UvA-DARE (Digital Academic Repository)

Individual differences in executive functions, training effects & quality of life of
children with autism spectrum disorders
de Vries, M.
Publication date
2015
Document Version
Final published version

Link to publication
Citation for published version (APA):
de Vries, M. (2015). Individual differences in executive functions, training effects & quality of
life of children with autism spectrum disorders. [Thesis, fully internal, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).
Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)
Download date:08 Jan 2023

Individual differences in
executive functions, training effects & quality of life of

children with autism spectrum disorders

Marieke de Vries

1

Cover Design: Argibald
Printed by: Ipskamp drukkers B.V., Enschede
© Marieke de Vries, Amsterdam 2014
All rights reserved. No part of this publication may be reproduced or
transmitted in any form by any means without permission of the author.

2

Individual differences in
executive functions, training effects & quality of life
of children with autism spectrum disorders
ACADEMISCH PROEFSCHRIFT
ter verkrijging van de graad doctor
aan de Universiteit van Amsterdam
op gezag van de Rector Magnificus
prof. dr. Van den Boom
ten overstaan van een door het college van promoties
ingestelde commissie,
in het openbaar te verdedigen in de Agnietenkapel
op woensdag 28 januari 2015, te 12.00 uur
door
Marieke de Vries
geboren te Amsterdam

3

Promotiecommissie
Promotoren: Prof. dr. H.M. Geurts
Prof. dr. P.J.M. Prins
Copromotor: Prof. dr. B.A. Schmand
Overige leden: Prof. dr. M.A. Grootenhuis
Prof. dr. I. Noens
Dr. H.A. Slagter
Prof. dr. J.T. Swaab
Prof. dr. R.W.H.J. Wiers
Faculteit der Maatschappij- en Gedragswetenschappen

4

5

Content
1. General introduction

9

2. Cognitive flexibility in Autism Spectrum Disorders; task switching
with emotional faces

21

3. Beyond individual differences; are working memory and inhibition
informative specifiers within Autism Spectrum Disorders?

43

4. Working memory and cognitive flexibility training for children with
an Autism Spectrum Disorder: A randomized controlled trial
73
5. Predictors and moderators of an executive function training for
children with an Autism Spectrum Disorder

95

6. Influence of autism traits and executive functioning on Quality of
Life in children with an Autism Spectrum Disorder

117

7. Summary and general discussion

135

8. Dutch Summary (Nederlandse samenvatting)

157

9. References

165

10. Supplementary material

191

11. Acknowledgements (Dankwoord)

201

12. Publications and presentations

207

6

Abbreviations
ADI-R: Autism Diagnostic Interview Schedule Revised
ADHD: Attention Deficit Hyperactivity Disorder
ASD: Autism Spectrum Disorder
BRIEF: Behavioral Rating Inventory of Executive Functioning
DBDRS: Disruptive Behavior Disorder Rating Scale
DBDRS-ADHD: Disruptive Behavior Disorder Rating Scale - inattentive and
hyperactivity/impulsivity subscales
CER: Commission Error Rate (incorrect responses)
Corsi-BTT: Corsi Block Tapping Task
CSBQ: Children Social Behavior Questionnaire
EF: Executive Functioning
ER: Error Rate
OER: Omission Error Rate (no responses)
QoL: Quality of Life
RT: Reaction Time
SPSRQ-C: Sensitivity to Punishment and Sensitivity to Reward Questionnaire
for Children
SRS: Social Responsiveness Scale
SSRT: Stop Signal Reaction Time
TD: Typically Developing
WM: Working Memory
Unless otherwise specified, for all measures (except IQ) raw scores are given,
and questionnaires are parent reports.
The study was approved by the ethics committee of the Academic Medical
Center Amsterdam (METC 2010-185), and registered in the Dutch trial register
(NL32255.018.10).

7

8

1. General introduction

9

Autism Spectrum Disorders (ASD) are neurobiological developmental
disorders in which restricted, repetitive behaviors and interests, and social and
communicational problems predominate (American Psychiatric Association,
2013). One of the main cognitive theories about ASD postulates that an
underlying problem is a deficit in executive functions (EFs: Damasio & Maurer,
1978; Russell, 1997). EFs are cognitive functions that one needs to plan and
execute behavior and to adapt behavior to changing environmental demands
(Lezak, 1982). Executive function (EF) is an umbrella concept that includes a
wide variety of functions, such as cognitive flexibility, working memory (WM),
and inhibition (Anderson, 2002). Children with ASD appear to have most
prominent deficits in cognitive flexibility and planning, and to a lesser extent
in working memory and inhibition (Russell, 1997). However, findings are not
unequivocal (Geurts, Corbett, & Solomon, 2009; Geurts, van den Bergh, &
Ruzzano, 2014; Hill, 2004; Kenworthy, Yerys, Anthony, & Wallace, 2008;
Russo et al., 2007).
The current dissertation mainly focuses on three core EF domains:
cognitive flexibility, WM, and inhibition. We first explored whether children
with ASD indeed show deficits in these EFs, and we explored whether there is
overlap between deficits in different EFs (WM and inhibition). Next, we
studied if two EFs, WM and cognitive flexibility, are trainable. We chose these
specific EFs for two main reasons. Firstly, there is a body of research that
focuses on WM training, of which the effects are promising, though not
completely consistent (Melby-Lervåg & Hulme, 2013). Up till now, WM
training has not been studied in ASD yet. This may be fruitful as WM deficits
have been reported in children with ASD (Kenworthy et al., 2008; Williams,
Goldstein, Carpenter, & Minshew, 2005; Williams, Goldstein, & Minshew,
2006), and improving EFs through treatment in ASD seems promising
(Baltruschat et al., 2011; Stichter et al., 2010). Secondly, although studies on
cognitive flexibility training are less numerous (Karbach & Kray, 2009; Kray,
Karbach, Haenig, & Freitag, 2011), cognitive flexibility is considered the most
affected EF in ASD in daily life. Hence, it is worthwhile to study the trainability
of this function. Finally, the influence of EFs on Quality of Life (QoL) is studied,
as probably the most important goal in ASD treatment is improving the QoL.
We, therefore, studied specific factors that might influence QoL in ASD.
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The current chapter first briefly introduces cognitive flexibility, WM,
and inhibition in ASD. Next, the importance to consider individual differences
and the rationale to study the overlap between EFs (WM and inhibition) is
discussed. Subsequently, training EFs in ASD with EF training “Braingame
Brian” (Prins et al., 2013), and possible predictors of training effects are
described. Finally, QoL in children with ASD and possible related factors are
discussed, and the aim and outline of the dissertation are given.
Cognitive flexibility
Cognitive flexibility is the ability to switch rapidly between multiple tasks
(Monsell, 2003). Children with ASD appear to show deficits in cognitive
flexibility in daily life, which expresses itself in difficulties adapting to variable
demands of the environment (e.g., Kenworthy, Case, Harms, Martin, &
Wallace, 2010). Moreover, restricted and repetitive behavior in daily life has
been linked to cognitive flexibility (Lopez, Lincoln, Ozonoff, & Lai, 2005; Yerys
et al., 2009; but see Landa & Goldberg, 2005). However, these cognitive
flexibility deficits in everyday life are not unequivocally found in research
settings (Geurts, Corbett et al., 2009). Heterogeneity of the cognitive profiles,
high levels of comorbidity, overlap in EFs and lack of ecologically valid tasks
(Kenworthy et al., 2008) might explain these inconsistent findings. Hence,
there appears to be a gap between cognitive flexibility in everyday life and
cognitive flexibility in research settings.
An often used task to measure cognitive flexibility in research settings
is the switch task (Rogers & Monsell, 1995). WM-load, predictability, and the
type of stimuli used influence the performance on, and ecological validity of
switch tasks. First, in daily life, situations that demand cognitively flexible
behavior generally also require WM. For example, to interpret other people’s
intentions in social interactions one needs both WM and cognitive flexibility.
WM is needed as facial expression, literal information, and intonation need to
be processed and remembered, and depending on this information and on the
social context, a different response is needed. This demands cognitive
flexibility. Hence, difficulties in these situations might be due to either WM, or
cognitive flexibility deficits, or both. To purely measure cognitive flexibility in
research settings, a task that requires minimal WM is needed. Second,
inflexible behavior in ASD is most prominent in reaction to unexpected events.
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Children with ASD seem to benefit from structure, predictability, and
regularity in daily activities. This is also seen in research settings: children with
ASD do not show deficits on switch tasks with predictable switches (Santos,
Rondan, Rosset, Da Fonseca, & Deruelle, 2008; Stahl & Pry, 2002;
Whitehouse, Maybery, & Durkin, 2006), but do show deficits when switches
occur unpredictably (Maes, Eling, Wezenberg, Vissers, & Kan, 2011; Stoet &
Lopez, 2011; Yerys et al., 2009; but see Schmitz et al., 2006). Switch tasks with
predictable switches may simply rely on stimulus response learning instead of
cognitive flexibility. Hence, to measure cognitive flexibility, a switch task with
unpredictable switches is needed. Finally, in most everyday situations,
cognitive flexibility is needed while processing complex stimuli and when
participating in social interaction. Hence, to measure cognitive flexibility in an
ecologically valid way, stimuli should be complex and socially relevant, such as
faces.
To bridge the gap between cognitive flexibility deficits of children with
ASD in daily life and in a research setting, we administered a switch task with
minimal WM, unexpected switches, and faces as stimuli (Chapter 2). We
compared the performance of children with and without ASD. We expected
that children with ASD would perform worse than typically developing (TD)
children. Moreover, we expected that children with ASD with low switch task
performance would show more stereotyped behavior, fear of changes, and
repetitive behavior in daily life.
Working memory
WM is the capacity to store, update, and manipulate information (Baddeley,
1992). WM problems in ASD are reported in the visual-spatial domain
(Kenworthy et al., 2008; Williams, Goldstein, Carpenter et al., 2005; Williams
et al., 2006), and in the verbal domain on complex tasks (e.g., Williams et al.,
2006), and seem related to daily life EFs (Altgassen, Schmitz-Hübsch, &
Kliegel, 2010). However, this is not consistently found (Geurts, Verté,
Oosterlaan, Roeyers, & Sergeant, 2004; Happé, Booth, Charlton, & Hughes,
2006; Koshino et al., 2005). These inconsistent findings are often explained by
differences in the participants’ age and tasks used (Happé et al., 2006; Luna,
Doll, Hegedus, Minshew, & Sweeney, 2007). However, even in studies that
used a single WM task including maintenance and updating, the n-back task,
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findings in children with ASD are inconclusive (Cui, Gao, Chen, Zou, & Wang,
2010; Williams, Goldstein, & Minshew, 2005). This may be due to large
individual differences in the ASD population, inclusion of small samples (Cui et
al., 2010), and a broad age range (Williams, Goldstein, Carpenter et al., 2005)
in the studies.
We measured WM with the n-back task in a large group of children
with ASD, and a TD control group in a restricted age range (8-12 year). We
expected that children with ASD would have worse WM than TD children.
However, given the individual differences within the ASD sample and the
previously inconsistent findings, it is likely that WM deficits are not found in
each child with ASD (Chapter 3).
Inhibition
Inhibition is the ability to stop or suppress a response (Friedman & Miyake,
2004). Despite previous mixed findings on prepotent response inhibition
(Lipszyc & Schachar, 2010; Ozonoff & Strayer, 1997; Verté, Geurts, Roeyers,
Oosterlaan, & Sergeant, 2005), a recent meta-analysis reported impaired
prepotent response inhibition (i.e., a medium effect size) in ASD (Geurts et al.,
2014). To study inhibition in ASD thoroughly, inclusion of a large sample size is
needed. Moreover, to study inhibition in a pure way, a task that requires a
minimum of other EFs is needed, such as the stop task. When doing so, one
might expect that as a group, children with ASD show inhibition deficits
(Chapter 3).
The importance of individual differences
Individual differences in ASD are a possible explanation for the inconsistent
findings on EF in ASD. EF deficits are found on a group level, but not
consistently on an individual level. There is no well-defined EF profile for ASD
(Geurts, Sinzig, Booth, & Happé, 2014; Towgood, Meuwese, Gilbert, Turner, &
Burgess, 2009; Verté, Geurts, Roeyers, Oosterlaan, & Sergeant, 2006; Wong,
Maybery, Bishop, Maley, & Hallmayer, 2006); some people with ASD may
have WM deficits, while others may have cognitive flexibility or inhibition
deficits, and some may have a combination of different EF deficits.
The Diagnostic and Statistical Manual of Mental Disorders fifth edition
(DSM-5: American Psychiatric Association, 2013) acknowledges the
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importance of individual differences within the ASD population. Specifiers like
general cognitive functioning and language abilities (Regier, Kuhl, & Kupfer,
2013) are included to increase awareness among clinicians and researchers
about variation in severity, presentation and prognosis of the disorder. Both in
scientific research and in clinical treatment, this is important to keep in mind.
Specific EF deficits might influence reaction to treatment, clinical course, or in
a broader sense, Quality of Life, and might therefore also be considered
informative specifiers; important for prognosis, treatment-choice, and
expected outcome.
Overlap between executive functions
The overlap between various EFs (e.g., Miyake et al., 2000; Miyake &
Friedman, 2012; Schleepen & Jonkman, 2010) is another possible explanation
for the inconsistent findings on EF in ASD. WM and inhibition are related
(Minamoto, Osaka, & Osaka, 2010; Miyake et al., 2000; Miyake & Friedman,
2012), and influence each other (Diamond, 2013). WM is most effective when
only relevant information is processed, while irrelevant information is
inhibited from entering WM. For example, imagine you normally take the
same route to work every day. When you have an appointment at a different
location, you have to keep an alternative route in mind, and need to update it
along the way, which requires WM. At the same time, you have to inhibit the
tendency to take your daily route. In these circumstances, many people may
find themselves accidentally going to work instead of to the alternative
location. Hence, this behavior that obviously requires WM also requires
inhibition. However, inhibition also depends on WM. Specific behavior often
needs to be inhibited according to certain rules. These rules have to be kept in
WM to be able to inhibit behavior at the right moment. For example, when
riding your bike, you need to brake if a pedestrian suddenly crosses the road.
This inhibition of the go-response requires WM, as it depends on stored rules
that need to be combined: when riding your city bike you may need to use the
back-pedal brake. However, when riding your race bike, you might need to
squeeze the bicycle brake by hand. Hence, inhibitory behavior, such as hitting
the brakes, also depends on WM. EFs often “work together”, which suggests
that various EFs are related. Children with WM deficits may also experience
inhibition deficits, and vice versa (Garon, Bryson, & Smith, 2008; Happé &
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Ronald, 2008; McNab et al., 2008; Minamoto et al., 2010; Miyake et al., 2000;
Miyake & Friedman, 2012; Redick, Calvo, Gay, & Engle, 2011). If so, subgroups
of children with ASD with and without WM and inhibition deficits might also
differ on other cognitive and behavioral aspects. Moreover, as WM and
inhibition deficits are common in Attention Deficit Hyperactivity Disorder
(ADHD; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005), and ADHD traits
are often reported in ASD (e.g., Taurines et al., 2012), we studied if ADHD
traits relate to WM and inhibition in ASD (Chapter 3).
Training executive functions
In the last decade, the amount of literature that focused on training EFs has
increased rapidly. These studies have focused mainly on WM training (e.g.,
Melby-Lervåg & Hulme, 2013), and to a lesser extent on cognitive flexibility
training (Karbach & Kray, 2009; Kray et al., 2011) and inhibition training
(Thorell, Lindqvist, Bergman Nutley, Bohlin, & Klingberg, 2009). Outcome of
EF training can be measured on different levels. First, does performance on
the trained task improve? Second, does improvement on this trained task
generalize to other tasks that measure the trained function (near-transfer)?
Third, do training effects generalize to other non-trained functions, such as
other EFs, or to daily life measures (far-transfer)? Finally, do the effects
remain present during a certain period after finishing the training (long-term
effects)? Although no EF training has been studied in ASD yet, several studies
focused on EF training in for example TD children, in elderly people, and also
in children with ADHD (e.g., Klingberg et al., 2005), a disorder that is
considered to be related to ASD (e.g., Taurines et al., 2012).
WM training has been studied quite extensively in clinical and TD
groups, and seems to induce direct effects on WM, which suggests that WM
can be trained (e.g., Melby-Lervåg & Hulme, 2013). However, despite some
positive reports on far-transfer (e.g., Holmes, Gathercole, & Dunning, 2009;
Klingberg et al., 2005; Thorell et al., 2009), meta-analyses are critical with
regard to generalization to other functions and to behaviors in daily life (fartransfer), and long term effects are unclear (Chacko et al., 2013; Melby-Lervåg
& Hulme, 2013).
Fewer studies have focused on cognitive flexibility training, but there
are indications of near-transfer and far-transfer in children with ADHD (Kray et
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al., 2011) and in TD people (Karbach & Kray, 2009). Hence, although the field
is relatively young, cognitive flexibility may be trainable. Training cognitive
flexibility is particularly interesting for children with ASD, as children with ASD
show inflexible behavior in daily life (Willcutt, Sonuga-Barke, Nigg, &
Sergeant, 2008), though not consistently in research settings (Geurts, Corbett
et al., 2009).
Little research has focused on inhibition training, and it may be
difficult to train this function (Thorell et al., 2009), as neither near-transfer,
nor far-transfer was found. Although inhibition problems are observed in
children with ASD, targeting this EF in training does not seem the most
promising approach to improve ASD related difficulties.
Previous intervention studies in ASD did focus on improving EFs.
Although an individually administered Theory of Mind (ToM) and EF therapy
did not improve EFs (Fisher & Happé, 2005), there are indications that positive
reinforcement (Baltruschat et al., 2011), or a social competence intervention
(Stichter et al., 2010) might improve EF in ASD. More importantly, after an EF
focused cognitive behavioral intervention in ASD, EFs improved more than
after a Social Skills training (Kenworthy et al., 2014). Hence, there are
indications that EFs can be improved in treatment for ASD, and the best
approach seems to target EFs directly.
Braingame Brian
We studied two EF interventions in children with ASD (Chapter 4). As WM is
the most promising type of EF training, and cognitive flexibility seems the
most pronounced deficit in ASD in everyday life, we studied whether these
particular EFs could be trained. Inhibition appears less problematic in ASD and
seems harder to train. Therefore, inhibition training was not included in the
current study. The effect of a WM and cognitive flexibility training was
compared to an active control condition (mock-training) in a large randomized
controlled trial of children (8-12 years) with ASD. EF training usually includes
repeating monotonous tasks, which may reduce motivation and lead to
dropout. Therefore, we used a computerized EF training with game elements
“Braingame Brian” (Prins et al., 2013). It was expected that the game-like
character of the training would promote compliance.

16

1. General introduction

Predictors of training effect
It may not be useful to train EFs in a one size fits all manner in such a
heterogeneous group. Individual differences in several developmental
domains (Geurts, Sinzig, Booth, & Happé, 2014; Happé, Ronald, & Plomin,
2006) may very well moderate the expected group effects of the training. It is,
therefore, important to study whether EF training is particularly suitable for a
subgroup of children with ASD. Moreover, a specific EF training (WM or
cognitive flexibility) may be indicated for a particular subgroup of children
with ASD. For example, children with ASD who suffer from severe repetitive
behavior may need a different treatment than those who experience
predominant social problems. Similarly, children who experience WM deficits
probably need a different treatment than children who have cognitive
flexibility deficits.
Although we assume that we included a sufficiently large sample to
determine whether the current training was effective, in this heterogeneous
population it is likely that the training induced different effects in different
individuals or subgroups. Exploring this assumption may have interesting
scientific implications, but more importantly, it may reveal important clinical
implications. Therefore, we studied several factors that may have influenced
the training effects (Chapter 5). We examined factors that have been found to
influence EF training performance in previous studies: pre-training EF level
(Kray et al., 2011), in this case WM and cognitive flexibility, and IQ (Rudebeck,
Bor, Ormond, O’Reilly, & Lee, 2012). Moreover, we explored some factors that
are likely to influence training effect: autism traits, Reward Sensitivity, and
Theory of Mind (ToM). We studied whether these factors influenced
improvement within the training, i.e. improvement on training-tasks during
training, and whether these factors influenced how many training sessions a
child completed. Furthermore, we examined if these pre-training factors
influenced improvement after the training, i.e. improvement in daily life EF,
ASD-like behavior, and QoL. More importantly, we wanted to know whether
specific subgroups responded differently to the WM or cognitive flexibility
training. Firstly, children with a higher IQ were expected to improve more
within and after the training than children with a relatively low IQ
(Schreibman, Stahmer, Barlett, & Dufek, 2009; Sherer & Schreibman, 2005;
Szatmari, Bryson, Boyle, Streiner, & Duku, 2003). Secondly, autism traits were
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expected to have a negative effect on training completion, as children with a
more complex and severe diagnosis are more susceptible to treatment
dropout (Barrett, Chua, Crits-Christoph, Gibbons, & Thompson, 2008).
However, as children with more autism traits have more room to improve, we
also expected that those children who did complete the training would
improve more in EF, ASD-like behavior, and QoL. Similar effects were
expected from pre-training WM and pre-training cognitive flexibility. Children
with more deficits in WM and cognitive flexibility were considered more likely
to drop out of the training. However, if they managed to complete the
training, children with more pre-training WM problems were expected to
improve more in response to the WM training (Diamond, 2012), and children
with more pre-training cognitive flexibility problems were expected to
improve more in cognitive flexibility in response to the cognitive flexibility
training (Karbach & Kray, 2009; Kray et al., 2011). Thirdly, as Braingame Brian
includes rewarding elements, we expected that reward sensitivity would
influence children’s motivation to complete and do well on the training, which
in turn would positively influence training effects. Finally, those children with a
better developed ToM were expected to perform better. The game world
includes other characters that need Brian’s help, and the child has to perform
the training-tasks to help these characters. Hence, children with a better
developed ToM were expected to be more motivated to perform the trainingtasks to help other game-characters, and as a result to perform better during
the training, and to improve more after the training.
How does EF relate to QoL in children with and without Autism Spectrum
Disorders?
An important measure of overall functioning is QoL, the subjective appraisal
of one’s own well-being, including multiple domains (physical, psychological
and social), and including both positive and negative dimensions (WHOQOL
group, 1995). The last decade an increasing amount of studies focused on QoL
in people with ASD. People with ASD show lower QoL than people without
ASD, and QoL remains poor across the lifespan (van Heijst & Geurts, 2014). In
particular, social functioning appears troublesome. People with ASD show
lower QoL than people with other psychiatric conditions (Barneveld, Swaab,
Fagel, van Engeland, & de Sonneville, 2014). There is an urgent need to study
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whether there are specific factors that influence QoL in children with ASD, as
it may be promising to target these factors in treatments or interventions.
Therefore, we studied four potential factors that might influence QoL in ASD:
IQ, language, autism traits, and EF (Chapter 6). We expected that children
with ASD with a higher IQ and better language development would have a
better QoL, and that children with more autism traits and more EF deficits
would have lower QoL. Moreover, we studied whether these predictors
related differently to QoL in children with ASD as compared to TD children.
Aim and outline of the current thesis
Children with ASD appear to experience EF problems, but findings are not
consistent. Therefore we studied EFs in a large sample of children with ASD
(aged 8-12 year). In Chapter 2 of this dissertation we investigated whether
children with ASD show cognitive flexibility deficits when measured with an
ecologically valid switch task. Moreover, we explored whether cognitive
flexibility was related to stereotyped and repetitive behavior. In Chapter 3 we
studied if children with ASD showed WM and inhibition deficits when
measured with relatively pure measurements. Moreover, we studied if WM
and inhibition were related, and if children with ASD with WM and inhibition
deficits differed from children without these deficits. In Chapter 4 we studied
if WM and cognitive flexibility could be trained by means of an EF training with
game elements, Braingame Brian. We compared an adaptive WM training, an
adaptive cognitive flexibility training, and a non-adaptive control training
(mock-training) in a large randomized controlled trial of children with ASD. In
Chapter 5 we studied if certain predictors (IQ, autism traits, WM, cognitive
flexibility, reward sensitivity and Theory of Mind) influenced how well children
performed on the training, and how much they improved after the training.
Finally, since people with ASD have a striking and stable low QoL compared to
typical development and to other psychiatric conditions, in Chapter 6 we
studied if specific predictors (IQ, autism traits, language development, and EF)
influenced QoL in children with ASD. In Chapter 7 we combined all findings to
draw general conclusions and elaborated on what the current findings add to
both the scientific and the clinical field for children with ASD. Is EF training the
way to go? And who will benefit from such a training?
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2. Cognitive flexibility in Autism Spectrum
Disorders;
task switching with emotional faces
Objective Children with Autism Spectrum Disorders (ASD) show daily cognitive
flexibility deficits, but laboratory data are unconvincing. The current study aimed to
bridge this gap.
Method Thirty-one children with ASD (8-12 yrs) and 31 age- and IQ-matched typically
developing children performed a gender-emotion switch task. Unannounced switches
and complex stimuli (emotional faces) improved ecological validity; minimal working
memory-load prevented bias in the findings.
Results Overall performance did not differ between groups, but in a part of the ASD
group performance was slow and inaccurate. Moreover, within the ASD group
switching from emotion to gender trials was slower than vice versa.
Conclusion Children with ASD do not show difficulties on an ecologically valid switch
task, but have difficulty disengaging from an emotional task set.

Based on:
de Vries, M., & Geurts, H. M. (2012). Cognitive flexibility in ASD; task switching with
emotional faces. Journal of Autism and Developmental Disorders, 42(12), 2558-2568.
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Autism Spectrum Disorders (ASD), including autism, Asperger syndrome and
pervasive developmental disorder not otherwise specified (PDD-NOS), are
neurobiological developmental disorders in which restricted, repetitive
behaviors and interests, and social and communicational problems
predominate (American Psychiatric Association, 2000; American Psychiatric
Association, 2013). Children with ASD have deficits in executive functioning
(Russell, 1997), especially cognitive flexibility. Cognitive flexibility is the ability
to switch rapidly between multiple tasks (Monsell, 2003). Individuals with ASD
have trouble adapting to variable demands of the environment (Kenworthy et
al., 2010), show rigid behavior, hold on to previous behavior patterns, and
show difficulty in adapting to changing plans or alterations of their routine in
daily life. This restricted and repetitive behavior seems to be closely related to,
or even an expression of impairment of cognitive flexibility (Yerys et al., 2009).
Although cognitive flexibility deficits in everyday life seem evident, the
empirical laboratory data is not convincing (Geurts, Corbett & Solomon,
2009). It seems that individuals with ASD perform better on computerized
than on face to face administered tasks (Kenworthy et al., 2008), but the data
is still inconclusive on both types of tasks (Van Eylen et al., 2011). In a recent
review it was reported that the findings regarding cognitive flexibility in ASD
are not merely inconsistent, but sometimes even contradictory (Geurts et al.,
2009). This inconsistency might be a result of the heterogeneity of the
cognitive profiles in ASD, the high levels of comorbidity, and the overlap of
different executive functions (Kenworthy et al., 2008). It is hard to find an
accurate way to measure the construct of cognitive flexibility in the laboratory
setting, and most tasks seem to lack ecological validity (Kenworthy et al.,
2008). In the current study we try to bridge the gap between cognitive
flexibility deficits as seen in everyday life and as measured in the laboratory
setting.
In short, three kinds of tasks are used to measure cognitive flexibility
in the research-setting; 1) traditional clinical neuropsychological measures;
such as the Wisconsin Card Sorting Task (WCST), Trail Making Test (TMT), or
Dellis-Kaplan executive function system (D-KEFS) color-word task; 2) hybrid
neuropsychological/experimental measures, such as the intradimensional/extra-dimensional (ID/ED) set shift task (Cambridge, 2002); and
3) experimental task-switch paradigms, for instance, switch tasks (Geurts,
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Corbett et al., 2009; Monsell, 2003). Children with ASD show deficits on the
WCST, and the D-KEFS color word task (Van Eylen et al., 2011). However,
these are no pure cognitive flexibility measurements (Geurts et al., 2009;
Ozonoff, 1995), as they measure various cognitive functions, like working
memory (WM), learning from feedback, and noticing changes in strategy.
Switches in these tasks often occur in both an unpredictable and an
unannounced manner. This makes it hard to disentangle what causes the
failure on these tasks. Moreover, performance on these tasks is influenced by
developmental level, which could also be accountable for the results (Happé et
al., 2006). On the ID/ED shift task, results are also varying (Yerys et al., 2009).
In this task it is necessary to shift within a single dimension (ID), from one
dimension to another (ED), and to shift reversed (applying the same rule to an
alternate exemplar; Cambridge, 2002). Children with ASD show deficits in the
ED reversal shifts, but not in other shifts (Yerys et al., 2009; but see Happé et
al., 2006). Apparently, when more stimulus-features have to be processed and
more complex reasoning is necessary, children with ASD show cognitive
flexibility deficits. Sustained attention also influences task performance
(Geurts, Corbett et al., 2009), and because children with ASD experience
attention deficits (Patten & Watson, 2011), it might be that cognitive flexibility
alone is not accountable for failure on these hybrid neuropsychological/
experimental measures. In sum, it seems that traditional clinical
neuropsychological measures, and hybrid neuropsychological/ experimental
measures, are not pure cognitive flexibility measurements; the findings on
these measures seem to be influenced by many other variables.
The experimental task switch paradigm, for instance, the switch task,
is a relatively pure measurement of cognitive flexibility. Stimuli have to be
sorted on two (or more) simple rules, for instance, sorting on color or sorting
on form. After a number of consecutive trials performing one task (repeat
trials), the other task has to be performed (switch trial). Performance is known
to be slower and less accurate on switch trials than on repeat trials. The
measures of performance usually are error rate (percentage of trials answered
incorrectly), switch cost in reaction time (reaction time on switch trials minus
reaction time on repeat trials) and switch cost in number of errors (error rate
on switch trials minus error rate on repeat trials: Monsell, 2003). Studies that
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used switch tasks to compare children with ASD with typically developing (TD)
children, revealed inconsistent results (Geurts, Corbett et al., 2009).
A possible explanation is that children with ASD simply do not have
cognitive flexibility deficits, but given the prominent cognitive flexibility
deficits exhibited in daily life, and the link between repetitive behavior and
cognitive flexibility (Lopez et al., 2005; Yerys et al., 2009; but see Landa &
Goldberg, 2005), this conclusion seems too rigorous. The current study tries to
overcome the conflicting findings by taking into account several task
properties. Up to now the studied switch tasks roughly differ on three
dimensions; WM-load, predictability, and the stimuli used. These differences
influence both performance and ecological validity, and will be discussed in
the next paragraphs.
Firstly, WM-load influences performance. In daily life, various tasks are
influenced by both cognitive flexibility and WM, for instance, interacting with
people in various situations requires both cognitive flexibility in interpreting
the situation, and cognitive flexibility in remembering and processing
information. Individuals with ASD show WM deficits (Alloway, Rajendran, &
Archibald, 2009; Barnard, Muldoon, Hasan, O'Brien, & Stewart, 2008; but see
Happé et al., 2006). Both verbal, and spatial WM seems deficient (Kenworthy
et al., 2008; Willcutt et al., 2008; but see Geurts et al., 2004), though some
argue that the deficits in visual-spatial WM are the most prominent (Williams,
Goldstein, Carpenter et al., 2005; Williams et al., 2006). Switch tasks rely on
WM because arbitrary rules need to be memorized. The amount of WM-load
varies (Dichter, Radonovich, Turner-Brown, Lam et al., 2010; Stoet & Lopez,
2011); the cue predicting a task switch can be available during each trial
(Schmitz et al., 2006), at the beginning of a task run (Poljac et al., 2010;
Shafritz, Dichter, Baranek, & Belger, 2008), or at the beginning of the whole
task (Maes et al., 2011). Hence, poor WM in ASD is likely to influence switch
task performance and might partly explain the inconsistent findings. The
joint influence of WM and cognitive flexibility as seen in everyday life is
confirmed in research settings (Stoet & Lopez, 2011). On switch tasks with
minimal WM demand, children with ASD do not show difficulties (Schmitz et
al., 2006; Stoet & Lopez, 2011), whereas difficulties are reported when the
WM demand is higher (Maes et al., 2011; Shafritz et al., 2008; Stoet & Lopez,
2011; but see Poljac et al., 2010). In fact, performance on switch tasks seems
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to be more influenced by WM demand in children with ASD than in TD
children (Dichter et al., 2010; Stoet & Lopez, 2011). Children with ASD are less
accurate than TD children, and show larger switch costs when performing a
switch task with high memory demand. However, on a similar task with low
memory demand, both groups perform equal (Stoet & Lopez, 2011). Hence,
WM capacity influences switch task performance (Alloway et al., 2009;
Williams, Goldstein, Carpenter et al., 2005), especially in ASD (Stoet & Lopez,
2011). This partly explains the inconsistent findings, as the varying WM
demand in switch tasks is often not controlled for. In the current study, a task
cue is always present, hence WM capacity cannot influence performance.
Secondly, switches can occur in a predictable (Shafritz et al., 2008), or
an unpredictable manner (Maes et al., 2011). Put differently, switches can
occur after every other trial, and can be preceded by a switch cue (i.e.,
predictable switches) or occur after a varying inconsistent numbers of trials,
and occur completely unannounced (i.e., unpredictable switches). Children
with ASD do not show deficits on switch tasks with predictable switches
(Santos et al., 2008; Stahl & Pry, 2002; Whitehouse et al., 2006), but do show
deficits when switches occur unpredictably (Maes et al., 2011; Stoet & Lopez,
2011; Yerys et al., 2009; but see Schmitz et al., 2006). In the current study a
switch task with unpredictable switches is used to measure cognitive
flexibility, especially since this increases ecological validity, as in everyday life
the need for behavioral adaptation is normally not preceded by a warning.
Thirdly, most studies use simple geometrical figures as stimuli (Maes
et al., 2011; Poljac et al., 2010; Schmitz et al., 2006; Shafritz et al., 2008; Stahl
& Pry, 2002; Stoet & Lopez, 2011), minimizing WM-load, and mental
processing, but also reducing ecological validity. These tasks seem unable to
discriminate ASD from TD individuals (Poljac et al., 2010; Schmitz et al., 2006;
Stahl & Pry, 2002; Stoet & Lopez, 2011). In everyday life, cognitive flexibility is
needed while processing complex stimuli and more specifically, while
participating in social interaction, as people tend to act differently in various
situations. In the current study, ecological validity has been improved by
administering a switch task with relatively complex and socially relevant
stimuli in the form of male and female faces with different facial expressions.
Children with ASD process emotions in a different way than TD individuals
(Santos et al., 2008). An enhanced focus on irrelevant details leads to a
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reduced ability to recognize emotions (Begeer, Koot, Rieffe, Terwogt, &
Stegge, 2008), and reacting to other people’s emotions appears to be difficult
(Golan, Baron-Cohen, & Golan, 2008). Emotion processing also influences
rigidity and deficits in social interactions in ASD (American Psychiatric
Association, 2000), like adapting behavior and perspective, and inhibiting
inappropriate behavior (Causton-Theoharis, Ashby, & Cosier, 2009;
McConnell, 2002). This specific way of processing emotions - both in the
laboratory setting (Santos et al., 2008), and in everyday life (Begeer, Koot,
Rieffe, Terwogt et al., 2008) - is likely to influence switch task performance in
the current task. To prevent that task performance would be influenced by
emotion recognizing problems per se, we only used basic emotions. In the
laboratory setting individuals with ASD do recognize basic emotions (Balconi,
Amenta, & Ferrari, 2012; Boggs & Gross, 2010), and are equally able as TD
children to differentiate between happy and angry faces (Geurts, Begeer, &
Stockmann, 2009; Santos et al., 2008). Children with ASD also seem very well
able to categorize faces by emotion or gender (Harms, Martin, & Wallace,
2010; Santos et al., 2008). In short, the distinct way children with ASD process
emotional faces is thought to influence both everyday life behavior and
performance on the current task. Hence, compared to most switch tasks, that
use simple geometric forms as stimuli, the ecological validity is improved. In
daily life, interpreting emotions and gender is necessary in social interaction,
but sorting on color or form is hardly ever needed.
In sum, in the current study we tried to bridge the gap between daily
life cognitive flexibility deficits, and laboratory setting cognitive flexibility
measurements in ASD. We compared the performance of a clinical group of
children with ASD and an age- and IQ-matched TD group on a genderemotion switch task. Participants sorted pictures of happy or angry looking
male or female faces, based on gender or emotion, randomly switching
between the two sorting rules. A standardized switch task with a constantly
present task cue was used as a relatively pure measurement of cognitive
flexibility with no WM influence. Switches occurred unannounced, and stimuli
consisted of faces to improve ecological validity. The faces showed basic
emotions, as these are recognized well by children with ASD (Boggs & Gross,
2010; Geurts et al., 2009), ensuring that emotion recognition deficits would
not influence the findings. The difference between individuals with ASD and
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TD in processing faces (Santos et al., 2008) and emotions (Balconi et al., 2012)
was expected to influence cognitive flexibility in everyday life and on this task
similarly.
Firstly, performance on the gender-emotion switch task was expected
to be worse in children with ASD than in TD children, due to the unannounced
switches (Maes et al., 2011; Stoet & Lopez, 2011; Yerys et al., 2009), and the
increased ecological validity. Secondly, we expected that children with ASD
who performed relatively poorly on the gender-emotion switch task, would
have higher scores on the ‘stereotyped behavior’, and ‘fear of changes’ scales
of the Children’s Social Behavior Questionnaire (CSBQ: Hartman et al., 2007),
and the ‘repetitive behavior’ scale of the Autism Diagnostic Interview
Schedule-Revised (ADI-R: Lord, Rutter, & Couteur, 1994). Thirdly, children
with ASD were expected to have trouble to disengage attention from an
emotional task set, resulting in worse performance on emotion to gender
switch trials than vice versa.
The last hypothesis is based on the assumption that various emotions
are processed differently (Harms et al., 2010; D. R. Johnson, 2009). For
example, angry faces are perceived as more threatening and consequently
remembered better than happy faces, and are more resistant to modification
(Willis, Palermo, Burke, Atkinson, & McArthur, 2010). Emotional stimuli
influence task performance in general (D. R. Johnson, 2009), and probably
differently in individuals with and without ASD, because of the dissimilar
emotion processing (Santos et al., 2008). People have more trouble to
disengage their attention from an emotional task set (D. R. Johnson, 2009),
and this effect is influenced by trait anxiety. Anxious people are theorized to
have less effective emotional attention control, and poorly regulated
attentional deployment; a strategy to reduce emotional reactivity by shifting
attention away from emotion-eliciting stimuli (D. R. Johnson, 2009). This
dysregulation in attentional deployment, or attentional inflexibility, has been
linked to anxiety, depression, and ASD (Maes et al., 2011), and was expected
to influence the performance of the children with ASD in the current study.

Method
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Participants
Thirty-five children with ASD and 35 age-, IQ-, and gender-matched TD
children participated in this study. Children with ASD were recruited through
several mental health care clinics in the Netherlands, and all had a clinical
diagnosis according to the DSM-IV criteria for ASD such as autism, Asperger
syndrome or PDD-NOS (American Psychiatric Association, 2000; American
Psychiatric Association, 2013). The children were all diagnosed by a
multidisciplinary team specialized in the assessment of children with ASD.
Moreover, in the current study only those children were included who scored
above the Dutch cut-off for autism (score of 65: Roeyers, Thys, Druart, De
Schryver, & Schittekatte, 2011) on the Social Responsiveness Scale parent
report (SRS: Constantino et al., 2003). In addition, to verify the diagnosis, also
the ADI-R (Lord et al., 1994) was administered. Children reaching specified
cut-offs in at least two of the three specified domains were included in the
current study (Gray, Tonge, & Sweeney, 2008; Rutter, Lord, & LeCouteur,
2003). One child did not meet the cut-off score of 65 on the SRS (Charman et
al., 2007), but as the score approached the cut-off, the ADI-R was still
administered. All children reached the specified ADI-R cut-off scores, and
were, therefore, included (see Table 2.1).
TD children were recruited via two primary schools in the Netherlands.
Screening questionnaires were administered; children having a psychiatric or
developmental disorder, taking psychotropic drugs, or scoring above the ASD
cut-off on the SRS were excluded.
Further inclusion criteria for both groups were 1) between 8-12 years
of age; 2) IQ scores > 80; and 3) absence of seizure disorders. Three children in
the ASD group had an estimated IQ-score below 80 and were excluded from
participation as well as the age-, IQ-, and gender-matched children from the
TD group. Based on the SRS score, one child of the TD group was excluded
from participation, as well as the age-, IQ-, and gender-matched child from
the autism group. Thirty-one children with ASD met the inclusion criteria and
were included in the present study (25 boys and 6 girls). Thirty-one children
from the TD group, matched on age, estimated IQ scores, and gender were
included (for details see Table 2.1). Eleven of the ASD participants and none of
the TD participants used psychotropic medication on a permanent basis.
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Table 2.1 Means (standard deviation) demographic and clinical scores ASD and TD groups
Measure

Group
ASDa (N = 31)

Range

TD (N = 31)

Range

Group comparison
T (60)
p

Gender (boys/girls)
Age (years)
FSIQc
SRSd
CSBQe

25/6
10.5
108.7
105.0
48.7

(1.4)
(20.0)
(24.0)
(11.5)

8.1 - 12.9
81 - 149
61 - 149
29 - 69

25/6
10.5
109.4
25.4
7.8

8.2 - 12.5
80 - 154
5 - 58
0 - 24

.28
-.13
15.6
-16.4

ADI-Rf
Social interaction
Communication
Repetitive behavior
Visible <36 months

20.0
16.3
4.8
3.0

(4.5)
(3.4)
(2.4)
(1.0)

10 - 27
8 - 14
1 - 10
1 -5

b

(1.1)
(19.8)
(15.4)
(7.3)

.31
.88
<.05
<.01

Note The ASD group consisted of children with a clinical diagnosis of Autism (n = 9), Asperger’s syndrome (n = 10), and PDD-NOS (n =
12). For 24 children the cut-off was reached on all three scales of the ADI-R and for 7 children the cut-off was reached on the social and
communication scale but not on the repetitive behavior scale. For all children the onset was before three years of age.
a
Autism Spectrum disorder
b
Typically Developing
c
Full Scale Intelligence Quotient
d
Social Responsiveness Scale
e
Children’s Social Behavior Questionnaire
f
Autism Diagnostic Interview Schedule-Revised

Measures
Gender-emotion switch task
The gender-emotion switch task is an adaptation of the classical switch task
(Rogers & Monsell, 1995; H. A. White & Shah, 2006). Pictures of two male and
two female faces, looking angry or happy, were displayed on the computer
screen. Participants alternated between reporting the emotion or the gender
of a face by pressing a left or right button on the keyboard. Participants were
instructed about which button referred to happy, angry, male, and female. A
central fixation cross appeared (400-600 ms) on the screen during each trial,
followed by the fixation cross together with the task cue (600 ms) consisting
of an angry and a happy emoticon when emotion had to be reported, or a
symbol like male/female picture if gender had to be reported (see also Figure
2.1). The position of the pictures on the task cue corresponded with the
position of the buttons that had to be pressed (e.g., if a left button press
corresponded with a happy face, the happy emoticon was on the left side of
the task cue). This was followed by the target-picture, which appeared
together with the task cue (2000 ms or until a response was given; see Figure
2.1). Three practice blocks were administered to ensure the task was
understood. The first consisted of 16 trials of the emotion task and the second
of 16 trials of the gender task. A block was repeated if the participant failed on
more than 25% of the trials. The third practice block consisted of 40 trials
randomly switching between the gender and the emotion task. The three
experimental blocks consisted of 72 trials each. One third of the trials were
switch trials (switching from the gender to the emotion task or the other way
around), and occurred randomly after two, three, or four repeat trials. The
task took about 17 minutes. Faces were from the Karolinska Directed
Emotional Faces Set (Lundqvist, Flykt, & Öhman, 1998). Outcome measures
were omission error rate (no button press), commission error rate (an
incorrect button press), error rate switch cost (mean error rate on all switch
trials minus mean error rates on all repeat trials), and reaction time switch cost
(mean reaction time on all switch trials minus mean reaction time on all repeat
trials). Please note that all error rates were error percentages. To study the
effect of emotional stimuli, we also separately calculated switch costs on
gender trials (reaction time and error rate on emotion to gender switch trials
minus reaction time and error rate on gender to gender repeat trials), and on
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emotion trials (reaction time and error rate on gender to emotion switch trials
minus reaction time and error rate on emotion to emotion repeat trials).
Cognitive ability
Cognitive functioning was estimated with two subtests of the Dutch Wechsler
Intelligence Scale for Children (WISC-III: Kort et al., 2002); Vocabulary, and
Block Design. These subtests both have good reliability and correlate highly
with Full Scale IQ (FSIQ: Sattler, 2001).

Figure 2.1 Schematic illustration of two sample trials from the gender-emotion switch
task. RSI = Response stimulus interval. Time is in milliseconds

Diagnostic material and questionnaires
The SRS (Constantino et al., 2003) is a valid and reliable quantitative measure
of autistic traits (Bölte, Poustka, & Constantino, 2008; Constantino et al.,
2003). The ADI-R (Lord et al., 1994) is a comprehensive semi-structured
interview for parents or principal caregivers, probing for symptoms of ASD.
Scores for each of the three domains (reciprocal social interaction;
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communication and language; and restricted and repetitive, stereotyped
interests and behaviors) reaching specified cut-offs, and evidence of
developmental abnormality before the age of 36 months, suggests a DSM-IV
(American Psychiatric Association, 2000) or ICD-10 (World Health
Organization, 1992) diagnosis of autism (Gray et al., 2008; Rutter et al., 2003).
The CBSQ subscales ‘stereotyped behavior’ and ‘fear of changes’ were used to
assess these constructs in daily life. This questionnaire also assesses different
aspects of social behavior, and consists of 49 items divided in six subscales (de
Bildt et al., 2009; Hartman et al., 2007).
Procedure
After written informed consent, SRS, and screening questionnaires were
obtained from the parents, participants were tested in two sessions. In the
first session the ADI-R was administered to parents (in the ASD group), and
the WISC-III subtests to the children. In the second session, the genderemotion switch task was administered to the children, and the CSBQ was
filled out by the parents. As the current study is part of a larger ongoing
intervention study, more tasks and questionnaires were administered, but
these are not of relevance for the current study. On both sessions the task
order was counterbalanced across participants and during the sessions short
breaks were inserted. The first session lasted about 70 minutes for the children
and 150 minutes for the parents. The second session lasted about 90 minutes
for the children and 50 minutes for the parents.
Statistical Analysis
First, to determine whether there were differences in switch costs between
children with and without ASD, performance on the switch task (error rates
and reaction time) was analyzed using repeated measures ANOVAs with trial
type as the within subject factor (two levels: switch and repeat trials) and
group as the between subject factor (two levels: ASD and TD). Second, as ASD
is known to be a heterogeneous group, we expected high variability of
performance. Therefore, speed accuracy tradeoffs were studied by ranking
groups on reaction times. Within subject influence of reaction time on error
rate, and interaction effects of group by reaction time, were investigated
using MANOVAs. Third, as cognitive flexibility was expected to be related to
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stereotyped and repetitive behavior, correlations were calculated between
switch costs in error rate, and in reaction time, with the ADI-R repetitive
behavior scale, and the CSBQ stereotyped behavior, and fear of changes
scales for the ASD group. Finally, to investigate the influence of switch
direction (i.e., influence of emotional cues), switch costs on gender trials and
emotion trials were compared with a repeated measures ANOVA. These
explorative analyses were done for the group as a whole, with group as
between subject variable. Both groups were also analyzed separately, to
control for the expected high variability of performance within the ASD group.
Missing data and outliers
SRS-scores were missing for one child in the TD group, and CSBQ data missed
for two children in the ASD group, because their parents did not complete
these questionnaires. There were no significant outliers. All variables were
normally distributed except for switch costs in reaction time on gender trials
within the ASD group. However, this variable was normally distributed within
the whole group.

Results
Matching and assessment
The individual matching was successful as there were no significant group
differences in age, estimated FSIQ, and male/female ratio. As expected, the
ASD group had significantly higher SRS and CSBQ scores than the TD group
(see Table 2.1).

Do children with ASD show cognitive flexibility deficits?
As expected, all participants performed better on repeat trials than switch
trials as they all showed significantly higher commission error rates, F (1,60) =
42.81, p<.001, partial η² = .42, omission error rates, F (1,60) = 17.6, p < .001,
partial η² = .23, and reaction times, F (1,60) = 162.1, p < .001, partial η² = .73, on
switch trials compared to repeat trials (see Table 2.2). Although the ASD
group had slightly higher error rates, there was neither a significant effect of
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group on commission error rates, F (1,60) = 1.84, and omission error rates, F <
1, nor an interaction effect, p’s > .10 (see Table 2.2). Furthermore, there were
neither significant differences between the two groups on reaction time, F < 1,
nor a significant interaction effect of group and trial type, p’s > .10.
Is there a difference between children with and without ASD in speed
accuracy tradeoff?
In both groups, children with high and low reaction times had similar
commission error rates (both ASD and TD, F <1, ns), but children with high
reaction times had significantly higher omission error rates than children with
low reaction times (ASD, F (3,27) = 4.03, p = .02, partial η² = .31; TD, F (3,27) =
4.69, p = .01, partial η² = .34; see Figure 2.2). Moreover, there was an
interaction trend; the children with ASD with high reaction times (N = 8), had
relatively higher omission error rates than TD children with high reaction
times (N = 8), F (3,54) = 2.21, p = .10, partial η² = .11. The reaction times of
these relatively slow children with ASD (M = 1037 ms, SD = 126, range 9511277) did not approach the maximum possible reaction time (2000 ms). Hence,
the high rate of omission errors is not a result of overall slowness or the
inclusion of a too short inter stimulus interval. This ASD subgroup indeed
performed relatively poor overall, both in speed and accuracy.
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Table 2.2: Group comparison (ASD & TD) of commission error rates (CER), omission error rates (OER), and reaction times (RT).
Group
ASDa
Repeat

Switch

TDb
Repeat

Switch

Switch effect
F (1,60) p
42.81
17.60
162.10

ηp²

Interaction
F (1,60) p

ηp²

.42
.23
.73

0.69
0.07
0.08

.01
.00
.00

Measure
CERc
OERd
RTe

a

10.9 (5.6)
16.1 (8.3)
9.4 (4.8) 13.4 (7.6)
3.0
(6.9)
4.6 (8.7)
1.7
(2.0) 3.1 (3.0)
842.4 (136.5) 955.4 (162.7) 845.0 (131.4) 962.9 (154.7)

Autism Spectrum disorder
Typically Developing
c
Commission error rate
d
Omission error rate
e
Reaction time
b

<.001
<.001
<.001

.41
.79
.79

Figure 2.2 Speed Accuracy tradeoff. OER = omission error rate, CER = commission
error rate ¹There was an interaction trend; children with ASD and high reaction times
(N = 8), had relatively higher omission error rates than TD children with high reaction
times (N = 8)

Is performance on a switch task related to stereotyped and repetitive
behavior?
Within the ASD group, the correlation of the ADI-R repetitive behavior scale
with the switch costs in omission error rate, was marginally significant, r = .34
p = .06 (see Table 2.3). The CSBQ stereotyped behavior scale correlated
significantly with switch costs in omission error rates, r = .44 p < .05, but none
of the other correlations were significant (see Table 2.3 for details).
Do children with ASD have trouble disengaging from an emotional task
set?
There was no group by switch direction interaction effect in switch costs in
reaction time, F (1,60) = 2.17, ns; commission error rate, F (1,60) < 1, ns; or
omission error rate, F (1,60) = 1.04, ns. However, given the exploratory nature
of this research question, we did run separate follow up analyses for each of
the two groups. Within the ASD group we did find a trend for switch direction;
the switch costs in reaction time were higher on emotion to gender trials
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(compared to gender to gender trials) than on gender to emotion trials
(compared to emotion to emotion trials), t (30) = 1.8, p = .08. Hence, switch
costs were relatively higher when children with ASD had to shift from an
emotional to a neutral task set, than when they had to shift their attention
from a neutral to an emotional task set. In the TD group, switch costs in both
directions were equal, t (30) = .17, p = 0.87. In both groups there were no
differences in switch costs in error rates, p’s > .10 (See Figure 2.3).
Table 2.3 Correlation within the ASD group (r)
Switch costs
Scale
a

ADI-R repetitive behavior
CSBQb stereotyped behavior
CSBQ fear of changes

Error rate
Commission

Reaction time
Omission

-.07
.03
-.21

.341
.44 *
-.30

.08
.14
-.11

Note The correlational pattern was independent of IQ as controlling for IQ did not
alter this correlational pattern.
a
Autism Diagnostic Interview Schedule-Revised
b
Children’s Social Behavior Questionnaire
* <.05 1 This correlation was marginally significant, p = .06
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Switch cost RT
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gender-emotion
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Figure 2.3 Switch costs in total reaction times on gender and emotion trials. Error bars
represent standard errors of the mean Emotion-gender emotion-gender switch trials
compared to gender-gender repeat trials Gender-emotion gender-emotion switch
trials compared to emotion-emotion repeat trials. ¹ Switch costs in reaction time were
relatively higher on emotion to gender trials than on gender to emotion trials p = .08.

Discussion
The goal of the current study was to bridge the gap between cognitive
flexibility deficits in ASD as reported in everyday life and the inconsistencies in
findings in studies trying to detect these deficits in the laboratory (Geurts,
Corbett et al., 2009). To this end, performance of children with and without
ASD was compared on a switch task with minimal WM-load, and increased
ecological validity (as unpredictable switches, and more complex stimuli, i.e.,
emotional faces, were included). Switch costs on this so called genderemotion switch task, measuring cognitive flexibility, were comparable to
switch costs reported in other switch task studies (Poljac et al., 2010; Schmitz
et al., 2006; Shafritz et al., 2008; Stoet & Lopez, 2011; Yerys et al., 2009). In
contrast with our expectation, children with ASD did not show cognitive
flexibility deficits on the current task. Nonetheless, in line with the findings of
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Yerys and colleagues (2009), an increase in stereotyped and repetitive
behavior was related to an increase in switch costs within the ASD group.
Apparently, children with ASD that perform poorly (i.e., less accurate) on a
switch task also show relatively more stereotyped and repetitive behavior in
everyday life. The null findings on the switch task in combination with the
observed relation with repetitive behavior is in correspondence with the
finding that there were relatively large individual differences within the ASD
group. It appears that only a subgroup of children with ASD show cognitive
flexibility deficits, and in the current study, only a subgroup performed
relatively slow and was less accurate. Also, children with ASD had higher
switch costs in speed of responding, when switching from emotion to gender
trials than the other way around.
Our findings are in line with other studies using switch tasks with low
WM-load (Schmitz et al., 2006; Stoet & Lopez, 2011). However, because of the
unpredictable switches (Maes et al., 2011; Stoet & Lopez, 2011; Yerys et al.,
2009) and increased ecological validity, it was expected that children with
ASD would perform worse than children without ASD. There are at least three
possible explanations for the current findings. Firstly, although switches
occurred in an unpredictable manner, children did know that switches would
occur at some point, so they were still in a way prepared for the switches. In
everyday life, children with ASD seem especially rigid when a change of plans
or a disruption in their routine happens entirely unexpected. When warned,
guided, or prepared for a certain change, children with ASD seem better able
to adjust to a new situation (Meadan, Ostrosky, Triplett, Michna, & Fettig,
2011). A switch task is quite predictable compared to everyday life, and
consists of explicit rules. Possibly, children with ASD performed as well as
children without ASD because the current task was still too predictable.
Moreover, alongside cognitive flexibility, performing a switch task also relies
on systemizing skills, as understanding the rules concerning causality, and
predictability of outcome is necessary for a good performance on this type of
tasks (Lawson, Baron-Cohen, & Wheelwright, 2004). Systemizing skills are
thought to be well developed in individuals with ASD (Lawson et al., 2004) and
might compensate for the cognitive flexibility deficits in children with ASD
when performing the current task.
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Secondly, a switch task might be an overly pure cognitive flexibility
measurement, while in everyday life, cognitive flexibility is never entirely
isolated. Cognitive flexibility seems intact in ASD in an artificial isolated form,
but it might exacerbate perseverative behavior (Dichter et al., 2010) when
combined with other constructs (e.g., WM). Indeed, Schmitz et al. (2006)
reported no cognitive flexibility deficits in ASD on a switch task with
unpredictable switches and low WM-load, while cognitive flexibility deficits
are reported on switch tasks with both unpredictable switches and high WMload (Maes et al., 2011; Stoet & Lopez, 2011). Hence, our choice to reduce the
WM-load, to increase the purity of the measurement of cognitive flexibility,
might have led to decreased ecological validity.
Thirdly, ecological validity could still be insufficient in the current task
for other reasons. Using faces as stimuli probably improves ecological validity,
because in everyday life, individuals have to deal with other people’s
emotions. However, to prevent that instead of cognitive flexibility, emotion
recognition abilities would influence task performance, the current task
contained only the most basic emotions. In everyday life individuals with ASD
specifically experience problems with recognizing more complex and subtle
emotions (Begeer, Koot, Rieffe, Meerum Terwogt, & Stegge, 2008). These
subtle emotions might, in particular, require more flexible behavior, as an
appropriate response depends more on the context in which the emotion is
displayed. It is relatively easier to recognize, and interpret, basic emotions like
‘angry’ and ‘happy’, to predict which behavior is most appropriate, and to act
accordingly. Also, the faces are administered on a computer screen and no
real social response is needed (Ozonoff, 1995). Hence, in future studies the
inclusion of more complex emotions might increase the ecological validity
(see for other suggestions Kenworthy et al., 2008) to a higher extent.
Some might argue that the task in itself was not the reason for our
null-findings, but that the pattern of findings was due to the validity of our
ASD sample. We chose not to administer an Autism Diagnostic Observation
Schedule (ADOS: Lord et al., 2000) to determine the present ASD
characteristics. However, given the thorough diagnostic trajectory all the
children in the current sample completed, including a parent report regarding
the current ASD characteristics, this does not seem to be a plausible
explanation for the lack of an overall group deficit in cognitive flexibility.
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A potentially interesting finding was the trend in the ASD group that
slow responding participants were less accurate than fast responding
participants, compared to the TD group, where slow and fast responding
participants were equally accurate. In both the ASD and TD group, the slower
children made more omission errors, but in the ASD group, this contrast was
larger, resulting in an interaction trend. The most simple explanation would be
that slower children just responded too late more often (i.e., exceeding the
time limit). However, this does not seem to be the case as the relatively slower
responding children did not show such long reaction times. These relatively
large individual differences within the ASD group, with only some participants
performing relatively poorly overall (high reaction times as well as high error
rates), might indicate that only a subgroup of the ASD population experience
pure cognitive flexibility deficits and perform poorly on a switch task. Indeed,
the ASD population is known for its variability in both behavior and cognition,
and even in the basic features of ASD, i.e., social interaction, communication,
and restricted and repetitive behaviors and interest (Happé & Ronald, 2008).
There are individual differences even in very young children with ASD, in
theory of mind, executive functioning, and central coherence, and such
individual differences seem to be present at a slightly older age as well
(Pellicano, 2010b). In that light, the ASD population cannot be seen as a
completely homogeneous group. Probably, only some individuals with ASD
perform poorly on switch tasks, and only some show stereotyped and
repetitive behavior in everyday life. These large individual differences within
the ASD population could explain the high variability in performance within
the ASD group in the current study. Especially since seven children with ASD
in the current sample did not meet the criteria for repetitive behavior on the
ADI-R. It is questionable if the ASD population can be considered and studied
as one homogenous group with respect to cognitive flexibility. The high
variability within the ASD group makes it hard to find any group differences
when comparing the whole ASD group to a TD group.
Additionally, we found that the ASD group showed higher switch
costs in reaction time when switching from emotion to gender trials than the
other way around. In the TD group switch costs in reaction time were equal in
both directions. The current findings are still preliminary, but they do suggest
that children with ASD indeed need more time to disengage from an
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emotional task set. Both groups processed emotion trials more slowly than
gender trials, but as switch costs were compared, this relatively slow
processing of the emotions cannot explain the findings. In the current task,
participants had to react to the emotions in the emotion task, and in the
gender task, the still visible emotions had to be ignored. A stronger distinction
between the gender and emotion task might result in more robust differences
between the two groups. Moreover, Johnson (2009) found a similar effect, and
an influence of trait anxiety. Therefore, it will be important that in a future
study frequently occurring comorbid anxiety within the children with ASD (S.
W. White, Oswald, Ollendick, & Scahill, 2009) will be measured to determine
whether our pattern of findings are related to ASD or are related to comorbid
anxiety.
In conclusion, children with ASD do not show deficits on the genderemotion switch task, but switch performance is related to the amount of
stereotyped and repetitive behavior. Moreover, a subgroup of children with
ASD performs relatively poorly overall, and children with ASD seem to have
more difficulty disengaging from an emotional task set. The high variability
within the ASD group reflects individual differences, and heterogeneity within
this population. This implies that instead of focusing on analyses on a group
level, an individual differences approach might be more fruitful for future
research.
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3. Beyond individual differences; are working
memory and inhibition informative specifiers
within Autism Spectrum Disorders?
Objective Findings on working memory (WM) and inhibition in children with autism
spectrum disorders (ASD) are contradictory and earlier studies largely ignored
individual differences. As WM and inhibition seem to be related, children who
experience WM deficits might also experience inhibition deficits. Moreover, these
children possibly form a distinct subgroup, differing on other variables, like cognitive
functioning, symptom severity, behavior, and Attention Deficit Hyperactivity Disorder
(ADHD) characteristics.
Method We studied a large sample of children with and without ASD (8-12 years, IQ >
80) with classic experimental tasks (n-back task, ASD N = 77, control N = 45; stop task,
ASD N = 74, control N = 43), and explored individual differences.
Results The ASD group made more errors on the n-back task with increasing WMload, and had longer stop signal reaction times on the stop task compared to controls.
However, only 6 % of the ASD group showed both WM and inhibition deficits, and
71 % showed no deficits. Parents of children with WM and/or inhibition deficits tended
to report more conduct problems on the Disruptive Behavior Disorder rating-scale.
ADHD characteristics did not influence performance. Some children used medication
during testing, which seemingly influenced stop task performance, but excluding
these data did not change the main findings.
Conclusion Large individual differences in cognitive functioning are present, even
within children with ASD with average or above average intelligence. However,
whether individual differences in specific cognitive domains like WM and inhibition are
as informative as individual differences in diagnosis, comorbidity, and general
cognitive functioning, calls for future research.

Based on:
de Vries, M., & Geurts, H.M. (2014) Beyond individual differences: are working
memory and inhibition informative specifiers within ASD? Journal of Neural
Transmission, 1-16.
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Children with an autism spectrum disorder (ASD) experience difficulties in
social interaction and communication, and show restricted, repetitive
behavior and interests (American Psychiatric Association [APA], 2000).
Deficits in executive functions (EFs) might partly explain the difficulties that
children with ASD experience (Russell, 1997). EFs are cognitive functions that
are required to plan and perform actions and adapt to the environment, such
as working memory (WM), inhibition, planning, and cognitive flexibility.
Various EFs, like shifting, updating and inhibition (Miyake et al., 2000; Miyake
& Friedman, 2012), and interference control and WM (Schleepen & Jonkman,
2010) are considered to be related. In daily life children with ASD show
difficulties in these functions (Hill, 2004; Russo et al., 2007), while laboratory
findings are inconsistent (Geurts, Corbett et al., 2009; Kenworthy et al., 2008).
Individual differences within the ASD population are a potential explanation
for these inconsistent findings; some, but not all individuals with ASD show EF
deficits (de Vries & Geurts, 2012; Pellicano, 2010b; Towgood et al., 2009).
Moreover, there is no well-defined EF-profile for ASD (Verté et al., 2006;
Wong et al., 2006), and although ASD behavior seems to be related to EF
deficits, influence of secondary problems on EF measures are hard to rule out
(Verté et al., 2006). Hence, in general studying individuals with ASD as a
uniform group, and studying EF deficits in ASD as a uniform problem, is too
limited and might be misleading.
In the Diagnostic and Statistical Manual of Mental Disorders fifth
edition (DSM-5: American Psychiatric Association, 2013), the addition of
specifiers (Lauritsen, 2013), like general cognitive functioning and language
abilities (Regier et al., 2013), acknowledges the observed individual
differences within the ASD population. These specifiers should bring greater
awareness to clinicians and researchers about severity, details, presentation
and prognosis of the disorder, and are informative to plan and apply
appropriate treatment, and anticipate on outcome (Regier et al., 2013). For
example, in young children with ASD, motor skills and overall cognitive level
contribute to a better outcome (Sutera et al., 2007). Correspondingly, we
argue that besides focusing on these broad cognitive specifiers, one needs to
identify specifiers in EFs. Specific EF deficits in an individual with ASD might
influence the reaction to treatment, and outcome. For example, young adults
with ASD with poor cognitive flexibility did not improve in social adaptive
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functioning after residential treatment, while their counterparts with better
cognitive flexibility did improve (Berger, Aerts, Spaendonck, Cools, &
Teunisse, 2003). Also, children with Attention Deficit Hyperactivity Disorder
(ADHD) with poor inhibition showed worse outcome after medication
treatment than their counterparts with better developed inhibition (Van der
Oord, Geurts, Prins, Emmelkamp, & Oosterlaan, 2012). These examples
emphasize the clinical relevancy to determine EF specifiers.
In the current study we focused on two out of three core EF domains
(WM, inhibition, and cognitive flexibility; Lehto, Juujärvi, Kooistra, &
Pulkkinen, 2003); WM and inhibition. These two central EFs might largely
explain the difficulties that children with ASD encounter in daily life (e.g.,
Gilotty, Kenworthy, Sirian, Black, & Wagner, 2002), and influence the
development of other EFs (Pellicano, 2012a). WM and inhibition develop
before the more complex EFs such as cognitive flexibility develop (Huizinga,
Dolan, & van der Molen, 2006), and are especially important to study, since
deficits in ASD in these central EFs are still subject to debate. Geurts and
colleagues (2004) found the most pronounced deficits in WM and inhibition,
as compared to cognitive flexibility and planning, but Sinzig and colleagues
(2008) did not replicate this pattern. Moreover, medium deficits in WM and
inhibition are reported (Willcutt et al., 2008), while deficits in cognitive
flexibility and planning appear to be large (Willcutt et al., 2008). Since some,
but not all studies find clear deficits in the central EFs WM and inhibition in
ASD, these are likely candidates to observe individual differences.
WM is the capacity to store, update and manipulate information
(Gathercole, Pickering, Ambridge, & Wearing, 2004). Findings on WM in ASD
are mixed (Travers, Klinger, & Klinger, 2011). Visual-spatial WM deficits in ASD
are often reported (Kenworthy et al., 2008; Williams, Goldstein, Carpenter et
al., 2005; Williams et al., 2006; but see Geurts et al., 2004), but verbal WM
deficits seem only evident on complex tasks (e.g., Williams et al., 2006).
Moreover, although some find WM deficits in individuals with ASD (Barnard et
al., 2008; Kenworthy et al., 2008; Williams et al., 2006), and that WM deficits
are related to daily EFs (Altgassen, Schmitz-Hübsch, & Kliegel, 2010), others
find no behavioral WM deficits (Geurts et al., 2004; Happé et al., 2006;
Koshino et al., 2005), although some do find abnormal brain activation
patterns during WM tasks in ASD (Koshino et al., 2005; Koshino et al., 2008).
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As WM development seems to be reduced and delayed in ASD (Happé et al.,
2006; Luna et al., 2007) studies with adults (Koshino et al., 2005; Koshino et
al., 2008) or a wide age range (Williams, Goldstein, Carpenter et al., 2005) are
presumably not representative for children. Moreover, the variety of tasks
that are used to measure WM might partly explain the conflicting findings.
Individuals with ASD seem to show greater difficulty on tasks that require
manipulation instead of maintenance only (Travers et al., 2011). However,
when we focus on a single WM task that includes maintenance and updating,
such as the n-back task, findings in children with ASD are still inconclusive.
Performance seems equally accurate (Cui et al., 2010; Williams, Goldstein,
Carpenter et al., 2005), but the speed accuracy trade-off (needing more time
to give the right response) appears larger; children with ASD react slower than
TD children (Cui et al., 2010). Therefore, in the current study, we measured
WM with the n-back task (both errors and reaction time) in a large group of
children with ASD in a selective age range (8-12 year). Given the previously
inconsistent findings, it is likely to observe individual differences.
Inhibition is the ability to stop or suppress a response. In the
laboratory setting, inhibition can be divided into resistance to proactive
interference, resistance to distractor interference, and prepotent response
inhibition (Friedman & Miyake, 2004). In ASD, resistance to proactive
interference seems intact (Bennetto, Pennington, & Rogers, 1996; Christ,
Kester, Bodner, & Miles, 2011), resistance to distractor interference seems
impaired (Adams & Jarrold, 2012; Christ et al., 2011; Geurts, Luman, & van
Meel, 2008; but see Ozonoff & Strayer, 1997; Sanderson & Allen, 2013), and
findings on prepotent response inhibition are inconclusive (Adams & Jarrold,
2012; Christ, Holt, White, & Green, 2007; Geurts et al., 2004; Sanderson &
Allen, 2013; Verté et al., 2005). However, a recent meta-analysis reported
deficits in both distractor interference, and prepotent response inhibition
(Geurts, van den Bergh et al., 2014). Inhibition tasks often also invoke other
mechanisms besides inhibition, like WM (Sanderson & Allen, 2013), which
might influence performance (Verté et al., 2005). To prevent this interference,
in the current study we used a prepotent response inhibition task (stop task)
with minimal WM-load. Children with ASD show medium deficits on the stop
task (Geurts, van den Bergh et al., 2014), but findings are heterogeneous
(Lipszyc & Schachar, 2010). Ozonoff and Strayer (1997) reported intact
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inhibition, but the sample size might have been too small to reveal group
differences in the heterogeneous ASD population. Therefore, we wanted to
determine whether we could replicate the findings from Verté and colleagues
(2005), that children with ASD do experience inhibition deficits. WM and
inhibition are not only related (Minamoto et al., 2010; Miyake et al., 2000;
Miyake & Friedman, 2012), but appear mutually influential (Diamond, 2013).
WM depends on inhibition when ignoring competing, irrelevant information
(Garon, Bryson, & Smith, 2008; Minamoto et al., 2010). Inhibition depends on
WM (Miyake et al., 2000; Redick, Calvo, Gay, & Engle, 2011) when inhibiting
certain behavior depends on stored rules. Hence, it is likely that children with
WM deficits also experience inhibition deficits, and vice versa (Garon et al.,
2008; Happé & Ronald, 2008; McNab et al., 2008; Minamoto et al., 2010;
Miyake et al., 2000; Miyake & Friedman, 2012; Redick et al., 2011). This
relation has been studied in ADHD (Schecklmann et al., 2012), but is still
unclear in ASD. On a related note, WM (Engelhardt, Nigg, Carr, & Ferreira,
2008; Willcutt et al., 2005) and inhibition deficits (Hobson, Scott, & Rubia,
2011; Oosterlaan, Logan, & Sergeant, 1998; Willcutt et al., 2005) are common
in children with ADHD. Hence, often reported ADHD characteristics in ASD
(Gargaro, Rinehart, Bradshaw, Tonge, & Sheppard, 2011; Leyfer et al., 2006;
Reiersen, 2011; Simonoff et al., 2008; Taurines et al., 2012) may increase WM,
and inhibition deficits in ASD (Sinzig et al., 2008). Therefore, when studying
WM and inhibition in ASD, it is important to control for possible influence of
ADHD characteristics.
In short, we wanted to explore whether the EFs WM and inhibition are
core deficits of ASD. A better approach might be to consider EF deficits as
specifiers that contribute to symptom severity within the newly defined DSM5 diagnostic criteria. With the current study, we tried to make an initial step in
this direction. The first aim was to determine whether children with ASD
experience WM deficits on an n-back task. The second aim was to determine
whether children with ASD show inhibition deficits. We included a large
sample of children with ASD, as this is necessary to reveal possible deficits in
the heterogeneous ASD group. We expected that in this large sample children
with ASD would perform worse than TD children on both a WM and an
inhibition task. Thirdly, we explored if a subgroup of children with ASD
showed both WM and inhibition deficits. Although individual differences
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within the ASD population in other domains seem well established (e.g.,
general cognitive functioning, comorbidity, and symptomatology), it is less
clear if various EF deficits co-occur in subgroups of children with ASD. As WM
and inhibition are related (Garon et al., 2008; Happé & Ronald, 2008; McNab
et al., 2008; Minamoto et al., 2010; Miyake et al., 2000; Miyake & Friedman,
2012; Redick et al., 2011), we expected that performance on the WM and
inhibition tasks would correlate and that those children with ASD experiencing
WM deficits would also experience inhibition deficits. Fourthly, to explore if
children with deficits can be considered a distinctive subgroup, we explored if
children with and without WM and/or inhibition deficits differed in cognitive
ability, symptom severity, and behavior. Finally, we explored if, as expected,
ADHD characteristics influenced task performance; if ADHD characteristics
could explain possible WM and/or inhibition deficits.

Method
Participants
Seventy-nine children with ASD (8-12 years) participated in this study. All
were clinically diagnosed with ASD according to the Diagnostic and Statistical
Manual of Mental Disorders IV (DSM-IV) criteria (American Psychiatric
Association, 2000), by a multidisciplinary team specialized in the assessment
of children with ASD. These clinical diagnoses were confirmed using the Social
Responsiveness Scale parent report (SRS: Constantino et al., 2003; Roeyers et
al., 2011) and the Autism Diagnostic Interview Schedule-Revised (ADI-R: De
Jonge & de Bildt, 2007; Lord et al., 1994). On average, the children were
clinically diagnosed 2.4 years (SD 1.8) before participating. Children with a
score of 57 or higher (Dutch ASD cut-off) on the SRS (Roeyers et al., 2011), and
reaching the specified cut-off on the social domain and at least on one of the
two remaining specified domains on the ADI-R (Gray et al., 2008; Lecavalier et
al., 2006; Rutter et al., 2003) were included. In all children IQ scores were
estimated with the Vocabulary and Block Design subtests of the Dutch
Wechsler Intelligence Scale for Children (WISC-III: Bodin, Pardini, Burns, &
Stevens, 2009; Kort et al., 2002; Sattler, 2001). Based on SRS and IQ scores,
two children were excluded from participation (see Figure 3.1). The remaining
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79 children with ASD (69 male) were included. Twenty-seven children took
psychotropic medication on a permanent basis: 8 children who used
methylphenidate, abstained from medication use 24 hours preceding, and
during the test sessions. Nineteen children used medication during test
sessions as abstinence would influence daily functioning too much (10
methylphenidate, 6 antipsychotics, 1 selective norepinephrine reuptake
inhibitor, 1 selective serotonin reuptake inhibitor).
Forty-six TD children performed the stop task (27 male), and 45 TD
children performed the n-back task (26 male). Part of the groups overlapped;
20 children performed both tasks. Parents reported that none of these
participants had psychiatric or developmental disorders or took psychotropic
drugs, and none of these children scored above the cut-off on the SRS (57,
Roeyers et al., 2011; see Figure 3.1).
There were no significant differences in age and estimated IQ
between the ASD and TD groups, but in the TD groups there were relatively
more girls. As expected, the ASD group had significantly more autism traits
(SRS total score) and ADHD characteristics (inattention and
hyperactivity/impulsivity scale of the Disruptive Behavior Disorder rating scale
[DBDRS: Oosterlaan, Scheres, Antrop, Roeyers, & Sergeant, 2000]) than the
TD groups (see Table 3.1).
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Table 3.1 Means (standard deviation) demographic and clinical scores ASD and TD groups
Total group
Measure
ADI-Rc
Social interaction
Communication
Repetitive behavior
Visible <36 months
n-back task
Measure
Gender (boys/girls)
Age (years)
IQd
SRSe
DBDRS-ADHDc
Stop task
Measure
Gender (boys/girls)
Age (years)
IQ
SRS
DBDRS-ADHDfc

a

Group
ASDa (N = 79)

Range

18.5 (4.4)
15.7 (3.4)
4.7 (2.3)
2.6 (1.0)

10-27
7-24
0-10
1-5

ASD (N = 77)
67/10
10.7 (1.4)
109.5 (20.5)
97.8 (23.3)
25.9 (10.7)

Range

ASD (N = 74)
64/10
10.6 (1.4)
109.3 (20.9)
97.7 (23.2)
25.8 (10.8)

Range

7.9-12.9
81-170
57-149
6-49

7.9-12.9
81-170
57-149
6-49

TDb (N = 71)
n/a

Range

TD (N = 45)
27/18
10.3 (1.3)
105.9 (18.7)
22.1 (12.4)
6.3 (4.6)

Range

TD (N = 43)
26/17
10.4 (1.1)
107.7 (18.9)
20.4 (12.6)
6.5 (5.4)

Range

8.2-13.0
81-154
5-53
0-21

8.2-12.0
81-159
3-51
0-19

Group comparisond
T (148)
p

T (120)
χ2(1) 11.7
-1.5
-1.0
-20.2
-11.5

p
.00
.13
.34
<.001
<.001

T (115)
χ2(1) 10.4
-0.5
-0.4
-20.2
-10.8

p
.00
.62
.69
<.001
<.001

Autism Spectrum Disorder (Autism = 19, Asperger syndrome = 24, Pervasive developmental disorder not otherwise specified [PDD-NOS] = 36) 63 children reached the
cut-off on 3 scales of the ADI-R, 16 on 2 scales; 15 children did not reach cut-offs on the repetitive behavior scale, and one not on the communication scale. For all
children the onset was before three years of age
b Typically Developing. There were no significant differences between the TD children who performed the n-back task, the stop task, or both
c Autism Diagnostic Interview Schedule-Revised
d
Estimated Intelligence Quotient. Although the estimated IQ-scores covered a wide range, and for some children was relatively high, there were no outliers. Hence, no
children were excluded based on high IQ
e
Social Responsiveness Scale total score
f
Inhibition and hyperactivity/impulsivity scale of the Disruptive Behavior Disorder rating scale. From one ASD and one TD child, DBDRS data were missing
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Tasks and questionnaire
N-back task
The n-back task (Casey, Cohen et al., 1995; Williams, Goldstein, Carpenter et
al., 2005) is an often used (E. E. Smith & Jonides, 1999), and valid (Chatham et
al., 2011) measurement of WM, in which storing, updating, and integrating
information is needed (Chatham et al., 2011; Shipstead, Redick, & Engle,
2012). Images are presented one by one, and participants have to indicate if
the current image equals the image N trials before. N-back tasks using visualspatial images appear to be more difficult than verbal n-back tasks (e.g. 12 out
of 41 children could not finish the 2-back task in the study by Cui et al., 2010),
but verbal 2-back tasks seem to be well suited for children (Schleepen &
Jonkman, 2010). In the current n-back task, images of simple objects
(Severens, Lommel, Ratinckx, & Hartsuiker, 2005) were presented on a
computer screen. The task consists of three levels with increasing WM-load: 0back, 1-back, and 2-back. In the 0-back (baseline) level participants have to
press ‘yes’ when the image is a dog, and ‘no’ to other images. In the 1-back
condition participants have to press ‘yes’ when the image matches the
previous picture, and ‘no’ in response to non-matching images. In the 2-back
condition ‘yes’ has to be pressed when the image matches the image two
trials back, otherwise ‘no’ has to be pressed. Each image appears for 1000 ms,
with a 900-1100 ms response stimulus interval. The task consists of one
practice block (15 trials) for each level, and four experimental blocks (15 trials
each) for each level. On one third of the experimental trials a ‘yes’ response is
required. The blocks of the different levels alter, and each block starts with an
instruction of the level. Outcome variables are the total number of
commission (wrong button press) and omission (failed button press) errors,
and reaction time (RT) on correct trials. RTs faster than 100 ms are considered
invalid, hence, are excluded.
Stop task
The stop task is a relatively pure, and well-established measurement of
prepotent response inhibition (Logan, 1994), yet it is not often used in ASD
research (Geurts et al., 2004; Ozonoff & Strayer, 1997; Verté, Geurts, Roeyers,
Oosterlaan, & Sergeant, 2006). In the stop task, participants respond to a
stimulus as fast as possible, but in some trials a stop-signal appears, and the
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response has to be inhibited. The delay between the go- and stop-signals is
adjusted using a tracking mechanism; after a successful stop the delay is
lengthened, increasing difficulty, after a failed stop, the delay is shortened,
reducing difficulty. The stop signal reaction time (SSRT) is estimated from the
distribution of reaction times on go-trials, the distribution of reaction times on
stop-trials, and the probability of responding on stop-trials. The current stop
task is an adaptation of the classical stop task (Logan, Schachar, & Tannock,
1997; Morein-Zamir, Hommersen, Johnston, & Kingstone, 2008). A picture of
a yellow dog (go-signal) appears on the computer screen. If the dog faces left,
participants have to press a left arrow key on the keyboard, and if the dog
faces right, a right arrow key has to be pressed. When the dog turns red (stopsignal), the participant has to inhibit a response. The first stop-signal appears
after 300 ms. The stop-signal-delay lengthens with 50 ms. after a successful
stop, but shortens with 50 ms. after a failed stop. The task consists of one
practice block (80 go-trials), and three experimental blocks (80 trials each)
with 30% stop-signals. The outcome variable is the SSRT; the estimated
latency to inhibit a response (Logan & Cowan, 1984). Inhibition difficulty
results in a higher SSRT.
DBDRS
The Dutch version of the Disruptive Behavior Disorder Rating Scale (DBDRS;
Antrop, Roeyers, Oosterlaan, & Van Oost, 2002; Oosterlaan et al., 2000;
Pelham, Gnagy, Greenslade, & Milich, 1992; Zuddas et al., 2006) is a widely
used and valid and reliable screening instrument for ADHD, conduct disorder
(CD), and oppositional defiant disorder (ODD), in accordance with DSM-IV
criteria. The DBDRS consists of 42 items and four scales (inattention 9 items,
hyperactivity/impulsivity 9 items, ODD 8 items, and CD 16 items). Parents
score their child’s behavior on a 4-point Likert scale, ranging from 0 (not at all)
to 3 (very much). The DBDRS has good psychometric properties (Oosterlaan
et al., 2000), with good sensitivity and specificity (Collett, Ohan, & Myers,
2003) on the inattention and hyperactivity/impulsivity scales, and high interrater agreement on the ODD and CD scales (Antrop et al., 2002). For the
current study we used the sum of the inattention and hyperactivity/impulsivity
scales as a measure of ADHD characteristics. All four scales were used to study
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the differences between children with ASD with and without WM and/or
inhibition problems.
Procedure
Children with ASD were recruited via several mental health care institutions in
the Netherlands, and advertisements on the internet. TD children were
recruited via different community schools in the Netherlands. Written
informed consent, a screening questionnaire, and the SRS (Constantino et al.,
2003; Roeyers et al., 2011) were obtained from the parents. Participants were
tested in two sessions. Firstly the children’s intellectual ability was estimated
with Vocabulary and Block Design of the WISC-III (Kort et al., 2002), and the
ADI-R (De Jonge & de Bildt, 2007; Lord et al., 1994) was administered to the
parents of the ASD group. Secondly the stop and n-back tasks were
administered to the children, and all parents filled out the DBDRS (Oosterlaan
et al., 2000). Children were instructed to respond as quickly and accurately as
possible. Speed was especially emphasized on the stop task, to prevent
children from ‘waiting’ until the dog turned red. Average total duration of each
session was 90 minutes, including breaks. Children received a small gift for
participating, and parents of the children with ASD received a report with the
ADI-R results and travel expenses were largely covered.
Data analysis
In the TD group, all variables were distributed normally. Errors on the n-back
task and SSRT on the stop task were not normally distributed in the ASD
group, however as the sample size was relatively large, all data were analyzed
with parametric tests (Field, 2009).
As relatively many children used medication, we first conducted a ttest, to determine if children who used medication differed from children who
did not use medication on ADI-R subscales and the SRS. Second, analyses
were done with and without children who used medication during test
sessions, to test if medication use influenced the overall findings. Third, to
study the possible influence of medication use on EF, we performed separate
ANOVAs on n-back and stop task performance comparing children who used
medication during test sessions, with children who refrained from medication
during test sessions, and children who did not use any medication.

53

Gender was included in all analyses as a between subject factor as in
the current study the proportion of girls differed significantly between the
groups and males and females might perform differently on the n-back task
(Lejbak, Crossley, & Vrbancic, 2011), and stop task (Lemon, Gargaro, Enticott,
& Rinehart, 2011). To check if age influenced n-back task performance, an
exploratory repeated measures ANOVA with age as a covariate was
conducted.
To determine whether n-back task performance differed between
children with and without ASD, errors and the RTs were analyzed with a
repeated measures ANOVA. Level (WM-load; 0-back, 1-back, 2-back) was a
within subject factor, and group (ASD, TD), and gender (male, female) were
between subject factors. Separate level comparisons were conducted with ttests. One child with ASD misunderstood the n-back task, and from another
child with ASD the data was lost due to technical problems. Hence, 77 children
with ASD (67 male), and 45 TD children (27 male) were included for the n-back
analyses.
To determine whether there were differences in stop task
performance between children with and without ASD, SSRT was analyzed
using an ANOVA with group (ASD, TD), and gender (male, female) as fixed
factors. To check if age influenced stop task performance, an exploratory
ANOVA with age as a covariate was conducted. Before conducting the main
stop task analyses, internal consistency was tested, ensuring the tracking
algorithm worked properly. Firstly, the mean RT on stop-trials (commission
errors) should be shorter than on go-trials (Logan, 1994). Commission errors
occur when the go process is faster than the stop process, while go-trials
include both fast responses that would not be inhibited on stop-trials, and
slow responses that would be inhibited. Secondly, subjects should have
stopped their responses on about 50 % of the stop-trials (van den Wildenberg,
van Boxtel, & van der Molen, 2003), and were excluded from analysis when
this percentage was exceeded by more than two standard deviations (SDs).
Four ASD children and three TD children did not meet both assumptions and
were excluded from stop task analyses. Due to technical problems, data from
one child with ASD was lost. Hence, stop task analyses included 74 children
with ASD (64 male), and 43 TD (26 male) children. There was one outlier in the
ASD group in SSRT (median +/- 4 inter quartile range), analysis with and
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without this outlier are reported. From one child with ASD, and one TD child,
the DBDRS score was missing.
To determine whether a distinctive subgroup of children with ASD
who showed WM deficits also experienced inhibition deficits, we first explored
if n-back task, and stop task performance was correlated. Second, Z-scores
were calculated based on the normally distributed TD group performance on
the n-back task, and stop task (For an example of the use of z scores see Sinzig
et al., 2008). Children with ASD that performed both tasks were divided into
four groups based on a z-score cut-off of 1.5, and compared on IQ (WISC-III
Vocabulary and Block Design), symptom severity (ADI-R scale scores), and
behavior (SRS subscale scores; cognition, communication, motivation, and
preoccupation; and DBDRS subscale scores).
To explore whether ADHD characteristics influenced n-back task
(error difference between the 0- and 1-back level) and stop task (SSRT)
performance in addition to autism traits, regression analyses were performed
with the SRS total scale (autism traits), and the sum of the DBDRS inattention
and hyperactivity/impulsivity scales (ADHD characteristics) as predictors.
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Figure 3.1 Inclusion diagram
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Results
Working memory
There was a significant influence of n-back level on number of errors, F (2,236)
= 139.8, p < .001, ηp² = .54. A higher level resulted in more errors, showing that
the WM-load manipulation was effective. There was neither a main effect of
group, F (1,118) = 2.69, p = .10, ηp² = .02, or gender, F (1,118) = 2.44, p = .12, ηp²
= .02, nor a level by gender, F (2,236) = 2.68, p = .07, ηp² = .02 or level by group
by gender, F (2,236) = 2.08, p = .13, ηp² = .02, interaction. There was a
significant level by group interaction, F (2,236) = 9.49, p < .001, ηp² = .07; the
effect of level was larger in the TD group than in the ASD group (see Figure
3.2). Comparing the levels revealed significant level by group interactions.
Between the 0- and 1-back levels, the increase in errors was larger in the ASD
than in the TD group, F (1,118) = 5.84, p = .02, ηp² = .05, whereas between the
1- and 2-back levels the increase in errors was larger in the TD group, F (1,118)
= 12.29, p = .001, ηp² = .09 (see Table 3.2 and Figure 3.2). There were no group
differences on the 0-back, t (1,120) = -1.11, p = .27, and 2-back level, t (1,120) =
0.91, p = .37, but there was a significant group difference on the 1-back level, t
(1,120) = -2.22, p = .03; the ASD group made more errors than the TD group on
the 1-back task. The 0-back is a baseline measure, hence, does not invoke
WM, hence the absence of a group difference is independent of WM. Please
note that the 2-back level seemed too difficult for all children. If no 2-back
pictures were remembered, the number of errors would be 20. This is within
one standard deviation (SD) of the mean (M) number of errors made in both
groups (ASD M = 15.2, SD = 6.3; TD M = 16.2, SD = 5.6), indicating a ceiling
effect in performance. When reanalyzing the data without the 2-back task,
there was still a significant influence of level on number of errors, F (1,236) =
51.72, p < .001, ηp² = .31. Moreover, now the main effect on number of errors of
both group, F (1,118) = 7.72, p = .01, partial η² = .06, and gender, F (1,118) =
5.74, p = .02, ηp² = .02, was significant. Children with ASD made more errors
than TD children, and girls made more errors than boys. The level by gender, F
(1,118) = 0.76, p = .39, partial η² = .01, and level by group by gender, F (1,118) =
2.19, p = .14, ηp² = .02 interaction effects were still insignificant. Hence, the
difference in performance between boys and girls was similar in the ASD, and
TD groups. The level by group interaction effect was still marginally
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significant, F (1,118) = 3.75, p = .06, ηp² = .03. With increasing level, children
with ASD declined more in performance than TD children.

Figure 3.2 Number of errors of children with an autism spectrum disorder (ASD) and
typically developing (TD) children on the 0-back, 1-back, and 2-back level of the nback task

There was a significant influence of level on RT, F (1.82, 214.48) = 112.72, p
< .001, ηp² = .49. RTs were longer in higher levels, indicating that children
slowed down with increasing WM-load. There was neither a main effect of
group, F (1,118) = 1.48, p = .23, ηp² = .01 or gender, F (1,118) = 0.19, p = .67, ηp²
= .00, nor a level by gender, F (1.81,214.48) = 0.04, p = .95, ηp² = .00, level by
group, F (1.82,214.48) = 1.08, p = .34, ηp² = .01, or level by group by gender, F
(1.82, 214.48) = 1.15, p = .31, ηp² = .01, interaction effect (see Table 3.2). Given
the lack of group, or group by level interaction on RT, it is highly unlikely that
the pattern of the accuracy findings can be explained by differences in speed
accuracy trade off (Chapter 2: de Vries & Geurts, 2012).
There was a significant level by age interaction effect in both number of
errors, F (2,238) = 3.51, p = .03, ηp² = .03, and RT, F (2,238) = 3.27, p = .04, ηp²
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= .03. To explore if age influenced performance differently in the ASD and TD
groups, age (rounded in years) was added as an independent variable in the
repeated measures ANOVA. There was no significant level by group by age
interaction effect for number of errors, F (10,220) = 1.38, p = .19, ηp² = .06 nor
RT, F (10,220) = 0.85, p = .58, ηp² = .04. Hence, although age influenced task
performance, this appeared to be equal in both groups.
Inhibition
There was a significant group effect on SSRT, F (1,113) = 9.16, p = .00, ηp² = .08;
children with ASD performed worse on the stop task than the TD group. There
was also a significant effect of gender on SSRT, F (1,113) = 6.36, p = .01, ηp²
= .05; girls performed worse than boys. There was no group by gender
interaction effect F (1,113) = 1.26, p = .26, ηp² = .01. Hence, even though the
groups differed in number of girls, this did not seem to cause the group
difference as the ASD group consisted of fewer girls than the TD group.
When analyzing the data without the outlier on SSRT, the effect of
gender fell shy of significance, F (1,112) = 2.90, p = .09, ηp² = .03, while the
group effect was still significant, F (1,112) = 4.97, p = .03, ηp² = .04, and the
group by gender interaction effect was still not significant, F (1,112) = 0.06, p
= .81, ηp² = .00. Hence, the ASD group performed worse than the TD group on
the stop task, and inclusion of the outlier in the ASD group (one girl
performing very poorly) contributed to the gender effect (see Table 3.3). Age
did not influence SSRT, F (1,113) = 0.04, p = .85, ηp² = .00, nor was there a
group by age interaction effect, F (1,105) = 0.80, p = .53, ηp² = .03.
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Table 3.2 Group comparisons for ASD and TD on n-back task performance: Mean (standard deviations) of total number of errors and
reaction time (RT)
Group

Interaction

a

b

c

ASD N = 77
TD N = 45
measure 0-back 1-back 2-back 0-back 1-back 2-back

Group comparison
F (1,118) p
ηp²

WM -load comparison
F (2,236) p
ηp²

WM-load*Group
F (2,236) p
ηp²

Errors

2.69

.10 .02

139.8

<.001 .54

9.49

<.001

.07

1.48

.23 .01

112.72

<.001 .49

1.08

.34

.01

RTd

5.9
(3.5)
543.6
(65.4)

9.6
(6.1)
612.7
(69.0)

15.2
(6.3)
637.1
(67.5)

5.2
(2.9)
553.8
(70.3)

7.3
(3.9)
616.2
(76.2)

Note There were no significant gender effects.
a
Autism Spectrum disorder
b
Typically Developing
c
Working Memory
d
Reaction Time

16.2
(5.6)
651.7
(78.2)

3. WM and inhibition in ASD

Children who used medication did not differ from children who did not use
medication on the ADI-R (Social interaction, t (1,70) = 0.88, p = .38,
Communication, t (1,70) = -1.30, p = .20, Repetitive/stereotyped behavior, t
(1,70) = -.01, p = .99), and SRS scores (total scale, t (1,70) = -.59, p = .56).
Performing the overall analysis without the children who used medication did
not change the main findings. There were no differences in n-back task
performance between children who used medication during test sessions,
children who refrained from medication during test sessions, and children who
did not use any medication, F (6,146) = 0.59, p = .74, ηp² = .02. However, there
was a difference in stop task performance between children who did and did
not use medication, F (2,71) = 3.20, p = .05, ηp² = .08. Post hoc tests revealed
that children who used medication during test sessions, performed better on
the stop task than children who never used medication (p = .04). This indicates
that the findings from the group comparison might have been even stronger if
all children had refrained from medication during test sessions.
Children in the ASD and TD group did not differ in overall reaction
time, t (1,115) = -.80, p = .43, hence, the findings cannot be explained by
overall slower reactions in the ASD group.
Within ASD group comparisons
There was a small (non-significant) correlation between n-back task and stop
task performance within the ASD group r = .21, p = .08. Based on a z-score cutoff of 1.5 (compared to error differences between the 0- and 1-back levels on
the n-back task and SSRT on the stop task in the TD group), children in the
ASD group were divided in four groups: WM and inhibition deficits (N = 4),
only WM deficits (N = 7), only inhibition deficits (N = 9), and no deficits (N =
51). This revealed that relatively few children within the ASD group showed
both WM and inhibition deficits. The four subgroups were too small to make
reliable comparisons. Hence, children with WM and/or inhibition deficits (N =
20), were compared with children without any deficits (N = 51) on IQ (WISC-III
Vocabulary and Block Design), symptom severity (ADI-R scale scores), and
behavior (SRS subscale scores; cognition, communication, motivation, and
preoccupation; and DBDRS subscale scores). Only significant findings are
reported below (see Table 3.4 for all findings). There was a significant effect of
group (deficits versus no deficits) on the DBDRS CD scale, F (1,69) = 7.70, p
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= .01, η²p = .10. Although after Bonferroni correction (0.05/14 = 0.004) for
multiple comparisons this effect was not significant anymore, the effect size
was medium. Hence, there seemed to be a trend that children with WM and/or
inhibition deficits had more behavioral problems than children without
deficits.
Influence of ADHD characteristics on WM and inhibition
Neither autism traits, R² = .02, F (1,118) = 2.96, p = .09, or ADHD
characteristics, R² change = .00, F (1,117) = 0.02, p = .90, influenced n-back task
performance, nor did autism traits, R² = .01, F (1,113) = 1.28, p = .26, or ADHD
characteristics, R² change = .00, F (1,112) = 0.25, p = .62, influence stop task
performance (see Table 3.5)a.

a

Analyses without children who used medication during the test sessions revealed
that autism traits did influence both n-back task, R² = .05, F (1,100) = 5.21, p = .03, and
stop task, R² = .06, F (1,98) = 6.50, p = .01 performance. ADHD characteristics
influenced neither n-back task, R² change = .00, F (1,99) = 0.07, p = .80, nor stop task,
R² change = .01, F (1,97) = 0.56, p = .45 performance over and above autism traits.
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Table 3.3 Group comparisons for ASD and TD on stop task performance: Mean (standard deviation) of stop signal reaction time without
the outlier
Group
Measure ASDa N = 73
Boys
Girls
N = 64 N = 9
SSRTc

a

244.3
(60.0)

Total

272.3 247.7
(103.3) (66.5)

Autism Spectrum disorder
Typically Developing
c
Stop Signal Reaction Time
b

b

TD N = 43
Boys
Girls
N = 26 N = 17

Total

215.6
(53.1)

223.9
(51.0)

236.7
(46.2)

Interaction
Group comparison Gender comparison Group * Gender
F (1,112) p
ηp² F (1,112) p
ηp² F (1,112) p
ηp²
4.97

.03 .04 2.90

.09 .03 .06

.81 .00

Table 3.4 Within ASD group comparisons: Mean (standard deviations) of IQ, symptom severity, and behavior measures
Measure

Group
No deficits (N = 51)

WM and/or inhibition deficits (N = 20)

Group comparison
F (1,69)
p

ηp²

IQa

110.6 (20.9)

107.3 (21.3)

.36

.55

.01

Social interaction
Communication
Repetitive/stereotyped behavior

18.4 (4.1)
15.7 (4.1)
4.7 (2.3)

19.9 (4.6)
15.8 (3.1)
4.9 (2.5)

1.73
.00
.03

.19
.95
.87

.03
.00
.00

SRSc
Cognition
Communication
Motivation
Preoccupation
Total

18.1 (6.0)
31.7 (8.9)
16.0 (5.7)
18.5 (6.0)
97.3 (23.9)

19.5 (4.8)
33.1 (9.7)
16.5 (5.3)
16.4 (5.6)
98.0 (22.1)

.81
.34
.11
2.0
.01

.37
.56
.75
.17
.91

.01
.01
.00
.03
.00

DBDRSd
Inattention
Hyperactivity/impulsivity
Conduct disorder
Oppositional defiant disorder
Total

14.3 (5.6)
11.8 (6.0)
0.9 (1.0)
7.7 (3.9)
34.8 (12.7)

13.3 (7.2)
10.4 (6.0)
1.8 (1.6)
8.7 (4.6)
34.2 (15.1)

.42
.79
7.70
.79
.03

.52
.38
.01e
.38
.87

.01
.01
.10
.01
.00

ADI-Rb

a

Estimated Intelligence Quotient
Autism Diagnostic Interview Schedule-revised
c
Social Responsiveness Scale
d
Disruptive Behavior Disorder rating scale
e
p = 0.007 was not significant after correcting for multiple comparisons (Bonferroni: 0.05/14 = 0.004)
b

Table 3.5 Influence of ADHD characteristics on n-back and stop task performance

Step 1
Constant
SRSb total
Step 2
Constant
SRS total
DBDRS-ADHDc

a

Measure
Error difference 0-1 back

SSRTa

B

B

SE B

β

F (1,118) p
2.96

1.82
0.02

0.87
0.01

1.84 0.89
0.02 0.02
-0.01 0.05

F (1,113) p
1.28

227.96 11.21
0.16
0.14

.26

.11

F (2,117) p

F (2,112) p

1.48

0.76

.23
226.92 11.43
0.08
0.20
0.33
0.65

Stop Signal Reaction Time
Social Responsiveness Scale
c
inhibition and hyperactivity/impulsivity scale of the Disruptive Behavior Disorder rating scale
b

β

.09

.16

.17
-.02

SE B

.06
.07

.47

Discussion
In the current study with a sufficient sample size, using a classical WM (n-back)
and inhibition (stop) task, children with ASD showed both WM and inhibition
problems. However, there were considerable individual differences in
performance among the children with ASD; only a small subgroup had deficits
and seemed accountable for the findings. Against expectations, only a few
children with ASD that experienced WM deficits, also experienced inhibition
deficits. Moreover, children with ASD with WM and/or inhibition deficits did
not show a clearly different behavioral pattern than children without these
deficits. However, there are indications that children with WM and/or
inhibition deficits demonstrated more conduct problems in daily life. The
presence of ADHD characteristics in the ASD group did not influence the
aforementioned pattern of findings.
Children with ASD performed poorer than TD children on an n-back
task with increasing WM-load (comparing the 0- and 1-back level).
Unfortunately, the currently administered 2-back task was too difficult for the
participants, even though in the study of Schleepen and Jonkman (2010) a
verbal 2-back task seemed well suited for children in the age range of 8-12.
Performance of all children was around chance level (25.3 % errors in ASD,
27.0 % in TD). If none of the 2-back pictures would have been recognized, the
error percentage would be 33 (only no-responses, while 33 percent of the trials
required a yes-response). In the study of Schleepen and Jonkman (2010) the
task consisted of 360 trials (compared to 180 in the current study). Possibly
performance improves during the task and performing more trials results in
better performance. While adults seem to show more accurate 2-back
performance (Koshino et al., 2005: 9.8 percent errors in ASD, 11.1 in TD;
Koshino et al., 2008: 12.5 percent errors in ASD, 15.9 in TD), our findings are in
line with the study by Cui and colleagues (2010, 30-37 percent errors) who
reported that the 2-back level was too difficult for 12 out of 41 children in their
study. However, in contrast to previous findings (Cui et al., 2010; Kenworthy et
al., 2008), the reliable 1-back level showed that children with ASD experience
WM deficits compared to TD children. Firstly, the sample size in the study of
Cui and colleagues (2010) might have been too small to detect group
differences in the heterogeneous ASD group (ASD N = 12). Secondly, previous
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studies focused on adults (Koshino et al., 2005; Koshino et al., 2008), and a
wide age range (Williams, Goldstein, Carpenter et al., 2005). Hence,
adolescents and adults may not experience maintenance WM deficits, while
the current findings indicate that children with ASD do, although some
caution is warranted as it is only based on the 1-back task.
Performance on the stop task was also significantly poorer in ASD
than in TD children, which confirms that children with ASD experience
inhibition deficits (Verté et al., 2005) This contradicts the findings from
Ozonoff and Strayer (1997). The relatively small sample size in their study
might explain the inability to find the group differences that we did find with a
larger sample size. A large sample size is particularly important as we found
large individual differences within the ASD group, in line with previous studies
examining EFs in ASD (Chapter 2: de Vries & Geurts, 2012; Pellicano, 2010b;
Towgood et al., 2009).
Although WM and inhibition are evidently related in TD individuals
(Garon et al., 2008; Minamoto et al., 2010; Miyake & Friedman, 2012), in
ADHD this relation was not found (Schecklmann et al., 2012). In line with the
study by Schecklmann (2012), the present study failed to find a strong
relationship between WM and inhibition in children with ASD. Only a small
subgroup showed both WM and inhibition deficits, and the majority did not
show any deficits. However, there are three subtypes of inhibition; resistance
to proactive interference, resistance to distractor interference, and prepotent
response inhibition (Friedman & Miyake, 2004). The current study only
involved the latter. With the current findings, we cannot rule out that WM
might be related to another subtype of inhibition. However, since tasks
measuring resistance to both proactive-, and distractor interference often also
rely on WM, this might be hard to disentangle (Sanderson & Allen, 2013). On a
related note, n-back tasks - especially the 1-back condition - particularly
demand recognition, while other WM tasks - so called complex span tasks demand serial recall (Kane, Conway, Miura, & Colflesh, 2007). Performance on
the n-back tasks, and complex span WM tasks is correlated (Schmiedek,
Hildebrandt, Lovden, Wilhelm, & Lindenberger, 2009), but this correlation is
relatively weak (Redick & Lindsey, 2013). Hence, when focusing on prepotent
response inhibition, and the recognition part of WM, the current findings
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suggest that WM and inhibition are two distinct constructs in ASD and
possible deficits occur independently.
Children with ASD with WM and/or inhibition deficits seemed to show
more conduct problems than children without these deficits. Even though the
effect was not significant after Bonferroni correction, the medium effect size
suggested that there was a trend in this direction. This is in line with previous
studies showing that CD symptoms, and diagnoses are related to poor
performance on the stop task (Hobson et al., 2011; Oosterlaan et al., 1998; but
see Scheres, Oosterlaan, & Sergeant, 2001), and other inhibition tasks
(Schoemaker et al., 2012). Importantly, comorbid CD in children with ASD is
linked to more co-occurring psychiatric symptoms (Gadow, DeVincent, &
Drabick, 2008), a more severe clinical presentation, greater functional
impairment and family interference, and more internalizing and externalizing
problems (Storch et al., 2012). On a related note, inhibition deficits have been
identified as vulnerability markers for the development of schizophrenia
spectrum disorders in adolescents with ASD (Barneveld, de Sonneville, van
Rijn, van Engeland, & Swaab, 2013). It might be that WM and/or inhibition
deficits are also a vulnerability marker for conduct problems in ASD, which
could be important for treatment outcome. For example, to prevent the
development of conduct problems, EF problems could be treated. In contrast,
conduct problems might make it difficult to complete such an intensive
training. Hence, this relationship, and the direction of the relationship, should
be studied more carefully. Moreover, the currently used parent reports of
conduct problems might reflect a comorbid CD diagnosis, but might also be
caused by underlying ASD symptoms (Gadow et al., 2008). Hence, we do not
know what actually caused these conduct problems, and if these were merely
conduct problems, or an actual disorder. However, in the heterogeneous ASD
population, it appears important to study dimensions of problems in a broader
respect, besides diagnoses or phenotypes. A person oriented approach might
increase understanding, and provide a more complete picture (e.g., Fair,
Bathula, Nikolas, & Nigg, 2012). Moreover, to apply the right treatment for
each individual, strengths, weaknesses, risks, and comorbid symptoms, but
also EFs need to be considered. Especially since children with poorer EFs seem
to benefit more from EF interventions (Diamond, 2012). It might even be the
other way around; good EF skills might compensate for atypical functioning in

68

3. WM and inhibition in ASD

individuals at risk for ASD (M. H. Johnson, 2012). In that case, early
administered EF skills training programs might improve outcome in these
individuals.
ADHD characteristics did not influence n-back and stop task
performance in the current sample. Previous research did show deficits in WM
tasks requiring manipulation in children with ASD with ADHD symptoms, as
compared to children with ASD without ADHD symptoms (e.g. Andersen,
Hovik, Skogli, Egeland, & Øie, 2013). However, maintenance WM seems
similar in children with ASD with, and without ADHD symptoms (e.g.,
Gomarus, Wijers, Minderaa, & Althaus, 2009; Sinzig et al., 2008). Hence,
possibly ADHD characteristics are involved in WM tasks requiring
manipulation, but not in maintenance WM tasks. Prepotent response
inhibition seems more impaired in children with ASD with, than without
ADHD symptoms (e.g., Sinzig et al., 2008). However, Hobson and colleagues
(2011) showed that ADHD characteristics were unrelated to stop task
performance in children with ADHD, even though these children did show
inhibition deficits (Hobson et al., 2011). Accordingly, the current findings
indicate that ADHD characteristics are not entirely accountable for inhibition
deficits in ASD.
There are some caveats in the current study though. Firstly, 19
children with ASD used medication during test sessions. We decided to
include these children to have a representative sample of the ASD population,
in which relatively many children use psychotropic medication (Siegel &
Beaulieu, 2012). One might expect that especially children using medication
are more impaired (Storch et al., 2012), and would show more WM and/or
inhibition deficits and behavioral problems. However, in the current study,
there were no differences in ADI-R scores between children who used, and
children who did not use medication. Moreover, a similar part of the groups
with and without WM and/or inhibition deficits used medication (respectively
26 % and 31 %). It is still likely that medication use influenced individual task
performance (Brackenridge, McKenzie, Murray, & Quigley, 2011; Holmes et
al., 2010), and indeed children who used medication during test sessions
performed better on the stop task than children who never used medication.
Although analyzing the data without these children did not change the main
findings, it is possible that a larger proportion of the children with ASD would
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have experienced inhibition deficits if all had abstained from medication.
Secondly, separate TD groups were used for the n-back and stop task.
However, these groups were comparable, as age, estimated cognitive ability,
and social and disruptive behavior were similar. Thirdly, age seemed to
influence n-back task performance. Since both groups were equal in age, and
age did not influence performance differently in the ASD than in the TD
group, this did not seem to influence the current findings. This effect does
emphasize that findings in different age groups are hard to compare,
especially since the course of WM development in ASD seems to differ from
TD children. Although WM does develop at an individual level in ASD
(Pellicano, 2010a), a recent longitudinal study showed that on a group level,
verbal WM did not develop in children with ASD over a period of 2 years (12-14
years), although it did develop in TD children, and children with ADHD
(Andersen et al., 2014). In the current study, the age range was too small to
explore the exact nature and influence of this development. However, this
(lack of) development of WM might influence development in other areas,
such as inhibition and/or conduct problems, and needs careful consideration.
Fourthly, we did not asses psychiatric problems with a standardized tool in the
TD group. Hence, in our TD group we might have included some children with
psychiatric problems. However, as these children all visited a regular school,
and we did screen them with a questionnaire filled out by their parents, it
seems implausible that psychiatric problems predominated and influenced
their performance. On a related note, the Autism Diagnostic Observation
Schedule (ADOS: Lord et al., 2000) was not administered in the ASD group. As
all children were diagnosed by a specialized team, and scored above both the
SRS and ADI-R cut-off, there is no reason to believe that the included children
with ASD did not meet ASD diagnostic criteria. Fifthly, the TD group consisted
of more girls than the ASD group, though analysis revealed that this did not
influence the main findings. Finally, there was a large variance in IQ scores.
This seems no reliable representation of the population. In this light, the
findings should be replicated in children with a more restricted IQ range, or
lower IQ. Because the IQ scores did not differ between groups, IQ itself did not
seem accountable for the current findings. Hence, the current findings appear
to be independent of medication use, the use of different TD control groups,
age, and IQ.
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In a large, representative group of children with ASD, WM and
inhibition deficits were present. However, only a subgroup of these children,
presumably those showing conduct problems, seemed to be accountable for
the findings. From the current data we cannot conclude that WM and
inhibition deficits are very useful specifiers, but large individual differences in
WM and inhibition among children with ASD are evident. These individual
differences implicate that 1) there is not one specific EF-pattern in children
with ASD compared to children without ASD, but a specific EF-pattern in each
individual child with ASD compared to other children with ASD; and 2) with
respect to treatment a one size fits all approach is probably not sensible.
Rather, treatment should be adjusted to each individual with a unique set of
strengths and difficulties.
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4. Working memory and cognitive flexibility
training for children with an Autism Spectrum
Disorder: A randomized controlled trial
Objective People with autism spectrum disorders (ASD) experience executive
function (EF) deficits. There is an urgent need for effective interventions, but in spite
of the increasing research focus on computerized cognitive training, this has not been
studied in ASD. Hence, we investigated two EF training conditions in children with
ASD. Methods In a randomized controlled trial, children with ASD (N = 121, 8-12
years, IQ > 80) were randomly assigned to an adaptive working memory (WM)
training, an adaptive cognitive flexibility training, or a non-adaptive control training
(mock-training). Braingame Brian, a computerized EF training with game-elements,
was used. Outcome measures (pre-training, post-training, and 6-week follow-up)
were near-transfer to trained EFs, far-transfer to other EFs (sustained attention and
inhibition), and parent’s ratings of daily life EFs, social behavior, attention deficit
hyperactivity disorder (ADHD)-behavior, and quality of life.
Results Attrition-rate was 26%. Children in all conditions who completed the training
improved in WM, cognitive flexibility, attention, and on parent’s ratings, but not in
inhibition. There were no significant differential intervention effects, although
children in the WM condition showed a trend toward improvement on near-transfer
WM and ADHD characteristics, and children in the cognitive flexibility condition
showed a trend toward improvement on near-transfer cognitive flexibility.
Conclusion Although children in the WM condition tended to improve more in WM
and ADHD characteristics, the lack of differential improvement on most outcome
measures, the absence of a clear effect of the adaptive training compared to the
mock-training, and the high attrition rate, suggest that the training in its present form
is probably not suitable for children with ASD.

Based on:
de Vries, M., Prins, P. J. M., Schmand, B. A., & Geurts, H. M. (2014). Working memory
and cognitive flexibility training for children with an autism spectrum disorder: A
randomized controlled trial. Journal of Child Psychology and Psychiatry.
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Executive functions (EFs) are cognitive functions needed for goal directed
behavior that is adaptive to the environment. EFs are important in many
aspects of life, such as school success, and well-developed EFs can predict
lifelong achievement (Diamond, 2013). A growing body of evidence suggests
that EFs can be trained (e.g. Melby-Lervåg & Hulme, 2013; Zinke, Einert,
Pfennig, & Kliegel, 2012), although generalization to other functions and to
daily life (Holmes et al., 2009), and long term effects (Roughan & Hadwin,
2011) are not well established. EF training has been studied in typically
developing (TD) people (e.g., Alloway, Bibile, & Lau, 2013) and clinical groups,
such as children with Attention Deficit Hyperactivity Disorder (ADHD: e.g.,
Klingberg et al., 2005). One of the mainstream cognitive theories on autism
spectrum disorders (ASD) postulates that EF deficits are an underlying
problem (Russell, 1997). Moreover, EF deficits in ASD are related to adaptive
behavior (Gilotty et al., 2002), which in turn is associated with Quality of Life
(Chiang & Wineman, 2014). However, only a few studies focused on EF
interventions in ASD (Baltruschat et al., 2011; Fisher & Happé, 2005;
Kenworthy et al., 2014). ASD is characterized by difficulties in social
interaction and communication, and restricted and repetitive behavior and
interests (American Psychiatric Association, 2000). These difficulties interfere
with daily life, and may partly be caused by EF deficits (Damasio & Maurer,
1978; Geurts, de Vries, & van den Bergh, 2014; Russell, 1997). Hence, an EF
intervention may be fruitful for ASD.
Some intervention studies in ASD included EF as an outcome
measure. Although a Theory of Mind (ToM)-training did not influence EF
(Fisher & Happé, 2005), positive reinforcement (Baltruschat et al., 2011) and a
social competence intervention (Stichter et al., 2010) did show positive effects
on EF, although studied without a control group. A Social Skills training also
improved EF, but to a lesser extent than an EF focused intervention
(Kenworthy et al., 2014). The effects of direct EF interventions in ASD have
hardly been studied, and findings are mixed; both positive (Kenworthy et al.,
2014) and null effects (Fisher & Happé, 2005) have been reported. Children
with ASD do show development of EFs (Pellicano, 2010a), which implies some
plasticity. In sum, there are tentative indications that targeting EFs in
interventions for ASD is promising, and that the best approach is to target EFs
directly.
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WM training has been studied quite extensively in both clinical and TD
groups (Melby-Lervåg & Hulme, 2013; Morrison & Chein, 2011; Shipstead,
Redick et al., 2012), in particular the computerized WM training Cogmed
(Chacko et al., 2013; Shipstead, Hicks, & Engle, 2012). Findings are
inconsistent. Both near-transfer (improvement of the trained function) and
far-transfer (improvement of other functions) have been reported, even when
compared to an active control group, who performed a non-adaptive version
of the training-task (e.g., Holmes et al., 2009; Klingberg et al., 2005; Thorell et
al., 2009). However, recent reviews and meta-analyses are critical. Short term
near-transfer to verbal and visual-spatial WM is reported, but long term and
far-transfer (to attention, ADHD characteristics, and reasoning) is small and
non-significant (Melby-Lervåg & Hulme, 2013). Hence, the effects are not (yet)
evident, also due to lack of replication and caveats in the studies (Shipstead et
al., 2012). Clearly, more methodologically sound WM training research is
needed. Moreover, there is a striking absence of studies on WM training in
ASD.
Although cognitive flexibility deficits in ASD are not consistently
reported in research settings, inflexible behavior in daily life is evident (Geurts,
Corbett et al., 2009; Kenworthy et al., 2008; Leung & Zakzanis, 2014).
Therefore, a cognitive flexibility training might be particularly fruitful. The few
studies that focused on cognitive flexibility training reported improved
cognitive flexibility, interference control, and verbal WM in children with
ADHD (Kray et al., 2011) and TD people (Karbach & Kray, 2009). Hence,
cognitive flexibility seems trainable.
In spite of evident EF deficits in ASD and positive results of WM and
cognitive flexibility training in related disorders, studies on EF training in ASD
are lacking. Therefore we studied the effect of a WM and a cognitive flexibility
training compared to an active control condition (mock-training) in a large
randomized controlled trial of children (8-12 years) with ASD. Since repetition
of monotonous tasks in EF training reduces motivation and increases attritionrates, and adding game-elements enhances motivation, and may improve the
training effect (Prins, Dovis, Ponsioen, Ten Brink, & Van der Oord, 2011), we
used an EF training with game-elements: Braingame Brian (Prins et al., 2013),
that showed promising pilot-results in ADHD (Van der Oord, Ponsioen,
Geurts, Brink, & Prins, 2012). We expected near-transfer to WM and cognitive
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flexibility respectively, and far-transfer to other EF tasks (inhibition, sustained
attention), and to parent’s ratings of daily life EFs and behavior (see
supplementary Figure S1).

Method
Participants
Families were approached through mental health care institutions and
internet advertisements. Of the initially 166 signed up families, 34 did not
participate because of the required time investment (see Figure 4.1). The
remaining 132 children were screened for 1) a prior independent clinical ASD
diagnosis according to the Diagnostic and Statistical Manual of Mental
Disorders-IV (DSM-IV: American Psychiatric Association, 2000), diagnosed by
a multidisciplinary team specialized in ASD; 2) age 8-12 years; 3) IQ above 80;
4) absence of a seizure disorder. First, the diagnosis was verified if the score
on the Social Responsiveness Scale parent report (SRS: Constantino et al.,
2003; Roeyers et al., 2011) was above the specified Dutch clinical ASD cut-off
of 57 (raw score), if Autism Diagnostic Interview Schedule-Revised (ADI-R: De
Jonge & de Bildt, 2007; Lord et al., 1994) cut-offs were reached on two out of
the three domains, and if ASD was recognized before the age of 36 months
(Gray et al., 2008). Second, IQ was estimated with two subtests of the Dutch
version of the Wechsler Intelligence Scale for Children (WISC-III: Kort et al.,
2002; Sattler, 2001). Eleven children were excluded after screening (2 ADI-R, 6
IQ, 3 personal circumstances). 121 children were randomly, double blind,
assigned to the three intervention conditions. Six children dropped out after
pre-training. Finally, 115 children performed the training (40 WM, 37 cognitive
flexibility, 38 mock-training). Twenty-five children did not complete 25
sessions (9 WM, 10 cognitive flexibility, and 6 mock-training; similar in the
three conditions, χ2 (2)1.3, p = .52). Forty children used psychotropic
medication (17 abstained during test-appointments, 23 continued). Of the 90
children who completed the training, 24 children used medication (10
abstained, 14 continued). Years since diagnosis was 2.1 (SD = 1.7, based on N =
84, as 6 parents did not indicate the date of diagnosis).
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Figure 4.1 Flow chart of inclusion

Tasks and Questionnaires
Measures include screening and four steps of outcome measures: 1) neartransfer to WM and cognitive flexibility tasks resembling the training-tasks; 2)
near-transfer to WM and cognitive flexibility tasks differing from the trainingtasks; 3) far-transfer to inhibition and sustained attention tasks; and 4) fartransfer to daily life (see Figure 4.2).
Inclusion/screening
IQ: The WISC-III (Kort et al., 2002) subtests Vocabulary and Block Design, used
to estimate IQ, correlate highly with Full Scale IQ, and have good reliability
(Legerstee, van der Reijden-Lakeman, Lechner-van der Noort, & Ferdinand,
2004; Sattler, 2001).
Diagnosis: The SRS (Constantino et al., 2003; Dutch version: Roeyers et al.,
2011) is a reliable and valid questionnaire measuring autism characteristics
(Bölte et al., 2008). The ADI-R (Lord et al., 1994; Rutter et al., 2003) is an
extensive semi-structured interview including three domains of autism
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symptoms (social, communication, and repetitive behavior). Reaching
specified cut-offs on these domains, and clear indications of abnormalities in
development before 36 months, suggests a DSM-IV (American Psychiatric
Association, 2000) or ICD-10 (World Health Organization, 1992) diagnosis of
autism (Gray et al., 2008; Rutter et al., 2003).
WM and cognitive flexibility tasks resembling the training-tasks
WM: The Corsi block tapping task (Corsi-BTT: Corsi, 1972) measures visualspatial WM (WM training near-transfer, cognitive flexibility training fartransfer). In the currently used computerized version nine blocks on a
computer screen light up (500 ms each) in a certain sequence, which has to be
repeated with mouse-clicks. The initial sequence length is three blocks, and
after every four trials the sequence-length increases with one, up to a
maximum of eight blocks. The task ends after four incorrectly repeated
sequences of the same length. The outcome measure is the longest correctly
repeated sequence-length.
Cognitive flexibility: The Gender-emotion switch task (Chapter 2: de Vries &
Geurts, 2012) is an adaptation of the classical switch task (Rogers & Monsell,
1995; cognitive flexibility training near-transfer, WM training far-transfer).
Pictures of easy to recognize happy or angry male and female faces (Lundqvist
et al., 1998) are displayed on the computer screen, and have to be sorted,
alternatingly, on gender or emotion by pressing designated keys on the
keyboard (Chapter 2: de Vries & Geurts, 2012). The sorting rule changes
randomly after two, three, or four trials (30 % switch trials). Children with ASD
are quite capable to recognize these basic emotions (Geurts et al., 2008),
hence emotion recognition most likely does not influence performance.
Outcome measures are error rates (ER) and reaction time (RT) switch costs
(switch-trial minus repeat-trial scores).
WM and cognitive flexibility tasks different from the training-tasks
WM: In the n-back task (Casey et al., 1995; E. E. Smith & Jonides, 1999)
participants have to remember pictures that are presented on a computer
screen and indicate if the current picture matches the picture N trials before.
Three levels with increasing WM-load were included: 0-back (baseline,
indicate if the picture is a dog or not), 1-back, and 2-back (Chapter 3: de Vries
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& Geurts, 2014). The outcome measures were the ER and RT on the 2-back,
and 1-back task (corrected by subtraction for ER and RT on the 0-back task).
Cognitive flexibility: In the Number-gnome switch task, an adaptation of the
number-switch task (Cepeda, Cepeda, & Kramer, 2000) pictures of one, two or
three gnomes (Geirnaert, 2010) with a speech bubble with the number ‘1’, ‘2’,
or ‘3’ is displayed. Participants have to report the number of gnomes, or the
number in the speech bubble, by pressing the 1, 2, or 3 on the keyboard. The
task design is identical to the gender-emotion switch task. Outcome measures
were ER and RT switch costs.
Far-transfer to inhibition and sustained attention tasks
Inhibition: In the current adaptation of the classical stop task (Logan, 1994) a
picture of a yellow dog facing left or right appears on the computer screen.
Participants have to press a corresponding left or right key on the keyboard as
fast as possible. On 30% of the trials the dog turns red (stop-signal), and the
response has to be inhibited (Chapter 3: de Vries & Geurts, 2014). The
outcome measure was the stop signal reaction time (SSRT: Logan & Cowan,
1984). Sustained attention: In the Sustained attention response task (SART:
Robertson, Manly, Andrade, Baddeley, & Yiend, 1997) numbers 1 to 9 appear
on the computer screen (250 ms) followed by a cross (1000 ms or until
response). After each number, except ‘3’, when the cross appears, the
spacebar has to be pressed. The outcome measures were ER and RT.
Far-transfer to daily life
EF: The Behavior Rating Inventory of Executive Function (BRIEF: Gioia, Isquith,
Guy, & Kenworthy, 2000; Dutch Version: Smidts & Huizinga, 2009; 75 items, 3point Likert-scale) has high to very high internal consistency and test-retest
stability (Huizinga & Smidts, 2010). The subdomains Shift and WM, and the
total scale were outcome measures.
Social behavior: The Children’s Social Behavior Questionnaire (CSBQ, Dutch
version: Hartman et al., 2007; 49 items, 3-point Likert-scale) has good internal
consistency and test-retest stability (Hartman, Luteijn, Serra, & Minderaa,
2006). The total scale was the outcome measure.
ADHD characteristics: The Dutch parent version of the Disruptive Behavior
Disorders Rating Scale (DBDRS: Oosterlaan et al., 2000; Pelham et al., 1992;
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42 items, 4-point Likert-scale) has good psychometric properties (Oosterlaan
et al., 2000). The subscales inattention, and hyperactivity/impulsivity
combined (DBDRS-ADHD) were used as outcome measure.
Quality of Life: The Pediatric Quality of Life Inventory (PedsQL: Bastiaansen,
Koot, Bongers, Varni, & Verhulst, 2004; Varni, Seid, & Kurtin, 2001; 23 items,
5-point Likert-scale) has satisfactory reliability and validity (Varni et al., 2001).
The total scale was used as outcome measure.
Intervention
Each child performed one of three intervention conditions of “Braingame
Brian” (Prins et al., 2013); a WM training, a cognitive flexibility training, or a
mock-training (see Supplement 1 & Supplementary Figure S2). In each
intervention condition all EF tasks were performed but whether the level was
adaptive differed per intervention condition. The WM training included five
adaptive WM training-tasks with increasing difficulty, and the other tasks
remained at a low level. The cognitive flexibility training included an adaptive
cognitive flexibility task, and the other tasks remained at a low level. In the
mock-training all tasks remained at a low, non-adaptive level. In the cognitive
flexibility training and mock-training, only the first most basic task of the five
WM training-tasks was performed.
Procedure
First, written informed consent, SRS, and screening questionnaires were
obtained. Next, training and test-appointments (screening, pre-training, posttraining [after six weeks], and follow up [FU, after six more weeks]) were
scheduled. During screening the ADI-R was administered to the parents, and
the WISC-III subtests to the children. Parents, children, and assessors were
kept blind to intervention condition until after follow-up. At pre-training, posttraining, and FU (at the University of Amsterdam) all outcome tasks were
administered to the children, and parents filled out the questionnaires. Pretraining a laptop with Braingame Brian installed was handed over and children
and parents were instructed. Children and parents were told that there were
three intervention conditions, but not how these conditions were designed. All
received similar basic training instructions and were told that tasks could
change over time, but that this was not always noticeable. During the six
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training-weeks, parents were contacted weekly about the child’s progress. In
these weekly telephone calls parents were asked about the current progress in
the training, motivation of the child, and possible reward systems used. After
the training parents were asked about the amount of parental support their
child received during the training. The number of completed sessions was
retrieved from the automatically saved log-files of the training. The testappointments lasted 50-150 minutes (as additional, for the current study
irrelevant, tasks and questionnaires were administered). Children received a
small gift for participating. Parents received a report with the ADI-R results
and travel expenses were largely covered.
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Figure 4.2 Diagram with inclusion and outcome measures. ADI-R: Autism diagnostic interview revised, BRIEF: Behavioral rating
inventory of executive functioning, Corsi-BTT: Corsi block tapping task, CSBQ: Children social behavior questionnaire, DBDRS:
Disruptive Behavior Disorders Rating Scale, PedsQL: Pediatric quality of Life questionnaire, SART: Sustained attention response task,
SRS: Social responsiveness scale, WISC-III: Wechsler Intelligence Scale for Children third version.
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Data analysis
The main (per-protocol) analyses included children who finished 25 sessions. If
applicable, inverse efficiency scores (IES = mean RT / (1 - ER; (Bruyer &
Brysbaert, 2011) were used as an outcome measure, to take possible speedaccuracy trade-off into account. IES are reliable when RT and ER are
correlated, and ER < 10% (Bruyer & Brysbaert, 2011), which was satisfied for
the SART.
First, t-tests and chi-square tests were conducted on screening and
pre-training measures to test if children who finished the training differed
from the dropouts, and a MANOVA was conducted to test if children in the
three intervention conditions differed. Second, two repeated measures
ANOVAs were conducted to test whether children in the WM, and cognitive
flexibility intervention condition improved on the within-training-tasks (WM:
mean final reached sequence length on the five training-tasks, cognitive
flexibility: final level reached). Third, training effects were examined with four
(to increase power, missing data-points 1.47%) repeated measures
MANOVA’s with intervention (WM, cognitive flexibility, and mock-training) as
between subject variable, and time (pre-training, post-training, and FU) as
within subject variable. Outcome measures were 1) Corsi-BTT and n-back task
(near-transfer WM); 2) gender-emotion switch task and number-gnome
switch task (near-transfer cognitive flexibility); 3) SART, and stop task; and 4)
questionnaires (far-transfer). Additional intention-to-treat analyses (last
observation carried forward) were conducted: the four MANOVA’s on
intervention effects were repeated including all participants, with number of
completed sessions as covariate. Finally, we explored in children who
performed all sessions if within-training-improvement (mean of five WM
training-tasks, and reached level of cognitive flexibility training-task) was
correlated with near-transfer training outcome (Corsi-BTT and genderemotion task improvement between pre-training and post-training).
Bonferroni corrections for multiple testing were applied (screening
and pre-training: 0.05/25 = 0.002, training effects: 0.05/4 = 0.0125). Analyses
were conducted both with and without children who used medication during
test-appointments. Due to missing data numbers differed slightly for different
measures (see Table 4.1).
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Results
Screening and pre-training
The dropouts of the intervention used medication slightly more often, χ2 (1) =
6.5, p = .04, and showed slightly less flexible behavior according to parents, t
(1,118) = 2.3, p = .02, r = .21 (NS after Bonferroni correction, see supplementary
Table S1). The RTs on the 1-back task were slightly higher in the mock-training
condition, F (2,87) = 3.4, p = .04 (NS after Bonferroni correction, see
supplementary Table S2). There were no further differences between the
three intervention conditions on screening or pre-training variables.
Within training
Children in the WM and cognitive flexibility intervention conditions improved
significantly in sequence lengths in the WM training-tasks, and level in the
cognitive flexibility training-task (p’s < .001, see Figure 4.3, and supplementary
Table S3). Hence, the adaptive function in the training was effective.

84

Figure 4.3 Mean and standard errors of the sequence length on the five training-tasks in the WM training, and level in the
cognitive flexibility training.

Training effects
Near-transfer
WM: In all three intervention conditions there was a significant effect of time
on the Corsi-BTT (p < .001, see Table 4.1). Post-hoc analysis revealed a
significant increase between pre-training, and post-training scores (p < .001),
but not between post-training and FU scores (p > .05). There was a
time*intervention interaction trend (p = .04, NS after Bonferroni correction).
Children in the WM training condition tended to improve more than children
in the cognitive flexibility and mock-training conditions.
In all intervention conditions there was a significant effect of time on
ER and RT on the 1-back task, and ER on the 2-back task (see Table 4.1). Posthoc analysis revealed significant differences between pre-training and both
post-training and FU (p’s < .01), but not between post-training and FU. There
were no significant time*intervention interactions. Children in the adaptive
intervention conditions did not improve more in performance than children in
the mock-training condition (see Table 4.1, and supplementary Figure S3).
Cognitive flexibility: There was a significant effect for time on the RT switch
costs on the gender-emotion switch task (p > .01). Post-hoc analysis revealed a
significant decrease in RT switch costs between pre-training and post-training
(p < .01), but not between post-training and FU (p > .01). There was no effect
of time on ER switch costs on both switch tasks. Children in the adaptive
intervention conditions did not increase more in performance than children in
the mock-training condition (see Table 4.1).
Far-transfer
Sustained attention and inhibition: There was a significant effect for time on
the SART-IES. Post-hoc analysis revealed only a significant decrease in IES
between pre-training and post-training (p < .001). There was no significant
time*intervention interaction. Hence, sustained attention improved in all
intervention conditions, but did not improve more in the adaptive intervention
conditions than in the mock-training condition. There was no significant time
effect, nor time*intervention interaction in SSRT on the stop task (see Table
4.1). Inhibition did not improve.
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Far-transfer to daily life: There was a significant effect for time on all
questionnaires (see Table 4.1)a. Post-hoc analysis revealed a significant
difference between pre-training and post-training (p’s < .01, except for BRIEFWM: p = .03), but not between post-training and FU (p’s > .01). There was a
time*intervention interaction trend on DBDRS-ADHD (p = .05, NS after
Bonferroni correction). Hence, EFs, social behavior, and Quality of Life
improved equally in all three intervention conditions, but ADHD
characteristics improved slightly more in the WM intervention condition.
Rerunning the MANOVAs on training effect without children who
used medication during testing did not change the main findings, except that
the time*intervention interaction trend on DBDRS-ADHD was not significant
anymore, probably due to a lack of power.

a

RCIs (Jacobson & Truax, 1991) based on test-retest reliability (BRIEF: Smidts &
Huizinga, 2009; CSBQ: Hartman, Luteijn, Moorlag, De Bildt, & Minderaa, 2007; DBDADHD: Oosterlaan et al., 2008), and Crohnbachs α (PedsQL: Varni, Burwinkle, Seid, &
Skarr, 2003) indicated that between pre-training and post-training relatively few
children improved significantly (one sided 95 % confidence interval; BRIEF 12.4 %,
CSBQ 14.6 %, DBD-ADHD 7.9 %, PedsQL 28.1 %).
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Table 4.1 Mean (standard deviations) and MANOVAs on near-transfer and far-transfer measures (tasks)
Group
Measure

WM training
Pre-training Post-training FUa

N = 31
Corsi-BTTb 5.2 (0.7)
6.3 (1.0)
6.2 (0.8)
N-backc
ERd 1-back 9.0 (12.1)
1.8 (5.3)
0.8 (6.2)
ER 2-back 18.1 (12.6) 12.2 (8.5)
11.5 (8.1)
RTe 1-back 67.6 (41.4) 43.8 (54.6)
47.5 (44.4)
RT 2-back 77.3 (60.5) 71.3 (64.9)
72.0 (39.8)
N = 30
Switch-costs on the gender-emotion switch- task
RT
109.3 (73.0) 96.7 (58.2)
91.6 (57.1)
ER
5.2 (8.0)
8.8 (6.9)
6.3 (5.8)
Switch costs on the number-gnome switch task
RT
64.0 (79.3) 56.7 (58.0)
74.0 (67.0)
ER
6.8 (6.4)
7.2 (7.1)
7.7 (7.3)
N = 30
SART-IESf 233.3 (61.3) 216.8 (61.6) 226.6 (75.8)
SSRTg
269.5 (79.6) 242.7 (66.9) 254.2 (48.5)

Flexibility training
Pre-training Post-training FU

Mock- training
Pre-training Post-training FU

Comparison
Time

N = 26
5.5 (0.9)

N = 29
5.1 (1.2)

F (2,166) η²p F (4,164) η²p
26.6*** .24 2.6*
.06

6.0 (1.0)

5.8 (0.8)

1.9 (6.8)
12.0 (8.8)
51.1 (41.9)
89.1 (51.4)

1.0 (4.8)
7.8 (6.0)
38.0 (32.9)
59.4 (62.2)

8.7 (11.8)
17.5 (11.9)
91.5 (46.2)
113.0 (74.7)
N = 29

107.1 (81.3) 88.5 (68.7)
8.2 (6.6)
6.9 (7.5)

91.1 (77.9)
6.2 (5.1)

108.0 (63.9) 62.7 (42.5)
6.1 (7.2)
7.6 (6.4)

67.0 (79.7)
9.1 (5.6)
N = 25
233.0 (52.1)
240.1 (50.9)

70.7 (64.7)
6.3 (5.4)

46.9 (37.6)
7.8 (5.7)

4.3 (7.9)
16.3 (7.7)
65.2 (39.5)
79.0 (61.6)
N = 26

52.3 (51.8)
8.4 (6.2)
197.1 (53.2)
249.0 (74.9)

71.9 (63.2)
6.2 (7.4)
N = 25
203.9 (55.3) 251.9 (91.2)
252.9 (64.5) 239.9 (63.8)

Time*Intervention

5.7 (1.2)

5.8 (1.1)

3.7 (6.9)
12.5 (8.4)
62.7 (55.2)
103.2 (65.5)

3.0 (7.5)
10.1 (7.7)
52.3 (46.2)
85.4 (59.0)

17.1***
22.6***
11.8***
2.9
F (2,164)

.17
.21
.12
.03
η²p

79.6 (67.4)
5.9 (5.5)

5.0**
1.6

.06 0.7
.02 1.1

.02
.03

.03
.00
η²p
.12
.00

.01
.03
η²p
.03
.03

203.3 (61.6)
248.5 (81.1)

54.7 (59.0)
7.6 (6.5)

2.5
0.2
F (2,154)
230.1 (80.5) 10.4***
248.2 (78.6) 0.2

1.2
0.4
0.7
0.8
F (2,236)

0.6
1.1
F (2,154)
1.1
1.0

.03
.01
.02
.02
η²p

df were corrected (Greenhouse-Geisser) if assumption of sphericity was violated (Mauchly’s test) Analyses without outliers (on the n-back) did not change the main
findings
a 6-week Follow-up
b Corsi block tapping task
c
Corrected for 0-back.
d
Error rate % errors
e Reaction time in ms
f Sustained attention response task, inverse efficiency score
g
Stop signal reaction time on the stop task
*p<.05;**p<.01;***p<.001

Table 4.1 Mean (standard deviations) and MANOVAs on near-transfer and far-transfer measures (questionnaires)
Group

WM training

Flexibility training

Mock- training

Comparison

Measure

Pre-training Post-training FUa

Pre-training Post-training FU

Pre-training Post-training FU

Time

N = 30

N = 25

N = 31

F (2,168) η²p F (4.168) η²p

Time*Intervention

BRIEFb-shift

18.4 (3.0)

17.3 (3.1)

16.9 (2.9)

18.3 (3.4)

17.4 (3.3)

16.5 (4.0)

17.2 (2.5)

16.5 (2.8)

16.5 (2.7)

16.5*** .17

BRIEF-WMc

24.3 (5.3)

23.3 (5.0)

22.7 (5.4)

23.2 (4.7)

23.1 (4.4)

22.4 (5.4)

23.0 (4.1)

22.3 (4.7)

22.4 (4.3)

5.1**

BRIEF-total

164.6 (22.2) 157.6 (22.1)

154.0 (27.3) 164.7 (17.8) 160.9 (19.5)

155.2 (27.5) 163.0 (17.3) 156.7 (18.6)

157.2 (17.9) 17.9*** .18

1.0

.02

CSBQd

47.8 (14.1)

44.2 (15.3)

42.8 (16.2) 46.0 (14.1)

42.2 (14.9)

41.9 (17.0) 45.9 (14.3)

41.6 (12.5)

42.5 (13.6) 9.1*** .10

0.2

.01

DBDRS-ADHDe 28.6 (10.8)

27.0 (10.8)

24.7 (9.9)

25.6 (9.6)

25.5 (10.0)

24.6 (10.9) 27.0 (10.3)

24.2 (8.6)

25.6 (10.0) 6.4**

2.5*

.06

PedsQlf

29.8 (12.8)

29.0 (11.4) 31.5 (10.4)

28.5 (11.2)

28.0 (10.6) 30.7 (12.1)

27.4 (11.1)

28.7 (12.6) 8.6*** .09 0.5

34.2 (12.0)

1.2

.03

.06 0.7

.02

.07

.01

df were corrected (Greenhouse-Geisser) if assumption of sphericity was violated (Mauchly’s test) Analyses without outliers (on the n-back) did not change the main
findings
a 6-week Follow-up
b Behavior rating inventory of executive function
c Working memory
d Children Social Behavior Questionnaire
e
Inattention and hyperactivity/impulsivity subscales Disruptive Behavior Disorders Rating Scale
f
Pediatric Quality of Life Inventory
*p<.05;**p<.01;***p<.001

Intention-to-treat analysis
Intention-to-treat analyses (WM N = 41, cognitive flexibility N = 40, mocktraining N = 40, M[SD], performed sessions: WM: 21[7], cognitive flexibility:
20[9], mock: 22[7]) revealed that overall children did not improve in Corsi-BTT
performance, but there was a marginal time*number of sessions, F (2,228) =
4.3, p = .02, η²p = .04 (NS after Bonferroni correction), and a significant
time*intervention interaction, F (4,228) = 4.4, p = .002, η²p = .07. Corsi-BTT
performance was positively related to the number of finished sessions, and
improved the most in the WM intervention condition between pre- and posttraining, F (2,119) = 5.7, p = .004, η²p = .09, but not between post-training and
FU (p>.01). Children in the WM intervention condition improved more in CorsiBTT performance than children in the cognitive flexibility and mock-training,
and remained at a higher level at FU.
There was a time*intervention interaction trend on the switch costs in
ER in the gender-emotion switch task, F (4,234) = 2.9, p = .02, η²p = .05 (NS
after Bonferroni correction). Switch costs in ER improved more in the
cognitive flexibility intervention condition than in the WM and mock-training
condition between pre- and post-training, F (2,117) = 4.6, p = .01, η²p = .07, but
not between post-training and FU (p > .05).
On the BRIEF Shift there was a marginal time*number of sessions
interaction, F (2,230) = 3.2, p = .04, η²p = .03 (NS after Bonferroni correction).
Children who performed more sessions improved slightly more on the BRIEF
shift scale.
On the DBDRS-ADHD the time effect was not significant (p > .05), but
there was a time*intervention interaction trend, F (3.7,212.2) = 2.6, p = .04, η²p
= .04 (NS after Bonferroni correction). Post-hoc analyses revealed between
pre-training and post-training there was no time nor a time*intervention
interaction (p > .05), and between post-training and FU there was no
significant time effect, F (1,116) = 0.1, p = .80, η²p = .00, but a significant
time*intervention interaction, F (2,117) = 5.3, p = .006, η²p = .08. Overall,
children in the WM intervention condition decreased more in their parent
rated ADHD characteristics than children in the other intervention conditions,
and after the post-training this improvement continued only in the WM
intervention condition.
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In line with per-protocol analysis, there were no time nor interaction
effects on the number-gnome switch task and the stop task. In contrast with
per-protocol analyses there were no significant time nor interaction effects on
the n-back task, SART, BRIEF-WM, BRIEF-total, CSBQ, and PedsQL.
Relation between within training improvement and training effect
The improvement in the training-tasks was not significantly correlated to the
primary outcome measures (WM r = -.09 – .16, cognitive flexibility r =
-.33–.06). Although children did improve within the training, this improvement
was not significantly related with performance on similar tasks (Corsi-BTT,
and gender-emotion switch task; see supplementary Table S4).

Discussion
Compared to a mock-training, a WM training and cognitive flexibility training
did not induce near-transfer nor far-transfer in children with ASD in this
randomized controlled trial. All children improved in WM, cognitive flexibility,
attention, and parent rated EF, social behavior, ADHD characteristics, and
quality of life, but the adaptive intervention conditions did not result in a
larger improvement than the mock-training. Overall, differently measured
cognitive flexibility and inhibition did not improve. The WM training did tend
to induce more improvement in WM (near-transfer) and ADHD characteristics
(far-transfer) than the other intervention conditions. The medium effect sizes
and the significant findings in intention-to-treat analyses suggest a trend,
whereas the non-significant treatment*time interaction in the per-protocol
analyses might have resulted from a lack of power. Moreover, intention-totreat analyses suggested a trend towards near-transfer of the cognitive
flexibility training, and a trend that children who performed more sessions,
improved more in daily life cognitive flexibility.
The trend of near-transfer of the WM training is in line with studies in
children with ADHD (e.g., Chacko et al., 2013). However, the lack of
generalization to the broader WM construct and other EFs makes the trend in
parent reported improvement in ADHD characteristics difficult to interpret.
Although WM is related to ADHD symptoms (Rapport et al., 2009; Van der
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Oord, Ponsioen et al., 2012), training induced improvements in WM have not
unequivocally shown improvement in ADHD symptoms (Melby-Lervåg &
Hulme, 2013; Rapport, Orban, Kofler, & Friedman, 2013). Moreover, WM
improvement was found in a recent study on Braingame Brian in children with
ADHD (Dovis, Van der Oord, Wiers, & Prins, under review), but far-transfer to
ADHD characteristics was not found. Hence, the currently found trend of
improved WM and ADHD characteristics in children with ASD should be
further examined in future research.
The trend of near-transfer of the cognitive flexibility training in the
intention-to-treat analysis is in line with previous studies reporting positive
effects of this type of training (Karbach & Kray, 2009; Kray et al., 2011).
However, this small effect was not revealed in the main analyses. As children
with poor cognitive flexibility seem to benefit more from cognitive flexibility
training (Karbach & Kray, 2009), and since not all children with ASD show
cognitive flexibility deficits (de Vries & Geurts, 2012; Pellicano, 2010b), there
might have been too little room for improvement. Moreover, improvement
may relapse when discontinuing a task-switching training (Karbach & Kray,
2009). Hence, including FU might reveal a less strong effect as compared to a
pre-training/post-training design. In sum, although the current findings
suggest that our computerized cognitive flexibility training is ineffective for
ASD, there is limited evidence of a near-transfer effect.
In line with previous research (Thorell et al., 2009), we found no
improvement in inhibition. Recent research suggests that a combined EFintervention might be more successful to improve inhibition (Dovis et al.,
under review). The equal improvement in all intervention conditions indicated
that both the WM training and the cognitive flexibility training did not induce
far-transfer to attention, daily EFs, social behavior, and quality of life. The
overall improvement might be due to test-retest-, practice-, and expectancy
effects, or regression to the mean (Melby-Lervåg & Hulme, 2013). However,
nonspecific training aspects, such as the needed sustained attention to
perform low level EF-tasks over 25 sessions (Rueda, Checa, & Cómbita, 2012),
and interacting with characters in the virtual world (Best, 2014) might have
induced improvement in all intervention conditions. Moreover, parents likely
give their child extra attention during the training by jointly visiting the testsessions, and motivating and supporting their child to complete the training.
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Treatment related parental involvement may have ameliorated behavioral
problems (Forehand, Jones, & Parent, 2013).
The finding that the WM training showed more effect than the
cognitive flexibility and mock-training may be due to the fact that this training
included five different WM training-tasks, while the other conditions only
included one WM training-task, and the cognitive flexibility training only
included one adaptive cognitive flexibility training-task. Performing various
tasks may be more demanding, but also more motivating, and importantly,
more effective (Karbach & Kray, 2009). The WM training includes
remembering, manipulating, and updating of information. Targeting a
broader range of functions, even though all part of WM, may contribute to
generalization of the training effect (Buitenweg, Murre, & Ridderinkhof, 2012;
Karbach & Kray, 2009). In contrast, the solely increasing speed in the cognitive
flexibility training may be more difficult to generalize to daily life. Moreover,
the gap between cognitive flexibility in research settings and in daily life may
be too large. A cognitive behavioral approach may be more appropriate to
improve cognitive flexibility (Kenworthy et al., 2014), while a computerized
WM training may be promising to improve WM. Moreover, it may be fruitful to
train more EFs simultaneously, while training a single EF is perhaps too limited
to result in far-transfer.
Attrition was relatively high (26%), compared to previous studies (510%; Kenworthy et al., 2014; Melby-Lervåg & Hulme, 2013; Stichter et al.,
2010). Children who dropped out used medication more often, indicating that
these children possibly experienced more severe problems. There were no
differences on other measures, but uncontrolled factors might be relevant to
attrition. We unfortunately did not quantify children’s attitude towards the
training. The weekly phone calls did indicate more enthusiasm about the
game world of the training, than about the training-tasks, and integrating the
training-tasks more thoroughly in the game world might make the training
more appealing and rewarding to the children.
One might argue that the currently used mock-training also trains EFs
to a certain extent. However, the EF demand in this mock-training was very
low, and undoubtedly much smaller than in the other training conditions.
Completely ruling out EFs may be difficult, if not impossible, in virtually any
task, and including a completely different task is hard to compare to a
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computer training. Thus, we consider our mock-training a proper control
condition, but a challenge for future research may be to design an active,
though non-EF applying control condition.
The current study has some limitations. Firstly, some children used
psychotropic medication. However, medication-use was similar in all
conditions, and analyses without these children gave similar results. Secondly,
we did not use teacher ratings. However, teacher ratings would probably not
have shown larger effects (e.g., Klingberg et al., 2005). Thirdly, although on a
group level EF deficits are present in children with ASD, not every individual
within this group experiences EF deficits (Chapter 3: de Vries & Geurts, 2014).
The training may be effective only for children with ASD who show EF deficits.
It will be an important next step to identify specific subgroups that may
benefit from this training.
In sum, the current study indicates that WM training shows only
marginal effects on WM and ADHD characteristics, and effects of the
cognitive flexibility training are even less clear, though we found limited
evidence for near-transfer. The training in its present form is not a feasible
treatment for all children with ASD. However, given the major individual
differences in ASD (Chapter 2: de Vries & Geurts, 2012; Chapter 3: de Vries &
Geurts, 2014; Pellicano, 2010b), pursuing whether the training is useful for
specific subgroups is a worthwhile enterprise.
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5. Predictors and moderators of an executive
function training for children with an Autism
Spectrum Disorder
Objective 121 children with an autism spectrum disorder (ASD) performed an
adaptive working memory (WM) training, an adaptive cognitive flexibility training, or
a non-adaptive control training (mock-training). Despite overall improvement, there
were minor differences between the adaptive and mock-training conditions.
Moreover, attrition was relatively high (26 %). To explore what might explain this
pattern of findings, potential predictors were examined.
Method Intelligence, autism traits, WM, cognitive flexibility, reward sensitivity and
Theory of Mind were measured pre-training. Potential predictor and moderator
effects on attrition, training improvement, and improvement in EF, ASD-like behavior,
and Quality of Life were analyzed.
Results None of the predictors influenced attrition, training improvement, or
improvement in EF, but it appeared that 1) children with higher reward sensitivity
improved more in ASD-like behavior than children with lower reward sensitivity; 2)
children with few pre-training autism traits improved more in QoL than children with
more pre-training autism traits, but only after the adaptive training. These findings
did not hold at follow-up.
Discussion The current training may be beneficial for children with high reward
sensitivity, and the adaptive training may be more appropriate for children with few
autism traits. Findings are too weak to apply clinically yet, but do warrant future
research.

Based on:
de Vries, M., Prins, P. J. M., Schmand, B. A., & Geurts, H. M. (to be submitted)
Predictors and moderators of an executive function training for children with an
autism spectrum disorder.
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The autism spectrum disorder (ASD) is a heterogeneous neurodevelopmental
disorder as there are individual differences in several developmental domains
(Geurts et al., 2014; Happé et al., 2006). It is highly likely that these individual
differences cause the often-observed lack of group effects of interventions
that are administered in ASD. More specifically, individual differences in
various areas suggest that interventions for ASD should be customized.
Obviously, people who suffer from severe repetitive behavior might need a
different treatment from those who experience mainly problems in social
interaction. Moreover, even people with ASD who encounter social problems,
differ in social interaction style (Scheeren, Koot, & Begeer, 2012), and might
respond differently to treatment such as a Theory of Mind training
(Hoddenbach et al., 2012). Clearly, people who experience different kinds of
problems might react differently to various treatments. In the current study
we explored a series of individual differences as potential predictors or
moderators of the outcome of a computerized executive function (EF) training
(Prins et al., 2013) that was administered to children with ASD.
As described extensively in Chapter 4, we compared the effectiveness
of an adaptive working memory (WM) training and an adaptive cognitive
flexibility training with an active, non-adaptive control condition (mocktraining) in a large (N = 121) randomized controlled trial of children with ASD
(8-12 years). In short, the children in the active (WM and cognitive flexibility)
conditions improved in performance during the training, and children in all
three intervention conditions improved on most of the outcome measures.
However, children in the adaptive training conditions did not improve
substantially more than children in the mock-training condition. There was a
trend towards more improvement in WM performance and Attention Deficit
Hyperactivity Disorder (ADHD) behavior in the children who performed the
WM training, and a small indication for more improvement in cognitive
flexibility in the children who performed the cognitive flexibility training.
Given these small treatment effects, and given the high attrition rate (26 %),
the studied variant of the training does not seem to be a suitable intervention
for children with ASD.
However, in view of the diverse findings (Kenworthy et al., 2008;
Russo et al., 2007) and the large individual differences in the nature and
severity of EF deficits in ASD (Chapter 3: de Vries & Geurts, 2014; Pellicano,
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2010b), the training might be promising for some children with ASD, while not
effective for others. For example, WM training might be helpful for children
with WM deficits, but not for children with relatively well developed WM.
Moreover, individual differences in other areas such as IQ (Charman et al.,
2011) and Theory of Mind (ToM: Pellicano, 2010b), and in less well researched
characteristics such as reward sensitivity may influence the response to an
intervention.
When studying the efficacy of an intervention, attrition rates need to
be taken into account, as intervention success depends, at least in part, on
compliance. Although our training included game-elements meant to increase
motivation and to reduce attrition (Prins et al., 2013), only 90 of the 121
children who started the training, completed all sessions. Studying attrition
poses some challenges. Firstly, attrition rates appear to differ depending on
how it is defined (Barrett et al., 2008). For example, attrition can be defined as
dropout after initial enrollment, or as dropout before completing the
intervention. Moreover, completing the intervention can be defined as
completing all sessions, a fixed number of sessions, or as achieving certain
goals. Secondly, attrition rates vary greatly between different kinds of
interventions. In studies on cognitive training, such as working memory (WM)
training, dropout rates of about 10 % are reported (Melby-Lervåg & Hulme,
2013), while in psychotherapy studies dropout rates may rise to 50 % (Barrett
et al., 2008). In ASD interventions dropout rates are less well established
(McMahon, Lerner, & Britton, 2013). In the two studies on EF interventions in
ASD dropout rates were zero (Fisher & Happé, 2005)
(Fisher & Happé, 2005), and 5-9% (Kenworthy et al., 2014). Common reasons
for dropout are a lack of motivation or dissatisfaction with the intervention,
external difficulties, or being convinced of one’s own improvement (Bados,
Balaguer, & Saldaña, 2007). Psychiatric diagnoses seem unrelated to attrition
(Barrett et al., 2008; de Graaf, van Dorsselaer, Tuithof, & ten Have, 2013).
However, other factors might be accountable for dropout. Unraveling these
factors is important if one wants to predict whether a treatment is useful for
specific clinical subgroups.
Cognitive training in ASD is a relatively new object of study, and relatively
little is known about predictors and moderators of attrition and outcome.
Hence, besides including IQ as a predictor, we explored several other
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candidate predictors and moderators of training parameters (the number of
completed sessions and improvement on training-tasks), and of outcome
measures (EF behavior in daily life, ASD-like behavior, and Quality of Life
[QoL]). When an overall effect of a factor is found, the factor is considered a
predictor (the factor predicts outcome irrespective of training condition).
When a predicting factor interacts with the training condition, this factor is
considered a moderator (the factor influences one training condition
differently than the other). Predictors indicate which children will benefit most
from an intervention, while moderators indicate which specific intervention
would be most helpful for a specific subgroup of children.
Intelligence is an important predictor of intervention outcome
(Schreibman et al., 2009; Sherer & Schreibman, 2005; Szatmari et al., 2003),
and seems to be related to adult social functioning in ASD (Billstedt, Gillberg,
& Gillberg, 2007; but see Gillespie-Lynch et al., 2012). Overall, childhood IQ is
a significant predictor of later IQ, language, academic achievement, and
adaptive behavior (Gabriels, Hill, Pierce, Rogers, & Wehner, 2001). IQ seems
to be a positive predictor of treatment outcome (Schreibman et al., 2009;
Sherer & Schreibman, 2005; Szatmari et al., 2003), although WM training may
induce a higher IQ gain in children with a lower initial IQ (Rudebeck et al.,
2012). Intelligence is expected to positively influence both training
performance and training outcome in ASD.
Specific behavioral profiles appear to influence intervention outcome.
For example, young children with ASD who showed a more adaptive
behavioral profile improved more in language, play behavior, and social
behavior after Pivotal Response Training than children with a less adaptive
profile (Sherer & Schreibman, 2005), though this profile was only predictive
for this specific intervention (Schreibman et al., 2009). Also, children with a
more complex and severe diagnosis are more susceptible to discontinue a
treatment (Barrett et al., 2008), and children with more severe ASD problems
may dropout due to secondary (e.g., behavioral) problems that interfere with
training-completion. However, children with more initial behavioral problems
do have more room to improve (Farmer et al., 2012). We, therefore, examined
whether autism traits influenced attrition and treatment outcome. We
expected that children with more autism traits would be more likely to drop
out, but that these children, if they would succeed in completing the training,
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would show a larger improvement in ASD-like behavior in response to the
treatment.
The same effect has been reported for EFs: people with more severe EF
deficits appear to have more room for improvement, and might benefit the
most from an EF intervention (Diamond, 2012). Perhaps WM training only
induces WM improvement when someone actually experiences WM deficits
(Zinke, Zeintl, Eschen, Herzog, & Kliegel, 2012). Similarly, poor initial
cognitive flexibility appears more susceptible to improvement after cognitive
flexibility training (Karbach & Kray, 2009; Kray et al., 2011). Children with less
well developed WM or cognitive flexibility may thus improve more in reaction
to respectively a WM or cognitive flexibility training. However, a less well
developed WM and cognitive flexibility might make it more difficult to
complete the training.
A recent theory postulates that children with ASD show altered
reward sensitivity (Dawson, Osterling, Rinaldi, Carver, & McPartland, 2001).
Children with ASD seem more sensitive to punishment (Luman, van Meel,
Oosterlaan, & Geurts, 2012), and findings on reward sensitivity are diverse.
Some authors report that children with ASD are less sensitive to social
rewards, but show no altered sensitivity to monetary rewards (Delmonte et
al., 2012), whereas others suggest that children with ASD have a general
reward sensitivity deficit (Kohls et al., 2013). These inconclusive findings on
reward sensitivity might partly be due to individual differences in ASD. As our
EF training includes rewards during and after tasks and sessions, children who
are more sensitive to rewards might be less vulnerable to drop out and
experience more training-induced improvement.
Finally, an important view on ASD concerns deficits in Theory of Mind
(ToM: Baron-Cohen, Leslie, & Frith, 1985). EF and ToM appear to be related
(Pellicano, 2010b), and EF training may improve ToM (Fisher and Happé,
2005). However, the influence of initial ToM capacities on the effectiveness of
EF training is still unknown. Functions related to ToM do seem to have
predictive value (Gillespie-Lynch et al., 2012). For example, goal
understanding and imitation predict positive treatment-outcome in young
children with ASD (Vivanti, Dissanayake, Zierhut, & Rogers, 2013). Moreover,
since in our EF training with game-elements the training-tasks have to be
performed in order to help other characters in the game world, better
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mentalizing skills may lead to more empathy with game-characters, and may
increase the willingness to help. Hence, a well-developed ToM may positively
influence adherence and outcome.
In short, we expected that: 1) children with a higher IQ, a better
developed ToM, and greater sensitivity to rewards would perform better
within the training and show more improvement after the training; 2) children
with more autism traits would perform less well within the training, but when
completing the training, would improve more in EF, ASD-like behavior, and
QoL; 3) children with more WM or cognitive flexibility problems would more
often drop out. However, if not, children with more WM problems would
improve more within the WM training and in EF, ASD-like behavior, and QoL,
but only after the WM training, and children with more cognitive flexibility
problems would improve more within the cognitive flexibility training and in
EF, ASD-like behavior, and QoL, but only after the cognitive flexibility
training. If substantiated, this would imply that WM and cognitive flexibility
problems are moderators.

Method
Participants
The participants, measures, design and results of the Randomized Controlled
Trial on the WM and cognitive flexibility training in children with ASD have
been reported in Chapter 4. In short, 121 children (8-12 years) were assigned
to one of three versions of Braingame Brian (Prins et al., 2013); 41 WM, 40
cognitive flexibility, and 40 mock-training. These children all had a clinical
ASD diagnosis according to the Diagnostic and Statistical Manual of Mental
Disorders (American Psychiatric Association, 2000; American Psychiatric
Association, 2013), which was confirmed with the Autism Diagnostic Interview
Schedule-Revised (ADI-R: De Jonge & de Bildt, 2007; Lord et al., 1994). All
children had an IQ above 80 and no seizure disorder (see Chapter 4 for
detailed screening data). Of seven children data was incomplete due to
missing values on the questionnaires (2 WM, 3 cognitive flexibility, 2 mocktraining). Forty children used psychotropic medication (17 abstained during
appointments, and 23 continued).
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Intervention
Each child performed a WM training, a cognitive flexibility training, or a nonadaptive mock-training (see see Supplement 1 and Prins et al., 2013 for a
detailed description of the training). Each training version consists of 25
sessions and each session includes two blocks of three tasks each (WM,
cognitive flexibility, inhibition).
The WM training includes five adaptive visual-spatial WM trainingtasks with increasing difficulty. The other (non-WM) tasks remain at a low
level. In each WM training-task a random sequence of squares in a 4 x 4 grid
light up, and has to be repeated by mouse clicks. The five tasks differ in
difficulty as in task 2, 4, and 5 additional bars at the sides of the grid light up
and have to be remembered and repeated, and in tasks 3 and 5 squares are
colored purple and orange, and first the orange and then the purple buttons
have to be repeated. Each of the five WM-tasks increases in difficulty adaptive
to the child’s performance.
The cognitive flexibility training includes an adaptive switch task,
while the other tasks remain at a low level. In the switch task blue or red circles
and triangles appear on the computer screen, and a task cue indicates if the
sorting rule is ‘form’ or ‘color’. When the sorting rule is ‘form’ the participant
has to press ‘Q’ if the object is a triangle, and ‘P’ if the object is a circle. If the
sorting rule is ‘color’, the participant has to press ‘Q’ if the object is red, and ‘P’
if the object is blue. An increase in level indicates a decrease in time to
respond with 50 ms.
In the mock-training all tasks remain at a low, non-adaptive level,
hence children do not differ in their reached level. In each intervention
condition all tasks are performed, although only the task being trained is
adaptive to the child’s performance (note that inhibition was never trained in
the current study). In the cognitive flexibility training and mock-training, only
the first most basic task of the five WM training-tasks is performed.
As a measure of within training improvement the sum of the highest
reached levels on the five WM-tasks (level indicates sequence length), and the
highest reached level on the cognitive flexibility training-task is used (level 1:
1300 ms to respond, up to level 14: 650 ms to respond).
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Predictors/Moderators
IQ
The WISC-III subtests Vocabulary and Block Design were used to estimate IQ
(Kort et al., 2002). These subtests have good reliability (Legerstee et al., 2004;
Sattler, 2001) and correlate highly with Full Scale IQ.
Autism traits
The Social Responsiveness Scale (SRS: Constantino et al., 2003; Dutch
version: Roeyers et al., 2011) was administered to the parents of the children
as indication of autism traits. This questionnaire is reliable and valid (Bölte et
al., 2008; Roeyers et al., 2011).
Working memory
A computerized version of the Corsi block tapping task (Corsi-BTT: Corsi,
1972) was administered to the children to measure visual-spatial WM (see
Chapter 3 for details). The Corsi-BTT is a well-validated and extensively used
instrument to measure WM (Berch, Krikorian, & Huha, 1998). Nine blocks are
displayed on a computer screen. A sequence of initially three blocks light up
(500 ms each) and has to be repeated with mouse-clicks. After every four trials
the sequence-length increases with one block, up to a maximum of eight,
unless all four trials are incorrectly repeated, in which case the task ends. The
longest correctly repeated sequence length was used as a measure of WM.
Cognitive flexibility
The gender-emotion switch task (for details see Chapter 2), an adaptation of
the classical switch task (Rogers & Monsell, 1995) was administered to the
children to measure cognitive flexibility. Switch tasks are relatively pure
cognitive flexibility measures. The switch costs in error rates (ER) was used a
measure of pre-training cognitive flexibility.
Reward sensitivity
Parents filled out the Sensitivity to Punishment and Sensitivity to Reward
Questionnaire for Children (SPSRQ-C: Colder & O'Connor, 2004; Luman et al.,
2012) to measure reward and punishment sensitivity of the children (33 items,
5-point Likert scale). The scale consists of a sensitivity to punishment scale (15
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items), and three sensitivity to reward scales (Drive: 4 items, Reward
Responsivity: 7 items, Impulsivity/Fun-Seeking: 7 items). The questionnaire
has good construct validity (Luman et al., 2012). The currently used measure
was the total score of the three sensitivity to reward scales.
ToM
The Strange Stories Test (Spek, Scholte, & Van Berckelaer-Onnes, 2010), an
adaptation of the strange stories test by Happé (1994), was administered to
measure ToM. Eight vignettes, including misunderstanding, double bluff,
irony, persuasion, white lies, figurative language, first order and second order
belief, are read aloud to the children, while they can simultaneously read
along. Children have to answer two questions about the stories; a question to
verify if the children understand the story, and a question about the
motivation of the person in the vignette. The first answer is only scored on
correctness, the second also on inclusion of a mental representation in the
answer, as compared to a physical justification. The predictor measure will be
the number of correct answers including a mental representation. All answers
were scored by two raters independently and inter-rater-agreement was
sufficient (Kappa = .61, p <.001).
Outcome measures
Daily EF
The Behavior Rating Inventory of Executive Function (BRIEF: Gioia et al.,
2000; Dutch Version: Smidts & Huizinga, 2009) was administered to the
parents of the children as a measure of daily EF (75 items, 3-point Likert scale).
The BRIEF has high to very high internal consistency and test-retest stability
(Huizinga & Smidts, 2010). The total scale was used as the outcome measure.
ASD-like behavior
The Children’s Social Behavior Questionnaire (CSBQ, Dutch version: Hartman
et al., 2007) was administered to measure ASD-like behavior (49 items, 3-point
Likert scale). The CSBQ has good internal consistency and test-retest stability
(Hartman et al., 2006). The total scale was used as the outcome measure.
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Quality of Life
The Pediatric Quality of Life Inventory (PedsQL: Bastiaansen, Koot, Bongers
et al., 2004; Varni et al., 2001) was used as a measure of QoL (23 items, 5-point
Likert scale). Reliability and validity are satisfactory (Bastiaansen, Koot,
Bongers et al., 2004). The total scale was used as the outcome measure.
Procedure
Children were tested on four occasions (screening, pre-training, post-training,
and six-week follow-up). The ADI-R and WISC-III subtests, Short stories task
and SPSRQ-C were administered pre-training, and the BRIEF, CSBQ, and
PedsQL were administered pre-training, post-training, and at follow-up. The
training-period took six weeks; the children trained five times a week at home
and could take one week off. The four appointments lasted about 100 minutes
each. Children received a small gift for participating. Parents received a report
with the ADI-R results, and travel expenses were largely covered.
Statistical analysis
First, to test if the predictors influenced attrition, a Cox regression analysis
was performed with IQ, autism traits, WM, cognitive flexibility, reward
sensitivity, and ToM at baseline as independent variables, and the number of
completed sessions as dependent variable (N = 121). Second, to test if the
predictors influenced training improvement and training outcome, we
checked which predictors (IQ, autism traits, WM, cognitive flexibility, reward
sensitivity, and ToM) correlated with the level reached in the training for each
training version separately (WM N = 41, cognitive flexibility N = 38), and with
training outcome; change in EF, ASD-like behavior, and QoL (N = 117). A
higher score on these measures (BRIEF, CSBQ, and PedsQL) indicates more
problems, and a decrease indicates improvement. We subtracted posttraining from pre-training measures; therefore positive difference-scores
indicate improvement. Next, only those predictor variables that showed a
sufficient correlation (r > .25 or p < .10) with an outcome variable were
included as predictors in the corresponding linear regression analyses with 1)
the maximum level reached (for the WM and cognitive flexibility training
version separately); 2) EF change; 3) change in ASD-like behavior; and 4) QoL
change as dependent variables. Finally, to explore if outcome was moderated
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by the version of the training, and to test if specific predictors interacted with
training condition, interaction terms of the included independent variables
with training version were included, with separate analyses for adaptive (WM
or cognitive flexibility) vs mock-training, and WM vs cognitive flexibility
training. Analyses were performed with and without possible outliers (median
+/- 4 inter quartile range).

Results
The training groups did not differ in demographics and predictors (see Table
5.1).
Attrition
Attrition did not differ between the three training groups (WM, cognitive
flexibility, and mock-training; see Figure 5.1), and was not influenced by any of
the predictor variables (p’s > .05).
Correlations of predictors and outcome measures
Based on the correlations (see Table 5.2) we included reward sensitivity as a
predictor of reached level in the WM training, and IQ as a predictor of reached
level in the cognitive flexibility training. Furthermore, autism traits and reward
sensitivity were included as predictors of EF change, and QoL change, and
reward sensitivity as a predictor of change in ASD-like behavior.
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Figure 5.1 Number of children who completed each session

Predictor analyses of training level
Reward sensitivity did not significantly predict the sum of the reached WM
training levels, nor did IQ predict the reached level in the cognitive flexibility
training (p’s > .05, see Table 5.3).
Predictors of improvement in EF, ASD-like behavior, and QoL
Neither autism traits nor rewards sensitivity predicted EF improvement
(p’s > .05). High reward sensitivity did predict improvement in ASD-like
behavior (p < .01). Children who were more sensitive to rewards improved
more in ASD-like behavior. Less autism traits predicted QoL improvement (p
< .05), but reward sensitivity did not. Children with more pre-training autism
traits improved less in QoL than children with less pre-training autism traits
(see Table 5.3). None of the predictors were significant when examining
differences between pre-training and six-week follow-up.
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Table 5.1 Mean (M) and standard deviations (SD) of demographics, predictors, training, and outcome measures for all children
Measure
Gender m/f
Medication usea

Group
WM N = 41
37/4
29/6/6
M
SD
10.5
1.3

Range
Age
8.1–12.7
Predictor variables
Intelligence Quotient
113.3
21.3
81–170
111.0
20.2
Autism traitsb
99.7
24.2
58–152
98.0
24.3
Working memoryc
5.2
0.8
3–7
5.6
1.0
Cognitive flexibilityd
4.7
7.6
-10.8–23.6
7.1
6.5
Reward sensitivitye
52.8
10.3
30–74
54.5
11.7
Theory of Mindf
5.7
1.5
2–8
5.0
1.7
Training measures
Number of sessions
21.3
7.3
1–25
19.5
8.7
Levelg
19.4
6.5
3.2–27.2
9.2
4.5
Outcome variables difference between pre-training and post-trainingh
Executive functionsi
5.4
11.2
-13–38
5.6
13.0
ASD-like behaviorj
3.8
9.4
-12.5–29
3.6
9.4
Quality of Lifek
3.5
9.1
-15–25
2.7
10.0

a

Mock N = 40
35/5
25/5/10
M
SD
10.6
1.4

Range
8.1–12.9

Group comparison
χ2
p
(2) 0.1
.91
(4) 1.5
.82
F(2,118)
p
η²p
0.1
.94 .00

81–154
58–147
4–8
-7.6–23.5
26–80
1–8

108.0
93.7
5.3
5.5
54.2
5.0

20.4
21.0
1.2
7.0
12.3
2.1

81–154
57–149
3–8
-4.9–33.3
28–83
0–8

0.7
0.7
1.3
1.3
0.2
2.1

.51
.49
.29
.29
.79
.13

.01
.01
.02
.02
.00
.03

1–25
1–14

21.4

7.7

1–25

0.7

.48

.01

-18–41
-12–34
-21–24

5.5
4.1
2.7

10.6
9.6
7.4

-9–36
-7–44
-13–23

F(2,114)
0.0
0.2
0.4

.96
.85
.69

.00
.00
.01

Flexibility N = 40
36/4
27/6/7
M
SD
Range
10.5
1.3
7.9–12.9

Children who never used medication/children who used medication, but not during test sessions/children who used medication during test sessions
Social Responsiveness Scale
c Corsi Block tapping task
d Error rate switch costs on the Gender-emotion task
e
Sensitivity to Punishment and Sensitivity to Reward Questionnaire for Children WM N = 40
f
Short stories test
g Flexibility N = 38, as 2 children did not finish the first session.
h
WM N = 40 (31 completed all sessions), flexibility N = 39 (27 completed all sessions), Mock N = 38 (32 completed all sessions)
i
Behavior Rating Inventory of Executive Function, 12 % improved.
j
Children Social Behavior Questionnaire, flexibility N = 38, 18 % improved
k Pediatric Quality of Life Inventory, 26 % improved
b

Table 5.2 Correlations between predictor and improvement on outcome variables
Outcome measures
Highest reached training level

Difference between pre-training and post-training

Predictor variables

Sum 5 working memory tasks
N = 41a
r
p

Flexibility task
N = 38
r
p

Executive functioningb
N = 117
r
p

ASD-like behaviorc
N = 116
r
p

Quality of Lifed
N = 117
r
p

Intelligence Quotient

.06

.71

.26

.11

-.14

.13

-.03

.79

-.03

.76

Autism traitse

-.10

.53

-.01

.95

-.16

.10

-.13

.16

-.21

.02

Working memoryf

.10

.54

-.15

.37

.06

.51

-.06

.51

.06

.49

Cognitive flexibilityg

.12

.47

-.02

.89

-.06

.54

-.02

.80

-.10

.29

Reward sensitivityh

-.28

.08

.12

.49

.17

.07

.27

.00

.19

.05

.13

.42

.10

.54

-.09

.34

-.14

.14

-.08

.42

Theory of

Mindi

a Reward sensitivity

N=40
Behavior Rating Inventory of Executive Function
c Children Social Behavior Questionnaire
d Pediatric Quality of Life Inventory
e Social Responsiveness Scale
f Corsi Block tapping task
g Error rate switch costs on the Gender-emotion task
h Sensitivity to Punishment and Sensitivity to Reward Questionnaire for Children
i Short stories test
Bold numbers r > .25 or p < .10
b

Table 5.3 Influence of Intelligence Quotient, Autism traits, and Reward sensitivity on reached training level, and change in Executive
functioning, ASD-like behavior, and Quality of Life
Outcome measures
Highest reached training level
Sum 5 working memory tasks
N = 40
Β
R2
F (1,38)
Predictor variables

.08

Intelligence Quotient

Flexibility task
Executive functioninga ASD-like behaviorb
N = 38
N = 117
N = 116
β
R2
F (1,36) β
R2
F (2,114) β
R2
F (1,114)

3.2

.07

2.6

.05

2.9

.07

Quality of Lifec
N = 117
β
R2
F( 2,114)

8.8**

.07

4.3*

.26

Autism traitsd
Reward sensitivitye

Difference between pre-training and post-training

-.14
-.28

.16

-.19*
.27**

.16

Note Only predictors that showed a sufficient correlation with an outcome measures were included in the regression analysis of that
outcome measure.
a
Behavior Rating Inventory of Executive Function
b
Children Social Behavior Questionnaire
c
Pediatric Quality of Life Inventory
d
Social Responsiveness Scale
e
Sensitivity to Punishment and Sensitivity to Reward Questionnaire for Children
*p<.05 **p<.01 ***p<.001

Interaction analyses
There were no significant interaction effects on improvement of EF or ASDlike behavior (p’s > .05). IQ, autism traits, and reward sensitivity had a similar
influence on children in all three training conditions. However, with respect to
QoL, the model including training version (adaptive vs mock-training) and pretraining autism traits was significant, R2 = .09, F (3, 113) = 3.79, p = .01; both the
main effect of training version (p = .02), and the autism traits*training version
interaction (p = .02) were significant. Hence, children with more pre-training
autism traits improved less in QoL than children with few pre-training autism
traits, but this was only after the WM or cognitive flexibility training.
Autism traits did not influence change in QoL in children who performed the
mock-training (see Figure 5.2). There was no difference between the WM and
cognitive flexibility training (p > .05).
There was one outlier on the CSBQ difference score (median + 4 inter
quartile range); removing the outlier did not change the main findings.
However, when examining this outlier, it appeared that the pre-training
questionnaire was filled out by the mother, and the post-training
questionnaire was filled out by the father. To control for this finding, we
exploratively re-analyzed the data without all children with this same raterpattern (N = 7). This did not change the findings substantially, although the
influence of autism traits on QoL was now a trend (p = .06).
Although, overall, children improved on the questionnaires, this was
not the case for each individual child. We, therefore, compared predictor and
training measures of children who significantly improved on the BRIEF, CSBQ,
or PedsQL between pre- and post-training, and children who did not improve
on any of these questionnaires (exploratory analyses). For the BRIEF (Smidts
& Huizinga, 2009), CSBQ (Hartman et al., 2007), and PedsQL (Varni et al.,
2003) reliable change indexes (RCI's: Jacobson & Truax, 1991) were computed
(one sided 95 %-confidence interval). This revealed that children who
improved significantly on one of the questionnaires (N = 46) performed better
on the ToM test than children who did not improve significantly, F (1,114) =
5.8, p = .02. There were no differences observed for other measures (IQ,
autism traits, WM, cognitive flexibility, reward sensitivity, number of sessions
completed, reached WM, or cognitive flexibility training-level). On the PedsQL
some children even deteriorated (N = 9, see Table 5.1 and Figure 5.2).
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Compared to children who did not deteriorate, these children showed higher
switch costs on the gender-emotion switch task, F (1,114) = 8.2, p = .01.

Figure 5.2 Relation between autism traits and Quality of Life change in the adaptive
and mock-training conditions
Note Autism traits: Social Responsiveness Scale. Quality of Life change: difference
between pre-training and post-training on the Pediatric Quality of Life Inventory; a
positive score implies improvement in Quality of Life.
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Discussion
One-hundred-twenty-one children performed one of three versions of an EF
training: a WM, cognitive flexibility, or mock-training (Chapter 4). Because of
high attrition and minor specific effects, possible predictors and moderators
were explored. We expected that IQ, ToM, and reward sensitivity were
positive predictors of adherence, training performance and outcome. Autism
traits, WM deficits, and cognitive flexibility deficits were expected to increase
dropout, but also to positively influence outcome in children who complied
with the training, because these children had more room to improve. We
found that none of the predictor variables influenced attrition or within
training improvement, nor EF improvement. However, children who were
more sensitive to rewards improved more in ASD-like behavior than children
who were less sensitive to rewards, and children with more autism traits
improved less in QoL than children with few autism traits, but only after the
adaptive training conditions. Autism traits did not influence change in QoL
after the mock-training. These findings were short lived and did not hold at
follow-up.
The effects are small and lack statistical power to draw firm
conclusions. However, the current findings warrant more future research.
First, the training may be appropriate for children who are sensitive to
rewards, as these children improved more in ASD-like behavior. This is an
interesting finding, as children with ASD are hypothesized to be less sensitive
to rewards (Kohls et al., 2013). Low reward sensitivity at the group level might
explain a lack of a specific training effects in children with ASD. Second, an
adaptive training may be useful for children with less autism traits, as these
children seem to improve more in QoL after the adaptive training. For children
with more autism traits the adaptive training might be too difficult or too
frustrating. The current findings are also in line with the reported low social
QoL in children with ASD (Ikeda, Hinckson, & Krägeloh, 2013; van Heijst &
Geurts, 2014) as we included an autism traits measure that mainly focuses on
social problems (SRS: Constantino et al., 2003; Roeyers et al., 2011). Hence,
children with ASD are known to have both social problems, and a low QoL,
and the current findings indicate that those children with more social
problems are also less apt to improve in QoL.
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The variables we examined did not predict attrition. Visual inspection
suggests a trend that of the children who dropped out, most dropped out
within the first 8 sessions, and once session 16 was reached, the risk to drop
out seemed to go down (see Figure 5.1). We assumed that completing (a large
part of) the training was a prerequisite for improvement, given the so called
dosage effect of EF training (Jaeggi, Buschkuehl, Jonides, & Shah, 2011). This
dosage effect indicates that completing more sessions (a higher dose) would
lead to more improvement, but is not unequivocally found. There is a dosage
effect of applied behavior analytic intervention in ASD to language and
adaptive behavior, but not to IQ (Virués-Ortega, 2010), and there is no dosage
effect of school social skills intervention for ASD (Bellini, Peters, Benner, &
Hopf, 2007). Dosage does not seem to moderate WM training effects (MelbyLervåg & Hulme, 2013). We explored if there was a dosage effect in the current
data, but the number of completed sessions did not predict outcome. How
many sessions need to be performed as a threshold for success, and what
might motivate a child to reach this threshold, needs to be unraveled in future
research.
We did not find that pre-training WM or cognitive flexibility influenced
training outcome, unlike previous research (Diamond, 2013; Kray et al., 2011).
The finding that people with less well developed cognitive flexibility deficits
improved more after a cognitive flexibility training was based on a cross-over
design; people who first performed an adaptive training and then a mocktraining improved more than people who first performed the mock-training
and then the adaptive training (Kray et al., 2011). The effect of initial cognitive
flexibility deficits is unclear. Moreover, the claim that children with poorer
initial EFs benefit more from interventions that target EFs (Diamond, 2013) is
based on other treatments than computerized EF training alone. Pre-training
EF might influence reaction to such other treatments differently than reaction
to a specific EF training. Hence, although there are indications that lower pretraining EF is more susceptible to improvement, this is not very well
substantiated, and baseline EF may not be a very good predictor of training
improvement.
The lack of an IQ effect on EF training performance, improvement in
EF, ASD-like behavior, and QoL might be due to the restricted range of IQs, as
an IQ below 80 was an exclusion criterion. Hence, IQ was not unbounded. For
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children with an average or above IQ the effect of IQ on treatment-outcome
may disappear. For example, children with an IQ above 70 tend to have a
better QoL than children with a lower IQ. However, within a group of children
with an IQ above 70, IQ did not predict QoL (Howlin, Goode, Hutton, & Rutter,
2004). Thus, IQ might predict treatment-outcome in a more diverse group,
but not in a group of children with an average or above IQ.
ToM did not influence training and outcome, although children who
improved in daily life did seem to have a better developed ToM than children
who did not improve. Possibly, the ToM measure we used was not sensitive
enough. Although the Short stories test has been used for adults (Happé,
1994; Spek et al., 2010), it was not validated for children. We administered the
Short Stories test also to a control group of typically developing children, and
the performance of children with and without ASD did not differ significantly
(p > .05, unpublished dataset). Hence, the measure might not have been
sensitive enough and too difficult for children. However, in line with previous
research that found no influence of a ToM-training on EF (Fisher & Happé,
2005), ToM may not be a predictor of reaction to a treatment that focuses on
EF, but a relatively well developed ToM may be a prerequisite to improve in
EF.
Although overall children improved in EF, ASD-like behavior, and QoL,
unfortunately, some children deteriorated in QoL. These children appeared to
show more cognitive flexibility problems, but did not differ on other pretraining measures. It is important to study factors that might predict who will
deteriorate in future research, as such factors are important contraindications
to start with such a training.
There are some caveats in the current study. First, the statistical
power was relatively low. This implies that although our study shapes
important future research avenues, it is too early to translate our findings into
specific clinical advice. Moreover, we cannot be sure that the lack of certain
expected effects is due to absence of these effects, or to lack of power.
Second, reliability and validity are not established for the Gender-emotion
switch task. However, switch tasks are considered relatively pure measures of
cognitive flexibility, and we did find switch costs in reaction time and error
rates as expected (see also Chapter 2: de Vries & Geurts, 2012). Third,
although we considered reward sensitivity as a predictor, we did not test if
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children indeed considered the game-elements of the training as rewarding.
This might have been a good additive, as it may be a prerequisite to observe a
training effect. Fourth, we did not include language ability and age as
predictors. Language development appears to predict adult outcome in ASD
(Gillespie-Lynch et al., 2012), particularly in children with relatively low
language functioning (e.g., Schreibman et al., 2009; Sherer & Schreibman,
2005). As we only included children with quite well developed language
abilities, the variability in language seemed too small to be a suitable
predictor. As for age, although treatment seems most effective in young
children, and increasing treatment length may have a larger effect in younger
than in older children, this effect was only found in children up till 7 years
(Granpeesheh, Dixon, Tarbox, Kaplan, & Wilke, 2009). Moreover, recent
research showed that neither intervention intensity nor age influenced early
behavioral intervention outcome in children with ASD (Vivanti et al., 2013).
This is why we did not expect an effect of age. Finally, fathers and mothers
differ in the evaluation of their child. Although we requested that at each testassessment the same rater would be present, this was not always possible.
Although this did not largely affect the findings, it remains important for
future research.
In sum, we did not find predictors of attrition. Keeping in mind the
aforementioned caveats, the current findings do suggest that EF training may
be particularly fruitful for children with high reward sensitivity, and that an
adaptive training may be less suitable for children with more autism traits. The
lack of power and small effects urge to replicate these findings with larger
samples, to determine their clinical importance.
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6. Influence of autism traits and executive
functioning on Quality of Life in children with an
Autism Spectrum Disorder
Objective Children with Autism Spectrum Disorders (ASD) often experience a low
Quality of Life (QoL).
Method We studied if IQ, early language development, current autism traits, and daily
executive functions (EFs) are related to QoL in children (aged 8 to 12 years) with ASD
(N = 120) and typically developing (TD) children (N = 76). Results Children with ASD
showed a lower QoL than TD children. This lower QoL was related to higher levels of
autism traits and EF deficits. Moreover, specific autism traits and EFs were related to
specific QoL subdomains. Conclusion The low QoL and the aggravating effects of
autism traits and EF deficits indicate a potential to identify and target such factors in
treatment to improve QoL.

Based on:
De Vries, M., & Geurts, H. M. (under review). Influence of Autism Traits and executive
functioning on Quality of Life in children with an Autism Spectrum Disorder.
Journal of Autism and Developmental Disorders
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Children with autism spectrum disorders (ASD) experience deficits in social
interaction, communication, and show stereotyped and repetitive behavior
(American Psychiatric Association, 2000; American Psychiatric Association,
2013). Given the pervasive nature of this neurodevelopmental disorder,
children with ASD are challenged in various developmental domains which are
of importance for the so called Quality of Life (QoL). QoL is often defined as
an individual’s subjective perceptions of both positive and negative
dimensions of functioning (functioning itself, evaluations of functioning, and
personalized evaluations of functioning) on multiple domains (physical,
psychological, and social; WHOQOL group, 1995). QoL is a more subjective
appraisal of one’s own well-being, as compared to objectively measureable
factors such as health-status or functional impairment (Coghill, Danckaerts,
Sonuga‐Barke, & Sergeant, 2009) and has been studied increasingly in people
with ASD in the last decade.
QoL is mostly measured with questionnaires either by self-report, or
by parent/caregiver report. Parent- and self-report measures of QoL correlate
moderately for both children (6-12 year, r = .38; Bastiaansen, Koot, Ferdinand,
& Verhulst, 2004), and adolescents (13-18 years, r = .39; Clark, Magill-Evans, &
Koning, 2014). However, parents tend to interpret their children’s QoL lower
than children interpret their own QoL (Clark et al., 2014). Both children with
ASD and their parents report relatively unaffected school-related QoL, but
low social QoL (Clark et al., 2014). Although adolescents with ASD are able to
describe themselves, their self-descriptions are qualitatively different from for
example adolescents with an intellectual disability (A. Lee & Hobson, 1998).
The adolescents with ASD tend to describe themselves more physically, less in
a social context, and have a less well established social self-image (A. Lee &
Hobson, 1998). Moreover, both children (Begeer et al., 2008) and adolescents
(Scheeren, Begeer, Banerjee, Meerum Terwogt, & Koot, 2010) with ASD
present themselves differently than typically developing (TD) children, that is,
less strategic and convincing. Hence, especially younger children with ASD
may be less able to describe themselves adequately, particularly on social
subjects. Parents or primary caregivers interact daily with their child, and have
a clear view of their child’s daily functioning and QoL (Coghill et al., 2009).
Therefore, parent ratings of QoL appear to be the most reliable QoL measure
for children in the currently included age range (7-12 year) with ASD.
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The reported low QoL of people with ASD (Ikeda et al., 2013) appears
to be stable over the life-span (van Heijst & Geurts, 2014). As compared to
adults who were diagnosed with other psychiatric conditions in childhood,
such as Attention Deficit Hyperactivity Disorder (ADHD), disruptive behavior
disorders, or affective disorders, adults with ASD show both a lower objective
and subjective QoL (Barneveld et al., 2014). Objective QoL measures revealed
that adults with ASD were more often single, more often institutionalized,
lower educated, had less often paid employment, were more often dependent
on social security, and used more anti-psychotics. Subjectively the adults with
ASD were less positive about work, education, relationships, and future
perspective compared to the adults with other psychiatric conditions. This
stable, low QoL in ASD suggests an urgency to study whether there are
specific factors that influence QoL in ASD. If specific factors can be
determined, these factors can serve as potential intervention targets, which
would be an important next step to improve QoL in people with ASD.
Therefore, we investigated, besides overall QoL in ASD, whether four specific
factors (IQ, autism traits, early language development, and daily executive
functions [EFs]) were related differently to QoL in ASD than in TD children.
First, children with ASD with a higher IQ function better and have a
better prognosis than children with ASD with a lower IQ (Howlin et al., 2004).
Adults with ASD with a higher IQ lead a relatively more independent life as
they live in group homes less often, and have a daily occupation more often
(Billstedt, Gillberg, & Gillberg, 2011). However, the positive effect of IQ on
QoL in ASD appears inconsistent (Chiang & Wineman, 2014; Renty & Roeyers,
2006; van Heijst & Geurts, 2014). There probably is a certain threshold.
Children with an IQ above 70 have better outcomes than children with an IQ
below 70. For those children with an IQ above 70, outcome is diverse and
independent of IQ (Howlin et al., 2004). Hence, having an IQ above 70 appears
to be a positive marker, but within the IQ range of 70 and up, IQ does not
seem to predict QoL.
Secondly, various studies showed that better language skills in
childhood are predictive of adult language skills (Howlin et al., 2004) and of
overall outcome (Gillespie-Lynch et al., 2012; Howlin et al., 2004). More
specifically, important milestones in language development such as age of the
first spoken words, and age of the first spoken sentences, and language use at
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age five are related to adult outcome (Howlin et al., 2004). Therefore it is
hypothesized that language skills predict QoL (Szatmari et al., 2003).
The third potential factor to influence QoL in people with ASD are
autism traits, as (parents of) children with more severe autism traits report
lower QoL (Ikeda et al., 2013). However, the exact nature of the connection
between autism traits and QoL in children and adolescents with ASD is
unclear. Autism traits may influence overall QoL (Kamp-Becker, Schroder,
Remschmidt, & Bachmann, 2010), some aspects of QoL (satisfaction and
achievement: Kuhlthau et al., 2013), or only specific autism traits may
influence QoL (Tilford et al., 2012). Especially social behavior seems to be
predictive of QoL (Chiang & Wineman, 2014), and especially children with
ASD experience social difficulties. Hence, more pronounced autism traits,
including more severe social difficulties, may predict lower QoL.
Last, while a growing body of research focusses on executive
functions (EF), the relation between QoL and EF has not yet been studied.
This is surprising, as an important theory postulates that EF is one of the
underlying problems in ASD (Russell, 1997). Moreover, EF deficits can predict
lifelong achievement (Diamond, 2013), EF correlates strongly with adaptive
behavior in ASD (Gilotty et al., 2002), and adaptive behavior predicts QoL
(Chiang & Wineman, 2014). EF is also considered to influence school
functioning (Diamond, 2013), but despite reported EF deficits in ASD, school
QoL seems relatively unaffected (Clark et al., 2014). This can probably be
explained by the large individual differences in EF in ASD (Pellicano, 2010b),
and, therefore, we hypothesize that especially those children with EF deficits
would show a lower QoL, and possibly also lower school QoL.
Previous studies on QoL in children with ASD included relatively small
sample sizes. Those studies that did include a large sample size did not include
a control group (Kuhlthau et al., 2010), or studied children without an official
ASD diagnosis (L. Lee, Harrington, Louie, & Newschaffer, 2008). Therefore we
studied parent rated QoL in a large sample of children with an official and
confirmed ASD diagnosis (N = 120), and a TD control group (N = 76). First we
wanted to replicate the finding that QoL is lower in children with ASD
compared to TD children. Secondly, we studied if IQ, language, autism traits,
and EF influenced QoL, and if these predictors were differently related to QoL
in children with and without ASD. Finally, we explored if specific autism traits
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or EFs influenced certain aspects of QoL. Although IQ is not expected to
influence QoL in children with an average or above IQ, we did control for IQ.
Later language acquisition, more language difficulties at age five, and more
autism traits and EF deficits were expected to predict lower QoL. Similar
effects were expected in the ASD and TD group. However, if predictors would
influence QoL differently in the ASD and TD group, this could have important
implications for ASD treatment: instead of focusing on functions that are
considered to be related to QoL in TD children, those functions that influence
QoL in ASD should be targeted.

Methods
Participants
Families of children with ASD were approached through mental health care
institutions and internet advertisements. From 166 families that initially
signed up, 34 decided not to participate, and 132 children were screened for a
prior independent clinical ASD diagnosis according to the Diagnostic and
Statistical Manual of Mental Disorders IV (DSM-IV: American Psychiatric
Association, 2000), diagnosed by a multidisciplinary team specialized in ASD.
The diagnosis was verified when the Dutch clinical ASD cut-off of 57 was
reached on the Social Responsiveness Scale parent report (SRS: Constantino
et al., 2003; Roeyers et al., 2011), and when on the Autism Diagnostic
Interview Schedule-Revised (ADI-R: De Jonge & de Bildt, 2007; Lord et al.,
1994) cut-offs were reached on at least two out of the three domains, and
when ASD was recognized before the age of 36 months (Gray et al., 2008).
TD children were approached through various primary schools. Of the
104 children that initially signed up, 22 were not able to participate. Eightytwo TD children were screened for ASD, and were excluded if the score on the
SRS was above 57. Moreover, both children with ASD, and TD children needed
to meet the following inclusion criteria 1) age between 7 and 12 years; 2) IQ
above 80 as measured with two subtests of the Dutch version of the Wechsler
Intelligence Scale for Children (WISC-III: Bodin et al., 2009; Kort et al., 2002;
Sattler, 2001), and 3) absence of a seizure disorder.
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Twelve children with ASD were excluded after screening (2 ADI-R, 6
IQ, 4 personal circumstances). Forty children with ASD used psychotropic
medication (17 abstained during appointments, 23 continued). Six TD children
were excluded after screening (3 IQ, 2 SRS, 1 personal circumstances).
Consequently we included 120 children with ASD and 76 TD children for data
analyses.
Measurements
ADI-R
The ADI-R (Lord et al., 1994; Rutter et al., 2003) is an extensive semistructured parental interview including three domains of autism symptoms
(social, communication, and repetitive behavior). Reaching specified cut-offs
on these domains, and clear indications of abnormalities in development
before 36 months, suggests a DSM-IV (American Psychiatric Association,
2000) or ICD-10 (World Health Organization, 1992) diagnosis of autism (Gray
et al., 2008; Rutter et al., 2003). Besides using the ADI-R to verify the ASD
diagnosis, we used the ADI-R to assess language development as a predictor.
Three language related predictors were included; 1) age in months of the first
words; 2) age in months of the first sentences; and 3) a composite of language
use at age 4-5 years. A composite score (Howlin et al., 2004) based on the ADI
(the precursor of the currently used ADI-R) included utterance length,
spontaneous communication, conversational ability, reporting of events,
amount of social communication, and intonation and vocal express. On the
ADI-R utterance length, spontaneous communication, and reporting of events
are covered in the items 30 (overall level of language), and 41 (current
communicative speech), and conversational ability, amount of social
communication, and intonation and vocal express are covered respectively in
the items 35 (reciprocal conversation), 34 (social vocalization/”chat”), and 40
(intonation/volume/rhythm/rate). Items were scored as 0: little or no
abnormality, 1: mild problems, 2: frequent and sufficient difficulties, or 3:
frequent and severe problems. Hence, a higher score indicates less well
developed language. We used the scores of functioning at age 4-5 years.
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SRS
The SRS (Constantino et al., 2003; Dutch version: Roeyers et al., 2011) is a
reliable and valid questionnaire measuring autism characteristics (Bölte et al.,
2008), and was completed by the parents. The SRS (65 items, 4-point Likertscale) includes five subscales: Social Awareness (eight items), Social Cognition
(12 items), Social Communication (22 items), Social Motivation (11 items) and
Autistic preoccupations and Mannerisms (12 items). The SRS was used as a
screening to verify ASD, and to measure autism traits (predictor).
IQ
The WISC-III subtests Vocabulary and Block Design (Kort et al., 2002) correlate
highly with Full Scale IQ, have good reliability (Legerstee et al., 2004; Sattler,
2001), and were used to estimate IQ (screening and predictor).
BRIEF
The Behavior Rating Inventory of Executive Function, parent version (BRIEF:
Gioia et al., 2000; Dutch Version: Smidts & Huizinga, 2009) has high to very
high internal consistency and test-retest stability (Huizinga & Smidts, 2010).
The BRIEF (75 items, 3-point Likert-scale) includes 8 subscales; Inhibit (10
items), Shift (8 items), Emotional control (10 items), Initiate (8 items),
Working memory (10 items), Plan/organize (12 items), Organization of
materials (6 items), Monitor (8 items). The total scale and the subscales were
used to measure daily EF (predictor).
PedsQL
The Pediatric Quality of Life Inventory parent version (PedsQL: Bastiaansen,
Koot, Bongers et al., 2004; Varni et al., 2001) has satisfactory reliability and
validity (Bastiaansen, Koot, Bongers et al., 2004). The PedsQL (23 items, 5point Likert scale) includes four subscales: Physical (8 items), Emotional (5
items), Social (5 items), and School (5 items) functioning. The PedsQL is a
feasible, reliable, and valid instrument to measure QoL in the general
population, as well as clinical groups (Varni et al., 2003). The total scale and
the subscales were used to measure QoL (outcome).
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Procedure
First, written informed consent, SRS, and screening questionnaires were
obtained. In the ASD group, during screening the ADI-R was administered to
parents, and the WISC-III subtests to the children. In a next appointment the
parents filled out the questionnaires. In the TD group the WISC-III subtests
were administered to the children during the screening, and the parents filled
out the questionnaires at home. Children received a small gift for
participating, and parents of the children with ASD received a report with the
ADI-R results, and their travel expenses were largely covered. NB the children
with ASD took part in a larger intervention study (Chapter 4), and more tasks
and questionnaires were administered to all children, and have been reported
in previous studies (Chapter 2 & 3, de Vries & Geurts, 2012; 2014).
Statistical analyses
First the ASD and TD group were compared with one way ANOVAs on
differences in age, IQ, autism traits, EF, QoL, and subdomains of QoL
(Physical, Emotional, Social, and School functioning). Gender was compared
with a Chi-square test. Second, to study predictors, and to study if predicting
values differed between the ASD and TD group, we performed a stepwise
regression analysis with QoL as dependent variable and IQ, autism traits, EF,
and interaction terms of these predictors with group (ASD/TD) as independent
variables. Third, as language measures were not available for the TD group,
we repeated this analysis in the ASD group including age of first word, age of
first sentence, and language at age 4-5 years as independent variables. Finally,
we explored if specific autism traits or specific EFs were related to certain
aspects of QoL, as previous studies reported subscale correlations, despite
absent total measurement correlations (e.g., Gilotty et al., 2002). Four
regression analyses, with each PedsQL subscale as dependent variables, were
performed. We checked if the SRS subscales and BRIEF subscales correlated
with the PedsQL subscales. The SRS and BRIEF subscales that correlated
sufficiently (r > .25, or p < .10) with a PedsQL subscale were included as
predictors. Bonferroni corrections for multiple testing were applied (ANOVAs
ASD/TD comparison: 0.05/5 = 0.01, main regression analyses: 0.05/2 = 0.025).
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Results
Group differences
The ASD group consisted of more boys than the TD group (p < .001). There
were no differences in age and IQ (p’s > .05, see Table 6.1). On all
questionnaires the ASD group showed higher scores, indicating more
difficulties (p’s < .001). The four confidence intervals on the PedsQL subscales
(Physical 3.7-6.6, Emotional 4.8-6.7, Social 7.1-9.2, and School 3.8-5.5)
indicated that children with ASD scored poorest on social QoL, as the score on
the social subscale was higher, and the confidence interval did not overlap
with the confidence intervals of the other subscales.
Influence of IQ, autism traits and EF on QoL
The model including only EF and autism traits explained the most variance in
QoL (R2 = .70) as both were significantly related to QoL (p’s < .001, see Table
6.2). IQ did not seem related to QoL (p > .05), and was therefore excluded as
predictor. None of the interaction terms were significant (p’s > .05) suggesting
that the relation between IQ, autism traits, and EF; and QoL was similar in
children with and without ASD. The positive beta-weights (see Table 6.2) of
the remaining predictors indicated that children with more severe EF deficits,
and more autism traits, experienced a lower QoL.
Given the group difference in gender, we explored if gender
influenced the findings. We performed a regression analysis with autism traits,
EF, gender, and a group*gender interaction term. Gender, nor the
group*gender interaction term predicted QoL (p’s > .05). Hence, the group
difference in gender did not explain the pattern of findings.
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Table 6.2 Influence of Executive functions and autism traits on Quality of Life
Outcome measure
Quality of Lifea (N = 192)
Predictor variables
Executive functions
Autism traitsc

β
b

R2 change

.47

.66***

.40

.05***

Total R2

F(2,189)

.70***

223.9

Note IQ, and predictors*group (autism spectrum disorder vs typically developing)
interactions were excluded from the stepwise regression, as these did not seem to
influence quality of life.
a
Pediatric Quality of Life Inventory
b
Behavior Rating Inventory of Executive Function
c
Social Responsiveness Scale
***p<.001
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Table 6.1 Mean (standard deviations) demographic, predictor, and outcome measures
Measure
Gender m/f
Age
Intelligence Quotient
Autism traitsa
Executive functionsb
Age of first wordc
Age of first sentence3
Language composite3
Quality of Lifed
Total
Physical
Emotional
Social
School

Group
TD N = 76
43/33
N M (SD)
76 10.1 (1.2)
76 105.8 (18.4)
76 22.4 (12.8)
74 104.7 (18.0)

Range
8-12.9
81-154
3-55
72-162

73
9.2 (7.1)
1.5 (2.4)
3.5 (2.8)
1.7 (2.1)
2.6 (2.5)

0-27
0-11
0-11
0-8
0-10

ASD N = 120
108/12
N
M (SD)
120 10.2 (1.3)
120 110.9 (20.6)
120 96.9 (23.2)
120 164.9 (18.4)
114 18.5 (7.7)
113 26.1 (9.7)
119 5.4 (2.1)
119
32.9 (11.6)
6.6 (5.8)
9.2 (3.5)
9.8 (4.1)
7.2 (3.3)

Range
7.3-12.6
81-170
57-152
116-207
6-48
10-60
0-12
9-65
0-22
0-20
0-19
0-14

Group comparison
χ2
p
(1)29.4
<.001
F(1,194) p
0.0
.86
3.2
.08
659.5
<.001
497.4
<.001

η²p
.00
.02
.77
.72

(1,190)
248.7
51.3
138.3
245.5
105.3

.57
.21
.42
.56
.36

<.001
<.001
<.001
<.001
<.001

Note In the TD group parents of two children did not return the questionnaires. There were missing values on the
PedsQL of one child in the TD group and one child in the ASD group
a
Social Responsiveness Scale
b
Behavior Rating Inventory of Executive Function
c
Autism Diagnostic Interview Schedule Revised
d
Pediatric Quality of Life Inventory

Influence of language on QoL in the ASD group
None of the language measures related to QoL in the ASD group (p’s > .05).
Exploratory subscale predictors
As all subscales of the SRS and BRIEF correlated with the subscales of the
PedsQL (p’s < .05), all were included in the regression analyses with
respectively the PedsQL subscales Physical, Emotional, Social, and School
functioning as dependent variables. The regression analyses revealed that the
SRS subscales Social Awareness, and Autistic preoccupations and
Mannerisms, and the BRIEF subscales Organization of materials and Monitor
were not significantly related to any of the PedsQL subscales. However, the
following significant predictors were found (see Table 6.3): 1) The SRS
subscales Social Communication (p < .001), and Social Motivation (p < .01)
were related to the PedsQL subscale Physical functioning. Parents of children
with more problems in social communication and motivation, reported lower
physical QoL. 2). The SRS subscale Social Motivation (p < .01) and the BRIEF
subscales Shift (p < .001) and Emotional control (p < .001) were related to the
PedsQL subscale Emotional functioning. Parents of children with more
problems in social motivation, poorer cognitive flexibility, and more
difficulties in emotional control reported lower emotional QoL. 3) The SRS
subscales Social Cognition (p < .01), and Social Communication (p < .001), and
the BRIEF subscales Inhibit (p < .001), Shift (p < .05), and Initiate (p < .01) were
related to the PedsQL subscale Social functioning. Parents of children with
more communication problems, poorer inhibitory control, poorer cognitive
flexibility, and a lower tendency to initiate behavior, reported lower social
QoL. Surprisingly, children with poor social cognition showed a higher social
QoL. 4) The BRIEF subscales Working memory (p < .001), and Plan/organize (p
< .05) were related to the PedsQL subscale School functioning significantly.
Parents of children with more problems in working memory, and planning and
organizing skills, reported lower school QoL.
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Table 6.3 Influence of Autism traits and Executive functions on Quality of Life

Predictor variables

Outcome measures
Quality of Life: subscales Pediatric Quality of Life Inventory
Physical (N = 194)
Emotional (N = 194)
Social (N = 193)
School (N = 193)
Β R2change Total R2 F(2,191) β
R 2 change Total R2 F(3,190) β
R2 change Total R2 F(5,187) β
R2 change Total R2 F(2,190)
.32*** 44.5
.57*** 82.8
.69*** 81.3
.67*** 196.2

Autism traitsa
Social Cognition
Social Communication .30 .29***
Social Motivation
.29 .03**
Executive functionsb
Inhibit
Shift
Emotional control
Initiate
Working memory
Plan/organize

-.33 .01**
.68 .62***
.22 .02**

.28 .50***
.34 .05***

.22 .03***
.17 .01*
.16 .01**
.71
.14

.67***
.01*

Note For each PedsQL subscale a regression analyses was performed. Autism traits (Social Responsiveness Scale subscales) and
executive functions (Behavior Rating Inventory of Executive Function subscales) that correlated with these PedsQL subscales (r>.25,
or p<.10) were included as predictors
a
Social Responsiveness Scale
b
Behavior Rating Inventory of Executive Function
*p<.05 **p<.01 ***p<.001.

Discussion
In a large sample of children with ASD and a TD control group, we studied QoL
and several possible predictors. As expected children with ASD showed a
lower QoL in all subdomains (Physical, Emotional, Social, and School) as
compared to the TD children. Indeed, children with more autism traits and EF
deficits showed a lower QoL. However, in the current study both IQ and
language appeared unrelated to QoL. When focusing on specific subdomains
of QoL, the current findings suggest that children with more problems in
social communication and motivation showed lower physical QoL, while
children with less social motivation, and poor cognitive flexibility and
emotional control showed lower emotional QoL. Also, lower social QoL is
reported for children with poor social communication, inhibition, cognitive
flexibility, and tendency to initiate behavior, and better social cognition.
Finally, our exploratory analyses revealed that especially children with poor
working memory, planning and organizing skills had a lower school QoL.
Our findings are in line with the consistently reported low QoL, and
low social QoL in ASD (Ikeda et al., 2013; van Heijst & Geurts, 2014). We did,
however, also observe low school QoL, in contrast to previously reported
unaffected school QoL in adolescents with ASD (Clark et al., 2014). Possibly,
adolescents with ASD do not experience a low school QoL, while children with
ASD do. However, in this previous study ASD was not confirmed with a
standardized measure. As our findings indicate that the severity of autism
traits relate to QoL, little autism traits in the sample of Clark and colleagues
(2014) could explain why they reported a relatively good school QoL.
Alternatively, the previous study sample (N=22: Clark et al., 2014) may just
have been too small to find differences in the heterogeneous ASD population
(although the effect size in the current study was large). For example, working
memory and inhibition deficits could be detected in a large group of children
with ASD, while only a small subgroup actually showed such deficits, and
seemed accountable for the findings (Chapter 3: de Vries & Geurts, 2014).
Hence, although social QoL appears more affected than school QoL, the
current findings do indicate that children with ASD have a lower QoL on all
subdomains, including school.
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In line with previous studies (Chiang & Wineman, 2014; Howlin et al.,
2004; Renty & Roeyers, 2006; van Heijst & Geurts, 2014) we did not find that
IQ was related to QoL in a sample of children with an average or above IQ. The
current findings therefore substantiate the idea that if IQ is above the
threshold of 70 (Howlin et al., 2004), it does not influence QoL.
Despite previous findings that childhood language predicts adult
outcome in ASD (Gillespie-Lynch et al., 2012; Howlin et al., 2004; Szatmari et
al., 2003), we did not find a relation between language and QoL in children
with ASD. As we only included verbal children with an IQ > 80, the variety in
language problems in the current study may have been too small to influence
QoL. Although very poor language development seems to predict poor adult
outcome, it is less clear if better language development also predicts a better
outcome (Howlin et al., 2004), which may also be true for childhood QoL.
Children in the current sample showed relatively good language development;
94 % of the children had a good overall level of language at age five, 87 % had
said a first word within the normal range (< 24 months), and 81 % said a first
sentence within the normal range (< 33 months). The influence of language
development on outcome seems quite specific; it relates to adult social
functioning (Gillespie-Lynch et al., 2012), and communication skills (GillespieLynch et al., 2012; Szatmari et al., 2003), but not to autism symptoms
(Szatmari et al., 2003), such as non-verbal communication and restricted and
repetitive behavior (Gillespie-Lynch et al., 2012). The reported (social)
communication problems in the current sample may therefore be too limited
and subtle to detect a relation with QoL. In sum, in verbally relatively skilled
children with ASD with an average or above IQ early language development
did not influence childhood QoL.
In line with previous studies (Chiang & Wineman, 2014; Ikeda et al.,
2013; Kamp-Becker et al., 2010; Kuhlthau et al., 2013; Tilford et al., 2012), we
found that autism traits influence QoL. Moreover, we also found that EF was
related to QoL. Children with more autism traits, and more EF difficulties,
experienced a lower QoL. The finding that EF relates to QoL may have
important implications for treatment. Besides focusing on autism traits,
targeting EFs may be fruitful in children with ASD. More specifically, as
different autism traits and EFs influence different subdomains of QoL, it may
be useful to tailor treatment. For example, a social communication training
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may be particularly helpful for children who experience a low social QoL, while
a working memory training may be fruitful for children who experience low
school QoL. The finding that besides autism traits EFs influence QoL should
be considered in ASD treatment, and although the current findings on
subdomains need to be interpreted with caution, they do warrant more
thorough research on tailoring treatments for ASD.
Some caveats should be mentioned. Firstly, we studied four important
potential predictors of QoL in children with ASD, but other predictors may
also influence QoL in ASD, such as broader socio-cultural factors like ethnicity,
religion, and social economic status (SES; Coghill et al., 2009); parent-child
interactions (L. E. Smith, Greenberg, & Mailick, 2014); and sleep problems
(Delahaye et al., 2014). This may be interesting for future research. Secondly,
recently a specific QoL measure for ASD was developed, including both ASD
specific difficulties and general QoL (Eapen, Črnčec, Walter, & Tay, 2014). A
specific QoL measurement is useful in clinical practice to measure ASDspecific problems and treatment-outcome. However, when comparing
different clinical and non-clinical groups of children, using a generic QoL
measurement is more objective (Coghill et al., 2009). Especially when
interested in the influence of autism traits on general QoL, a specific ASD QoL
measurement might bias the findings, and a general QoL measurement is
more reliable. Thirdly, we used parent measures of all constructs. Parents of
children with ASD experience more parental stress than parents of TD children
(Hayes & Watson, 2013), and parental stress may have influenced the findings.
However, when rerunning the analysis in the TD group alone, we still found
that EF related to QoL. The influence of the autism traits was, however, no
longer significant, which was probably because TD children with too many
autism traits were excluded from participation, and thus the TD children
showed little autism traits. Hence, the effect was still found in parents who are
considered to report relatively little parental stress. Moreover, comparing
multiple measures from the same informants has the advantage that the
measures are cohesive.
In sum, the current study confirms in a large sample that children with
ASD show an overall low QoL. Moreover, children with more autism traits, and
more EF deficits, experience a lower QoL. QoL is an important measure of
treatment outcome, and the current findings suggest that besides autism

132

6. Autism, executive functioning and Quality of Life

traits, it may be fruitful to focus on EF in ASD treatment. There are large
individual differences in ASD, and the current findings suggest that specific
autism traits and EFs influence certain subdomains of QoL. Therefore, we
argue that personalized treatment programs may be fruitful to improve QoL
in children with ASD.
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7. Summary and general discussion
Children with autism spectrum disorders (ASD) appear to experience executive functioning (EF)
problems, but there is not one specific EF profile for children with ASD as there are large
individual differences. The current study showed that the majority of children with ASD (8-12
years) experienced no cognitive flexibility deficits. Children with ASD did show working
memory (WM) and inhibition deficits, but only very few children showed both WM and
inhibition deficits. Cognitive flexibility deficits were related to repetitive behaviors in everyday
life, and children with ASD who had WM or inhibition deficits seemed to show more conduct
problems in everyday life (Chapter 2 & 3).
Directly targeting EFs in treatment seems most promising to improve EFs in ASD. WM
and cognitive flexibility training programs seem promising, and children with ASD show WM
deficits and daily life cognitive flexibility deficits. We studied whether WM and cognitive
flexibility could be improved by means of an EF training with game elements, Braingame Brian.
The WM training had marginal effects on WM and ADHD characteristics, and the cognitive
flexibility training had a marginal effect on cognitive flexibility. The small effects indicate that
the WM and cognitive flexibility training in the current form were no suitable treatment for
children with ASD (Chapter 4).
To study whether the WM and cognitive flexibility training were effective for certain
subgroups of children with ASD, we explored whether IQ, autism traits, WM, cognitive
flexibility, reward sensitivity, and Theory of Mind influenced how well children performed on
the training, and how much they improved after the training. Children who were more sensitive
to rewards appeared to improve more after the training. Moreover, the WM and cognitive
flexibility training seemed more promising for children with relatively few autism traits (Chapter
5).
Given the low Quality of Life (QoL) of children with ASD, we studied if QoL was
influenced by IQ, autism traits, language development, or daily life EF. Autism traits and EF
appeared to relate to QoL of children with ASD. Moreover, specific autism traits and EFs
seemed to influence specific subdomains of QoL: 1) Social communication and motivation
problems were related to lower physical QoL; 2) social motivation, cognitive flexibility, and
emotional control problems were related to lower emotional QoL; 3) social communication,
inhibition, cognitive flexibility, and initiating behavior problems, and good social cognition were
related to lower social QoL; and 4) working memory, planning and organizing problems were
related to lower school QoL (Chapter 6).
Although a WM and flexibility training are probably not useful for the majority of the ASD
population (Chapter 2, 3, & 4), this type of training might, be promising to some children with
ASD (Chapter 5 & 6).
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Children with Autism Spectrum Disorders (ASD) show restricted, repetitive
behaviors and interests, and social and communicational problems (American
Psychiatric Association, 2013). One of the main cognitive theories about ASDs
postulates that executive function (EF) deficits are an important underlying
problem (Damasio & Maurer, 1978; Russell, 1997). EF is an umbrella concept
that includes a variety of cognitive functions that one needs to plan and
execute behavior and to adapt behavior to changing environmental demands.
Important EFs are cognitive flexibility, working memory (WM), and inhibition
(Anderson, 2002).
Findings on EF in ASD are mixed. This may be due to individual
differences in the ASD population, differences in sample characteristics such
as range, as EFs develop over time, and differences in tasks used. We,
therefore, studied EF in a large sample of children with ASD in a restricted age
range with experimental, relatively pure, measures. We investigated whether
children with ASD showed deficits in cognitive flexibility, WM, and inhibition,
and whether WM and inhibition were related (Chapter 2 & 3). We studied if
WM and cognitive flexibility could be trained, and whether certain potential
predictors (IQ, autism traits, WM, cognitive flexibility, reward sensitivity, and
Theory of Mind) influenced performance during training, and improvement
after the training (Chapter 4 & 5). Moreover, we studied whether specific
possible predictors (IQ, autism traits, language development, and EF)
influenced QoL in children with ASD (Chapter 6).
Cognitive flexibility
The current findings indicate that the majority children with ASD did not show
cognitive flexibility deficits compared to typically developing (TD) children on
a switch task with minimal WM-load and relatively complex and socially
relevant stimuli (Chapter 2). However, a small subgroup of children with ASD
appeared to have cognitive flexibility deficits (being slow and less accurate on
a switch task), and in line with previous findings (Yerys et al., 2009), children
with poor cognitive flexibility showed more stereotyped and repetitive
behavior in everyday life.
The lack of a group difference in cognitive flexibility could indicate
that most children with ASD simply do not have cognitive flexibility deficits.
Alternatively, despite the unpredictable switches, the task was still relatively
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structured and children knew that switches would occur. Cognitive flexibility
in daily life may particularly be needed in unpredictable circumstances, and
children with ASD can adjust to a changing situation when sufficiently
prepared, for example with visual schedules (Meadan et al., 2011). Moreover,
in daily life cognitive flexibility is mostly needed in situations where other
cognitive functions, such as WM, are also of importance. This might explain
why cognitive flexibility deficits often become manifest on tasks that rely on
both cognitive flexibility and WM (Maes et al., 2011; Stoet & Lopez, 2011).
Measuring pure cognitive flexibility appears to be at odds with ecological
validity, and a switch task may, therefore, be an overly pure measure of
cognitive flexibility in ASD. We used faces to improve ecological validity, but
we included only two basic emotions in the face stimuli. Previous research has
shown that children with ASD specifically seem to have difficulties in
recognizing complex and subtle emotions (Begeer, Koot, Rieffe, Meerum
Terwogt et al., 2008). Cognitive flexibility may particularly be needed to
recognize more ambiguous emotions, because such emotions might need a
different reaction depending on the context. However, although not all
children with ASD showed cognitive flexibility deficits, children who do have
such deficits did show more stereotyped and repetitive behavior, implying
there is a relation between cognitive flexibility in research settings and
cognitive flexibility in everyday life.
Stereotyped and repetitive behavior plays a more prominent role
(Hyman, 2013) in the ASD diagnosis according to the DSM-5 (American
Psychiatric Association, 2013) compared to the DSM-IV (American Psychiatric
Association, 2000). In the current study 7 out of 31 children (Chapter 2) did not
meet the cut-off on the ADI-R repetitive behavior scale. We included these
children as they reached cut-offs on two out of the three domains, and ASD
was recognized before the age of 36 months (Gray et al., 2008), which
indicates an ASD, including PDD-NOS, according to DSM-IV criteria. These
children might not satisfy the specified criteria for ASD according to the new
DSM-5 criteria, although we did not look into hypo or hyper reactivity to
sensory input (a component of the stereotyped and repetitive behavior
domain according to DSM-5 criteria; Hyman, 2013). However, we exploratively
reanalyzed the cognitive flexibility data (Chapter 2) including only children
with ASD who did reach the cut-off on the ADI-R repetitive behavior scale,
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and again did not observe cognitive flexibility deficits at a group level. Hence,
lack of repetitive behavior problems in some children with ASD in the current
sample does not account for the lack of a group difference in cognitive
flexibility. Only a small subgroup of children with ASD appears to have
cognitive flexibility deficits.
Working memory & inhibition
As for cognitive flexibility, one would also expect individual differences in
other EFs. In Chapter 3 we observed that only a subgroup of children with ASD
encountered WM and/or inhibition problems. However, in contrast to Chapter
2, WM and inhibition problems were observed also on a group level, possibly
because a larger sample was included.
The findings on inhibition are in line with the medium effect size for prepotent
response inhibition reported in a recent meta-analysis (Geurts et al., 2014). In
contrast, studies using smaller sample sizes (Cui et al., 2010) and including
participants from a wide age range (Koshino et al., 2005; Koshino et al., 2008;
Williams, Goldstein, Carpenter et al., 2005) did not observe similar WM
problems in ASD groups. Given that the vast majority of the children with
ASD did not experience WM memory deficits, it is not surprising that earlier
studies did not observe WM deficits in ASD (Cui et al., 2010; Kenworthy et al.,
2008).
The question is whether the children with these types of EF problems
differ from children without these problems. Children with EF problems can
hardly be considered a distinguishable subgroup, as they did not show a
clearly different behavioral profile, nor differences in specific ASD
characteristics. However, they did seem to demonstrate more conduct
problems in daily life. This is in line with previous studies reporting inhibition
deficits in children with conduct disorder (CD) problems (e.g., Hobson et al.,
2011; Schoemaker et al., 2012). Although preliminary, the current findings
implicate that WM or inhibition deficits are so called vulnerability markers.
Both comorbidity and EF deficits seem to increase vulnerability for ASD.
Comorbid CD is linked to more co-occurring psychiatric symptoms (Gadow et
al., 2008), and a higher risk for greater symptom severity and functional
impairment (Storch et al., 2012), and inhibition deficits in ASD are linked to
development of schizophrenia (Barneveld et al., 2013). This could be
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important for treatment selection, as besides adjusting treatment to general
strengths, weaknesses, risks, and comorbid symptoms, EFs need to be
considered. Moreover, well developed EFs may be considered a compensatory
factor (M. H. Johnson, 2012), and early EF interventions may be fruitful. This is
particularly interesting, as many children in the current sample did not show
EF deficits. Although focusing on other problems may be indicated for these
children, their relatively well developed EFs could also be further improved to
compensate for other problems.
Despite a clear relation between WM and inhibition in TD individuals
(Garon et al., 2008; Minamoto et al., 2010; Miyake & Friedman, 2012), but in
line with a reported lack of association between verbal WM and inhibition in
ADHD (e.g., Alderson, Rapport, Hudec, Sarver, & Kofler, 2010; Schecklmann
et al., 2012), only very few children with ASD who experienced WM deficits
also experienced inhibition deficits. More surprisingly, the majority of children
did not show EF-deficits.
Hence, on group level, children with ASD appear to show WM and
inhibition deficits, and those children with deficits might have more conduct
problems. Although we cannot conclude yet that WM and inhibition deficits
are very useful specifiers, large individual differences in WM and inhibition
among children with ASD are evident and should be taken into account when
planning interventions.
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Main findings Chapter 2 & 3
 Children with ASD do not show cognitive flexibility deficits when measured
with a pure task and with ecologically valid stimuli, but do show WM and
inhibition deficits.
 This pattern of deficits does not occur in each child with ASD; there is not one
specific EF profile for children with ASD, as there are large individual
differences.
 Very few children with ASD show both WM and inhibition deficits, and deficits
in WM and inhibition seem to be unrelated.
 Children with ASD, who experience cognitive flexibility deficits, appear to show
more stereotyped and repetitive behavior in everyday life.
 Children with ASD, who experience WM or inhibition deficits, appear to show
more conduct problems in everyday life.
Training EFs with Braingame Brian
Compared to a mock-training, WM training and cognitive flexibility training
did not clearly induce near-transfer or far-transfer in children with ASD
(Chapter 4). WM, cognitive flexibility, attention, and parent rated EF, social
behavior, ADHD characteristics, and Quality of Life (QoL) did improve, but not
to a larger extent in the adaptive intervention conditions than in the mocktraining condition. However, some trends were observed: 1) the WM training
seemed to induce more improvement in WM (near-transfer) and ADHD
characteristics (far-transfer) than the other intervention conditions; 2) the
cognitive flexibility training seemed to induce more improvement in cognitive
flexibility (near-transfer) than the other intervention conditions; and 3)
children who performed more sessions seemed to improve more in daily life
cognitive flexibility. Specific findings for both types of EF interventions will be
discussed below.
WM training
The indicated near-transfer of the WM training is in line with studies in
children with ADHD (e.g., Chacko et al., 2013). The trend of improved ADHD
characteristics, however, should be further examined in future research.
Although WM is related to ADHD symptoms (Rapport et al., 2009; Van der
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Oord et al., 2012), WM improvements do not necessarily lead to improvement
in ADHD symptoms (Melby-Lervåg & Hulme, 2013; Rapport, Orban, Kofler, &
Friedman, 2013). Moreover, we did not find improvement of WM in daily life,
and one might expect that improvement of WM in daily life is a prerequisite to
improve ADHD characteristics by means of WM training. The finding is
particularly surprising as WM deficits were unrelated to ADHD characteristics
(Chapter 3). Hence, WM training may be promising to diminish ADHD
characteristics, but through what mechanism this effect is achieved is unclear.
The inclusion of five different WM training-tasks may have enlarged
the effect of the WM training as compared to the other training conditions
with less variation in tasks (Karbach & Kray, 2009). Moreover, the WM training
seems to target a broader range of functions (remembering, manipulating,
and updating of information), which may contribute to generalization
(Buitenweg et al., 2012; Karbach & Kray, 2009). This suggests that it might be
more fruitful to train multiple EFs simultaneously.
Cognitive flexibility training
In contrast to previous studies reporting positive effects of cognitive flexibility
training (Karbach & Kray, 2009; Kray et al., 2011), we found only limited
evidence for near-transfer. We did not find the hypothesized effect that
children with poorer cognitive flexibility benefit more from cognitive flexibility
training (Karbach & Kray, 2009) in our predictor study (Chapter 5). Although
cognitive flexibility was related to everyday life stereotyped and repetitive
behavior (Chapter 2), the cognitive flexibility training did not induce fartransfer to daily life. The currently used training by means of a switch task
may lack ecological validity, and a cognitive behavioral approach may be more
fruitful (Kenworthy et al., 2014), as this focuses more directly on daily life
functioning and strategy learning. The current relatively small effect and
absence of transfer to other functions and everyday life, suggest that the
cognitive flexibility training in its current form was ineffective for ASD. A
multifaceted approach, combining training of various EFs with cognitive
behavioral therapy, may however be opportune.
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Far-transfer
In line with the finding that WM and inhibition are unrelated (Chapter 3), we
found no far-transfer to inhibition. This is also in line with EF training research
in TD children (Thorell et al., 2009), although WM and inhibition are related in
TD individuals (Garon et al., 2008; Minamoto et al., 2010; Miyake & Friedman,
2012). Moreover, neither the WM training, nor the cognitive flexibility training
induced far-transfer to sustained attention, daily EFs, social behavior, and
quality of life. The overall improvement on these measures might be due to
test-retest-, practice-, and expectancy effects, or regression to the mean
(Melby-Lervåg & Hulme, 2013). However, overall improvement may also be
due to nonspecific training aspects, such as the required sustained attention
(Rueda, Checa, & Cómbita, 2012), and interacting with characters in the virtual
world (Best, 2014), or treatment related parental involvement (Forehand et
al., 2013).
On the one hand, we found some indications of near-transfer of both
the WM training and the cognitive flexibility training, and far-transfer to
ADHD symptoms of the WM training in a large group of children with ASD
when compared to a proper control condition. On the other hand, effects were
only marginal, and moreover, there was an unforeseen high attrition rate
(26%). Based on the current findings we cannot conclude that Braingame
Brian is an appropriate treatment for children with ASD. Given the individual
differences in ASD (see for examples Chapter 2 and 3) we studied whether the
training is useful for specific subgroups of children with ASD.
Predictors of training effect
Because of high attrition and minor specific training effects and the individual
differences observed in Chapter 2 and 3, possible predictors and moderators
were explored (Chapter 5). IQ, ToM, and reward sensitivity were expected to
be positively associated with adherence, training performance and outcome.
Children with more autism traits, WM deficits, and cognitive flexibility deficits
were expected to drop out more often. However, as these children had more
room to improve, these children were also expected to improve more when
they managed to complete the training.
Predictors: Reward sensitivity and autism traits
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Though with restraint, the current findings suggest that the training may be
particularly appropriate for children who are sensitive to rewards, and an
adaptive training may be useful for children with fewer autism traits. Given
the inherently present autism traits and the supposedly relatively low reward
sensitivity in ASD (Kohls et al., 2013), some might argue that these findings
indicate that the training is not very useful for children with ASD. However,
the reward sensitivity theory in ASD is largely debatable (e.g., Reed,
Hawthorn, Bolger, Meredith, & Bishop, 2012), and the effects were found
within the heterogeneous ASD population. Therefore, the current findings do
suggest that the training may still be applicable for a subgroup of children
with ASD.
Factors that did not predict training effects
We assumed that completing more sessions of the training would lead to
more improvement (dosage effect: Jaeggi et al., 2011), but we failed to find
this, apart from a minor indication that children who completed more sessions
improved more in daily life cognitive flexibility. This is in line with previous
findings that dosage does not moderate WM training effects (Melby-Lervåg &
Hulme, 2013).
The included predictor variables did not influence attrition, within
training improvement, or EF improvement. Moreover, pre-training EF, IQ, and
ToM did not influence training effects. Firstly, in contrast to previous studies
suggesting that pre-training EF influences training outcome (Diamond, 2013;
Kray et al., 2011), we did not find such an effect. We operationalized the
predictors WM and cognitive flexibility as performance on pre-training-tasks,
because we trained these functions on relatively similar tasks, and we found
individual differences on these measures pre-training (Chapter 2 & 3), which
might explain the lack of an effect. However, we exploratively analyzed
whether daily life pre-training EFs (BRIEF total score) were related to change
in ASD-like behavior and QoL, but did not find such an effect. The current
findings indicate that children with poor pre-training EFs are not more
susceptible for training–induced improvement by means of Braingame Brian.
However, in clinical practice it may be more important to know whether
someone benefits from the training at all, and not whether someone benefits
more than others, indicating that poor EFs may still call for an intervention
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that focusses on EFs. Secondly, IQ did not influence training and outcome,
possibly because we only included children with an IQ above 80. In line with
the finding that IQ, when in the average or above range, does not influence
QoL in ASD (Howlin et al., 2004), an average or above average IQ might fail to
influence treatment-outcome. Thirdly, ToM was unrelated to attrition, within
training improvement, or training effect. The Short stories test we used that
was originally developed for adults (Happé, 1994; Spek et al., 2010) may have
been too difficult for children and not sensitive enough. However, children
who improved in daily life EF, ASD-traits or QoL, did have a better developed
ToM than children who did not improve. This indicates that a better
developed ToM may contribute to some extent to training effects.
In sum, WM and cognitive flexibility training might be fruitful for
children with high reward sensitivity and few autism traits. We did not find
predictors of attrition, and pre-training EF, IQ, and ToM did not seem to
influence the training effects. However, these findings require replication to
determine their clinical importance.
Main findings Chapter 4 & 5
 WM training showed marginal effects on WM (near transfer) and ADHD
characteristics (far transfer) in children with ASD.
 Cognitive flexibility training showed marginal effects on cognitive flexibility
(near transfer).
 EF training Braingame Brian does in its current form not seem an appropriate
treatment for children with ASD.
 EF training might be more promising for children who are more sensitive to
rewards.
 Adaptive EF training might be more promising for children with relatively few
autism traits.
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Possible adaptations to increase training effects
Based on the current findings, we argue that some adaptations may be helpful
to improve the training, though these adaptations should be studied
thoroughly before it can be determined whether it is fruitful to actually
implement the training in the clinical setting.
The influence of reward
The game-elements in Braingame Brian were considered to enhance
motivation (Prins et al., 2011), and we assumed that this would diminish
attrition, but attrition was still relatively high (26 %). However, had a pure
training without game-elements been used, attrition would probably have
been even higher. The observed high attrition rate raises the question
whether the included game-elements were considered rewarding by children
with ASD. Although we did not quantify whether the participating children
considered the game-elements in the training rewarding, the weekly phone
calls indicated that children showed more enthusiasm about the game world
than about the training-tasks. In the currently used version of the training, the
training-tasks were rather separate from the game world, and the children
alternated between walking around in the game world and performing the
training-tasks. Possibly, integrating the training-tasks more thoroughly in the
game world might make the training more appealing and rewarding to the
children. While we studied Braingame Brian in its original form, during
implementation of the current study a new version of Braingame Brian was
developed. Besides the regular training-tasks, two game-like tasks (a fishing
game [to train inhibition], and a race game [to train inhibition, planning, and
organization; in progress]) were added which can be performed freely.
However, the speed of the tasks might simply have been too high for children
with ASD. Walking around in the game world on one’s own pace might,
therefore, have been experienced as more enjoyable.
In the currently used training, children had to restart tasks, including
practice tasks, when too many errors (>25 %) were made. Some parents
indicated that this frustrated their child. In the newly modified version of
Braingame Brian, this has been altered. Instead of repeating the task
completely, the task continues until a certain number correct trials are
completed. Moreover, the game has been made supposedly more rewarding.
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Children now receive feedback about their performance and progression.
After a certain amount of correctly completed training-tasks, children earn a
silver star, which can be upgraded to a gold star.
The modifications that were done so far were not based on the current
study, and the newly modified version should be studied again to explore
whether this is a (more) suitable training. A training that is continuously under
construction, even when based on solid theoretical foundations, is difficult to
label as evidence based. Based on our findings, we cannot make definite
statements about the newly modified version. However, we hypothesize that
the modifications so far might particularly reduce attrition. The main trainingtasks appear relatively unchanged, indicating that the currently found small
training effects may not be much larger in the modified version.
The relation between EF and QoL in children with and without ASD
An important outcome measure for interventions is the QoL. We did see
improvement in QoL in all training conditions, but no training specific effects.
Given the variable findings in QoL, we explored whether we could identify
possible predictors of QoL in ASD. We expected that children with ASD would
have a lower QoL than TD children, and that language development, autism
traits, and daily life EF would influence QoL, when controlled for IQ. We
confirmed the consistently found low overall QoL (Ikeda et al., 2013; van Heijst
& Geurts, 2014) in children with ASD. We also found that children with more
autism traits and daily life EF difficulties had a lower QoL (Chapter 6).
Although social QoL appears most affected, we observed low QoL on all
subdomains of QoL in the current large sample of children with ASD.
Furthermore, we found that specific autism traits and EFs relate to specific
QoL subdomains. Besides the specific relation between EF deficits and daily
life behaviors, such as cognitive flexibility and stereotyped and repetitive
behavior (Chapter 2), and WM and/or inhibition deficits and conduct problems
(Chapter 3), presence of EF difficulties in general seems to be a specifier of
lower QoL. This indicates that it is important to target EFs in ASD
interventions.
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Predictors: autism traits and daily life EF
We confirmed that autism traits relate to QoL (Chiang & Wineman, 2014;
Ikeda et al., 2013; Kamp-Becker et al., 2010; Kuhlthau et al., 2013; Tilford et
al., 2012), and we added the finding that EF relates to QoL. Children with
more autism traits and more EF difficulties experienced a lower QoL. This
finding indicates that it may be fruitful to target EFs in treatment for children
with ASD. Moreover, the current findings indicated that 1) more problems in
social communication and motivation were related to lower physical QoL; 2)
less social motivation, and poor cognitive flexibility and emotional control
were related to lower emotional QoL; 3) poor social communication,
inhibition, cognitive flexibility, and tendency to initiate behavior, and better
social cognition were related to lower social QoL; and 4) poor working
memory, planning and organizing skills were related to lower school QoL.
Although the finding that different autism traits and EFs seem to influence
different subdomains of QoL is preliminary and needs to be replicated, such
an influence may be useful in treatment programs. Given individual
differences in the ASD population, depending on specific difficulties, specific
treatment should be administered. To improve low social QoL social
communication training could be helpful, while this may be uncalled for when
a child experiences low school QoL. In the latter case, focusing on WM in
treatment may be more fruitful, although we currently did not find that pretraining daily life EF influenced training effects (explorative analyses revealed
that pre-training BRIEF-WM did not influence Corsi-change [pre to post]
significantly and pre-training BRIEF-Shift did not significantly influence
change [pre to post] in Switch cost in ER on the Gender-emotion task). The
current findings on subdomains warrant more future research on tailoring
treatments for ASD.
Factors that did not predict QoL
As expected (Chiang & Wineman, 2014; Howlin et al., 2004; Renty & Roeyers,
2006; van Heijst & Geurts, 2014), IQ was unrelated to QoL in a sample of
children with an average or above IQ. However, counter to previous findings
(Gillespie-Lynch et al., 2012; Howlin et al., 2004; Szatmari et al., 2003), we did
not find a relation between language development and QoL in children with
ASD. The inclusion of children with relatively well-developed language
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abilities and an IQ > 80 may be the reason for this finding. Children showed
relatively good language development, and the (social) communication
problems might have been too specific to influence QoL. Hence, in children
with an IQ > 80 with relatively well developed language, neither IQ nor
language development seems to influence childhood QoL.
Children with ASD appear to show a low QoL, particularly those
children with more autism traits and EF deficits. QoL is an important measure
of treatment outcome, and the current findings suggest that besides autism
traits, it may be useful to focus on EF in ASD treatment. However, the lack of
far-transfer to QoL of the currently studied EF training (Chapter 4 & 5),
indicates that cognitive training may not be the best way to target EFs when
aiming to improve QoL. Given the heterogeneity of the ASD population and
the influence of specific autism traits and EFs on subdomains of QoL,
personalized treatment programs may be fruitful to improve QoL in children
with ASD.
Main findings Chapter 6
 Both autism traits and daily life EFs relate to QoL of children with ASD.
 Specific autism traits and daily life EFs seem to relate to specific subdomains of
QoL.
o Social communication and motivation problems seem related to lower
physical QoL.
o Social motivation, cognitive flexibility, and emotional control problems
appear related to lower emotional QoL.
o Social communication, inhibition, cognitive flexibility, and initiating
behavior problems; and good social cognition appear related to lower
social QoL.
o Working memory, planning and organizing problems appear related to
lower school QoL.
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Limitations
There are some potential limitations within the current thesis. Firstly, there
was a large variance in IQ scores. All children had an IQ > 80, but some had
very high estimated IQ scores. IQ scores did not differ between groups (ASD
vs TD in Chapter 2 & 3), and different intervention conditions (in Chapter 4 &
5), and the current findings seemed independent of estimated IQ. However,
the included IQ range is not representative of the ASD population. Including
children with an IQ below 80, and using a complete IQ score instead of an
estimation based on two subtests, may give a better picture of the relation
between IQ and EFs and the influence of IQ on training effects and on QoL in
ASD. Secondly, a considerable part of the children with ASD used
medication. Medication use may positively influence individual task
performance (Brackenridge et al., 2011; Holmes et al., 2010), and indeed
seemed to influence performance on the stop task (Chapter 3). Children who
used medication when performing the stop task performed better than
children who never used medication. Moreover, children who use medication
may be more impaired (Storch et al., 2012), and indeed dropouts from the
intervention used medication slightly more often (Chapter 4). However,
medication-use was similar in all intervention conditions, and analyses
without these children gave similar results (Chapter 3 & 4). More importantly,
inclusion of children who used medication made the current sample more
representative of the ASD population (Siegel & Beaulieu, 2012). Children with
ASD use a wide variety of medication for a wide variety of symptoms (e.g.,
Spencer et al., 2013). Correspondingly, the medication that was used by the
children with ASD in the current study varied widely; use of methylphenidate,
anti-depressants, anti-psychotics, or a combination of these medications was
reported. Moreover, besides psychotropic medication, some children used
medication for physical complaints. Many of these medications cannot be
stopped overnight. Moreover, the variation in medication use makes it hard to
interpret how this might influence EF in research settings, but also in daily life.
When children use medication on a daily basis, parent’s reports of their child’s
behavior will describe, for the most part, their child’s behavior when on
medication. In sum, although medication use in the current sample may have
influenced the findings, completely ruling out the influence of medication in
this population seems difficult given the variety in medication use for the
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variety of symptoms, and excluding these children would make the sample
less representative for the ASD population.
Thirdly, the validity and reliability of experimental tasks is generally
unknown. As a consequence the currently used 2-back task appeared too
difficult for many children. Therefore, the pre-training data of this measure
were not quite reliable (Chapter 3). However, children did improve on this task
after EF training, and therefore these data were included in Chapter 4.
Including more practice trials might make this task a more reliable measure.
Moreover, experimental tasks in general lack ecological validity to measure
treatment effect.
Fourthly, language ability was not included as a predictor of training
effects, but was included as a predictor of QoL. As language development
seems to influence adult outcome in ASD (Gillespie-Lynch et al., 2012), we
expected that it could also influence childhood QoL, as both are measures of
daily life functioning. The training did not rely on language, and we did not
expect that language development would influence training effects. Finally,
we did not dispose of teacher ratings; these could have given a more elaborate
view on possible training effects and QoL.
Future directions
The current thesis clearly underlines the large individual differences in ASD.
These individual differences are observed in various areas such as behavior
and cognition, and in the basic features of ASD, i.e., social interaction,
communication, and restricted and repetitive behaviors and interests (Happé
& Ronald, 2008). Moreover, variability in ToM, central coherence, and also EF
are present in different age ranges (Pellicano, 2010b). The current findings
confirm these large individual differences in cognitive flexibility, WM, and
inhibition in children with ASD, but also in factors that contribute to
intervention effectiveness and experienced QoL. This implicates that 1) a large
sample size is needed to find differences on a group level, 2) an individual
differences approach may be more fruitful for future research instead of
focusing on analyses on a group level, 3) there is not one specific EF-pattern in
children with ASD compared to children without ASD, but a specific EFpattern in each individual child with ASD compared to other children with
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ASD, and 4) ASD treatment should be adjusted to an individual’s unique set of
strengths and difficulties.
Besides these four general conclusions with respect to individual
differences, the findings reported in the current thesis lead to a series of other
potentially interesting future research avenues. First, in Chapter 2 it was
shown that children with ASD had more trouble switching from emotion to
gender trials than the other way around. Though preliminary, this finding
suggests that children with ASD may need more time to disengage from an
emotional task set. Whether children with ASD indeed have difficulty to
disengage from an emotional task, and whether specific characteristics, such
as anxiety, might influence this effect, should be studied in future research. A
poorer ability to reduce emotional reactivity by shifting attention away from
emotion-eliciting stimuli may relate to less effective emotional attention
control, which may influence emotion processing in general.
Secondly, with respect to EF interventions (Chapter 4 & 5) the number
of sessions necessary to be performed as a threshold for success, and what
might motivate a child to reach this threshold is still unclear. We could not
identify predictors of attrition, nor did we find, as expected, a clear dosage
effect of completed number of training sessions. However, the risk to drop out
seemed to decrease over the course of the sessions. This might suggest that it
is particularly important to motivate children to get through the first part of
the training. As children who completed more sessions improved slightly more
in daily life cognitive flexibility, completing more sessions did seem to have a
positive effect. However, given the aforementioned individual differences, the
necessary dosage of an EF training may depend on the speed of trainingimprovement of a particular child and on the severity of the EF deficit. Hence,
which threshold is needed for a specific child should be studied in future
research.
Thirdly, as EF develops in ASD (Pellicano, 2012a), the training might
be more fruitful in other age ranges. However, the question is which age range
is most appropriate. Treatment at an early age may be most effective in ASD
(e.g., Granpeesheh et al., 2009; Pellicano, 2012b), but EF difficulties in
everyday life seem to increase during development from childhood into
adolescence (Rosenthal et al., 2013). This indicates that EF is more impaired,
and training more needed, during adolescence. Hence, early treatment may
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prevent that EF difficulties will develop over time, but possibly EF deficits may
not emerge until adolescence.
Fourth, the WM training did not show clear far-transfer effects, and
the mechanism that may generalize training induced WM improvement to
improvement in ADHD characteristics is unclear. Given the WM deficits in
ADHD (Martinussen, Hayden, Hogg-Johnson, & Tannock, 2005), WM deficits
in ASD might be related to ADHD characteristics, but in Chapter 3 we did not
find such a relation. Hence, to reveal this mechanism, constructs that may
underlie both WM and ADHD characteristics in ASD should be unraveled.
Fifth, we assumed that a better developed ToM would lead to more
empathy with game-characters in Braingame Brian, increase the willingness
to help these characters, and hence increase motivation within the training.
Moreover, ToM and EF are related (Brunsdon & Happé, 2014). We, therefore,
assumed that a better developed ToM would increase training effects. In
contrast, ToM did not predict performance on the training nor did it predict
effects of the training (Chapter 5). This is in line with the finding that EF
training improves ToM, but ToM training does not improve EF (Fisher &
Happé, 2005), and that EF seems to be a prerequisite of ToM, but ToM is no
prerequisite for EF (Pellicano, 2007). We did find that children who improved
significantly on one of the training outcome questionnaires had a better
developed ToM than children who did not improve significantly, suggesting
that children with a better developed ToM did benefit more from Braingame
Brian. Given the small size of these effects, it appears that ToM does not
greatly influence EF training, but the exact nature between ToM and EF
training improvement should be further examined in future research with a
more extensive ToM test.
Theoretical implications
Clearly, the EF theory of ASD is not a single or complete explanation of ASD,
but may be considered a specifier construct. The current findings are in line
with the so called ‘fractionable’ autism triad hypothesis (Brunsdon & Happé,
2014), suggesting that social (communication and social interaction) and nonsocial (stereotyped and repetitive behavior) symptoms of ASD may have
distinct causes (genetic, neural, cognitive and behavioral; Happé et al., 2006;
Happé & Ronald, 2008). For example, ToM seems more related to social
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symptoms, while EF seems more related to non-social symptoms, such as
repetitive behavior (Brunsdon & Happé, 2014). Hence, EF does not explain
ASD completely, but certain EF deficits may explain certain autism traits. The
current finding that cognitive flexibility is related to stereotyped and repetitive
behavior is in line with the theorized and previously found relation between EF
and non-social autism traits (Brunsdon & Happé, 2014). However, the
fractionable autism triad theory postulates that not only cognitive flexibility,
but also EF in a broader sense is related to stereotyped and repetitive behavior
(Brunsdon & Happé, 2014), purporting that besides deficits in cognitive
flexibility, deficits in WM and inhibition may also relate to stereotyped and
repetitive behavior. We currently did not find that children with WM and/or
inhibition deficits showed more stereotyped and repetitive behavior than
children without deficits, but we did find a relation with behavior, that is,
conduct problems. Hence, although the relation between cognitive flexibility
and repetitive behavior aligns nicely with the fractionable autism triad
hypothesis, the finding that children with more WM and/or inhibition deficits
show relatively more conduct problems is less easy to reconcile with the
fractionable triad hypothesis. Moreover, we did not study yet how these
conduct problems might relate to training effects.
Besides the relation between EFs and stereotyped and repetitive
behavior, EFs also appear related to social autism traits (e.g., Kenworthy,
Black, Harrison, Della Rosa, & Wallace, 2009), which has face validity as EFs
are needed in social interaction. For example, one needs to inhibit the
tendency to say everything that pops to mind, and has to react flexibly to
someone else’s story, and one uses WM to remember and respond properly to
someone else’s story. This may explain the currently found relation between
(i.a.) inhibition, cognitive flexibility, initiating behavior problems, and social
QoL (Chapter 6).
Cognitive functions, such as EFs in research settings, do seem related
to EFs in everyday life, behavior, and autism traits. However, the relation
between pure research tasks and behavior in everyday life is not clear cut. This
relation is influenced by the background of each individual child with his or her
own compensatory skills and other assets, such as IQ, language, environment,
attention, memory, or received intervention (Brunsdon & Happé, 2014). As
EFs develop over time (Pellicano, 2012a), both in typical development and in
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ASD, the relation between EF and behavior may also change over time. This
makes studies on the relation between EF and autism traits in varying age
ranges hard to compare, particularly as there are also individual differences
within this EF development. Despite the restricted age range (8-12 years) in
the current study, this is still a range of considerable development, both in EF
and in behavior (e.g., Pellicano, 2010a; Rosenthal et al., 2013), which might
have influenced the findings. Moreover, EFs interact with other cognitive
functions, environmental factors, and other functions such as attention and
language, which are known to be problematic in ASD (Pellicano, 2012a). These
interactions might differ in children with ASD as compared to TD children
(Pellicano, 2012a). Moreover, EF may also serve as a compensatory factor (M.
H. Johnson, 2012). Hence, the relation between EFs in research settings and
everyday life (problem) behavior is influenced by adjacent factors, such as
environmental and compensatory factors, which may influence how children
with ASD can apply their EFs in daily life.
Clinical implications
The EF account of ASD is not an all-encompassing explanation of the ASD
concept, but we showed that it is of importance to take into account individual
differences in EF within the ASD population when assessing strengths and
weaknesses to tailor treatment to one’s individual needs.
The WM and cognitive flexibility training in their current form are not
feasible treatments for the majority of children with ASD. Despite the
observed marginal effects, these effects are too small to consider Braingame
Brian an effective treatment. This implies that for now it is not fruitful to use
Braingame Brian to train these EFs in children with ASD aged 8 to 12 years.
However, despite the lack of clear treatment effects of Braingame
Brian, we do not want to throw out the baby with the bathwater. A treatment
does not become evidence based overnight, and in line with Gathercole (2012;
2014), we think that the lack of clear training effects in the current study is no
reason to completely discard cognitive training for children with ASD,
although the question is in which form cognitive training will be fruitful for
these children. Moreover, specific subgroups of children with ASD or children
with a specific profile might benefit from the training (responders). Previous
research has demonstrated that specific behavioral profiles may influence
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intervention outcome. Larger treatment effects were found in children with
ASD with a more adaptive behavioral profile (Sherer & Schreibman, 2005),
and the predictive value of this profile was intervention-specific (Schreibman
et al., 2009). Hence, in future research, it may be promising to compare
training effects of EF training in children with ASD with a specific behavioral
profile.
The current findings suggest that, firstly, the EF training seemed to be
more appropriate for children with high reward sensitivity while WM and
cognitive flexibility training seemed more appropriate for children with
relatively few autism traits. Secondly, we did not find that initial EF difficulties
influenced training effects. On the contrary, better developed EFs might also
increase training effects, as for example, poor cognitive flexibility can diminish
treatment effects (Berger, Aerts, Spaendonck, Cools, & Teunisse, 2003). There
are some indications from the current data that suggest such an effect. First,
poor switch task performance was related to repetitive and stereotyped
behavior, and children who deteriorated in QoL appeared to have poorer
cognitive flexibility. Hence, cognitive flexibility deficits and stereotyped and
repetitive behaviors may be a contra-indication for EF training. Second, a
subgroup of children with ASD showed poor WM and/or inhibition, and this
subgroup showed more conduct problems. Although an EF training may
particularly be indicated for children with poor WM and inhibition, these
children may, due to conduct problems, show difficulty to complete the
training. The current EF training might be particularly beneficial for children
with ASD with 1) high reward sensitivity; 2) few autism traits; and 3) relatively
well developed EFs (good cognitive flexibility/little repetitive behavior, good
WM and inhibition/no conduct problems). Hence, for children with substantial
autism traits, who might particularly be in need of such an intervention, the
training seems unsuitable.
The main goal of an EF training is far-transfer. Improvement in ASDtraits and QoL might be considered the most important far-transfer measures
in children with ASD, but we only found a trend of improvement in ADHD
characteristics. Although comorbid ADHD characteristics are common in ASD,
this can hardly be considered the main goal. This indicates that, although
Braingame Brian is no feasible treatment for ASD, when Braingame Brian is
evidence based and indicated for a child with ADHD, comorbid ASD does not
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seem to be a contraindication to implement this intervention. Braingame Brian
may be fruitful for children with relatively little autism traits, for example,
children with ADHD, with comorbid autism traits.
Targeting cognitive flexibility in an intervention to reduce everyday
life difficulties seemed fruitful given the relation we found between cognitive
flexibility deficits on a switch task and repetitive behavior in daily life.
However, the cognitive flexibility training did not show far-transfer to
everyday life cognitive flexibility, nor to ASD-like behavior (although we did
not specifically look into stereotyped and repetitive behavior). Training of
more EFs simultaneously (Dovis et al., under review), a behavioral approach
(Kenworthy et al., 2014), or combining a pure EF training with a practical
training to apply these skills in everyday life (Gathercole, 2014) may be more
fruitful to generalize training effects. For example, cognitive remediation
therapy seems to improve EF in schizophrenia patients, but when combined
with functional adaptation skills training, generalization to everyday life
behavior is more likely (Bowie, McGurk, Mausbach, Patterson, & Harvey,
2012). EFs seem to be influenced by environmental factors (Pellicano, 2012a),
and considering these environmental factors in treatment may therefore be
fruitful.
In sum, the findings in this thesis indicate that treatment should be
adjusted to a specific profile of difficulties. Given the variety in the ASD
population and the influence of specific autism traits and EFs on subdomains
of QoL, personalized treatment programs may be fruitful for children with
ASD instead of a one-size fits all approach.
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Kinderen met autisme spectrum stoornissen (ASS) laten stereotiep gedrag en
beperkte interesses zien, en hebben sociale en communicatieve problemen
(American Psychiatric Association, 2013). Een belangrijke cognitieve theorie
met betrekking tot ASS veronderstelt dat executieve functie(EF)tekorten een
belangrijk onderliggend probleem vormen (Damasio & Maurer, 1978; Russell,
1997). EF is een parapluterm voor cognitieve functies die iemand nodig heeft
om gedrag uit te voeren en aan te passen aan de veranderende omgeving,
zoals cognitieve flexibiliteit (mentale schakelvaardigheid), werkgeheugen
(opslaan, bewerken, onthouden en weer gebruiken van informatie) en
inhibitie (stoppen van gedrag) (Anderson, 2002).
De bevindingen met betrekking tot Executieve Functies (EFs) in ASS
zijn echter niet eenduidig, vanwege grote individuele verschillen binnen de
ASS populatie, studies in uiteenlopende leeftijdsgroepen en het gebruik van
verschillende taken om EFs te onderzoeken. Daarom hebben we in een grote
groep kinderen met ASS (N = 121) en zonder ASS (N = 76) in een beperkte
leeftijdsgroep (8-12 jaar) met ‘proces-zuivere’ taken EFs onderzocht.
Ten eerste hebben we onderzocht of kinderen met ASS cognitieve
flexibiliteits-, werkgeheugen-, en inhibitieproblemen hebben en of deze
problemen met elkaar samenhangen (hoofdstuk 2 & 3). Ten tweede hebben
we de effectiviteit van een werkgeheugen- en cognitieve flexibiliteitstraining
onderzocht en, ten derde, of een aantal potentiële predictoren - IQ,
autismekenmerken, werkgeheugen, cognitieve flexibiliteit,
beloningsgevoeligheid en Theory of Mind (ToM; inzicht in hoe anderen denken
en voelen) - de trainingseffecten beïnvloedt (hoofdstuk 4 & 5). Tot slot
onderzochten we of specifieke predictoren (IQ, autismekenmerken,
taalontwikkeling en EF) de kwaliteit van leven beïnvloeden bij kinderen met
ASS (hoofdstuk 6).
Cognitieve flexibiliteit, werkgeheugen en inhibitie
Cognitieve flexibiliteit is het vermogen om soepel tussen verschillende taken
te wisselen en wordt ook wel mentale schakelvaardigheid genoemd.
Werkgeheugen is het vermogen om informatie op te slaan, te bewerken en
snel weer te gebruiken, en inhibitie is het vermogen om een gestarte actie te
stoppen. De meeste kinderen met ASS bleken geen cognitieve
flexibiliteitproblemen te hebben op een switchtaak met minimale
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werkgeheugenbelasting en met relatief complexe en sociaal relevante stimuli
(hoofdstuk 2). Net als in eerder onderzoek (Yerys et al., 2009) voerde een
subgroep van de kinderen met ASS de taak relatief zwak uit; zij waren
langzaam en maakten veel fouten.
Kinderen met ASS bleken wel werkgeheugen- en inhibitieproblemen
te hebben vergeleken met de controlegroep (hoofdstuk 3), maar ook hier had
slechts een relatief kleine subgroep daadwerkelijk problemen op deze
gebieden. Werkgeheugen en inhibitie blijken aan elkaar gerelateerd te zijn bij
zich normaal ontwikkelende kinderen (Garon, Bryson, & Smith, 2008;
Minamoto, Osaka, & Osaka, 2010; Miyake & Friedman, 2012). In
overeenstemming met bevindingen bij kinderen met ADHD (Alderson,
Rapport, Hudec, Sarver, & Kofler, 2010; Schecklmann et al., 2012), vonden wij
echter geen verband tussen werkgeheugen- en inhibitieproblemen bij
kinderen met ASS. Zeer weinig kinderen met ASS hadden zowel een
werkgeheugen- als een inhibitieprobleem.
Hoewel de gevonden inhibitieproblemen bij kinderen met ASS
overeenkomen met bevindingen van een recente meta-analyse (Geurts, van
den Bergh, & Ruzzano, 2014), komen de gevonden werkgeheugenproblemen
niet overeen met eerdere studies bij kleine groepen (Cui, Gao, Chen, Zou, &
Wang, 2010) en bij andere leeftijdscategorieën (Koshino et al., 2005; Koshino
et al., 2008; Williams, Goldstein, Carpenter, & Minshew, 2005).
Cognitieve flexibiliteitproblemen bleken samen te hangen met
stereotiep en repetitief gedrag in het dagelijks leven. Kinderen die
werkgeheugen- of inhibitieproblemen hadden, lieten meer gedragsproblemen
zien in het dagelijks leven. De gevonden relatie tussen EF problemen en
gedrag in het dagelijks leven komt overeen met de EF theorie, waarbij wordt
verondersteld dat EF problemen ten grondslag liggen aan de geobserveerde
problemen in het dagelijks leven.
Kortom, niet alle kinderen met ASS hebben EF problemen. Er zijn dus
grote individuele verschillen. Er is niet een specifiek EF patroon bij kinderen
met ASS vergeleken met kinderen zonder ASS, maar binnen de groep
kinderen met ASS zijn er verschillende EF patronen. EF problemen bij
kinderen met ASS hangen echter wel samen met problemen in het dagelijks
leven. Bij de diagnose en behandeling van kinderen met ASS lijkt het daarom
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van belang om naast algemene sterke punten en kwetsbaarheden, risico’s en
comorbiditeit, rekening te houden met specifieke EF problemen.
Werkgeheugen en flexibiliteit trainen met Braingame Brian
Het trainen van werkgeheugen is al herhaaldelijk onderzocht (Melby-Lervåg &
Hulme, 2013), maar nog niet bij kinderen met ASS. Gezien de gerapporteerde
werkgeheugenproblemen bij kinderen met ASS is het nuttig om te
onderzoeken of deze werkgeheugenproblemen verminderd kunnen worden.
Het trainen van cognitieve flexibiliteit is relatief minder onderzocht, maar de
eerste voorlopige resultaten zijn positief (Kray, Karbach, Haenig, & Freitag,
2011). Aangezien kinderen met ASS cognitieve flexibiliteitproblemen hebben,
zeker in het dagelijks leven, lijkt het trainen van cognitieve flexibiliteit
veelbelovend. Wij hebben daarom onderzocht of een werkgeheugen- of
cognitieve flexibiliteittraining een werkzame interventie is voor kinderen met
ASS (Hoofdstuk 4).
Honderdeenentwintig kinderen met ASS voerden één van drie versies
van training Braingame Brian (Prins et al., 2013) uit: een
werkgeheugentraining, een cognitieve flexibiliteittraining of een niet-EF
(controle) training. Negentig van deze kinderen voltooiden alle 25 sessies van
de training.
In de werkgeheugen- en flexibiliteitstraining waren de taken adaptief
aan de prestatie van het kind. Dit betekent dat het niveau wordt aangepast
aan de prestatie: als een taak goed wordt uitgevoerd, wordt deze vervolgens
moeilijker, als de taak niet goed wordt uitgevoerd, dan wordt deze daarna
makkelijker. Het niveau van de werkgeheugen- en flexibiliteitstrainingstaken
nam bij het grootste deel van de kinderen toe. Op deze taken werd dus
getraind.
Als we kijken naar de taken en vragenlijsten die we voor en na de
training hebben afgenomen, dan zien we dat alle drie de groepen
(werkgeheugen-, flexibiliteit- en niet-EF trainingsgroep) op de meeste taken
(werkgeheugen, cognitieve flexibiliteit, volgehouden aandacht) en op alle
vragenlijsten (door ouders gerapporteerde EF, sociaal gedrag, ADHD
kenmerken en kwaliteit van leven) verbetering lieten zien. Kinderen die de
werkgeheugen- of cognitieve flexibiliteitstraining deden, verbeterden echter
niet meer dan kinderen die de niet-EF training deden. We zien wel dat
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kinderen die de werkgeheugentraining hebben gedaan, vergeleken met de
andere twee groepen, iets meer vooruitgingen op een werkgeheugentaak die
erg lijkt op de getrainde taak, en een afname lieten zien in ADHD kenmerken
zoals gemeten met een door hun ouders ingevulde vragenlijst. Ook zien we
dat kinderen die de flexibiliteitstraining hebben gedaan iets meer
vooruitgingen dan de andere twee groepen op een flexibiliteittaak die lijkt op
de getrainde taak.
De verbetering van werkgeheugen en cognitieve flexibiliteit op taken
die erg lijken op de getrainde taken sluit aan bij eerder onderzoek naar
werkgeheugentrainingen (e.g., Chacko et al., 2013) en cognitieve
flexibiliteittrainingen (Karbach & Kray, 2009; Kray et al., 2011). De verbetering
in ADHD kenmerken is echter moeilijker te plaatsen. Werkgeheugen lijkt
weliswaar gerelateerd te zijn aan ADHD kenmerken (Rapport et al., 2009; Van
der Oord, Ponsioen, Geurts, Brink, & Prins, 2012), maar een beter
werkgeheugen zorgt niet per definitie voor minder ADHD kenmerken (MelbyLervåg & Hulme, 2013; Rapport, Orban, Kofler, & Friedman, 2013). Bovendien
vonden we geen verbetering van het werkgeheugen in het dagelijks leven, wat
een noodzakelijke tussenstap lijkt voor de generalisatie van een
werkgeheugentraining. Hoewel het trainen van werkgeheugen dus zou
kunnen zorgen voor vermindering van ADHD kenmerken, is het vooralsnog
onduidelijk hoe.
Mogelijk heeft de werkgeheugentraining iets meer effect doordat
deze bestaat uit vijf verschillende trainingstaken, terwijl de
flexibiliteitstraining bestaat uit één adaptieve taak. De werkgeheugentraining
doet bovendien een beroep op meer functies (onthouden, bewerken en
updaten van informatie). Mogelijk is het effectiever om meerdere functies
tegelijk te trainen.
Ondanks de verbetering op taken en vragenlijsten in alle groepen, zien
we slechts kleine verschillen tussen de adaptieve trainingen (werkgeheugen en
flexibiliteit) en de niet-EF training. De verbetering in alle groepen komt
mogelijk door de herhaling van taken en vragenlijsten, door de benodigde
volgehouden aandacht voor de training, door elementen in de game-wereld, of
door positieve betrokkenheid van de ouders. De werkgeheugen- en
flexibiliteitstraining lijken dus niet effectief voor kinderen met ASS.
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Voorspellers van training effect
Ondanks verbetering in de hele groep, waren specifieke trainingseffecten van
de werkgeheugen- en flexibiliteittraining klein. Bovendien lukte het een kwart
van de kinderen niet om de training af te maken. Vanwege de grote
individuele verschillen binnen de ASS populatie (zie ook Hoofdstuk 2 en 3),
hebben we onderzocht of de training nuttig is voor specifieke subgroepen van
kinderen met ASS (Hoofdstuk 5). We onderzochten of IQ, autismekenmerken,
werkgeheugen en cognitieve flexibiliteit, ToM en beloningsgevoeligheid het
trainen en het trainingsresultaat beïnvloeden.
Geen van de onderzochte factoren voorspelden hoeveel sessies
kinderen voltooiden en hoeveel ze vooruitgingen op trainingstaken. IQ,
werkgeheugen en cognitieve flexibiliteit, ToM en aantal voltooide sessies
hadden ook geen invloed op trainingseffecten. We vonden wel twee (kleine)
effecten: kinderen die gevoeliger zijn voor een beloning lieten een sterkere
afname in autismekenmerken zien na de training (werkgeheugen-,
flexibiliteit- en niet-EF trainingsgroep). Kinderen met aanvankelijk meer
autismekenmerken leken minder te verbeteren in kwaliteit van leven na de
adaptieve training (werkgeheugen of flexibiliteit). De training zou dus
mogelijk voor een subgroep van kinderen met ASS (beloningsgevoelig en
relatief weinig autismekenmerken) geschikt kunnen zijn, maar dit moet nog
nader onderzocht worden.
Kwaliteit van leven
We hebben vervolgens de kwaliteit van leven van kinderen met ASS
onderzocht. Kwaliteit van leven is een maat van algeheel welbevinden en een
belangrijke uitkomstmaat van interventies. De kwaliteit van leven is laag bij
ASS (Ikeda, Hinckson, & Krägeloh, 2013; van Heijst & Geurts, 2014). Wij
hebben onderzocht of wij dit konden bevestigen en of een aantal specifieke
factoren (IQ, taalontwikkeling, autismekenmerken en EF in het dagelijks
leven) de kwaliteit van leven beïnvloedt (Hoofdstuk 6).
Kinderen met ASS hadden een lagere kwaliteit van leven op alle
subschalen van de vragenlijst (fysiek, emotioneel, sociaal, school) dan
kinderen zonder ASS. IQ en taalontwikkeling hingen niet samen met kwaliteit
van leven. In overeenstemming met eerder onderzoek (e.g., Chiang &
Wineman, 2014; Ikeda et al., 2013) hadden kinderen met meer
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autismekenmerken een lagere kwaliteit van leven. Bovendien vonden we dat
kinderen met meer EF problemen een lagere kwaliteit van leven hadden. Dit
benadrukt dat het belangrijk is om rekening te houden met EF in de
behandeling van kinderen met ASS.
Bovendien bleken specifieke autismekenmerken en EFs gerelateerd
aan specifieke kwaliteit van leven onderdelen: 1) meer problemen in sociale
communicatie en motivatie waren gerelateerd aan een lagere kwaliteit van
leven op fysiek gebied, 2) minder sociale motivatie en een zwakke cognitieve
flexibiliteit en emotionele controle waren gerelateerd aan lagere emotionele
kwaliteit van leven, 3) zwakkere sociale communicatie, inhibitie, cognitieve
flexibiliteit, minder initiatief gedrag en betere sociale cognitie waren
gerelateerd aan een lagere sociale kwaliteit van leven, en 4) zwakkere
werkgeheugen-, plannings- en organisatorische vaardigheden waren
gerelateerd aan lagere kwaliteit van leven op schoolgebied. Deze voorzichtige
eerste bevindingen dienen nog nader onderzocht te worden, maar mogelijk
kan het nuttig zijn om behandelingen te richten op specifieke
autismekenmerken of EFs om specifieke kwaliteit van leven onderdelen te
verbeteren. Lage sociale kwaliteit van leven zou bijvoorbeeld verbeterd
kunnen worden door sociale communicatietraining, terwijl een lage kwaliteit
van leven op schoolgebied juist verbeterd zou kunnen worden door een
werkgeheugentraining. Het aanpassen van de behandeling op ieder uniek kind
met autisme lijkt dus van belang.
Conclusie
Er zijn zeer grote individuele verschillen in de ASS populatie op uiteenlopende
gebieden. Naast de reeds bekende individuele verschillen in gedrag, cognitie,
autismekenmerken zoals problemen in sociale interactie, communicatie en
stereotiep gedrag (Happé & Ronald, 2008), en in ToM en Centrale Coherentie,
worden verschillen gezien in EF in verschillende leeftijdsgroepen (Pellicano,
2010). De huidige bevindingen sluiten daar bij aan. Wij vonden individuele
verschillen in cognitieve flexibiliteit, werkgeheugen en inhibitie bij kinderen
met ASS. Dit betekent dat 1) er grote groepen onderzocht moeten worden om
verschillen op groepsniveau te kunnen vinden, 2) naast onderzoek op
groepsniveau, onderzoek op individueel niveau nodig is, 3) er niet één
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universeel EF patroon is bij kinderen met ASS ten opzichte van kinderen
zonder ASS.
EF blijkt moeilijk te trainen bij kinderen met ASS, maar de huidige
bevindingen bevestigen wel dat individuele EF problemen een belangrijke rol
kunnen spelen bij ASS. Behandeling zou op het individu moeten worden
aangepast, rekening houdend met unieke moeilijkheden, sterke punten en
compensatiemogelijkheden.
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Supplement S4.1 Description Braingame Brian
In EF training Braingame Brian (www.gamingandtraining.nl) the child acts as inventor
Brian, the main character in a virtual world. To fabricate the inventions and, thereby,
improve the virtual world, EF tasks have to be performed. The 25 sessions (45 minutes
each) include 2 training blocks (of about 15 minutes) with 3 tasks (WM, cognitive
flexibility, inhibition). Children were instructed to perform 5 sessions each week (1
daily with 2 days off), and the training period included one spare week. The 25
sessions had to be performed within 6 weeks. The software enables the experimenter
to separately activate each task (trained in an adaptive way) or inactivate each task
(remain at a low level).
In the current study, each child performed one of three versions of the intervention. In
the WM training only the WM task was adaptive to performance, and the other tasks
were not trained, i.e. the tasks were done, but remained at a low level. In the cognitive
flexibility training only the cognitive flexibility task was adaptive to performance, and
the other tasks were not trained. In the mock-training all tasks remained at a low
level, and no EF was trained.
The WM training includes five training-tasks, with increasing difficulty. Within each
training-task, difficulty also increases. The first training-task consists of a 4x4 grid in
which squares light up in a random order (for 900 ms each, with 500 ms in between),
and this sequence has to be repeated by mouse clicks (after a delay of 1000 ms). The
second training-task is similar to the first, with the addition that in each trial one of
four bars at the sides of the grid lights up, and has to be remembered. Besides
repeating the sequence of squares, after every second trial the last two bars have to
be indicated. The third training-task is also similar to the first, but the squares are now
colored purple and orange. First the orange buttons have to be repeated, and then the
purple buttons. The fourth training-task is similar to the second, but the bars now light
up before the squares light up. First the squares have to be repeated, and then the
bars have to be repeated. Finally, the fifth training-task is a combination of trainingtask 3, and 4; first the sidebars, and then the purple and orange buttons light up. First
the orange buttons, then the purple buttons, and finally the side bars have to be
repeated. In each of the five tasks after a designated number of correctly repeated
squares and/or bars part of a blueprint of Brian’s invention appears. After respectively
68, 52, 62, 62, 62 squares and/or bars the complete blueprint is visible and the task
ends. If accuracy is less than 50%, the mean sequence length in the next task drops
with 0.2. The mean sequence length remains the same if accuracy is between 50%70%, increases with 0.2 if accuracy is between 70%-85%, and increases with 0.4 if
accuracy is above 85%. Currently, training-tasks 1, 3, 4, and 5 started with a mean
sequence length of 3.6 per trial, and training-task 2 started with a mean sequence

192

10. Supplementary material
length of 3 per trial, as a the pilot study indicated that this task was relatively difficult
compared to training-task 1. Sequence lengths always remained between 2 and 7.
The cognitive flexibility training consists of a switch task that increases in
difficulty. Blue or red circles and triangles appear on the computer screen, and a task
cue indicates if the sorting rule is ‘form’ or ‘color’. When the sorting rule is ‘form’ the
participant has to press ‘Q’ if the object is a triangle, and a ‘P’ if the object is a circle. If
the sorting rule is ‘color’, the participant has to press ‘Q’ if the object is red, and a ‘P’ if
the object is blue. The task consists of 38 repeat trials (the same rule has to be applied
on two consecutive trials), and 14 switch trials (the sorting rule changes). If too many
errors are made (>4 on switch trials, or >11 on repeat trials) the task is repeated. If both
tasks in one session have to be repeated, in the next session the level decreases. If both
tasks are performed within the given error range, the level increases. If only one task is
repeated, the level remains stable. An increase in level indicates a decrease in time to
respond with 50 ms. In the current study, the initial level was 3 (time to respond 1200
ms). The time to respond always remained between 1300 ms (level 1), and 650 ms (level
14). Before task onset instructions are given, and a practice block of 10 trials of each
sorting rule is administered (see Figure S3).
In the mock-training, the WM, and cognitive flexibility training are also performed, but
at a very low level. From the WM training only the first training-task is performed, and
the sequence length remains 2. The cognitive flexibility task is performed with no
switches; in each session both tasks are performed separately, in one task the sorting
rule is ‘color’, and in the other the sorting rule is ‘form’. In all three versions of the
intervention, the inhibition training-task was performed without the inhibition
component (this task is embedded in the game world, and can be put on non-training
level, but cannot be completely excluded). A circle lighted up on the right or left side,
and children had to indicate within a given time-range with a designated button-press
what side lighted up (left or right).
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Table S1 Mean (M) and standard deviations (SD) of screening and pre-training measures
for children who did, and did not finish the training
Measure
Gender m/f
Medication usec
Age
SRSe
IQf
ADI-Rg Social interaction
ADI-R Communication
ADI-R Repetitive behavior
ADI-R Abnormalities < 3
BRIEFh Shift
BRIEF Working memory
BRIEF Total
CSBQi
DBDRS-ADHDj
PedsQLk
Corsi Block tapping task
N-backl ERm 2-back
N-back ER 1-back
N-back RTn 2-back
N-back RT 1-back
Gender-emotion Switch costs ER
Gender-emotion Switch costs RT
Number-gnome Switch costs ER
Number-gnome Switch costs RT
Stop SSRTo
SART IESp

Number of sessions finished
<25 Na = 31
25 Nb = 90
26/5
82/8
15/7/9
66/10/14
M (SD)
M (SD)
10.6 (1.2)
10.5 (1.4)
100.0 (25.9)
96.2 (22.3)
112.2 (19.5)
110.3 (21.0)
16.7 (4.9)
18.1 (4.2)
15.2 (3.6)
15.0 (3.7)
4.5 (1.9)
4.5 (2.3)
2.7 (0.9)
2.6 (1.0)
19.3 (2.7)
17.9 (3.0)
23.6 (4.0)
23.5 (4.7)
168.9 (16.2)
163.4 (19.0)
47.9 (11.3)
46.3 (14.1)
28.3 (10.5)
27.0 (10.2)
34.5 (12.2)
32.2 (11.4)
5.5 (1.2)
5.3 (1.0)
16.1 (10.1)
17.1 (10.8)
6.1 (7.3)
7.3 (10.8)
81.5 (52.5)
90.6 (67.0)
57.9 (43.9)
75.2 (43.2)
4.6 (5.9)
6.1 (7.4)
103.3 (79.5)
110.2 (72.2)
6.3 (5.7)
7.1 (6.5)
81.0 (62.8)
66.3 (71.8)
255.0 (72.9)
247.3 (71.8)
228.4 (60.6)
238.5 (68.8)

Group comparison
χ2
P
(1) 1.3
.26
(2)6.5
.04
T
(1,119) 0.2
.83
(1,119) 0.8
.43
(1,119) 0.4
.67
(1,119) -1.5
.13
(1,119) 0.3
.79
(1,119) -0.2
.88
(1,119) 0.6
.55
(1,118) 2.3
.02
(1,118) 0.1
.92
(1,118) 1.4
.16
(1,118) 0.6
.57
(1,118) 0.5
.60
(1,118) 0.9
.35
(1,119) 1.3
.21
(1,116) -0.4
.67
(1,116) -0.5
.59
(1,116) -0.7
.51
(1,116) -1.8
.07
(1,119) -1.1
.29
(1,119) -0.4
.66
(1,119) -0.6
.55
(1,119) 1.0
.31
(1,105) 0.5
.62
(1,117) -0.7
.48

rd
.02
.07
.04
.14
.03
.02
.05
.21
.01
.13
.06
.05
.08
.12
.04
.05
.06
.16
.10
.04
.05
.09
.05
.06

Bonferroni correction 0.05/25 = 0.002
a CSBQ N = 30, N-back N = 28, SART IES N = 29 Stop SSRT N = 30
b all pre-training questionnaires N = 89, N-back task N = 87, Stop SSRT N = 86, SART IES N = 89
c Children who: never used medication/used medication, but not during test sessions/used medication during
test sessions
d Effect size r: 0.1 = small, 0.3 = medium, 0.5 = large
e
Social Responsiveness Scale
f Estimated Intelligence Quotient
g Autism diagnostic interview revised
h
Behavioral rating inventory of executive functioning
i
Children social behavior questionnaire
j hyperactivity/impulsivity, and inattentive scales of the Disruptive Behavior Disorders Rating Scale
k Pediatric Quality of Life questionnaire
l ER: error rate in %, RT: reaction time in ms, performance on the 1 and 2-back task is corrected for 0-back
task performance
m error rate in %
n reaction time in ms
o Stop signal reaction time on the Stop task
p Inverse efficiency score on the sustained attention response task
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Table S2 Mean (M) and standard deviations (SD) of screening and pre-training measures for children in the three training groups (questionnaires)
Measure
Gender m/f
Medication useb
Age
IQc
SRSd Total
ADI-Re Social interaction
ADI-R Communication
ADI-R Repetitive behavior
ADI-R Abnormalities <3
BRIEFf Shift
BRIEF Working memory
BRIEF Total
CSBQg
DBD-ADHDh
PedsQLi
a

Group
WM Na = 31
27/4
25/3/3
M (SD)
10.5 (1.4)
112.0 (21.1)
96.7 (24.1)
18.0 (4.5)
15.1 (3.3)
4.0 (2.2)
2.5 (0.9)
18.4 (3.0)
24.3 (5.3)
164.6 (22.2)
47.8 (14.1)
28.6 (10.8)
34.2 (12.0)

Range
8.1–12.7
81.0–170
58–135
7–27
8–21
0–9
1–4
12–24
13–30
116–207
9–68
7-49
10–57

Flexibility N = 27
25/2
19/5/3
M (SD)
Range
10.7 (1.4)
8.4–12.9
112.7 (21.3) 81– 154
100.9 (21.6) 62–143
18.0 (3.9)
11–27
14.2 (3.0)
9–20
5.0 (2.2)
0–10
2.5 (1.0)
1–4
18.3 (3.3)
11–24
23.0 (4.7)
13–29
163.4 (17.7) 119–188
46.0 (13.7)
13–79
25.1 (9.5)
8-43
31.9 (10.1)
11–49

Mock N = 32
30/2
22/2/8
M (SD)
10.5 (1.4)
106.8 (20.9)
91.7 (20.8)
18.3 (4.3)
15.5 (4.6)
4.6 (2.5)
2.8 (1.1)
17.0 (2.6)
23.2 (4.2)
162.4 (17.4)
45.1 (14.8)
27.1 (10.2)
30.5 (12.0)

Range
8.1–12.7
81–149
57–149
11–27
6–23
1–9
1–5
12–22
13–29
126–191
13–76
6-43
9–54

Group comparison
χ2
p
(2)0.97
.62
(4)5.3
.26
F
p
(2.87) 0.1
.87
(2.87) 0.7
.49
(2.87) 1.3
.29
(2.87) 0.0
.96
(2.87) 0.9
.40
(2.87) 1.4
.25
(2.87) 0.7
.51
(2.86) 2.1
.14
(2.86) 0.6
.54
(2.86) 0.1
.90
(2.86) 0.3
.76
(2.86) 0.8
.46
(2.86) 0.8
.45

All outcome questionnaires N = 30
Children who never used medication/children who used medication, but not during test sessions/children who used medication during test sessions
c Estimated Intelligence Quotient
d Social Responsiveness Scale
e Autism diagnostic interview revised
f Behavioral rating inventory of executive functioning
g
Children social behavior questionnaire
h hyperactivity/impulsivity, and inattentive scales of the Disruptive Behavior Disorders Rating Scale
i Pediatric Quality of Life questionnaire
Bonferroni correction 0.05/25 = 0.002
b

Table S2 Mean (M) and standard deviations (SD) of screening and pre-training measures for children in the three training groups (tasks)
Measure
Corsi-BTT
N-backd ER 2-back
N-back ER 1-back
N-back RT 2-back
N-back RT 1-back
Gender-emotion SCe ER
Gender-emotion SC RT
Number-gnome SC ER
Number-gnome SC RT
Stop SSRTf
SART IESg
a

Group
WM Na = 31
M (SD)
5.2 (0.7)
18.1 (12.6)
9.0 (12.1)
77.3 (60.5)
67.6 (41.4)
4.9 (8.1)
112.5 (73.8)
6.6 (6.4)
62.9 (78.2)
269.5 (79.6)
233.2 (60.2)

Group comparison
Range
4–7
1.7–56.7
-5.0–46.7
-60.0–174.5
-25.7–148.4
-10.8–23.6
-46.1–272.3
-6.3–21.5
-79.4–262.3
161.6–540.1
142.0–375.1

Flexibility N = 27
M (SD)
Range
5.4 (0.9)
4–8
16.4 (7.6)
-3.3–28.3
4.3 (7.7)
-20.0–15.0
81.7 (62.0)
-89.0–151.3
65.5 (38.8)
-1.2–163.2
7.6 (7.2)
-7.6–23.5
111.2 (82.6) -12.0–278.6
9.0 (5.5)
-3.0–16.7
67.3 (78.2)
-71.1–278.3
236.7 (52.7) 127.1–336.2
230.6 (51.2) 119.2–325.0

Mock Nb = 32
M (SD)
5.2 (1.2)
16.8 (11.5)
8.2 (11.6)
111.1 (73.7)
90.6 (45.3)
6.1 (6.9)
107.0 (62.9)
5.9 (7.3)
68.7 (61.1)
234.3 (75.4)
250.7 (88.0)

Range
3–7
3.3–60
-6.7–45.0
-53.7–263.6
-11.8–168.4
-2.1–33.3
-25.7–249.5
-5.3–27.1
-25.5–191.3
0.1–344.0
124. 4–440.6

N-back task, and stop task N = 30
N-back task N = 30, Stop task N = 29, SART N = 31
c For the CBTT and the SART, Welch’s F is reported as the assumption of homogeneity of variance was violated
d ER: error rate in %, RT: reaction time in ms, performance on the 1 and 2-back task is corrected for 0-back task performance
e Switch Cost
f Stop signal reaction time on the Stop task
g Inverse efficiency score on the sustained attention response task
Bonferroni correction 0.05/25 = 0.002
b

Fc
(2.53,5) 0.6
(2.87) 0.2
(2.87) 1.5
(2.87) 2.4
(2.87) 3.4
(2.89) 1.0
(2.89) 0.0
(2.89) 1.8
(2.89) 0.1
(2.85) 2.3
(2.56,3) 0.7

p
.50
.83
.22
.09
.04
.37
.95
.17
.95
.11
.56

Table S3 Within training: Mean (M), and standard deviation (SD) of the number of sequences at the end of each training-task in the
working memory training, and reached level in the cognitive flexibility training

a

Measure

N

M

SD

Range

WM training-task
1b
2
3
4
5
Flexibility Levelc

31
31
31
31
31
27

4.6
3.6
5.1
4.4
4.5
10.1

0.6
0.5
0.5
0.7
0.9
4.0

2.8
2.0
4.2
3.2
2.8
3.0

5.8
4.4
6.0
5.6
6.4
14.0

Training effect
Fa

p

η²p

(2.0,59.5) 70.05
(2.5, 74.1) 28.35
(1.9, 57.4) 130.59
(1.6,47.3) 19.31
(1.4,42.9) 20.94
(2.8, 73.0) 57.73

<.001
<.001
<.001
<.001
<.001
<.001

0.70
0.49
0.81
0.39
0.41
0.69

Mauchly’s test indicated that the assumption of sphericity had been violated. Therefore degrees of freedom were corrected using
Greenhouse-Geisser estimates of sphericity
b
Sequence length on the working memory training WM training-tasks 1, 3, 4, and 5 started with sequence length 3.6, and WM
training-task 2 started with sequence length 3
c
Level on the cognitive flexibility training indicates response-time ranging from 1 = 1300 ms, to 14 = 650 ms. The training-task started
at level 3

Table S4 Correlation between within training improvement, and training effect.

Measurea
Corsi-BTTc
N-back ERd 2-back
N-back ERe 1-back
N-back RT 2-back
N-back RT 1-back
ER gender-emotion
switch task
RT gender-emotion
switch task
ER number-gnome
switch task
RT number-gnome
switch task

Measure
Pearson Correlation
p
Reached level flexibility
training N = 26

.06

.76

.04

.85

-.08

.71

-.33

.10

a

Difference between pre and post training sessions
Working Memory
c
Corsi Block Tapping Task
d
error rate in %
e
reaction time in ms.
b
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Pearson Correlation
p
Sum 5 difference-scores WMb
training N = 31
.15
.44
-.12
.53
.09
.65
-.03
.88
-.03
.88

10. Supplementary material

Figure S1 Expected pattern of findings

Figure S3 Pattern of findings
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Figure S2 Visual representation of the WM training and cognitive flexibility training-tasks
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Ik was gewaarschuwd: een promotietraject is zwaar en soms frustrerend. Maar
gelukkig ben ik eigenwijs. Want hoewel het niet onwaar is, vond ik het
grotendeels een feest om te doen; wat een variatie aan werk, kennis, mensen
en plekken. Promoveren was echter niet mogelijk geweest zonder de hulp en
toewijding van sommigen en nooit zo leuk geweest zonder de toevoeging van
anderen. Daarom is wat volgt ook een zeer belangrijk onderdeel van mijn
proefschrift: het dankwoord.
Allereerst, alle kinderen en ouders die hebben meegedaan aan mijn
onderzoek: 1000 maal dank! De training bleek soms pittig voor de kinderen,
maar zowel kinderen als ouders hebben erg hun best gedaan om mee te doen
aan het onderzoek. Heel veel dank voor jullie inzet!
Hilde, ik kan jou niet genoeg bedanken. Zonder jou geen onderzoek,
geen proefschrift, geen promotie. Ik kende je al, je gaf leuke colleges, was
motiverend bij het begeleiden van mijn stage, maar je was vooral inspirerend.
In 2009 zei je tijdens een presentatie op een congres dat je een aio zocht. Het
project leek mij op het lijf geschreven. Hoewel ik het jammer vond om bij
Bosman GGZ weg te gaan, ben ik erg blij dat ik deze stap heb kunnen maken.
Hilde, je bent voor mij de best wensbare begeleider geweest. Je tomeloze
enthousiasme, energie, inspiratie, intelligentie en kennis maakten jou een
zeer prettige en geloofwaardige mentor. Ik kwam en kom altijd met
vernieuwde energie terug van onze afspraken. Onze samenwerking was niet
alleen goed, maar ook erg gezellig. Ik hoop én denk dat we het samenwerken
en deze gezelligheid ook na de promotie zullen voortzetten!
Pier, jij stond altijd voor me klaar wanneer ik dit nodig had. Zelfs voor
bijzondere verzoeken als het inspreken van een cd. Dat deed je met veel
precisie en grote inzet. Ik heb ontzettend veel respect en ben je dankbaar voor
je objectieve en open houding in mijn onderzoek. In de eerste maanden van
jouw pensioen heb ik het grootste beroep op je gedaan van mijn hele
promotie. Dank voor het lezen van mijn stukken in Frankrijk en tijdens
weekends en dank voor de prettige en flexibele samenwerking.
Ben, ook jij maakte altijd tijd wanneer ik bij je binnen liep met een
prangende vraag. Ik kende jou ook uit de collegezaal, waar je in mijn
herinnering best streng kon zijn. Maar je bent vooral erg aardig, betrokken,
rustig en meedenkend. Daarnaast ben je zeer nauwgezet qua taal. Dit
waardeer ik erg en ik heb hier veel aan gehad. Dank voor je precisie en geduld.
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Hoewel Hilde altijd al heel snel reageerde op mails en stukken, lukte het jou
om Hilde en Pier op te jutten in het leestempo van mijn stukken. Zonder dit
geweldig snelle tempo had ik nooit zo’n eindsprint kunnen maken.
Leden van de promotiecommissie: Heleen Slagter, Martha
Grootenhuis, Reinout Wiers, Ilse Noens en Hanna Swaab, veel dank voor het
lezen van mijn proefschrift. Herbert Roeyers, veel dank dat u zo flexibel kunt
invallen bij de verdediging.
Lieve paranimfen Liesbeth en Anke, wat fijn dat jullie mij bij willen
staan. Liesbeth, jij bent van collega (ik volg jou al jaren qua werk: cappuccino’s
maken in de Hermi, bedrijven migreren bij CTS, onderzoeken aan de UvA) al
heel snel gegroeid tot zeer leuke, goede en trouwe vriendin. Anke, jij werd van
mede-IMFAR-bezoeker, onderzoeksgroepsgenoot en kamergenoot een
gezellige, grappige en goede vriendin. In beide gevallen een significante groei
kun je wel stellen. Met jullie naast me tijdens de verdediging moet het
goedkomen!
Albert en Esther, Harold en de andere Shosho-medewerkers, dank dat
ik Braingame Brian kon onderzoeken. Waar ik in het begin van het traject
vooral regelmatig bij Shosho ging buurten, had ik aan het eind van het traject
veel aan de altijd vlotte e-mailreacties van Albert. Dank daarvoor.
Dank aan alle instellingen die hebben meegeholpen met de inclusie:
De Bascule, Bosman GGZ, GGnet, GGz Ingeest, GGZ Noord-Holland Noord,
Jeugtherapeuticum, dr. Leo Kannerhuis, Nederlandse Vereniging Autisme,
Regionaal Centrum voor Kinder- en Jeugdpsychiatrie en Rivierduinen. Dank
aan basisscholen De Beekvliet en De Bonte Stegge die hebben meegewerkt
aan het testen van de controlegroep.
Studenten, dank voor het zo zorgvuldig en professioneel verzamelen
van de data. Alexander, Charlotte, Else, Esther, Eva, Folkert, Helen, Helen,
José, Justin, Kjilleke, Laura, Laura, Lianne, Lillian, Marjolein, Marloes, Meike,
Merel, Milou, Milou, My Lan, Nienke, Pien, Puck, Renske, Sascha en Sophia.
Dank voor het testen van de kinderen, maar ook dank voor de inspirerende
discussies, het meedenken, en Helen, de leuke ritjes in de cabrio.
Lieve collega’s. Allereerst mijn kamergenoten uit kamer 629 in het Agebouw: Bram, er zijn weinig onderwerpen die wij niet hebben besproken. Het
tekenen van onze woonkamers op het whiteboard, het mij ervan overtuigen
dat een kind krijgen tijdens je promotie echt heel erg praktisch is (helemaal
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mee eens!) en het navertellen van Gummbah-cartoons (worden ze daar nou
wel of niet leuker van). Renée, jij was een erg leuke kamergenoot en je gebrek
aan inhibitie is je allerleukste eigenschap. Houd dat vast, al heb ik wel eens
anders beweerd. Carly, na het delen van de kamer heb ik je vooral leren
kennen als een gezellige en nadenkende collega bij de 629-etentjes. Anne, de
af en toe binnenwaaiende kamergenoot, ik ken jou eigenlijk alleen maar van
deze zeer geslaagde etentjes. Mark, jij vulde de leegte nadat Bram klaar was
en we raakten zo gehecht aan elkaar dat we in het nieuwe gebouw weer exact
hetzelfde gingen zitten. Je was mijn steun en toeverlaat en daarmee (het
volgende) slachtoffer van mijn oeverloze geleuter. Ik ben trots en dankbaar
dat ik jouw paranimf mag zijn. Na de verhuizing naar DB 318 kwamen daar
Anne Geeke, een zeer fijne en welkome mede-autismeonderzoeker, en
Renate, een volhardende mede-braintrainingonderzoeker, bij. Anne Geeke
was een welkom baken van rust tussen Renate (die ook graag praat) en mij in.
Daarna heb ik kort de kamer gedeeld met Marte en daarna met Anke. Dat was
erg leuk, maar minder goed voor de productiviteit. Lieve kamergenoten, wat
fijn dat ik zoveel tegen jullie aan mocht praten (én sorry daarvoor) en naar
jullie mocht luisteren. Wat leerzaam dat ik van jullie knappe koppen een
graantje heb kunnen meepikken. En vooral, wat hebben jullie het gezellig
gemaakt! Ik hoop op nog veel 629 & 318 etentjes!
Bas en Bianca, ik heb heel veel aan jullie gehad! Bas, omdat we allebei
Braingame Brian onderzochten, Bianca, omdat we op dezelfde dag startten.
Het was prettig om met jullie ervaringen uit te kunnen wisselen en dank voor
de goede momenten met koffie en/of bier, én voor de sinterklaasvieringen!
Ondertussen creëerde d’Arc-moeder Hilde een grote d’Arc-familie:
Bianca, Anne Geeke, Hyke (wat fijn dat ik ook op mijn nieuwe werkplek nog
van je heerlijke taart en gezelschap kan genieten), Anke, Sanne (behalve een
leuke d’ Arc-collega heb je me ook enorm uit de brand geholpen bij de
dataverzameling én kan ik ontzettend met je lachen), Cédric (heel gezellig om
Duits bier te drinken in Atlanta), Nynke, Laura, Laura, Barbara, Marieke en
Marie. Dank voor alle inspirerende bijeenkomsten en leuke uitjes (S-C-I-E-NC-E-!-!-!) en voor de gezelligheid bij congressen, die nóg interessanter en
leuker werden door aanwezigheid van Sander, Bram en Jan Pieter.
Dank aan alle collega’s die de Brein & Cognitiegang zo’n fijne
werkomgeving maakten en aan de onderzoeksgroepen en lab meetings waar
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ik bij aan mocht haken (ADAPT, interventieoverleg, BBM en ACACIA, vooral
het weekend!).
Thank you, Philip and Malcolm for reading and correcting Chapter 2,
and thank you Laura, for reading and correcting Chapter 3 before submission.
Anke en Mijke, veel dank voor het controleren van de puntjes op de i.
Dank secretariaatsmedewerkers Hubert, Anna, Mark, Lucie en
Barbara voor al jullie hulp! TOP-medewerkers Marcus, Marco, Nico, George,
Michel, Jasper en René. Dank dat ik met technische vragen bij jullie terecht
kon, testruimtes kon regelen en laptops kon gebruiken. Marcus, dank voor alle
hulp bij het bestellen en instellen van de game-laptops.
Maar er is ook leven buiten het aioschap. Pre-aio: Wat leuk om nog
contact te hebben met mede Sophia-stagiaires Janneke, Simone en Marieke
en met Curium-begeleider Heleen. Bosman collega’s Mariëlle, Carolijn, Iris,
Annemarie, Femke, Tanja en Joke, dank voor alle gezellige en inspirerende
etentjes! Post-aio: Martha en Kim, wat goed om weer zulke inspirerende en
leuke vrouwen in de wetenschap te treffen! Ik heb erg veel zin om de komende
jaren met jullie en de Yield-groep aan mooie nieuwe projecten te beginnen.
Heel fijn dat jullie samen met alle nieuwe collega’s in het EKZ/AMC, op de VU,
bij Yield en natuurlijk met mijn basementgenoten (Perrine, Hedy, Anouck,
Lotte, Charlotte, Florrie, Sasja, Jan Pieter en Marieke) het post-promotiezwarte gat hebben opgevuld (of eigenlijk voorkomen)!
Natuurlijk wil ik zeker ook mijn zeer warme en grote familie bedanken.
Lieve Janneke & Jan Willem, Douwe & Mieke, Femke, Wieger, Kaeye en
Sybren. Wat heerlijk om omringd te zijn door zulke liefhebbende gezinnen.
Dank voor al jullie steun, interesse en meedenken! Dank lieve broertjes dat
jullie zo vaak naar de UvA zijn komen fietsen om koffie met me te drinken.
Ook veel dank aan mijn aangewaaide familie Jan, Reintje, Mi Sook, Dave,
Martijn en Nicky voor de leuke momenten en het meeleven. Opa en oma,
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