author) – who has extensive experience with diagnosing
and treating autism and related disorders – on the basis of clinical observation, reported
observations and assessments of earlier examiners (psychiatrists and psychologists), as well
as study of the medical history of the individuals involved. In addition, all subjects were
tested by means of the Autism Diagnostic Observation Schedule (ADOS-G) (Lord et al., 2000).
Eighteen individuals scored in the Autism range, and 14 scored in the PDD-NOS range
(Pervasive Developmental Disorder Not Otherwise Specified). Thus, on balance, the group 
of patients may best be referred to as individuals with ASD.

If no up-to-date Wechsler Adult Intelligence Scale (WAIS) score was available from the
records concerning a subject, the subject was tested with the Wechsler Adult Intelligence
Scale – Third Edition (WAIS III) (Wechsler, 2000). Both Verbal IQ and Performance IQ of all
subjects were above 70 (non-retarded range according to DSM-IV criteria; see also Wing,
2005; Baron-Cohen et al., 2005). None of the subjects had any somatic disorder that might
influence performance on the RT test. Subjects with some form of epilepsy (3 male partici-
pants) were all on appropriate medication and free of symptoms.

Seventeen of the subjects (11 males, 6 females) used medication on a regular basis, to pre-
vent temper tantrums, mood disorders or epileptic seizures (antipsychotics, antidepressants,
mood stabilizers, anxiolytics, anticonvulsants). The other 15 subjects (11 males, 4 females)
were not on any psychotropic or antiepileptic medication.

The control group consisted of 17 medically healthy and neuropsychiatrically normal 
individuals (7 males, 10 females) with comparable average IQ levels according to WAIS-III
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Table 1  Characteristics of the ASD group and the control group

Variables ASD group (n=32) Control group (n=17)

Age in years (range) [SD] 27 (20-39) [6] 25 (21-38) [5]
Full-scale IQ (range) [SD] 99 (79-133) [13] 104 (85-130) [13]
Verbal IQ (range) [SD] 98 (73-129) [16 106 (87-132) [14]
Performance IQ (range) [SD] 100 (75-138) [15] 101 (84-138) [17]



measurements. Characteristics of the group with ASD and the control group are presented 
in Table 1.

The two groups did not differ with respect to Full-scale IQ [F(1,47) =1.7, p >.20], Verbal IQ
[F(1,47) = 3.1, p >. 08] or Performance IQ [F(1,47) = 0.1, p > .73].

Written informed consent was obtained; participants were aware of the duration of their
involvement and the option to drop out of the study at any time. The ethics committees of
the institutions involved approved the protocol.

Task and instruction 
The subject is placed in an easy chair in front of a monitor. The monitor has been placed 
on a table and is situated at a distance of one meter from the subject. Consonants, con-
structed from a matrix of 0.6x1.0 cm, are displayed at the centre of the screen. Stimuli and
timing are controlled by a personal computer. A memory set and a display set are presented
sequentially. The time gap between the memory set and the display set is 500 milliseconds.

Each memory set is shown for 500 milliseconds. The display set is presented on the screen
for 3000 milliseconds. A “yes” response is required when one of the items of the memory set
matches one of the items of the display set. Otherwise a “no” response is required. The “yes”
response has to be given by pressing a key with the index finger of the dominant hand.
The “no” response has to be given by pressing another key with the index finger of the other
hand. The subject is instructed to respond as quickly and accurately as possible. Preceding
each test, the subject will do a number of practice trials (a sample of 20% of the trials of one
series, or a larger sample if necessary, using a different memory set to avoid pre-test train-
ing). The experiment is carried out on two consecutive days: either two mornings or two
afternoons. The choice for either morning or afternoon is randomized.

In 10 series of trials the number of items in the memory set is one. In 10 other series of
trials this number is two. In other words, in the second group of 10 series the load of the
memory set has been doubled, thus making performance more difficult. In both conditions
the composition of the memory set is constant. The display set consists of four different 
capital consonants, for each trial randomly chosen from the alphabet. The total task contains
20 series of 40 trials each. Each test series has an equal number of randomly distributed
“yes” and “no” trials. There are 10 ‘easy’ series (mental load 4) and 10 ‘difficult’ series (mental
load 8). Each easy series alternates with a difficult one. In total there are 10 sessions of two
subsequent series each; five sessions are completed on day one, and five sessions are com-
pleted on day two.
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Design
The analysis concerned Mean RT, Standard Deviation (SD) of RT (variability), and Error 
percentage. The design of the study was a 2 x 2 x 2 x 10 ANOVA, with Group (control vs.
group with ASD) as a between subjects factor, and with Response Type (“yes” vs. “no”),
Load (easy vs. difficult) and Session number (1 vs. 2 vs. 3 vs. 4 vs. 5 vs. 6 vs. 7 vs. 8 vs. 9 vs. 10) 
as within subject factors.

Results

Figure 1 presents the overall Mean RT and Error percentage for the two groups as 
a function of practice (sessions 1 to 10).
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Figure 1.
Mean RT and Error percentage (in bars) of all responses, for the two groups (ASD group 
and controls), as a function of practice.

Note: Error bars represent Standard Error of each individual Mean (SEM).



As shown in the figure, the Mean RT decreased in both groups; the Session main effect was
F(2.9, 136) = 16.15, p < 0.0005. The interaction Session by Group was not significant (p=0.63),
indicating that the practice effect on Mean RT was the same in both groups. Nevertheless,
the group of participants with ASD remained slow compared to controls; the Group main
effect was F(1, 47) = 15.82, p < 0.0005.

As shown in Figure 1, both groups committed less than 5 percent errors, and this percent-
age did not change during the course of the test, in other words, there was no speed-accuracy
trade-off. Therefore, this dependent variable has not been taken into consideration in subse-
quent analyses.

Figure 2 presents the overall variability of RT for the two groups as a function of practice
(sessions 1 to 10).

As shown in the figure, the variability of RT was high in the ASD group, as compared to
the control group; the Group main effect was F(1,47) = 12,6, p < .001. Moreover, the figure
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Figure 2.
Variability of RT for the two groups (ASD group and controls), as a function of practice.

Note: Error bars represent SEM.



suggests that variability decreased as a function of practice in the control group, but not in
the ASD group. This impression was not statistically supported; the Session main effect was
F(6.8, 309.9) = 3,3, p =.003, and the interaction Group by Session was F(6.8, 309.9) = 1,3, p =.26.
However, estimating the practice effect for the two groups separately indicated that the SD
decreased in the control group, F(7.1,113.7) = 6,9, p < .0005, but not in the ASD group,
F(6.9,214.9) = 1,9, p =.06.

Figure 3 presents the effect of the mental load factor on Mean RT, that is the slopes of both
response types, as a function of practice (sessions 1 to 10) (difference between RT in the diffi-
cult condition and RT in the easy condition).

In both groups, the effect of mental load decreased as a function of practice; the Session 
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RT slope (difference between RT in the difficult condition and RT in the easy condition) for the two
groups (ASD group and controls) for “yes” responses and “no” responses, as a function of practice.

Note: Error bars represent SEM.



by Load interaction was F(5.9,277)= 6.96, p < .0005. The interaction Load by Session by 
Group was not significant, indicating that the practice effect was the same for both groups.
However, there were significant differences between the group of participants with ASD 
and the control group. First, the effect of mental load on RT was most pronounced in the
group of participants with ASD; the two-way interaction Load by Group was F(1,47)=7.75,
p=.008..The interaction Load by Session by Group was not significant, F(5.9,278)=1.15,
p=0.33, indicating that this difference persisted after practice. Second, in the group of parti-
cipants with ASD, the load effect on “no” responses was larger than the load effect on “yes”
responses, in other words the slope of “no” responses was steeper than the slope of “yes”
responses. In the control group, practically no difference in slope between “no” and “yes”
responses was found. The three-way interaction Response Type by Load by Group was
F(1,47)=5.15, p=.028. The four-way interaction Response Type by Load by Group by Session
was not significant, F(8.1,379)=0.40, p=0.92, implicating that this difference between the ASD
group and the control group persisted after practice. Third, the difference in speed between
“no” and “yes” responses was significantly larger in the ASD group (128 ms) than in the con-
trol group (48 ms) ; the two-way interaction Response Type by Group was F(1,47)=6.08,
p=.017, indicating a prolonged binary decision process in the former group. The interaction
Response Type by Session by Group was not significant, F(4.1,190)=0.82, p=0.58, indicating
that this difference persisted after practice.

When comparing the controls with the medication-free participants with ASD, the Load
by Group interaction was F(1,30)=2.07, p=.161, but the two-way interaction Response Type by
Group [F(1,30)=5.13, p=.031] and the three-way interaction Response Type by Load by Group
[F(1,30)=4.87, p=.035] were significant, indicating that also subjects without medication had
problems in shifting from controlled towards automatic processing.
Note: the Huynh-Feldt correction was applied because the sphericity assumption was not met.

Discussion

The current study explored the ability to shift from controlled information processing 
to automatic processing in non-retarded adults with ASD, along the lines of the method-
ological and theoretical framework of Schneider and Shiffrin (1977) and Shiffrin and
Schneider (1977). Intelligence level and medication use were controlled for. Although prac-
tice improved their performance, the study showed that after prolonged practice the infor-
mation processing mode of the participants with ASD remained relatively controlled, that 
is serial, slow and effortful. This was shown by the following results. First, the ASD group
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remained significantly slower than the control group. Second, the variability of RT was high
in the ASD group as compared to the control group; this variability decreased as a function
of practice in the control group, but not in the ASD group. Third, in the ASD group the effect
of mental load on RT performance remained pronounced. This was especially the case in the
“no” trials. In the control group the difference in slope between the “yes” and “no” responses
was small from the start. Fourth, the usual difference in RT performance in “no” trials versus
“yes” trials remained large in the ASD group as compared to the control group.

An obvious question is whether the described automatization problem could be a conse-
quence of a short term memory deficit. So far, some studies reported intact working memory
abilities in autism (Ozonoff & Strayer, 2001; Renner, Klinger & Klinger, 2000), whereas others
suggested weak short term memory abilities in autism, especially when task complexity is
increased (e.g. Bennetto, Pennington & Rogers, 1996; Luna et al., 2002; Minshew & Goldstein,
2001; Steele, Minshew, Luna & Sweeney, 2006; see also Ozonoff, South & Provencal, 2005).
Given the small number of errors made by the participants with ASD in the present study,
the current findings suggest a deviant memory search strategy, not a short term memory
deficit per se.

Remaining in a comparatively controlled information processing mode will have or may
have several consequences. First, since a decline in perceived workload, due to automatiza-
tion, leads to a decrease of distress and worry (Matthews, Davies, Westerman & Stammers,
2000), individuals who have problems with automatization will often experience the oppo-
site, as compared to normal individuals. Second, problems with automatization will burden
working memory, and will consequently also hinder cognitive processes linked to this fac-
ulty. This will hamper the pursuit and accomplishment of other goals and ends (Chein &
Schneider, 2005). Third, problems with automatization may contribute to the deficiency 
in category formation in people with autism, as described by Klinger and Dawson (2001),
a deficiency reflected by problems in for instance face recognition, recognition of facial
expressions, imitation of facial expressions, recognition of visual patterns, communication,
and theory of mind (e.g. Cohen & Ruppin, 1999; Fisher & Happé, 2005; Hadwin, Baron-
Cohen, Howlin & Hill 1997; Kana, Keller, Cherkassky, Minshew & Just, 2006; Kasai et al.,
2005; LeBlanc et al., 2003; Rutherford & McIntosh, 2006; Serra et al., 2003; Teunisse & 
De Gelder, 2001).

Limitations and future research 
The weak point of the controlled and automatic paradigm is the question when exactly auto-
matic, attention-free processing is obtained. Experimental research with normal adults
showed that 45,000 trials were needed before the effect of mental load on RT performance
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was reduced to zero, i.e. the so-called zero-slope criterion (Logan, 1988). It is obvious that the
zero slope criterion cannot be met in research concerning a clinical population. However,
Fisk and Schneider (1983) demonstrated that the development of automatic processing can
be observed within 200 trials; in the present study 800 trials were used.

A second question is whether people with ASD have difficulties in increasing speed,
because of motor slowness or awkwardness, while cognitive processing becomes automa-
tized. Disordered movement in autism is relatively under-researched compared to the cogni-
tive, affective, and behavioral disturbances related to autism (Nayate, Bradshaw & Rinehart,
2005). However, possible motor problems would not provide sufficient explanation for the
specific pattern of performance in the present study of the ASD group as compared to the
control group. Nevertheless, any neuropsychological test is only an indirect measure of brain
function; evoked response studies and neuroimaging studies are needed to provide more
sophisticated insight about the process of automatization and the degree in which motor
problems may limit performance in individuals with ASD (e.g. Kok, 2001).

The study confined itself to subjects who are non-retarded (according to DSM-IV criteria),
because it is suggested (Rutter, 1983) that in such individuals one sees deficit characteristics
in their purest form, that is to say not biased by additional limitations associated with a
mental handicap. However, in many cases of ASD there is an associated diagnosis of mental
retardation. Therefore, investigating learning processes in individuals with a co-morbid
mental impairment is needed.
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Abstract

In the framework of the current thesis some aspects of executive function (EF) were studied
in non-retarded adults with autism spectrum disorders (ASD), namely divided attention,
cognitive flexibility and post-error reaction. A general finding was that the participants 
with ASD were overall slow in their reactions, especially the individuals with psychotropic
medication. The ASD group as a whole, but especially the group of participants with ASD
who used medication, responded particularly slow in non-target trials. According to several
researchers slowness could be a decisive factor in EF. The aim of the current analysis was 
to investigate the relation between basic speed of performance and the aspects of EF men-
tioned, in individuals with ASD (n=36).

There appeared to be a significant correlation between basic speed of performance and 
set shifting capacity. Also cognitive decision time (the extra time needed to reply in a non-
target trial, as opposed to a target trial) did appear to be correlated with the basic speed 
of performance. However, basic speed of performance was neither correlated to divided
attention capacity, nor to post-error slowing.

In conclusion, results were mixed, indicating that some aspects of EF may be related 
to basic speed of performance. Implications of this finding, in practical terms and for
research, are discussed.

Introduction

Some researchers take the view that a deficit in executive function (EF) is central in autism.
In the framework of this thesis some aspects of EF were studied in non-retarded adults 
with autism spectrum disorders (ASD), namely divided attention, cognitive flexibility and
post-error reaction. A general finding was that the participants with ASD were overall slow
in their reactions, especially the individuals with medication. The ASD group as a whole, but
especially the group of participants with ASD who used psychotropic medication, responded
particularly slow in non-target trials [vide infra]. The aim of the current chapter is to analyze
the relation between ‘basic speed of performance’ or ‘basis speed of information processing’
and the aspects of EF studied in this thesis.

Slowness in ASD has been mentioned earlier by several researchers (e.g. Bowler, 1997;
Mottrock, Burack, Stauder & Robaey, 1999), but has not been studied by itself, to our knowl-
edge, until recently. Schmitz, Daly & Murphy (2007) reported that the degree of frontal lobe
volume reduction they found in individuals with ASD correlated positively with increased
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RT. The overall slowness could be related to either motor problems or cognitive inefficiency.
Disordered movement in autism is relatively under-researched, compared to the cognitive,
affective, and behavioral disturbances seen in these disorders (Nayate, Bradshaw & Rinehart,
2005). A limitation in ASD of cognitive efficiency may be plausible on the basis of recent
findings. There are indications that in the autistic neocortex there is an excessive preserva-
tion of un-needed short-distance connections versus a relative poverty of long-distance 
connections, as well as a deviance in number, shape and organization of the neurons in 
the neocortex (‘minicolumnopathy’) (Casanova, Buxhoeveden & Gomez, 2003; Casanova,
2004; Courchesne & Pierce, 2005; Courchesne, Redcay, Morgan & Kennedy, 2005; Frith,
2004; Hardan, Minshew & Keshavan, 2000; Herbert, 2005; Herbert et al., 2003, 2004; Just,
Cherkassky, Keller, Kana & Minshew, 2006; Just, Cherkassky, Keller & Minshew, 2004), which
could lead to less efficient and slower information processing in general.

The aforementioned slowness could be a decisive factor in EF, as seen in elderly people
(e.g. Rabbitt et al., 2007; Salthouse, 1996; Salthouse, 2005). Also, improvement from child-
hood to adulthood of the ability to hold information in mind, an aspect of EF, appears to be
related to the improvement in speed of information processing in that age span (e.g. Case,
Kurland & Golberg, 1982; see also Diamond, 2002). A case in point for the crucial role of
speed of processing may be, that in a cognitive study concerning adults with HFA, increase
of the presentation rate led to a decrease in performance efficiency (Raymaekers, Van der
Meere & Roeyers, 2004).

In the thesis at hand it has been described that no deficit of cognitive flexibility was found 
in non-retarded adults with ASD on group level. However, there were individual differences.
Concerning the relation between speed and cognitive flexibility, we hypothesized the fol-
lowing. Set shifting may become increasingly hampered by slowness, with increasing task
complexity or increasing presentation rate; in other words, also in this case an overall slow-
ness of responding may lead to a relatively early ceiling effect (cf. Salthouse, 1996; Salthouse,
2005).

In the thesis it has also been described, that no divided attention deficit was found in the
participating group of non-retarded adults with ASD. However, there were also individual
differences here. Concerning the relation between speed and this aspect of EF performance,
the following is of interest. Divided attention capacity, is the faculty to pay attention to sev-
eral items at the same moment. It is debated if there is a real, gradual dividing of attention
(‘sharing’) or a constant ‘switching’ between tasks or stimuli (Andrewes, 2001b; Boelhouwer
& Kok, 1997; Burack, Enns, Stauder, Motron, & Randolph, 1997). If dividing one’s attention 
is dependent or partly dependent on the capacity to oscillate one’s attention between two 
ore more items, slowness could lead to an early ceiling effect.
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In the study concerning post-error reaction, the group of individuals with ASD showed 
no or marginal slowing after an error was made, contrary to controls. It was hypothesized,
that the individuals with ASD were continuously making an effort to avoid errors, and that
they were hardly able to slow down after an error for that reason. Again, a relation may be
expected between basic speed of information processing and EF performance.

As said, the ASD group as a whole, especially the group of participants with ASD who 
used medication, responded particularly slowly in non-target trials (trials in which a “no”
answer is required). Recent research involving neuroimaging, neuropsychological studies,
and animal work indicate that the prefrontal cortex plays a central role in decision making,
ranging from binary choices to multi-attribute decisions that require explicit deliberation
and integration of diverse sources of information (Krawczyk, 2002). According to Sternberg’s
model (1966) our finding suggests that these participants have a specific problem with 
reaching a binary decision when faced with a memory search task that is not self-limiting.
We presumed that slowness could be a critical factor in this process. To test this hypothesis
the relation was investigated between basic speed of information processing and the so-
called cognitive decision time, that is the extra time needed to reply in non-target trials (“no”
responses) as opposed to target trials (“yes” responses).

Method

Task
The participants in the study were given a computerized visual memory search task; an
adaptation of the experimental task developed by Sternberg (1966). The subject was placed
in front of the screen of a monitor, on which letters (stimuli) would be displayed. Stimuli
and timing were controlled by a personal computer. In the test certain given letters had to 
be recalled (‘memory set’), and had to be compared with letters subsequently displayed on
the screen (‘display set’). If one of the items of the display set matched one of the items of the
memory set (target trial), a “yes” response was required. If there was no match between both
sets (non-target trial), a “no” response was required. Note: usually a “yes” response takes less
time than a “no” response. The reason for this is that in target trials search is self-terminat-
ing (search is said to stop directly after target detection), while in non-target trials search is
‘exhaustive’ (all items of the display set need to be checked).

Cognitive load is defined as the number of items of the memory set multiplied with the
number of items of the display set. In the experiment concerning divided attention cogni-
tive load was manipulated: the number of items of the memory set was doubled in a second
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series of trials. In the experiment concerning cognitive flexibility target probability was
manipulated: in the so-called response bias condition target probability was 25%, as opposed
to 50% in the baseline condition.

Participants
Concerning the aforementioned EF thirty six adults (29 males; 7 females) were tested. All
subjects were screened by means of the Autism Diagnostic Observation Schedule (ADOS-G)
(Lord, 1997; Lord et al., 2000). Twenty two participants (20 males; 2 females) scored in the
Autism range, and fourteen participants (9 males; 5 females) scored in the PDDNOS range.
The group as a whole is best referred to as participants with ASD (e.g. Wing, 2005). A total 
of twelve participants, of which nine in the Autism range (8 males; 1 female) and three in 
the PDDNOS range (1 male; 2 females), used psychotropic medication on a permanent basis.
If no up-to-date Wechsler Adult Intelligence Scale (WAIS) score was available from the
records concerning a subject, the subject was tested with the Wechsler Adult Intelligence
Scale – Third Edition (WAIS III) (Wechsler, 2000). Both Verbal IQ and Performance IQ of
all subjects were above 70 (non-retarded range according to DSM-IV criteria; see also Wing,
1997). None of the subjects had any somatic disorder that might influence performance on
the RT test.

Written informed consent was obtained; participants were aware of the duration of their
involvement and the option to drop out of the study at any time. The ethics committees of
the institutions involved approved the protocol.

Design
Only RT performance of the participants in the experimental group was analyzed, because 
if there would be a correlation between speed of information processing and EF perform-
ance, this should be most conspicuous in the slowest participants, i.e. the individuals with
ASD. The ‘basic speed of information processing’ or ‘basic speed of performance’ was defined
as the mean RT of the “yes” responses in the easy target trials (‘easy’ trials: the trials with the lowest
cognitive load). The following relations were investigated.
• Inverse relation between basic speed of performance and cognitive flexibility, i.e. set shifting

capacity, which in turn is inversely proportional to the extra time required for responding 
in the (rare) target trials in the response bias condition.

• Inverse relation between basic speed of performance and divided attention, which in turn 
is inversely proportional to the effect of cognitive load on RT. [Net: the relation between
basic speed of performance and difference in mean RT between the easy and the difficult
load condition of both response types taken together.]
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• Inverse relation between basic speed of performance and degree of post-error slowing.
• Relation between basic speed of performance and cognitive decision time: that is the 

difference in RT between “no” and “yes” responses (in the baseline condition).

Results

Figure 1 presents a scattergram depicting the relation between the basic speed of perform-
ance (per individual; mean 866 ms, SE 46 ms) and a measure of cognitive flexibility, namely 
set shifting (per individual; group mean 39 ms, SE 29 ms), in the participants with ASD. The
measure of set shifting is the difference between the mean RT of the “yes” responses in the
response bias condition, and the mean RT of the “yes” responses in the baseline condition
with the ‘easy’ cognitive load. In the first place we took the RT in “yes” trials that were most
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Figure 1.
Extra RT needed in the most unexpected target trials in the response-bias condition [reversely related 
to set-shifting capacity], as a function of the basic speed of performance (mean RT of the “yes” responses
in the baseline condition with ‘easy’ load).



unexpected, that is the “yes” trials that followed directly after a “no” trial (mean 39ms; SE
9ms). This correlation was indeed significant: the Pearson correlation was .60, p< .0005
N=36. Also the correlation between the basic speed of performance and the mean RT of all
“yes” trials in the response bias condition was significant: the Pearson correlation was .33,
p= .046 N=36. A slowing of 100 ms of the basic speed of information processing resulted in
an increase of set shifting RT with 38 ms (SE 9 ms).

Figure 2 presents a scattergram depicting the relation between the basic speed of perform-
ance and divided attention capacity, which is inversely related to the difference in RT between
the two load conditions (‘difficult’-‘easy’) (group mean 257ms, SE 23ms). As can be observed
in figure 2, there was no correlation between basic speed of information processing and this
measure of divided attention: the Pearson correlation was .09, p= .61 N=36.

Figure 3 presents a scattergram depicting the relation between the basic speed of informa-
tion processing and the mean cognitive decision time of each individual (group mean 168 ms,
SE 30ms). As can be observed in figure 3, cognitive decision time was indeed correlated to
slowness. The Pearson correlation was 0.61, p < .0005 N=36. A 100ms ‘basic speed perform-
ance time’ corresponded with 39ms decision time (SE 9 ms).
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Figure 4 presents the relation between the basic speed of information processing and the
post-error slowing of each individual. The measure for this post-error reaction is the difference
between the mean RT of the post-error responses (mean RTE+1), and the mean RT of the
(remaining) correct responses (mean RTC), (group mean 84 ms, SE 21; baseline and response
bias condition taken together).

There was neither a significant correlation in the baseline condition (correlation almost
zero), nor in the response bias condition (Pearson correlation .09, p= .67 N=26).

Discussion

The analysis concerning the relation between basic speed of information processing and 
cognitive flexibility, i.e. set shifting, showed a significant correlation, as was predicted on the
basis of studies concerning elderly people (Salthouse, 1997; Salthouse, 2005).

If divided attention capacity is dependent or partly dependent on the capacity to oscillate
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of the basic speed of performance.



one’s attention between two or more items, slowness could lead to an early ceiling effect.
However, no such correlation was found in our statistical analysis. Contrary to this, the 
cognitive decision time, defined as the difference in RT between “no” and “yes” responses, and
thus the extra time needed for a binary decision in a not self-limiting trial, did appear to 
be correlated to the basic speed of information processing. There appeared to be no relation
between the basic speed of information processing and the post-error slowing. In conclusion,
results were mixed.

The suggestion that slow information processing may be a primary cause of certain EF
problems, and that therefore people with ASD will more likely encounter these problems
than others, needs further investigation. Also, since speed of information processing is said
to improve in the first two decades of life, and perhaps until even later in life in individuals
with ASD, investigating the relation between basic speed of performance and EF in different
age cohorts in ASD would be of interest. Especially since earlier studies concerning children
with ASD showed more EF problems than the current studies did in adults with ASD (cf.
Hill, 2004).
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Results

The goal of this thesis was to evaluate (1) divided attention capacity, (2) cognitive flexibility,
i.e. presetting, response inhibition, set shifting and a priori planning, (3) post-error reaction,
and (4) automatization, in non-retarded adults with autism spectrum disorders (ASD).

There appeared to be no divided attention deficit either in the group of non-retarded
adults with PDDNOS or Autism, according to ADOS classification, when the medication
factor was taken into account (Chapter 2). Only the subgroup of participants with ASD who
used medication showed such a deficit. There appeared to be no deficit concerning response
inhibition, response presetting and the ability to change the response set if required, in a
group of adults with high functioning autism (HFA) (Chapter 3). The results of the study
concerning error processing (Chapter 4) indicated that controls slowed down their response
after an error, in both the baseline and the response bias condition, but that the participants
with HFA showed marginal post-error slowing in the baseline condition and none in the
response bias condition. The same degree of post-error deficiency was seen in inpatients and
outpatients, indicating no association with the severity of the disorder. In the automatiza-
tion study (Chapter 5) it was shown that after prolonged practice the information processing
mode of the participants with HFA remained relatively controlled; that is serial, slow and
effortful.

The most robust finding of the studies was that the participants with ASD were overall
slow in their reactions, especially those who used psychotropic medication. The ASD group
as a whole, but especially the group of participants who used medication, responded particu-
larly slowly in non-target trials. According to Sternberg’s model (1966) this finding suggests
that these participants had a specific problem with reaching a binary decision when faced
with a memory search task that is not self-limiting. The same degree of slowness of reaction
was seen in inpatients and outpatients, indicating no association with the severity of the 
disorder. In Chapter 6 the possible relation between speed of performance and EF was eval-
uated. There appeared to be a significant correlation between basic speed of performance
and set shifting capacity. Also cognitive decision time (the extra time needed to reply in a
non-target trial, as opposed to a target trial) did appear to be correlated with the basic speed
of performance. However, basic speed of performance was neither correlated to divided
attention capacity nor to post-error slowing. In conclusion, results were mixed, indicating
that some aspects of EF may be related to basic speed of performance.
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Discussion

The studies at hand concerned elementary aspects of EF. In a critical publication by Liss 
and her colleagues (2001), it was stated that only certain aspects of EF had been shown 
to be impaired in individuals with ASD, that these impairments had not been proven to 
be universal in ASD, that these impairments did not discriminate ASD from other psychi-
atric disorders (the so-called ‘discriminant validity problem’) and that a clear relationship
between level of adaptive function and EF impairments had not been proven. Our findings,
and for instance those of Raymaekers and colleagues (Raymaekers, Antrop, Van der Meere,
Wiersema & Roeyers, 2007; Raymaekers, Van der Meere & Roeyers, 2006), seem to add to the
criticism that experimental findings do not unequivocally support the EF theory of autism.
This may be in accord with the work of Minshew and co-workers, who have been stressing
that in high functioning individuals with ASD, deficits in information processing only 
occur when high demands are made on integration of information and when coordination
of multiple neural systems is required; in other words that a deficit in complex information
processing is the core problem in ASD (e.g. Minshew, Goldstein & Siegel, 1997; Williams,
Goldstein & Minshew, 2006). This is in line with the description of Damasio and co-workers
(e.g. Damasio, 1994) concerning patients with known frontal lesions: performance on ‘labo-
ratory tests’ may be intact, while performance in real life may be grossly impaired. It is still
not easy to bridge the gap between the understanding of ‘real life symptoms’ and experi-
mental work. The principal reason for studying experimental paradigms is that the real 
situation is so complex or difficult to study, that one needs to create a simplified model 
situation. In other words, though this has not been the avenue we have chosen, to discover
deviancies, it may be unavoidable to use more complex tasks than the elementary tasks used
in the current studies. Well-controlled complex neuropsychological tasks (e.g. Ozonoff et al.,
2004), tasks that mimic real life situations (e.g. Burgess, Veitch, Costello & Shallice, 2000),
or the study of behavior in situ, like real world shopping behavior (Shallice & Burgess, 1991),
may be more valid alternatives, although in such studies it will be even more difficult to
make deductions from the test results, about the involvement of specific brain structures
and functions.

Slowness in autism has been mentioned earlier by several researchers (e.g. Bowler, 1997;
Mottron, Burack, Stauder & Robaey, 1999; Swaab-Barneveld, 1998) but has not been 
studied by itself, to our knowledge, until recently (Schmitz, Daly & Murphy, 2007 [vide
infra]). The overall slowness could be related to motor problems. Indeed, motor prepara-
tion deficits are suggested to be involved in autism (Rinehart, Bradshaw, Brereton & Tonge,
2001). Unfortunately, disordered movement in ASD is relatively under-researched, compared
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to the cognitive, affective, and behavioral disturbances seen in these disorders (Nayate,
Bradshaw & Rinehart, 2005). The overall slowness may be understandable in the light of
recent neuroanatomical findings in ASD. There are indications that in the autistic neocortex
there is an excessive preservation of un-needed short distance connections versus a relative
poverty of long distance connections, combined with a deviant micro-anatomy of the net-
work of neurons (‘mini-columns’), which could lead to less efficient and slower information
processing in general. The slowness by itself could lead to problems with EF 
(cf. Salthouse 1996; Salthouse, 2005).

Implications for everyday practice

Cognitive problems as found, may have implications for everyday practice. We suggest that
people with ASD who use psychotropic medication become confused more easily than others
when faced with situations in which attention has to be paid to multiple significant items at
the same time, or when faced with high loads of information, like in traffic, new environ-
ments, new or multiple tasks, and so forth, and that they need clear and simple directions
and instructions in general and especially in ‘open end’ tasks (cf. Burgess & Robertson, 2002).

Since error signals provide crucial evaluative information for flexible adaptation, also
when executing a task, the apparent deficit concerning this faculty in individuals with ASD
may implicate extra guidance and coaching, concerning both novel and familiar tasks.

Remaining in a comparatively controlled information processing mode, as seems to be 
the case in people with ASD, will have or may have several consequences. Firstly, since 
a decline in perceived workload, due to automatization, leads to a decrease of distress and
worry (Matthews, Davies, Westerman & Stammers, 2000), individuals who have problems
with automatization will often experience the opposite, as compared to normal individuals.
Secondly, problems with automatization will burden working memory and will conse-
quently also hinder cognitive processes linked to this faculty. This will hamper the pursuit
and accomplishment of other goals and ends (Chein & Schneider, 2005). Thirdly, problems
with automatization may contribute to the deficiency in category formation in people with
autism, as described by Klinger and Dawson (2001), a deficiency reflected by problems in for
instance face recognition, recognition of facial expressions, imitation of facial expressions,
recognition of visual patterns, communication and theory of mind.
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Factors affecting the interpretation of the current study

Firstly, the comparison of the three groups with HFA was based on a small number of cases.
Secondly, the dichotomy outpatients versus inpatients might be determined by factors
besides symptom severity, such as family problems, quality of health service, et cetera.
Thirdly, although the ADOS-G has been considered to be a ‘golden standard’ for diagnosing
autism and related disorders, the use of the ADOS for measuring autism symptoms in adults
is not undisputed (Lord, 1997; Lord & Corsello, 2005; Lord & Rutter, 1994; Lord et al., 2000;
see also Klinger & Renner, 2000). In conclusion, application of the ADOS for this age group
may lead to a selection bias.

Another possibly confounding factor in the current study is that most of the controls were
female, while most of the participants with HFA were male. An extensive literature search
did not produce conclusive information about possible sex differences concerning EF, to 
be sure, but a more balanced composition of the control group concerning gender is to be
preferred.

Lastly, adopting an index of severity based on classification according to DSM and ADOS
indicates a preconception that the different symptoms that underlie the sum score are 
somehow linked. It is conceivable that studying the relation between specific symptoms to
specific cognitive deficits or anatomic deviancies would be more fruitful (e.g. Persons, 1986).
Still, it is likely that also that approach will have its theoretical and experimental limita-
tions.

Suggestions for further studies

Since aspects of EF improve over time, also in autism (Diamond, 2002; Luna, Doll, Hegedus,
Minshew & Sweeney, 2007; Luna, Garver, Urban, Lazar & Sweeney, 2004; Luna & Sweeney,
2004), and because deficiencies in EF at a young age may have far-reaching consequences 
for development (e.g. Anderson, Bechara, Damasio, Tranel & Damasio, 2005; Mundy, 2003),
mapping EF in children with HFA is of interest, in particular by means of longitudinal stud-
ies tracking participants over their lifespan (Hill, 2004). As far as our knowledge goes, little
research has been carried out using longitudinal designs in the field of cognitive functioning
in ASD.

To analyze the issue of error detection and post-error processing in autism, further
research is warranted; for instance using psychophysiological indices. It has been shown 
that normally heart rate decelerates and skin conductance rate increases during post-error
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periods (Hajcak, McDonald & Simons, 2003; Kleiter & Schwarzenbacher, 1989). We would
hypothesize that in people with autism the values of these indices are small in post-error
periods, as compared to the indices of normal controls.

Decision-taking and probability estimation are other, important aspects of cognitive 
function that have been unexplored in ASD. Also the suggestion that slow information 
processing may be a primary cause of EF problems, and that for that reason people with 
ASD will more likely encounter problems in EF than others, needs further investigation.

It would also be useful to conduct experiments, similar to the ones described, on individ-
uals with ASD and mental retardation, given the high prevalence of co-morbidity of these
disorders.

Closing remarks

Although the ‘EF theory of autism’ is broadly accepted, and is often applied as a model 
to explain behavior in autism rather than as a framework for generating hypotheses,
researchers and practicians should be aware that more research is needed to understand 
the nature of cognitive deficits associated with ASD. In general, findings are inconsistent
and the role of factors such as developmental stage, medication use, and speed of informa-
tion processing need more attention. Also, it may be that problems in information process-
ing in autism do not primarily occur at an elementary level, but become clear when the
information to be processed is more complex or more abundant in nature.

100 SUM MARY AN D GEN ERAL DISCUSSION



101

8CHAPTER

References



A LT H AU S, M., D E SO N N EV I L L E, L. M. J., M I N D E R AA, R. B., H E N S E N, L. G. N., & T I L, R. B. (1996).
Information processing and aspects of visual attention in children with the diagnosis Pervasive
Developmental Disorder Not Otherwise Specified (PDDNOS): I. Focused and Divided Attention.
Child Neuropsychology, 2, 17-21.

AMAN, M.G, LAM, K.S., & VAN BOU RGON DI EN, M. E. (2005). Medication patterns in patients with autism:
temporal, regional, and demographic influences. Journal of Child and Adolescent Psychopharmacology, 15(1),
116-126.

AM ER ICAN PSYC H IATR IC ASSOC IATION (1994): Diagnostic and Statistical Manual of Mental Disorders (4th ed.).
Washington DC: Author.

AN DER SON, J. R. (1983). The architecture of cognition. Cambridge, MA: Harvard University Press.
AN DER SON, S.W., B EC HARA, A., DAMAS IO, H., TRAN EL, D., & DAMAS IO, A. R. (2005). Impairment 

of social and moral behavior related to early damage in human prefrontal cortex. In J.T. Cacioppo &
C.G. Bernston (Eds.), Social Neuroscience (pp. 29-39). New York, Hove: Psychology Press.

AN DR EWES, D. (2001a). Neuropsychology: From theory to practice (pp. 85-137). New York, Hove: 
Psychology Press.

AN DR EWES, D. (2001b). Neuropsychology: From theory to practice ( pp. 139-207). New York: Taylor & Francis.
AYLWAR D, N.A., M I NS H EW, N. J., F I ELD, K., S PAR KS, B. F., & S I NG H, N. (2002). Effects of age on brain volume

and head circumference in autism. Neurology, 59(2), 175-183.
BAI LEY, A., PALF ER MAN, S., H EAVY, L., & LE COUTEU R, A. (1998). Autism: the phenotype in relatives.

Journal of Autism and Developmental Disorders, 28(5), 369-392.
BARON-COH EN, S. (1995). Mindblindness: an essay on autism and theory of mind. Boston: MIT Press/Bradford

Books.
BARON-COH EN, S. (2002). The extreme male brain theory of autism. Trends in Cognitive Sciences,6, 248-254.
BARON-COH EN, S. (2004). The cognitive neuroscience of autism. Journal of neurology, neurosurgery, and

psychiatry, 75(7), 945-8.
BARON-COH EN, S. (2005). Autism – “Autos”: Literally, a total focus on the self? In T.E. Feinberg 

& J.P. Keenan (Eds.), The lost self (pp.166-181). New York: Oxford University Press.
BARON-COH EN, S. & SWETTEN HAM, J. (1997). Theory of Mind in autism: Its relationship to Executive

Function and Central Coherence. In D.J.Cohen & F.R.Volkmar (Eds.), Handbook of autism and pervasive
developmental disorders (pp. 880-893). New York: Wiley & Sons.

BARON-COH EN, S., WH E ELWR IG HT, S., LAWSON, J., G R I F F I N, R., AS HWI N, C., B I LLI NGTON, J., ET AL. (2005).
Emphathizing and systemizing in autism spectrum conditions. In F.R.Volkmar, R. Paul, A. Klin 
& D. Cohen (Eds.), Handbook of autism and pervasive developmental disorders (3rd edition; pp. 628-639).
New York: Wiley & Sons.

BAU MAN M. L. & KEM P ER T. L. (1994). Neuroanatomic observations of the brain in autism. In Bauman M.L.
& Kemper T.L. (Eds.), The neurobiology of autism (pp. 119-145). Baltimore, MD: John Hopkins University
Press.

BAU MAN, M. L., & KEM P ER, T. L. (2005). Structural brain anatomy in autism: what is the evidence? 
In M.L.Bauman & T.L. Kemper (Eds.), The neurobiology of autism (2nd ed., pp. 121-135).
Baltimore, London: John Hopkins University Press.

B EN N ETTO, P EN N I NGTON & ROG ER S, 1996. Intact and impaired memory functions in autism. Child Development,
67(4), 1816-1835.

102 R EFER ENCES



B I S HOP, D.V. M., & NOR BU RY, C. F. (2005). Executive functions in children with communication
impairments, in relation to autistic symptomatology. 2: Response inhibition. Autism, 9(1), 29-43.

B LATT, G. J., TH EVAR KU N N EL, S., ANTZOU LATOS, E., VAN S LUYTMAN, G., BAU MAN, M. L., & KEM P ER, T. L.

(2006). Decreased GABA-A receptor density in the anterior cingulate cortex in autism. Poster session
presented at the 5th annual International Meeting for Autism Research, Montreal.

BODDAERT, N., BARTH ELEMY, C., B ELI N, P., B RU N ELLE, M., BOU RG EOI S, M. F., C HABAN E, N., ET AL. (2004).
Perception of complex sounds in autism: abnormal auditory cortical processing in children. American
Journal of Psychiatry, 161, 2117-2120.

BOELHOUWER, A. J.W. & KOK, A. (1997). Inleiding (Introduction). In Kok A. & Boelhouwer A.J.W. (Eds.)
Aandacht (Attention) (pp.1-7). Assen: Van Gorcum.

BOG DAS H I NA, O. (2003). Sensory perceptual issues in autism and Asperger syndrome. London, Philadelphia:
Jessica Kingsley Publishers.

BOG DAS H I NA, O. (2005). Communication issues in autism and Asperger syndrome (pp. 90-96). London,
Philadelphia: Jessica Kingsley Publishers.

BOWLER, D. M. (1997). Reaction times to mental state and non-mental state questions in false belief tasks
by high functioning individuals with autism. European Journal of Child and Adolescent Psychiatry, 6(3),
160-165.

B R IAN, J.A., TI P P ER, S. P., WEAVER, B., & B RYSON, S. E. (2003). Inhibitory mechanisms in autism spectrum
disorders: typical selective inhibition of location versus facilitated perceptual processing. Journal of
Child Psychology & Psychiatry, 44(4), 552-560.

BU RAC K J.A., EN NS J.T., MOTTRON L., STAU DER J. E.A. & RAN DOLP H B. (1997). Attention and Autism:
behavioral and Electrophysiological Evidence. In D.J. Cohen & F.R.Volkmar (Eds.), Handbook of autism
and pervasive developmental disorders (pp. 226-47). New York: Wiley & Sons.

BU RG ESS, P.W., & ROB ERTSON, I. H. (2002). Principles of the rehabilitation of frontal lobe function.
In D.T. Stuss & R.T. Knight (Eds.), Principles of frontal lobe function (pp. 557-572). Oxford, New York:
Oxford University Press.

BU RG ESS, P.W., VEITC H, E., COSTELLO, A., & S HALLIC E, T. (2000). The cognitive and neuroanatomical
correlates of multitasking. Neuropsychologia, 38, 848-863.

CARTER, C.S., M I NTU N, M., & COH EN, J. D. (1995). Interference and facilitation effects during selective
attention: an H215O PET study of Stroop task performance. Neuroimage, 2(4), 264-272.

CASANOVA, M. F., BUXHOEVEDEN, D., & GOM EZ, J. (2003). Disruption in the inhibitory architecture of the
cell minicolumn: implications for autism. Neuroscientist, 9(6), 496-507.

CASANOVA, M. F., VAN KOOTEN, I.A., SWITALA, A. E., VAN ENG ELAN D, H., H EI NS EN, H., STEI N BUSC H, H.W.,

ET AL. (2006). Minicolumnar abnormalities in autism. Acta Neuropathologica, 112(3), 287-303.
CAS E, R., KU R LAN D, D. M., & GOLB ERG, J. (1982). Operational efficiency and short-term memory span.

Journal of Experimental Child Psychology, 33, 386-404.
CAS EY, B. J., GOR DON, C.T., MAN N H EI M, G. B. & RU M S EY, J. M. (1993). Dysfunctional attention in autistic

savants. Journal of Clinical and Experimental Neuropychology, 15, 933-46.
C HAR LTON, B.G. (1995). Cognitive neuropsychiatry and the future of diagnosis: a ‘PC’ model of the mind.

British Journal of psychiatry, 167(2), 149-153.
C H EI N, J. M., & SC H N EI DER, W. (2005). Neuroimaging studies of practice-related change: fMRI and 

meta-analytic evidence of a domain-general control network for learning. Brain research.
Cognitive Brain Research, 25(3), 607-623.

103R EFER ENCES



C I ES I ELS KI, K.T., HAN DMAKER, S. D., HAR R I S, R. J., KN IG HT, J. E. & P R I NC E, R. J. (1995). Event related
potentials in cross-modal divided attention in autism. Neuropsychologia, 3, 225-246.

COH EN, E., & RU P P I N, E. (1999). From parallel to serial processing: a computational study of visual
search. Perception & Psychophysics, 6(7), 1449-1461.

COU RC H ES N E, E., CAR P ER, R., & AKS HOOMOF F, N. (2003). Evidence of brain overgrowth in the first year 
of life in autism. JAMA : the journal of the American Medical Association, 290(3), 337-344.

COU RC H ES N E, E., KAR NS, C. M., DAVI S, H. R., Z ICCAR DI, R., CAR P ER, R.A., TIGU E, Z. D., ET AL. (2001).
Unusual brain growth patterns in early life in patients with autistic disorder: an MRI study.
Neurology, 57(2), 245-254.

COU RC H ES N E, E., & P I ERC E, K. (2005). Why the frontal cortex in autism might be talking only to itself:
local over-connectivity but long-distance disconnection. Current Opinion in Neurobiology, 15(2), 225-230..

COU RC H ES N E, E., R EDCAY, E., MORGAN, J.T., & KEN N EDY, D. P. (2005). Autism at the beginning:
microstructural and growth abnormalities underlying the cognitive and behavioral phenotype 
of autism. Development and Psychopathology, 17(3), 577-597.

COU RC H ES N E E., TOWNS EN D J. & C HAS E C. (1995). Neurodevelopmental principles guide research on
developmental psychopathologies. In Cicchetti D. & Cohen D.J. (Eds), Developmental Psychopathology,
Vol.I: Theory and methods. New York: Wiley & Sons.

DAMAS IO, A. (1994). Descartes’ error – emotion, reason and the human brain. New York: G.P. Putnam’s Sons.
DAMAS IO, A. R., & MAU R ER, R.G. (1978). A neurological model for childhood autism. Archives of Neurology, 35,

777-786.
DAVI D A. (1995). The future of diagnosis. British Journal of Psychiatry, 167, 155-158.
DAVI D, A.S. (1992). Frontal lobology – psychiatry’s new pseudoscience. British Journal of Psychiatry, 161,

244-248.
DAWSON, G., M ELTZOF F, A. N., OSTER LI NG, J., R I NALDI, J., & B ROWN, E. (1998). Children with autism fail 

to orient to naturally occurring social stimuli’. Journal of Autism and Developmental Disorders, 28, 479-485.
DE B I LDT, A., SYTEMA, S., KRAI J ER, D., S PAR ROW, S., & M I N DERAA, R. (2005). Adaptive functioning and

behavior problems in relation to level of education in children and adolescents with intellectual
disability. Journal of Intellectual Disability Research: JIDR, 49(Pt 9), 672-681.

DEM ENTI EVA, Y.A., VANC E, D. D., DON N ELLY, S. L., ELSTON, L.A., WOLP ERT, C. M., RAVAN, S.A., ET AL. (2005).
Accelerated head growth in early development of individuals with autism. Pediatric neurology, 32(2),
102-108.

DIAMON D, A. (2002). Normal development of prefrontal cortex from birth to young adulthood: 
cognitive functions, anatomy and biochemistry. In D.T. Stuss & R.T. Knight (Eds.), Principles of frontal
lobe function. Oxford, New York: Oxford University Press.

DIC ICCO-B LOOM, E., LOR D, C., ZWAIG EN BAU M, L., COU RC H ES N E, E., DAG ER, S. R., SC H M ITZ, C., ET AL.

(2006). The developmental neurobiology of autism spectrum disorder. The Journal of Neuroscience : 
the official journal of the Society for Neuroscience, 26(26), 6897-6906.

DU N N, M. (1994). Neurophysiological observations in autism and implications for neurologic
dysfunction. In M.L.Bauman & T.L. Kemper (Eds.), The neurobiology of autism (pp. 45-65).
Baltimore: John Hopkins University Press.

ES KES, G.A., B RYSON, S. E., & MCCOR M IC K, T.A. (1990). Comprehension of concrete and abstract words 
in children with autism. Journal of Autism and Developmental Disorders, 20, 61-73.

104 R EFER ENCES



FAN, J., F LOM BAU M, J. I., MCCAN DLI SS, B. D., THOMAS, K. M., & POS N ER, M. I. (2003). Cognitive and brain
consequences of conflict. NeuroImage, 18(1), 42-57.

F ELLOWS, L. K., & FARAH, M. J. (2005). Is anterior cingulated cortex necessary for cognitive control? 
Brain, 128(Pt4), 788-796.

FOM BON N E, E. (2003). Epidemiological surveys of autism and other pervasive developmental disorders:
an update. Journal of Autism and Developmental Disorders, 33(4), 365-382

F I S H ER, N., & HAP P É, F. (2005). A training study of theory of mind and executive function in children
with autistic spectrum disorders. Journal of Autism and Developmental Disorders, 35(6), 757-771.

F I S K, A. D., & SC H N EI DER, W. (1983). Category and word search: generalizing search principles to complex
processing. Journal of Experimental Psychology. Learning, Memory, and Cognition, 9(2), 177-195.

F R I EDR IC H, F. J., & RADER, S. (1996). Component processing analysis in experimental and clinical
neuropsychology. In M.Maruish & J.Moses (Eds.), Theoretical foundations of clinical neuropsychology for
clinical practitioners (pp. 59-79). Hillsdale, NJ: Laurence Erlbaum.

F R ITH, C. (2004). Is autism a disconnection disorder? The Lancet Neurology, 3, 577.
F R ITH, U. (1989). Autism: explaining the enigma. Oxford: Blackwell.
F R ITH, U. (1991). Asperger and his syndrome. In Frith U. (Ed.), Autism and Asperger syndrome. Cambridge:

Cambridge University Press.
GAZZAN IGA, M.S., IVRY, R. B., & MANGU N, G. R. (2002a). Cognitive Neuroscience (2nd ed., pp. 97-102).

New York, London: Norton & Company.
GAZZAN IGA, M.S., IVRY, R. B., & MANGU N, G. R. (2002b). Cognitive Neuroscience (2nd ed., pp. 494-496).

New York, London: Norton & Company.
GAZZAN IGA, M.S., IVRY, R. B., & MANGU N, G. R. (2002c). Cognitive Neuroscience (2nd ed., pp. 499-536).

New York, London: Norton & Company.
G EH R I NG, W. J., & F ENCS I K, D. E. (2001). Functions of the medial frontal cortex in the processing 

of conflict and errors. The Journal of Neuroscience, 21(23), 9430-9437.
G EH R I NG, W. J., & KN IG HT, R.T. (2000). Prefrontal_cingulate interactions in action monitoring.

Nature Neuroscience, 3, 516 -520.
G ER LAN D, G. (1999). Living with an autistic disability. Speech made at the annual meeting of the Worldwide

Autism Association, in August 1999.
G ESC HWI N D, D. H., & LEVITT, P. (2007). Autism spectrum disorders: developmental disconnection

syndromes. Current Opinion in Neurobiology, 17(1):103-11.
G EU RTS, H. M., VERTE S., OOSTER LAAN J., ROEYER S H., & S ERG EANT J.A. (2004). How specific 

are executive functioning deficits in attention deficit hyperactivity disorder and autism? Journal of
Child Psychology and Psychiatry, 45(4), 836-54.

G I DDAN, J. J., & G I DDAN, N.S. (1993). European farm communities for autism. Toledo: Medical College 
of Ohio Press.

G I LLB ERG, C. (1994). Debate and argument: Having Rett syndrome in the ICD-10 PDD category does 
not make sense. Journal of Child Psychology and Psychiatry and Allied Disciplines, 35(2),377-378.

GOLDMAN-RAKIC, P.S. (1993). Working memory and the mind. In Mind and brain. Readings from Scientific
American. New York: Freeman Press.

GOLDSTEI N, G., JOH NSON, C. R., & M I NS H EW, N. J. (2001). Attentional processes in autism. Journal of Autism
and Developmental Disorders, 31, 433-40.

105R EFER ENCES



GOMOT, M., B ER NAR D, F.A., DAVI S, M. H., B ELMONTE, M. K., AS HWI N, C., BU LLMOR E, E.T., ET AL. (2006).
Change detection in children with autism: an auditory event-related fMRI study. Neuroimage, 29(2),
475-484.

GOODMAN, R. (1989). Infantile autism: a syndrome of multiple primary deficits? Journal of Autism and
Developmental Disorders, 19(3), 409-424.

GOR ENSTEI N, E. E. (1982). Frontal lobe function in psychopaths. Journal of abnormal Psychology, 91, 368-379.
G RAN HOLM, E., ASAR NOW, R. F., & MAR DER, S. R. (1991). Controlled information processing resources and

the development of automatic detection responses in schizophrenia. Journal of Abnormal Psychology,
100(3), 22-30.

GU ITTON, D., BUC HTEL, H.A, DOUG LAS, R. M. (1985). Frontal lobe lesions in man cause difficulties in
suppressing reflexive glances and in generating goal-directed saccades. Experimental brain research,
58(3), 455-472.

HADWI N, J., BARON-COH EN, S., HOWLI N, P., & H I LL, K. (1997). Does teaching theory of mind have an effect
on the ability to develop conversation in children with autism? Journal of Autism and Developmental
Disorders, 27(2), 519-537.

HAJCAK, G., MC DONALD, N, & S I MONS, R. F. (2003). To err is autonomic: error-related brain potentials,
ANS activity, and post-error compensatory behaviour. Psychophysiology, 40(6), 895-903.

HALLIGAN, P.W., & DAVI D, A.S. (2001). Cognitive neuropsychiatry: towards a scientific psychopathology.
Nature Reviews Neuroscience, 2(3):209-15

HAP P É, F. (2003). Cognition in autism: one deficit or many? Novartis Foundation symposium, 251, 198-207.
HAP P É, F. (2005). The weak central coherence account of autism.In F.R.Volkmar, R. Paul, A. Klin 

& D. Cohen (Eds.), Handbook of autism and pervasive developmental disorders (3rd edition; pp. 640-649).
New York: Wiley & Sons.

HAP P É, F., & F R ITH, U. (1996). The neuropsychology of autism. Brain, 119, 1377-1400.
HAP P É, F, RONALD, A., & P LOM I N, R. (2006). Time to give up on a single explanation for autism.

Nature Neuroscience, 9(10),1218-1220.
HAR DAN, A.Y., M I NS H EW, N. J., & KES HAVAN, M.S. (2000). Corpus callosum size in autism.

Neurology, 55(7),1033-1036.
HAYWAR D, G., GOODWI N, G. M., & HAR M ER, C. J. (2004). The role of the anterior cingulate cortex in the

counting Stroop task. Experimental brain research, 154(3), 355-358.
HAZ N EDAR, M. M., BUC H S BAU M, M.S., WEI, T.C., HOF, P. R., CARTWR IG HT, C., B I ENSTOC K, C.A., ET AL. (2000).

Limbic circuitry in patients with autism spectrum disorders studied with positron emission
tomography and magnetic resonance imaging. American Journal of Psychiatry, 157(12), 1994-2001.

H EN DER SON, H., SC HWARTZ, C., M U N DY, P., BU R N ETTE, C., SUTON, S., ZAH KA, N., ET AL. (2006).
Response monitoring, the error-related negativity, and differences in social behavior in autism.
Brain and Cognition, 61(1), 96-109.

H ER B ERT, M. R. (2005). Large brains in autism: the challenge of pervasive abnormality.
The Neuroscientist, 11(5), 417-440.

H ER B ERT, M. R., Z I EG LER, D.A., DEUTSC H, C. K., O’B R I EN, L. M., LANG E, N., BAKAR DJ I EV, S., ET AL. (2003).
Dissociations of cerebral cortex, subcortical and cerebral white matter volumes in autistic boys.
Brain, 126(Pt 5),1182-1192.

106 R EFER ENCES



H ER B ERT, M. R., Z I EG LER, D.A., MAKR I S N., F I LI P EK, P.A., KEM P ER, T. L., NOR MAN DI N, J. J., ET AL. (2004).
Localization of white matter volume increase in autism and developmental language disorder.
Annals of neurology, 55(4), 530-540.

H I LL, E. L. (2004). Executive dysfunction in autism. Trends in cognitive sciences, 8, 26-32.
HOLROYD, C. B., DI EN J., & COLES, M.G. (1998).Error-related scalp potentials elicited by hand and foot

movements: evidence for an output-independent error-processing system in humans. Neuroscience
letters, 242(2), 65-68.

HOWLI N, P. (2000). Outcome in adult life for more able individuals with autism or Asperger syndrome.
Autism, 4(1), 68-83.

H UG H ES, C., RUSS ELL, J., & ROB B I NS, T.W. (1994). Evidence for executive dysfunction in autism.
Neuropsychologia, 32, 477-492.

H USS MAN N, J. P. (2001). Suppressed GABAergic inhibition as a common factor in suspected etiologies 
of autism. Journal of autism and developmental disorders, 31(2), 247-248.

JOLLI F F E, T., & BARON-COH EN, S. (1997). Are people with autism and Asperger Syndrome faster than
normal on the Embedded Figures Test? Journal of Child Psychology & Psychiatry, 38, 527-534.

J UST, M.A., C H ER KASS KY, V. L., KELLER, T.A., KANA, R. K., & M I NS H EW, N. J. (2006). Functional and
anatomical cortical underconnectivity in autism: evidence from an fMRI study of an executive
function task and corpus callosum morphometry. Cerebral cortex, Jun 13 [Epub ahead of print]
http://cercor.oxfordjournals.org/

J UST, M.A., C H ER KASS KY, V. L., KELLER, T.A., & M I NS H EW, N. J. (2004). Cortical activation and
synchronization during sequence comprehension in high functioning autism: evidence 
of underconnectivity. Brain, 127, 1811-1821.

KAH N EMAN D. (1977). Attention and effort. Englewood Cliffs, N.J.: Prentice Hall.
KANA, KELLER, C H ER KASS KY, M I NS H EW & J UST, 2006. Sentence comprehension in autism: thinking 

in pictures with decreased functional connectivity. Brain, 129(Pt 9), 2483-2493.
KAN N ER, L. (1943). Autistic disturbances of affective contact. Nervous Child, 2,217-250.
KASAI K., HAS H I MOTO, O., KAWAKU BO, Y., KAM IO, S., ITOH, K., KOS H I DA, I., ET AL. (2005). Delayed

automatic detection of change in speech sounds in adults with autism: a magnetoencephalographic
study. Clinical Neurophysiology, 116(7), 1655-1664.

KEM P ER, T. L. & BAU MAN, M. L. (1993). The contribution of neuropathologic studies to the understanding
of autism. Neurologic Clinics 11, 175-187.

KER N, J. K., TR IVEDI, M. H., G RAN N EMAN N, B. D., GARVER, C. R., JOH NSON, D.G., AN DR EWS, A.A., ET AL.

(2007). Sensory correlations in autism. Autism, 11(2),123-134.
KI EH L, K.A., LI DDLE, P. F., & HOP F I NG ER, J. B. (2000). Error processing and the rostral anterior cingulate:

an event-related fMRI study. Psychophysiology, 37(2), 216-223.
KLAUC K, S. M. (2006). Genetics of autism spectrum disorder. European Journal of Human Genetics, 14(6),

714-720
KLEITER, G. D., & SC HWAR Z EN BAC H ER, K. (1989). Beyond the answer: post-error processes. Cognition, 32(3),

255-277.
KLI N, A., MC PARTLAN D, J., & VOLKMAR, F. R. (2005). Asperger syndrome. In F.R.Volkmar, R. Paul, A. Klin 

& D. Cohen (Eds.), Handbook of autism and pervasive developmental disorders (3rd edition; pp. 88-125).
New York: Wiley & Sons.

107R EFER ENCES



KLI N, A., SAU LN I ER, C., TSATSAN I S, K., & VOLKMAR, F. R. (2005). Clinical evaluation in autism spectrum
disorders: psychological assessment within a transdisciplinary framework. In F.R.Volkmar,
R. Paul, A. Klin & D. Cohen (Eds.), Handbook of autism and pervasive developmental disorders (3rd edition,
pp.772-798). New York: Wiley & Sons.

KLI NG ER, L.G., & DAWSON, G. (2001). Prototype formation in autism. Development and Psychopathology, 13(1),
111-124.

KLI NG ER, L.G., & R EN N ER, P. (2000). Performance-based measures in autism: implications for diagnosis,
early detection, and identification of cognitive profiles. Journal of Clinical Child Psychology, 29(4),
479-492.

KN IG HT, R.T., & STUSS, A. P. (2002). Prefrontal cortex: the present and the future. In D.T. Stuss 
& R.T. Knight (Eds.), Principles of frontal lobe function (pp. 573-597). Oxford, New York: Oxford
University Press.

KOK, A. (2001). On the utility of P3 amplitude as a measure of processing capacity. Psychophysiology, 38,
557-577.

KOS H I NO, H., CAR P ENTER, P.A., M I NS H EW, N. J., C H ER KASS KY, V. L., KELLER, T.A., J UST, M.A. (2005).
Functional connectivity in an fMRI working memory task in high-functioning autism.
Neuroimage, 24(3), 810-821.

KRAWCZYK, D.C. (2002). Contributions of the prefrontal cortex to the neural basis of human decision
making. Neuroscience Biobehavior Review 26, 631-664.

LEB LANC, L.A., COATES, A. M., DAN ES HVAR, S., C HAR LOP-C H R I STY, M. H., MOR R I S, C., & LANCASTER, B. M.

(2003). Using video modeling and reinforcement to teach perspective-taking skills to children with
autism. Journal of Applied Behavior Analysis, 36(2), 253-257.

LEIG H S I M M S, M., KAP LAN, H. B., KEM P ER, T. L., BAU MAN, M. L., & B LATT, G. J. (2006). Neuronal cell packing
density and cell size in the anterior cingulated cortex in the autistic brain. Poster session presented 
at the 5th annual International Meeting for Autism Research, Montreal.

LEWI S, D.A. (2000). Images in neuroscience. Neural networks: Neural systems IV: Prefrontal cortex.
American Journal of Psychiatry 157, 1752.

LI SS, M., F EI N, D., ALLEN, D., DU N N, M., F EI NSTEI N, C., MOR R I S, R., ET AL. (2001). Executive functioning 
in high-functioning children with autism. Journal of Child Psychology and Psychiatry, 42(2), 261-270.

LOGAN, G. D. (1988). Toward an instance theory of automatization. Psychological Review, 95(4), 492-527.
LOP EZ, B. R., LI NCOLN, A. J., OZONOF F, S., & LAI, Z. (2005). Examining the relationship between executive

functions and restricted, repetitive symptoms of Autistic Disorder. Journal of Autism and Developmental
Disorders, 35(4), 445-460.

LOR D, C. (1997). Diagnostic instruments in autism spectrum disorders. In D.J.Cohen & F.R.Volkmar
(Eds.), Handbook of autism and pervasive developmental disorders (pp. 460-483). New York: Wiley & Sons.

LOR D, C, & COR S ELLO, C. (2005). Diagnostic instruments in autism spectrum disorders. In F.R.Volkmar,
R. Paul, A. Klin & D. Cohen (Eds.), Handbook of autism and pervasive developmental disorders (3rd edition; 
pp. 730-771). New York: Wiley & Sons.

LOR D, C., R I S I, S., LAM B R EC HT., L., COOK, E. H., LEVENTHAL, B. L., DI LAVOR E, P.C., ET AL. (2000). The Autism
Diagnostic Observation Schedule – Generic: a standard measure of social and communication deficits
associated with the spectrum of autism. Journal of Autism and Developmental Disorders, 30(3), 205-223.

108 R EFER ENCES



LOR D, C., & RUTTER, M. (1994). Autism and pervasive developmental disorders. In M.Rutter, E.Taylor 
& L.Hersov (Eds.) Child and adolescent psychiatry (3rd edition, pp.569-593). Oxford, London, Edinburgh,
Cambridge MA, Carlton: Blackwell Scientific Publications.

LU NA, B., DOLL, S. K., H EG EDUS, S. J., M I NS H EW, N. J., & SWE EN EY, J.A. (2007). Maturation of executive
function in autism. Biological Psychiatry, 61, 474-481.

LU NA, B., GARVER, K. E., U R BAN, T.A., LAZAR, N.A., & SWE EN EY, J.A. (2004). Maturation of cognitive
processes from late childhood to adulthood. Child Development, 75(5), 1357-1372.

LU NA, B., M I NS H EW, N. J., GARVER, K. E., LAZAR, N.A., TH U LBOR N, K. R., EDDY, W. F., ET AL. (2002).
Neocortical system abnormalities in autism: an fMRI study of spatial working memory.
Neurology, 59(6), 834-840.

LU NA, B., & SWE EN EY, J.A. (2004).The emergence of collaborative brain function: FMRI studies of the
development of response inhibition. Annals of the New York Academy of Sciences, 1021, 320-322.

LUU, P., F LAI SC H, T., & TUC KER, D. M. (2000). Medial frontal cortex in action monitoring.
Journal of Neuroscience, 20, 464-469.

MADDEN, D. J. (1982). Age differences and similarities in the improvement of controlled search.
Experimental Aging Research, 8(2), 91-98.

MAR S, R. B., COLES, M.G. H., G ROL, M. J., HOLROYD, C. B., N I EUWEN H U I S, S., H U LSTI J N, W., ET AL. (2005).
Neural dynamics of error processing in medial frontal cortex. Neuroimage, 28, 1007-1013.

MATTH EWS, G., DAVI ES, D. R., WESTER MAN, S. J., & STAM M ER S, R. B. (2000). Key subsystems of the 
cognitive architecture. In Human Performance: cognition, stress, and individual differences (pp. 45-66).
London: Routledge.

MC DOUG LE, C. J., KR ESC H, L. E., & POS EY, D. J. (2000). Repetitive thoughts and behavior in pervasive
developmental disorders: treatment with serotonin reuptake inhibitors. Journal of Autism and
Developmental Disorders 30, 427-435.

M ESU LAM, M.-M (2002). The human frontal lobes: transcending the default through mode contingent
encoding. In D.T. Stuss & R.T. Knight (Eds.), Principles of frontal lobe function (pp.8-30). Oxford, New
York: Oxford University Press.

M I LN ER, B. (1963). Some effects of different brain lesions on card sorting. Archives of Neurology, 9, 90-100.
M I NS H EW, N. (2002). Brain anatomy in autism. Journal of Autism and Developmental Disorders, 32(6), 615-616.
M I NS H EW, N. J., SWE EN EY, J.A., BAU MAN, M. L., & WEB B, S. J. (2005). Neurological aspects of autism.

In F.R.Volkmar, R. Paul, A. Klin & D. Cohen (Eds.), Handbook of autism and pervasive developmental
disorders (3rd edition, pp.473-514). New York: Wiley & Sons.

M I NS H EW, N. J., & GOLDSTEI N, G. (2001). The pattern of intact and impaired memory functions in autism.
Journal of Child Psychology and Psychiatry, 42(8), 1095-1101.

M I NS H EW, N. J., GOLDSTEI N, G., & S I EG EL, D. J. (1997). Neuropsychological functioning in autism: profile
of a complex information processing disorder. Journal of the International Neuropsychological Society, 3(4),
303-316.

M I NS H EW N. J., SWE EN EY J.A. & BAU MAN M. L. (1997). Neurological aspects of autism. In D.J.Cohen &
F.R.Volkmar (Eds.), Handbook of autism and pervasive developmental disorders (pp.344-369). New York:
Wiley & Sons.

MOTTRON, L., BU RAC K, J.A., STAU DER, J. E., & ROBAEY, P. (1999). Perceptual processing among high
functioning persons with autism. Journal of Child Psychology and Psychiatry, 40 (2), 203-211.

109R EFER ENCES



M U LLER, R.A. (2007). The study of autism as a distributed disorder. Mental retardation and developmental
disabilities research reviews, 13(1), 85-95.

M U LLER, R.A., CAU IC H, C., RU B IO, M.A., M I ZU NO, A., & COU RC H ES N E, E. (2004). Abnormal activity patterns
in premotor cortex during sequence learning in autistic patients. Biologic psychiatry, 56(5), 323-332.

M U N DY, P. (2003). Annotation: the neural basis of social impairments in autism: the role of the dorsal
medial-frontal cortex and anterior cingulate system. Journal of Child Psychology and Psychiatry, 44(6),
793-809.

M U N DY, P., & BU R N ETTE, C. (2005). Joint attention and neurodevelopmental models of autism.
In F.R.Volkmar, R. Paul, A. Klin & D. Cohen (Eds.), Handbook of autism and pervasive developmental
disorders (3rd edition; pp. 650-681). New York: Wiley & Sons.

M U N DY, P., & S IG MAN, M. (1989). The theoretical implications of joint attention deficits in autism.
Development and psychopathology, 1, 173-183.

M U R P HY, D.G. M., C R ITC H LEY, H. D., S M ITH, N., MCALONAN, G., VAN AM ELSVOORT, T., ROB ERTSON, D., ET AL.

(2002). Asperger syndrome. A proton magnetic resonance spectroscopy study of the brain. Archives of
General Psychiatry, 59, 885-891.

NAYATE, A., B RADS HAW J. L., & R I N EHART, N. J. (2005). Autism and Asperger’s disorder: are they movement
disorders involving the cerebellum and/or basal ganglia? Brain Research Bulletin, 67(4), 327-334.

N EDER LAN DS E VER EN IG I NG VOOR AUTI S M E [NVA] (DUTC H AUTI S M SOC I ETY) & STIC HTI NG DE OM BU DS MAN

(2005). Buiten de boot (By the wayside). Bilthoven: NVA.
NYDÉN, A., G I LLB ERG, C., H J ELMQU I ST, E., & H EI MAN, M. (1999). Executive function/attention deficits in

boys with Asperger syndrome, attention disorder and reading/writing disorder. Autism, 3, 213-228.
O’N EI LL, M., & JON ES, R. F. (1997). Sensory-perceptual abnormalities in autism: a case for more.

Journal of Autism and Developmental Disorders 27, 283-293.
OZONOF F, S. (1997). Causal mechanisms of autism: unifying perspectives from an information-

processing framework. Neurological aspects of autism. In D.J.Cohen & F.R.Volkmar (Eds.),
Handbook of autism and pervasive developmental disorders (pp. 868-879). New York: Wiley & Sons

OZONOF F, S., COOK, I., COON, H., DAWSON, G., JOS EP H, R. M., KLI N, A., ET AL. (2004). Performance on
Cambridge Neuropsychological Test Automated Battery subtests sensitive to frontal lobe function 
in people with autistic disorder: evidence from the Collaborative Programs of Excellence in Autism
network. Journal of Autism and Developmental Disorders, 34(2), 139-150.

OZONOF F, S., & J ENS EN J. (1999). Brief report: specific executive function profiles in three
neurodevelopmental disorders. Journal of Autism and Developmental Disorders, 29, 171-177.

OZONOF F, S., P EN N I NGTON, B. F., & ROG ER S, S. J. (1991). Executive function deficits in high functioning
autistic individuals: relationship to theory of mind. Journal of Child Psychology and Psychiatry, 32(7), 1081-
1105.

OZONOF F, S., SOUTH, M., & P ROVENCAL, S. (2005). Executive functions. In F.R.Volkmar, R. Paul, A. Klin 
& D. Cohen (Eds.), Handbook of autism and pervasive developmental disorders (3rd edition; pp. 606-627).
New York: Wiley & Sons.

OZONOF F, S., & STRAYER D. L. (1997). Inhibitory function in nonretarded children with autism.
Journal of Autism and Developmental Disorders, 27(1), 59-77.

OZONOF F, S., & STRAYER, D. L. (2001). Further evidence of intact working memory in autism.
Journal of Autism and Developmental Disorders, 31(3), 257-263.

110 R EFER ENCES



OZONOF F, S., STRAYER D. L., MC MAHON, W. M., & FALLOUX, F. (1994). Executive function abilities in autism:
An information processing approach. Journal of Child Psychology and Psychiatry, 35(6), 1015-1032.

PAC H ELLA, R.G. (1974). The interpretation of reaction time in information processing research.
In B.Kantowitz (Ed.), Human information processing: tutorial in performance and recognition.
Potomac MD: Erlbaum Associates.

PALM EN, S. J., VAN ENG ELAN D, H. (2004). Review on structural neuroimaging findings in autism.
Journal of Neural Transmission, 111(7), 903-929.

PALM EN, S. J., VAN ENG ELAN D, H., HOF, P. R., & SC H M ITZ, C. (2004). Neuropathological findings in autism.
Brain, 127(Pt 12), 2572-2583.

PASCUALVACA, D. M., FANTI E, B. D., PAPAG EORG IOU, M., & M I R S KY, A. F. (1998). Attentional capacities in
children with autism: is there a general deficit in shifting focus? Journal of Autism and Developmental
Disorders, 28(6), 467-478.

P EN N I NGTON, B. F. (1997). Dimensions of executive functions in normal and abnormal development.
In N.Krasnegor, G.R.Lyon & P.S. Goldman-Rakic (Eds.), Prefrontal cortex: evolution, development and
behavioral neuroscience (pp. 265-281). Baltimore MD: Brookes.

P EN N I NGTON, B. F., & OZONOF F, S. (1996). Executive functions and developmental psychopathology.
Journal of Child Psychology and Psychiatry, 37(1), 51-87.

P ER LSTEI N, M., GARTER, C.S., NOLL, D., & COH EN, J. D. (2001). Relation of prefrontal cortex dysfunction 
to working memory and symptoms in schizophrenia. American Journal of Psychiatry, 158(7), 1105-1113.

P ER R ET, E. (1974). The left frontal lobe of man and the suppression of habitual responses in verbal
categorical behavior. Neuropsychologia, 12(3), 323-330.

P ER RY, W., M I NASS IAN A., LOP EZ, B., MARON, L., & LI NCOLN, A. (2007). Sensorimotor gating deficits 
in adults with autism. Biological Psychiatry, 61(4), 482-486.

P ER SONS, J. B. (1986). The advantages of studying psychological phenomena rather than psychiatric
diagnoses. American Psychologist, 41(11), 1252-1260.

P EW, R.W. (1966). Acquisition of hierarchical control over the temporal organization of a skill.
Journal of experimental psychology, 71(5), 764-771.

P I ERC E, K., G LAD, K.S. & SC H R EI B MAN, L. (1997). Social perception in children with autism: an attentional
deficit? Journal of Autism and Developmental Disorders, 27, 265-282.

P IVEN, J., B ERTH I ER, M. L., FOLSTEI N, S., N EH M E, E., P EAR LSON, G. & STAR KSTEI N, S. E. (1990).
Magnetic resonance imaging evidence for a defect of cerebral cortical development in autism.
American Journal of Psychiatry, 147, 734-739.

POLLEUX, F., & LAU DER, J. M. (2004). Toward a developmental neurobiology of autism. Mental retardation
and developmental disabilities research reviews, 10(4), 303-317.

RAB B ITT, P. M.A. (1966). Errors and error correction in choice reaction tasks. Journal of Experimental
Psychology, 71, 264-272.

RAB B ITT, P. M.A. (1968). Three kinds of error-signaling responses in a serial choice task. The Quarterly
Journal of Experimental Psychology, 20(2),179-188.

RAB B ITT, P., SCOTT, M., LU N N, M., THAC KER M., LOWE, C., P EN DLETON, N. ET AL. (2007). White matter
lesions account for all age-related declines in speed but not in intelligence. Neuropsychologia, 21(3):
363-70

RAM S EY, N. F., JANS MA, J. M., JAG ER, G., VAN RAALTEN, T. & KAH N, R.S. (2004). Neurophysiological factors 
in human information processing capacity. Brain, 127(Pt3), 517-25.

111R EFER ENCES



RAYMAEKER S, R., ANTROP, I., VAN DER M E ER E, J., WI ER S EMA, J. R., & ROEYER S, H. (2007). HFA and ADHD:
A direct comparison on state regulation and response inhibition. Journal of Clinical and Experimental
Neuropsychology, 29(4), 418-427.

RAYMAEKER S, R., VAN DER M E ER E, J., & ROEYER S, H. (2004). Event-rate manipulation and its effect on
arousal modulation and response inhibition in adults with high functioning autism. Journal of Clinical
and Experimental Neuropsychology, 26(1), 74-82.

RAYMAEKER S, R., VAN DER M E ER E, J., & ROEYER S, H. (2006). Response inhibition and immediate arousal
in children with high-functioning autism. Child Neuropsychology, 12(4-5), 349-359.

R EN N ER, P., KLI NG ER, L.G., & KLI NG ER, M. R. (2000). Implicit and explicit memory in autism: is autism 
an amnesic disorder? Journal of Autism and Developmental Disorders, 30(1), 3-14.

R I N EHART, N. J., B RADS HAW, J. L., B R ER ETON, A.V., & TONG E, B. J. (2001). Movement preparation in high-
functioning autism and Asperger disorder: a serial choice reaction time task involving motor
reprogramming. Journal of Autism and Developmental Disorders, 31, 79-88.

ROB I NSON, R.G., KU BOS, K. L., & STAR, L. B. (1984). Mood disorders in stroke patients: the importance of
location of lesions. Brain, 107, 81-93.

ROS E, S. P. R. (1984). Disordered molecules and diseased minds. Journal of psychiatric Research, 18 (4), 351-360.
RU B IA, K., AN DR EW, C., B RAM M ER, M., BU LLMOR E, E.T., OVER M EYER, S., S I M MONS, A. ET AL. (2000).

Functional frontalization with age: mapping neurodevelopmental trajectories with fMRI.
Neuroscience and Biobehavioral Reviews, 24, 13-9.

RU B ENSTEI N, J. L., & M ER Z EN IC H, M. M. (2003). Model of autism: increased ratio of excitation/inhibition
in key neural systems. Genes, brain, and behavior, 2(5), 255-267.

RU B LE, L.A., & SCOTT, M. M. (2002). Executive functions and the natural habitat behaviors of children with
autism. Autism, 6(4), 365-381.

RUTH ER FOR D, M. D., & MC I NTOS H, D. N. (2006). Rules versus Prototype Matching: Strategies of Perception
of Emotional Facial Expressions in the Autism Spectrum. Journal of Autism and Developmental Disorders,
Aug 5; [Epub ahead of print].

RUTTER, M. (1983). Cognitive deficits in the pathogenesis of autism. Journal of Child Psychology and
Psychiatry, 24(4), 513-531.

RUTTER, M. (1999). The Emanuel Miller Memorial Lecture 1998. Autism: two-way interplay between
research and clinical work. Journal of Child Psychology and Psychiatry, 40(2), 169-188.

RUTTER, M. (2000). Genetic studies of autism: from the 1970s into the millennium. Journal of Abnormal
Child Psychology, 28(1), 3-14

RUTTER, M., & BAI LEY, A. (1993). Thinking and relationships: mind and brain (some reflections on theory
of mind and autism). In S. Baron-Cohen, H. Tager-Flusberg & D.J. Cohen (Eds.), Understanding other
minds (pp. 481-504). Oxford, New York, Tokyo: Oxford University Press.

SALTHOUS E, T.A. (1996). The processing-speed theory of adult age differences in cognition.
Psychological Review, 103(3), 403-428.

SALTHOUS E, T.A. (2005). Relations between cognitive abilities and measures of executive functioning.
Neuropsychology, 19(4), 532-545.

S HALLIC E, T., & BU RG ESS, P.W. (1991). Deficits in strategy application following frontal lobe damage 
in man. Brain, 114, 727-741.

112 R EFER ENCES



SC H E EP ER S, F. E., DE WI ED, C.C., H U LS HOF F POL, H. E., VAN DE F LI ER, W., VAN DER LI N DEN, J.A., & KAH N,

R.S. (2001). The effect of clozapine on caudate nucleus volume in schizophrenic patients previously
treated with typical antipsychotics. Neuropsychopharmacology, 24(1), 47-54.

SC H M ITZ, N., DALY, E., & M U R P HY, D. (2007). Frontal anatomy and reaction time in autism. Neuroscience
Letters, 412, 12-7.

SC H N EI DER, W., P I M M-S M ITH, M., & WOR DEN, M. (1994). Neurobiology of attention and automaticity.
Current Opinion in Neurobiology, 4(2), 177-182.

SC H N EI DER, W., & S H I F F R I N, R. M. (1977). Controlled and automatic human information processing:
Perceptual learning, automatic attending, and a general theory. Psychological Review, 84, 127-190.

S ERG EANT, J.A., G EU RTS, H. & OOSTER LAAN, J. (2002). How specific is a deficit of executive functioning 
for attention-deficit/hyperactivity disorder? Behavioural Brain Research, 130 (1-2), 3-28.

S ER RA, M., ALTHAUS, M., DE SON N EVI LLE, L. M., STANT, A. D., JAC KSON, A. E., & M I N DERAA, R. B. (2003).
Face recognition in children with a pervasive developmental disorder not otherwise specified.
Journal of Autism and Developmental Disorders, 33(3), 303-317.

S H I F F R I N, R. M., & SC H N EI DER, W. (1977). Controlled and automatic human information processing: 
I. Detection, search and attention. Psychological Review, 84, 1-11.

S H I MAM U RA, A. P. (2000). The role of the prefrontal cortex in dynamic filtering. Psychobiology, 28, 207-218.
S H I MAM U RA, A. P. (2002). Memory retrieval and executive control processes. In D.T. Stuss & R.T. Knight

(Eds.), Principles of frontal lobe function (pp. 210-220). Oxford, New York: Oxford University Press.
STE ELE, S. D., M I NS H EW, N. J., LU NA, B., & SWE EN EY, J.A. (2006). Spatial Working Memory Deficits in

Autism. Journal of Autism and Developmental Disorders, Aug 15 [Epub ahead of print].
STER N B ERG S. (1966). High speed scanning in human memory. Science, 153(736), 652-654.
STODDAERT, S. D., C RADDOC K, N. J., & JON ES, L.A. (2007). Differentiation of executive and attention

impairments in affective illness. Psychological medicine, May 2, 1-11 [Epub ahead of print].
STRAYER, D. L, & KRAM ER, A. F. (1994). Aging and skill acquisition: learning-performance distinctions.

Psychology and Aging, 9(4), 589-605.
STUSS, D.T, ALEXAN DER, M. P., F LODEN, D., B I N NS, M.A., LEVI N E, B., MC I NTOS H, A. R., ET AL. (2002).

Fractionation and localization of distinct frontal lobe processes: evidence from focal lesions in
humans. In D.T. Stuss & R.T. Knight (Eds.), Principles of frontal lobe function (pp. 392-407). Oxford,
New York: Oxford University Press.

SWAAB-BAR N EVELD, J.T. (1998). Information Processing in a Child Psychiatric Population. Master’s thesis,
University of Utrecht, Utrecht, the Netherlands.

SZATMAR I, P., PATER SON, A. D., ZWAIG EN BAU M L., ROB ERTS, W., B R IAN, J., LI U, X.Q., ET AL. (2007).
Mapping autism risk loci using genetic linkage and chromosomal rearrangements. ).
Nature Genetics, 39(3), 319-328.

TAM M I NGA, C.A., & BUC H S BAU M, M.S. (2004). Frontal cortex function. American Journal of Psychiatry, 161(12),
2178.

TEM P LE C. M. (1997). Cognitive neuropsychology and its application to children. Journal of Child Psychology
& Psychiatry, 36, 27-52.

TEU N I SS E, J. P., COOLS, A. R., VAN S PAEN DONC K, K. P. M., AERTS, F. H.T. M., & B ERG ER, H. J.C. (2001).
Cognitive styles in high-functioning adolescents with autistic disorder. Journal of Autism and
Developmental Disorders, 31, 55-66.

113R EFER ENCES



TEU N I SS E & DE G ELDER (2001) Impaired categorical perception of facial expressions in high-functioning
adolescents with autism. Child Neuropsychology, 7(1), 1-14.

U H LHAAS, P. J., & S I NG ER, W. (2006). Neural synchrony in brain disorders: relevance for cognitive
dysfunctions and pathophysiology. Neuron, 52, 155-168.

U LLS P ERG ER, M., & VON C RAMON, D.Y. (2004). Neuroimaging of performance monitoring: error detection
and beyond. Cortex, 40(4-5), 593-604.

VAN DELLEN, H. J., B ROOKH U I S, K.A., M U LDER, G., OKITA, T., & M U LDER, L. J. M. (1984). Evoked potential
correlates of practice in a visual search task. In D. Papakostopoulos, S. Butler & I. Martin (Eds.),
Clinical and Experimental Neuropsychophysiology (pp.132-155). Beckenham: Croom Helm Ltd.

VAN DER M E ER E, J., & S ERG EANT, J. (1988). Acquisition of attention skill in pervasively hyperactive
children. Journal of Child Psychology & Psychiatry, 29(3), 301-310.

VAN P RAAG H. M. (1991). De biologische psychiatrie op weg naar de toekomst en de gevaren van
vooruitgang. Acta Neuropsychiatrica, 3, 36-41.

VARGAS, D. L., NASC I M B EN E, C., KR I S H NAN, C, Z I M M ER MAN, A.W., & PAR DO, C.A. (2005). Neuroglial
activation and neuroinflammation in the brain of patients with autism. Annals of Neurology, 57(1), 67-81.

VERTÉ, S., G EU RTS, H. M., ROEYER S, H., OOSTER LAAN, J., & S ERG EANT, J.A. (2005). Executive functioning 
in children with autism and Tourette syndrome. Development and Psychopathology, 17(2), 415-445.

VOLKMAR, F. R. & KLI N, A. (2005). Issues in the classification of autism and related conditions.
In F.R.Volkmar, R. Paul, A. Klin & D. Cohen (Eds.), Handbook of autism and pervasive developmental
disorders (3rd edition; pp. 5-41). New York: Wiley & Sons.

WEC H S LER, D. (2000). WAIS-III Nederlandstalige Bewerking. Technische Handleiding. Lisse: Swets &
Zeitlinger.

WI LLIAM S, D., & M I NS H EW, N. J. (in preparation).Understanding autism & related disorders: what has
imaging taught us?

WI LLIAM S, D. L., GOLDSTEI N, G., & M I NS H EW, N. J. (2006). Neuropsychologic functioning in children with
autism: further evidence for disordered complex information-processing. Child Neuropsychology, 12(4-5),
279-298.

WI LLIAM S, E., KEN DELL-SCOTT, L., & COSTALL, A. (2005). Parents’ experiences of introducing everyday
object use to their children with autism. Autism, 9(5), 495-514.

WI NG, L. (1997). The autistic spectrum. Lancet, 350 (9093), 1761-1766.
WI NG, L. (2005). Problems of categorical classification systems. In F.R.Volkmar, R. Paul, A. Klin 

& D. Cohen (Eds.), Handbook of autism and pervasive developmental disorders (3rd edition; pp. 583-605).
New York: Wiley & Sons.

114 R EFER ENCES



115

Nederlandse samenvatting



Voorwoord

Autisme is een aangeboren, niet te genezen aandoening, die zich kenmerkt door kwalita-
tieve beperkingen in de sociale interacties en in de communicatie. Autisme kenmerkt zich
tevens door stereotiepe patronen van gedrag, belangstelling en activiteiten. Bij ernstige 
aanverwante problematiek, die niet helemaal voldoet aan de criteria voor autisme, gebruikt 
men als regel de term ‘PDDNOS’ (‘pervasive developmental disorder not otherwise speci-
fied’). Een gangbare term voor autisme en aanverwante aandoeningen samen is ‘autisme-
spectrumstoornissen’ (ASS).

De aard van de psychologische processen die aan de beperkingen en gedragingen bij 
ASS ten grondslag liggen zijn grotendeels nog onbekend. De motivatie voor dit promotie-
onderzoek was om deze fundamentele psychologische processen te verkennen, en zo meer 
te weten te komen over het denken en beleven van mensen met ASS.

Inleiding

Dit proefschrift beschrijft een aantal wetenschappelijke, neuropsychologische onderzoeken
naar het cognitief functioneren bij niet verstandelijk gehandicapte volwassenen met ASS.
Voor wetenschappelijk onderzoek naar de psychologische oorzaken van autisme is het 
ontbreken van een verstandelijke handicap bij de deelnemers van groot belang, aangezien
intelligentieproblemen het presteren op de taak negatief kunnen beïnvloeden.

Ten eerste zijn in dit promotieonderzoek een aantal zogeheten executieve functies (EF)
getest. Dit zijn psychologische functies zoals planning, selectie van informatie, het kunnen
overstappen van de ene strategie op de andere, enzovoort. EF zijn afhankelijk van een goed
functioneren van de frontale cortex, oftewel het voorste deel van de hersenschors. De fron-
tale cortex integreert informatie uit alle hersendelen, en stuurt de hersenen aan. Sommige
onderzoekers zijn van mening dat beperkingen van de EF centraal zijn bij autisme. Er zijn
namelijk overeenkomsten tussen het gedrag van mensen met ASS en mensen met schade 
aan de frontale cortex. Deze theorie staat bekend als de ‘EF-theorie voor autisme’.

In dit promotieonderzoek zijn de volgende EF getest: verdeelde-aandacht capaciteit,
cognitieve flexibiliteit, en post-error vertraging. Ter toelichting: de verdeelde-aandacht
capaciteit is het vermogen om op een en hetzelfde moment meerdere relevante stimuli waar
te nemen. Dit is essentieel in complexe situaties, bijvoorbeeld in sociale interacties of bij
deelname aan het verkeer. Cognitieve flexibiliteit is het vermogen om van de ene topic naar
de andere te switchen, een vermogen dat centraal geacht wordt voor de noodzakelijke aan-
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passing van het individu aan veranderingen in de omgeving. De post-error reactie, oftewel
de vertraging van de reactie die gewoonlijk optreedt nadat er een fout is gemaakt, wordt
gezien als essentieel voor de voorbereiding van een volgende poging. Men herneemt zich,
houdt even de pas in, om niet weer in dezelfde fout te vervallen.

Ten tweede is er een onderzoek uitgevoerd naar automatisering, dat wil zeggen naar 
het effect van langdurig oefenen op reactiesnelheid en taakprestatie. Automatiseren is het
fenomeen dat na langdurige oefening inspannende, trage informatieverwerking overgaat 
in moeiteloze, snelle informatieverwerking. Dit proces is deels afhankelijk van EF, maar niet 
te beschouwen als daartoe behorend. Vlot en goed kunnen automatiseren is van groot belang,
aangezien anders het uitvoeren van allerlei taken erg inspannend en spanningsvol blijft.
De hypothese was dat mensen met autisme minder snel goed automatiseren dan normaal.
Dit zou deels kunnen verklaren dat mensen met autisme gewoonlijk niet een scholings-
niveau bereiken dat past bij hun intelligentie.

Eerder onderzoek met betrekking tot verdeelde-aandacht en cognitieve flexibiliteit heeft
uiteenlopende resultaten opgeleverd. Tot nu toe heeft er bij mensen met ASS geen onder-
zoek plaats gevonden naar post-error reacties en automatisering.

Methoden

Bij eerder onderzoek betreffende EF bij ASS werden vaak ingewikkelde tests gebruikt, die
niet eenduidig te interpreteren zijn, doordat ze meerdere psychologische functies tegelijk 
in kaart brengen. In de cognitieve neuropsychologie richt men zich op de keten van mentale
verrichtingen bij een bepaalde cognitieve functie, en men beperkt zich bij het ontwerpen 
van een test zoveel mogelijk tot één component van de keten. In dit promotieonderzoek 
zijn dergelijke, zo eenvoudig mogelijke tests gebruikt. In het onderzoek is gebruik gemaakt
van een computer. Hierdoor waren de reactietijden van de proefpersonen nauwkeurig te
bepalen. Reactietijden geven, naast foutenpercentages, een beeld van de mogelijkheden 
en beperkingen van de proefpersonen.

De deelnemers met ASS waren, zoals in de inleiding vermeld, niet verstandelijk gehandi-
capt1. Alle deelnemers waren 18 jaar of ouder. Daarom is de onderzochte groep qua ontwikke-
ling van de frontale hersenen als betrekkelijk homogeen te beschouwen. Er zijn namelijk aan-
wijzingen dat, ook bij mensen met autisme, de rijping van de frontale hersenen voortduurt tot
rond het tweede decennium. Als maximale leeftijdsgrens voor deelname werd 40 jaar gekozen,
omdat bij het ouder worden de taakprestatie afneemt. Sommige deelnemers met ASS gebruik-
ten psychofarmaca (anxiolytica, sedativa, antidepressiva, neuroleptica, anti-epileptica).

117N EDER LAN DSE SAM ENVATTI NG



De resultaten van de deelnemers in de ASS-groep (‘experimentele groep’) werden vergele-
ken met die van een controlegroep. De controlegroep was samengesteld uit niet-autistische
volwassenen die evenmin verstandelijk gehandicapt waren. De leeftijdsrange in de controle-
groep was dezelfde als die in de ASS-groep. Ook het gemiddelde IQ en de intelligentierange
van beide groepen waren vergelijkbaar. De deelnemers uit de controlegroep gebruikten geen
psychofarmaca.

De deelnemers aan de experimentele groep werden gescreend met de Autism Diagnostic
Observation Schedule (ADOS). Dit is een observatie-instrument om min of meer objectief
een aantal gedragskenmerken te scoren. Het instrument is ontwikkeld om de betrouwbaar-
heid van de diagnostiek aangaande autisme en aanverwante stoornissen te verbeteren.
Tegenwoordig wordt de ADOS standaard toegepast bij wetenschappelijk onderzoek naar
ASS. De ADOS kent drie mogelijke einddiagnoses: autisme, PDDNOS, of geen stoornis.
Probleem is, dat de uitslag van een ADOS-screening niet optimaal betrouwbaar is wanneer
het een volwassene betreft, of wanneer betrokkene verbaal zeer bekwaam is. De voorstanders
van deze screeningsmethode stellen echter, dat dankzij de ADOS de resultaten van verschil-
lende researchprojecten beter zijn te vergelijken.

In dit onderzoeksproject is gebruik gemaakt van een gecomputeriseerde versie van de
door Sternberg ontworpen ‘memory recognition test’. In deze test moet de proefpersoon 
telkens beoordelen of een letter, die kort op het computerscherm wordt getoond, terug te
vinden is een daaropvolgende groep letters. De snelheid waarmee de proefpersoon reageert
wordt gemeten.

Resultaten en conclusies

Zowel de medicatievrije groep proefpersonen met PDDNOS als de medicatievrije groep
proefpersonen met autisme vertoonde geen tekort in de verdeelde-aandacht (Hoofdstuk 2).
De subgroep van deelnemers met ASS die medicatie gebruikte toonde wel een dergelijk
tekort. Het is mogelijk dat medicatie ervoor zorgt dat mensen met ASS niet goed functione-
ren in situaties waarin ze op meerdere dingen tegelijk moeten letten. In het onderzoek naar
cognitieve flexibiliteit bleek er bij de deelnemers met autisme ook voor deze functie geen
tekort te zijn (Hoofdstuk 3). Het in wetenschappelijke kringen aanvaarde idee dat mensen
met autisme ‘star’ zijn door een EF stoornis lijkt dus niet te kloppen. In het onderzoek naar
post-error vertraging bleek dat de controlegroep ‘de pas inhield’ na een fout. Dit was niet 
of veel minder het geval bij de groep deelnemers met autisme (Hoofdstuk 4). Het lijkt erop
dat mensen met autisme het wel merken als ze een fout maken, maar daar niet adequaat 
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op reageren. In het onderzoek naar automatisering bleek dat bij de groep deelnemers 
met autisme ook na lang oefenen de informatieverwerking niet snel en moeiteloos verliep,
in tegenstelling tot bij de controlegroep (Hoofdstuk 5). Voor mensen met autisme blijven
‘routinetaken’ blijkbaar moeilijk.

Een opvallende bevinding was, dat de deelnemers met ASS over het geheel genomen
beduidend trager reageerden dan de deelnemers in de controlegroep. De ASS-groep in het
geheel, maar vooral de groep deelnemers die medicatie gebruikten, reageerde met name
traag als er geen overeenkomst was tussen de eerste en de daaropvolgende letters. Het ver-
gelijkingsproces stopt dan niet als vanzelf. Klaarblijkelijk hadden deze deelnemers moeite
met het nemen van een binaire beslissing wanneer ze werden geconfronteerd met een ‘open
einde’. Ook dit aspect van het cognitief functioneren, het nemen van een beslissing, wordt
gerekend tot de EF.

Tenslotte werd onderzocht of er bij de deelnemers met ASS een verband was tussen hun
‘basale’ snelheid van reageren (gedefinieerd als de gemiddelde reactietijd in de meest een-
voudige testconditie) en de verschillende bij hen in kaart gebrachte EF (Hoofdstuk 6).
Er bleek inderdaad een verband te zijn tussen de snelheid van reageren en het vermogen 
snel van strategie te veranderen. Ook de tijd die nodig is om een binaire beslissing te nemen
bleek afhankelijk te zijn van de basale snelheid van reageren. De snelheid van reageren bleek
echter niet te correleren met de verdeelde-aandacht capaciteit of de post-error vertraging.
Met andere woorden, sommige EF-problemen bij ASS kunnen te maken hebben met de
basale snelheid van informatieverwerking, en niet in de eerste plaats met een stoornis van 
de frontale cortex.

Aanbevelingen en eindconlusie

In Hoofdstuk 7 staan een aantal aanbevelingen. Een belangrijke aanbeveling voor de dage-
lijkse praktijk is om er rekening mee te houden dat mensen met ASS extra tijd nodig hebben
om zich nieuwe taken eigen te maken. Bovendien maken ze minder goed gebruik dan ande-
ren van feedback op hun functioneren. Verder is het van belang om bij mensen met ASS,
vooral als ze psychofarmaca gebruiken, er rekening mee te houden dat de informatieverwer-
king traag is. Ze doen er daardoor langer over dan normaal om bijvoorbeeld instructies tot
zich door te laten dringen of bijvoorbeeld een psychologische test te maken. Mensen met
ASS die medicatie gebruiken hebben bovendien meer dan anderen moeite om te bepalen
wanneer een taak voltooid is. Verder hebben ze in ingewikkelde situaties, zoals in het ver-
keer, meer moeite dan normaal om alles te overzien.
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Ook wordt aanbevolen om bij research uitdrukkelijk te vermelden of deelnemers al of
niet psychofarmaca gebruiken, en de resultaten van deelnemers die psychofarmaca gebrui-
ken apart te analyseren. Dit omdat deze middelen de taakprestatie kunnen beïnvloeden.
Maar ook omdat inzicht in het presteren van deze groep mensen van belang is, zoals blijkt
uit het promotieonderzoek.

Het zou interessant zijn om bij mensen met ASS te onderzoeken hoe EF zich ontwikkelen
in de loop van de jeugdjaren. Mogelijk kunnen de resultaten van dergelijk onderzoek een
verklaring bieden voor de verschillen tussen enkele van de huidige onderzoeksresultaten 
en die van bepaalde eerdere studies. Bij deze eerdere onderzoeken liepen de leeftijden in de
experimentele groep sterk uiteen of bestond de groep uit alleen kinderen. Het verkrijgen
van inzicht in de rijping van EF is bovendien van belang, omdat eventuele tekortkomingen
op jonge leeftijd de algehele ontwikkeling in sterke mate negatief kunnen beïnvloeden.

Voorlopige eindconclusie, mede op grond van de resultaten van onderzoeken door ande-
ren, is dat de EF-theorie voor autisme niet onverkort te handhaven lijkt te zijn. Mogelijk 
is de centrale cognitieve problematiek bij ASS een tekortkoming in de verwerking van com-
plexe of overvloedige informatie, zoals sommige onderzoekers stellen. Om deze problema-
tiek te inventariseren zijn waarschijnlijk ‘rijkere’ testsituaties vereist. Hiervan zullen de 
testresultaten navenant moeilijker te interpreteren zijn.

1 Volgens internationale criteria spreekt men van ‘zwakzinnigheid’ wanneer het gemiddelde IQ 70 of minder is.
De termen ‘verstandelijke handicap’ en ‘zwakzinnigheid’ zijn synoniemen.

Redactie Nederlandse tekst: Norbert Cuiper, wetenschapsjournalist
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Een promotieonderzoek is een dusdanig langdurige en complexe onderneming, dat – 
om het te doen slagen – de medewerking en goede wil van een groot aantal mensen 
onontbeerlijk is. In dit geval was dat niet anders.

Dat dit project ooit van start kon gaan, is volledig te danken aan prof. dr. F. Verheij sr.
Hij stelde een fonds ter beschikking om een pilot-onderzoek te realiseren. Het spijt me 
zeer dat Frans niet heeft mogen meemaken dat een en ander geleid heeft tot dit proefschrift.
Naast hem wil ik ook graag dank zeggen aan mevrouw E. Verheij-Knols, voor alle aanmoe-
diging en gastvrijheid door de jaren heen.

De inbreng van prof. dr. J.J. van der Meere, een van de twee promotoren, is van meet af
aan buitengewoon belangrijk geweest. Pas gedurende de samenwerking met Jaap van der
Meere werd ik me er ten volle van bewust dat er heel veel kennis, finesse en spankracht
nodig is voor een goede publicatie; Jaap zelf noemt het zelf ‘topsport’. Zonder zijn kwali-
teiten als ‘topsporter’ was het project niet gelukt.

Van eminent belang is ook de bijdrage geweest van drs. B. Flamma, fysicus. Hij studeerde
in Nijmegen op een onderwerp dat veel raakvlakken had met de psychologie. De belang-
stelling die hij daardoor opvatte voor die wetenschap leidde er uiteindelijk toe dat hij
betrokken raakte bij het onderzoeksproject. Zijn kennis en kunde betreffende het verza-
melen, het beheren en het interpreteren van testgegevens is onmisbaar geweest. Bovendien
kwam Bert telkens met originele ideeën. Zijn manier van omgaan met de deelnemers aan de
diverse onderzoeken was steeds voortreffelijk en voorbeeldig. Ik heb de samenwerking met
Jaap en Bert erg gewaardeerd, en erg plezierig gevonden. Ik hoop dat we deze samenwerking 
in enigerlei vorm kunnen voortzetten.

Prof. dr. H. van Engeland gaf een essentiële wending aan dit project, door zijn bereid-
willigheid promotor te worden. Zijn adviezen en opmerkingen zijn van onschatbare waarde
geweest.

Het Research Instituut van de Stichting GGz Groningen (het tegenwoordige ‘Lentis’),
onder voorzitterschap van dr. M. Appelo, vervulde een sleutelrol. Martin Appelo gaf goede
raad wat betreft het bedenken en schrijven van het onderzoeksprotocol, en het Research
Instituut bood financiële ondersteuning in de beginfase van het project.

Ook de Divisie Bovenregionale Zorgfuncties, waartoe de Woonwerkgemeenschap voor
mensen met autisme (WWA) behoorde, was zeer behulpzaam. Vooral de toenmalige direc-
teuren van de divisie, R. v.d. Steen en drs. W. van Borselen, moeten in dit verband genoemd
worden. Gezien de maar beperkte aanstelling die ik had bij de WWA, kan de ondersteuning
niet anders dan royaal worden genoemd.

Het project had tot slot niet kunnen slagen zonder de bijzonder ruimhartige steun 
van Adhesie, mijn huidige werkgever. De directieleden, R.J.A. ten Doesschate, psychiater,
drs. S.P. Bangma en P.J.M. Koopman, stellen dat researchactiviteiten inspirerend zijn voor 
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de betrokken medewerkers en de afdelingen waar ze aan verbonden zijn, en bovendien 
de patiëntenzorg ten goede komen. Ik ken geen andere niet-academische instelling voor
geestelijke gezondheidszorg die zoveel ruimte biedt aan onderzoeksambities. Het was dus
beslist mijn geluksdag toen ik in 2003 informeerde naar vacatures binnen Adhesie. Ook het
hoofd van de afdeling personeelszaken, D.J. de Kort, ben ik zeer erkentelijk.

De volgende mensen hielpen mee met het afnemen van tests: drs. Sonja Dijkstra, drs. Petra
Huizinga, beiden verbonden aan het Autismeteam Noord-Nederland in Groningen; Astrid
Tjoa, Karlijn Waszink en Rianne Ross, destijds psychodiagnostici in opleiding, en hun stage-
begeleider van de Saxion Hogeschool in Deventer, drs. G. Roemer.

Veel dank gaat uit naar de staven van de volgende instellingen: de Woonwerkgemeenschap
voor mensen met autisme (WWA) in Zuidlaren (onderdeel van de Stichting GGz Groningen,
nu ‘Lentis’; F. de Ruiter en J. van der Kaay, indertijd leidinggevenden), het Workhome 
Rutter Schopler in Deventer (onderdeel van Adhesie; G. Verheyen, leidinggevende), en het
Workhome Emerhese in Amersfoort (onderdeel van de Symfora Groep; drs. G. van Voorst,
leidinggevende). Tevens moet genoemd worden drs. E. Kuiper, onderzoekscoördinator van
de Symfora Groep. Dank gaat ook uit naar het Autismeteam Noord-Nederland in Groningen
(K.R. Veeninga en dr. C. Ketelaars, leidinggevenden), en naar het autismeteam van de Riagg
Zwolle (R. van den Brenk, teamleider).

Mijn collega W. Schlooz, nu eerste geneeskundige van ‘Herlaarhof’ in Vught, voorzag 
in de nodige inspiratie in de beginfase van het onderzoek. Wim hielp me mijn kennis 
te verbreden en verdiepen, onder meer door mij te introduceren bij zijn researchgroep 
in Nijmegen, en door nuttige tips te geven.

De afdeling Kwaliteit, Innovatie en Onderzoek van Adhesie (KIO; drs. P. Goossens,
manager), met name de dames A. Hekelaar en S. Blokker, wil ik hartelijk danken voor 
het persklaar maken en verzenden van dit proefschrift, maar ook voor het meedenken 
en meehelpen nu en eerder, bijvoorbeeld bij de voorbereiding van posterpresentaties.

ABC Translators (M.A. Oates c.s.) heeft met correcties en adviezen een uiterst nuttige 
bijdrage geleverd aan het internationaal publicabel maken van de teksten.

Franco Massaro en mijn broer Jaap ben ik dankbaar voor hun bereidwilligheid om op 
te treden als paranimfen, en voor hun belangstelling voor het project door de jaren heen.

Mijn echtgenote Autelinda dank ik voor haar aanmoediging en geduld ten aanzien van 
het promotieonderzoek, en voor haar verstandige raadgevingen.

Tot slot: de deelnemers aan het onderzoek kan ik hier niet persoonlijk bedanken, aan-
gezien zij anoniem behoren te blijven. Uiteraard ben ik hen allen heel dankbaar voor hun
bijdrage. Ik hoop dat zij met genoegen terugzien op hun medewerking en tevreden zijn 
over het resultaat.
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Hans Bogte werd geboren op 1 juni 1951 in Krommenie. Hij groeide op in de Zaanstreek,
waar hij de middelbare school (HBS-B) voltooide. Na onder meer werkzaam te zijn geweest
in de zorg voor verstandelijk gehandicapten en in de A- en B-verpleging, studeerde hij
Geneeskunde aan de Universiteit van Amsterdam. Gedurende zijn studie was hij als docent
verbonden aan enkele opleidingen voor paramedici (verpleegkundigen, ziekenverzorgenden
en doktersassistenten). Voorafgaand aan zijn specialisatie tot psychiater liep hij stage bij 
het Nederlands Instituut voor Hersenonderzoek te Amsterdam, en was hij als arts-assistent
werkzaam op de psychiatrische afdeling (PAAZ) van ziekenhuis De Heel in Zaandam 
en op de afdeling kinder- en jeugdpsychiatrie van het Academisch Medisch Centrum in
Amsterdam. Hij volgde de basisopleiding tot psychiater in Maastricht (opleider prof. dr. M.
Richartz), en deed aanvullend een researchstage bij de PAAZ van het Academisch Ziekenhuis
Maastricht (opleider prof. dr. F.Verheij sr.). Daarna werd hij opgeleid tot kinder- en jeugd-
psychiater in het Universitair Medisch Centrum Utrecht (opleider prof. dr. H. van Engeland).
Vervolgens was hij enkele jaren verbonden aan het Universitair Centrum voor Kinder- en
Jeugdpsychiatrie in Groningen. Daar had hij naast de patiëntenzorg taken op het gebied 
van research, onderwijs en nascholing. Tevens was hij enige tijd werkzaam bij het Autisme-
team Noord-Nederland. Gedurende een tiental jaren werkte hij als eindverantwoordelijke
behandelzaken in deeltijd bij de Woonwerkgemeenschap voor mensen met Autisme (WWA)
in Zuidlaren (onderdeel van de Stichting GGz Groningen, nu ‘Lentis’). Betrekkelijk korte
periodes was hij verbonden aan de Riagg Groningen (onderdeel van GGz Groningen, nu
‘Lentis’), het Leo Kannerhuis (centrum voor mensen met autisme) en ‘Karakter’ Zwolle. Hij
was initiator van het met enige regelmaat terugkerende Triptiek Symposium (Maastricht) 
en was initiator van het jaarlijkse Nationaal Autisme Congres dat hij nog steeds organiseert.
Sinds 2003 werkt hij als kinder- en jeugdpsychiater en inhoudelijk manager bij de afdeling
Jeugd van Adhesie GGz Midden-Overijssel.
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