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Working memory and cognitive flexibility-training for
children with an autism spectrum disorder:

a randomized controlled trial

Marieke de Vries,1,2 Pier J.M. Prins,1 Ben A. Schmand,1,3 and Hilde M. Geurts1,2,4
1Univeristy of Amsterdam, Amsterdam; 2Dutch Autism and ADHD Research Center, Amsterdam; 3Academic Medical

Center Amsterdam, Amsterdam; 4Dr. Leo Kannerhuis, Amsterdam, the Netherlands

Background: People with autism spectrum disorders (ASDs) 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 (pretraining, 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-behavior, and children in the cognitive
flexibility condition showed a trend toward improvement on near-transfer flexibility. Conclusion: Although children
in the WM condition tended to improve more in WM and ADHD-behavior, 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.
Keywords: Executive functioning, working memory, flexibility, cognitive training, autism.

Introduction
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 EFs
can be trained (e.g., Melby-Lerv�ag & Hulme, 2013;
Zinke, Einert, Pfennig, & Kliegel, 2012), although
generalization to other functions and to daily life
(Holmes, Gathercole, & Dunning, 2009), and long
term effects (Roughan & Hadwin, 2011) are not well
established. EF training has been studied in typi-
cally 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 the underlying
problem (Russell, 1997). Moreover, EF deficits in
ASD are related to adaptive behavior (Gilotty, Ken-
worthy, Sirian, Black, & Wagner, 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 & Happ�e, 2005; Kenworthy

et al., 2014). ASDs are characterized by difficulties
in social interaction and communication, and
restricted and repetitive behavior and interests
(American Psychiatric Association, 2000). These dif-
ficulties interfere with daily life, and may partly be
caused by EF deficits (Damasio & Maurer, 1978;
Geurts, 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 & Happ�e,
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 a direct EF 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 & Happ�e, 2005) have been
reported. Children with ASD do show development
of EFs (Pellicano, 2010a), which implies some plas-
ticity. 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.

Working memory (WM)-training has been studied
quite extensively in both clinical and TD groups (e.g.,Conflict of interest statement: No conflicts declared.
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Melby-Lerv�ag & Hulme, 2013), 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 nonadaptive version of the training task (e.g.,
Holmes et al., 2009; Klingberg et al., 2005; Thorell,
Lindqvist, Bergman Nutley, Bohlin, & Klingberg,
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-behavior, and reason-
ing) is small and non-significant (Melby-Lerv�ag &
Hulme, 2013). Hence, the effects are not (yet)
evident, also due to lack of replication and caveats
in the studies (Shipstead, Redick, & Engle, 2012).
Clearly, more methodologically sound WM-training
research is needed. Moreover, there is a striking
absence of studies on WM-training in ASD.

Although flexibility deficits in ASD are not consis-
tently reported in the research setting, inflexible
behavior in daily life is evident (Geurts, Corbett, &
Solomon, 2009; Kenworthy, Yerys, Anthony, & Wal-
lace, 2008; Leung & Zakzanis, 2014). Therefore, a
flexibility-training might be particularly fruitful. The
few studies that focused on flexibility-training
reported improved flexibility, interference control,
andverbalWMinchildrenwithADHD(Kray,Karbach,
Haenig, & Freitag, 2011) and TD people (Karbach &
Kray, 2009). Hence, flexibility seems trainable.

In spite of evident EF deficits in ASD and positive
results of WM and flexibility-training in related
disorders, studies on EF training in ASD are lacking.
Therefore, we studied the effect of a WM and a

flexibility-training compared to an active control
condition (mock-training) in a large randomized
controlled trial of children (8–12 years) with ASD.
Repetition of monotonous tasks in EF training
reduces motivation and increases attrition-
rates, and adding game-elements enhances
motivation, and may improve the training effect
(Prins, Dovis, Ponsioen, Ten Brink, & Van der Oord,
2011). We, therefore, used an EF training with game-
elements: Braingame Brian (Prins et al., 2013), that
showed promising pilot-results in ADHD (Oord,
Ponsioen, Geurts, Brink, & Prins, 2014). We
expected near-transfer to WM and flexibility respec-
tively, and far-transfer to other EF tasks (inhibition,
sustained attention), and to parent’s ratings of daily
life EFs and behavior (Figure S1).

Methods
Participants

Families were approached through mental health care institu-
tions and internet advertisements. Of the initially 166 signed
up families, 34 did not participate because of the required time
investment (see Figure 1). The remaining 132 children were
screened for (a) 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, (b) age 8–12 years, (c) IQ above 80, and (d) absence of a
seizure disorder. First, the diagnosis was verified if the score on
the Social Responsiveness Scale parent report (SRS: Constan-
tino et al., 2003; Roeyers, Thys, Druart, De Schryver, &
Schittekatte, 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,
Rutter, & Couteur, 1994) cut-offs were reached on two out of
the three domains, and if ASD was recognized before the age of
36 months (Gray, Tonge, & Sweeney, 2008). Second, IQ was

Figure 1 Flow chart of inclusion for RCT (conforming to CONSORT)
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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). One
hundred and twenty-one children were randomly (double
blind) assigned to the three intervention-conditions. Six chil-
dren dropped out after pretraining. Finally, 115 children
performed the training (40 WM, 37 flexibility, 38 mock-
training). Twenty-five children did not complete 25 sessions
(9 WM, 10 flexibility, and 6 mock-training; similar in the three
conditions [v2(2) 1.3, p = .52]). Forty children used psychotro-
pic 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, N = 84, as six parents did
not indicate the date of diagnosis).

Tasks and questionnaires

Measures include screening and four steps of outcome mea-
sures: (a) near-transfer to WM and flexibility tasks resembling
the training tasks, (b) near-transfer to WM and flexibility tasks
differing from the training tasks, (c) far-transfer to inhibition
and sustained attention tasks, and (d) far-transfer to daily life
(see Figure 2).

Inclusion/screening. IQ (Kort et al., 2002). The WISC-III
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 ver-
sion: Roeyers et al., 2011) is a reliable and valid questionnaire
measuring autism characteristics (Bolte, Poustka, & Constan-
tino, 2008). The ADI-R (Lord et al., 1994; Rutter, Lord, &
LeCouteur, 2003) is an extensive semi-structured interview
including three domains of autism symptoms (social, commu-
nication, 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 Orga-
nisation, 1992) diagnosis of autism (Gray et al., 2008; Rutter
et al., 2003).

WM and flexibility tasks resembling the training
tasks. WM: The Corsi block tapping task (Corsi-BTT:
Corsi, 1972) measures visual-spatial WM (WM-training near-
transfer, flexibility-training far-transfer). 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.

Flexibility: The Gender-emotion switch-task (de Vries &
Geurts, 2012) is an adaptation of the classical switch-task
(Rogers & Monsell, 1995; flexibility-training near-transfer, WM-
training far-transfer). Pictures of easy to recognize happy or
angrymale and female faces (Lundqvist, Flykt, & €Ohman, 1998)
are displayed on the computer screen, and have to be sorted,
alternatingly, on gender or emotion by pressing designated keys
on the keyboard (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, Luman, & van Meel, 2008), hence
emotion recognitionmost 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 flexibility tasks different from the training
tasks. WM: In the N-back task (Casey et al., 1995; 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 (de Vries &
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).

Flexibility: In the Number-gnome switch-task, an adapta-
tion 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 clas-
sical Stop-task (Logan, 1994) a picture of a yellow dog facing

Figure 2 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’s 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, 3rd version
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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 (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 1–9 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, 3-point 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 the outcome measures.

Social behavior: The Children’s Social Behavior Ques-
tionnaire (CSBQ, Dutch version: Hartman, Luteijn, Moorlag,
De Bildt, & Minderaa, 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-behavior: The Dutch parent version of the Disrup-
tive Behavior Disorders Rating Scale (Oosterlaan, Scheres,
Antrop, Roeyers, & Sergeant, 2000; DBDRS: Pelham, Gnagy,
Greenslade, & Milich, 1992; 42 items, 4-point Likert-scale) has
good psychometric properties (Oosterlaan et al., 2000). The
subscales inattention, and hyperactivity/impulsivity com-
bined (DBDRS-ADHD) were used as the 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 the outcome measure.

Intervention

Each child performed one of three intervention-conditions of
‘Braingame Brian’ (Prins et al., 2013); a WM-training, a flex-
ibility-training, or a mock-training (Appendix S1 and Figure
S3). In each intervention-condition, all EF tasks were per-
formed but whether the level was adaptive differed per inter-
vention-condition. The WM-training included five adaptive
WM-training tasks with increasing difficulty, and the other
tasks remained at a low level. The flexibility-training included
an adaptive flexibility task, and the other tasks remained at a
low level. In the mock-training all tasks remained at a low,
nonadaptive level. In the 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 question-
naires were obtained. Next, training and test-appointments
[screening, pretraining, post-training (after 6 weeks), and fol-
low-up (FU, after 6 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 pretraining, post-training, and FU (at the Univer-
sity 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 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 test-appointments lasted 50–150 min (as
additional, for the current study irrelevant, tasks and ques-
tionnaires were administered). Children received a small gift for
participating. Parents received a report with the ADI-R results.
Travel expenses were largely covered.

Data analysis

The main (per-protocol) analyses included children who fin-
ished 25 sessions. If applicable, inverse efficiency scores
(IES = mean RT/(1-ER; Bruyer & Brysbaert, 2011) were used
as an outcome measure, to take possible speed-accuracy
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 screen-
ing and pretraining measures to test if children who finished
the training differed from the drop-outs, and a MANOVA was
conducted to test if children in the three intervention-condi-
tions differed. Second, two repeated measures ANOVAs were
conducted to test whether children in the WM, and flexibility
intervention-condition improved on the within-training tasks
(WM: mean final reached sequence length on the five training
tasks, 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, flexibility, and mock-training) as between subject vari-
able, and time (pretraining, post-training, and FU) as within
subject variable. Outcome measures were (a) Corsi-BTT and n-
back task (near-transfer WM), (b) gender-emotion switch-task
and number-gnome switch-task (near-transfer flexibility), (c)
SART, and stop task, and (d) 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 chil-
dren who performed all sessions if within-training-improve-
ment (mean of five WM-training tasks, and reached level of
flexibility-training task) was correlated with near-transfer
training-outcome (Corsi-BTT and gender-emotion task
improvement between pretraining and post-training).

Bonferroni corrections for multiple testing were applied
(screening and pretraining: 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-appoint-
ments. Due to missing data, numbers differed slightly for
different measures (see Table 1).

Results
Screening and pretraining

The drop-outs of the intervention used medication
slightly more often [v2(1) = 6.5, p = .04], and showed

© 2014 Association for Child and Adolescent Mental Health.
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slightly less flexible behavior according to parents
(T(1, 118) = 2.3, p = .02, r = .21, NS after Bonferroni
correction, 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 correc-
tion, see Table S2). There were no further differences
between the three intervention-conditions on screen-
ing or pretraining variables.

Within training

Children in the WM and flexibility intervention-
conditions improved significantly in sequence
lengths in the WM-training tasks, and level in the
flexibility-training task (p’s < .001, see Figure 3, and
Table S3). Hence, the adaptive function in the
training was effective.

Training effects

Near-transfer. WM: In all three intervention-con-
ditions there was a significant effect of time on the
Corsi-BTT (p < .001, see Table 1). Post hoc analysis
revealed a significant increase between pretraining,
and post-training scores (p < .001), but not between
post-training and FU scores (p > .05). There was a
time x intervention interaction trend (p = .04, NS
after Bonferroni correction). Children in the WM-
training condition tended to improve more than
children in the flexibility and mock-training condi-
tions.

In all intervention-conditions there was a signifi-
cant effect of time on ER and RT on the 1-back task,
and ER on the 2-back task (see Table 1). Post hoc
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 x intervention interactions. Children
in the adaptive-intervention-conditions did not
improve more in performance than children in the
mock-training condition (see Table 1, and Figure S2).

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 signifi-
cant decrease in RT switch costs between pretraining
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 1).

Far-transfer. Sustained attention and inhibi-
tion: There was a significant effect for time on the
SART-IES. Post hoc analysis revealed only a signif-
icant decrease in IES between pretraining and post-
training (p < .001). There was no significant
time x intervention interaction. Hence, sustained
attention improved in all intervention-conditions,
but did not improve more in the adaptive interven-
tion-conditions than in the mock-training condition.

There was no significant time effect, nor
time x intervention interaction in SSRT on the stop
task (see Table 1). Inhibition did not improve.

Far-transfer to daily life. There was a significant
effect for time on all questionnaires (see Table 1).1
Post hoc analysis revealed a significant difference
between pretraining and post-training (p’s < .01,
except for BRIEF-WM: p = .03), but not between
post-training and FU (p’s > .01). There was a
time x intervention interaction trend on DBDRS-
ADHD (p = .05, NS after Bonferroni correction).

(A) (B)

Figure 3 Mean and standard errors of (A) the sequence length on the five training tasks in the WM-training and (B) level of cognitive
flexibility-training
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Hence, EFs, social behavior, and quality of life
improved equally in all three intervention-condi-
tions, but ADHD-behavior improved slightly more
in the WM intervention-condition.

Rerunning the MANOVAs on training effect without
children who used medication during testing did not
change themainfindings, except that the time x inter-
vention interaction trend on DBDRS-ADHD was not
significant anymore, probably due to a lack of power.

Intention-to-treat analysis

Intention-to-treat analyses [WM N = 41, flexibility
N = 40, mock-training N = 40, M (SD) performed ses-
sions: WM: 21 (7), flexibility: 20 (9), mock: 22 (7)]
revealed that overall childrendidnot improve inCorsi-
BTT performance, but there was a marginal
time x number of sessions (F(2, 228) = 4.3, p = .02,
g2
p = .04, NS after Bonferroni correction), and a

significant time x intervention interaction (F(4,

228) = 4.4, p = .002, g2
p = .07). Corsi-BTT perfor-

mancewaspositively related to thenumberof finished
sessions, and improved the most in the WM interven-
tion-condition between pre- and post-training (F(2,

119) = 5.7, p = .004, g2
p = .09), but not between post-

training and FU (p > .01). Children in the WM inter-
vention-condition improved more in Corsi-BTT per-
formance than children in the flexibility and mock-
training, and remained at a higher level at FU.

There was a time x intervention interaction trend
on the switch costs in ER in the gender-emotion
switch-task (F(4, 234) = 2.9, p = .02, g2

p = .05, NS after
Bonferroni correction). Switch costs in ER improved
more in the flexibility intervention-condition than in
the WM and mock-training condition between pre-
and post-training (F(2, 117) = 4.6, p = .01,g2

p=.07), but
not between post-training and FU (p > .05).

On the BRIEF Shift, there was a marginal
time x number of sessions interaction (F(2, 230) =
3.2, p = .04, g2

p = .03, NS after Bonferroni correc-
tion). 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 x inter-
vention interaction trend (F(3.7, 212.2) = 2.6, p = .04,
g2
p = .04, NS after Bonferroni correction). Post hoc

analyses revealed that between pretraining and post-
training, there was neither time nor a time x inter-
vention interaction (p > .05), and between post-
training and FU there was no significant time effect
(F(1, 116) = 0.1, p = .80, g2

p = .00), but a significant
time x intervention interaction (F(2, 117) = 5.3,
p = .006, g2

p = .08). Overall, children in the WM
intervention-condition decreased more in their par-
ent rated ADHD-behavior than children in the other
intervention-conditions, and after the post-training
this improvement continued only in the WM inter-
vention-condition.

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 to 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 to .16, flexibility r = �.33
to .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 Table S4).

Discussion
Compared to a mock-training, a WM-training and
flexibility-training did not induce near-transfer nor
far-transfer in children with ASD in this randomized
controlled trial. All children improved in WM, flexi-
bility, attention, and parent rated EF, social behav-
ior, ADHD-behavior, and quality of life, but the
adaptive-intervention-conditions did not result in a
larger improvement than the mock-training. Overall,
differently measured flexibility and inhibition did
not improve. The WM-training did tend to induce
more improvement in WM (near-transfer) and
ADHD-behavior (far-transfer) than the other inter-
vention-conditions. The medium effect sizes and the
significant findings in intention-to-treat analyses
suggest a trend, whereas the non-significant treat-
ment x time interaction in the per-protocol analyses
might have resulted from a lack of power. Moreover,
intention-to-treat analyses suggested a trend toward
near-transfer of the flexibility-training, and a trend
that children who performed more sessions,
improved more in daily life flexibility.

The trend of near-transfer of the WM-training is
consistent with studies in children with ADHD (e.g.,
Chacko et al., 2013). However, the lack of general-
ization to the broader WM construct and other EFs
makes the trend in parent reported improvement in
ADHD-behavior difficult to interpret. Although WM
is related to ADHD symptoms (Oord et al., 2012;
Rapport et al., 2009), training induced improve-
ments in WM have not unequivocally shown
improvement in ADHD symptoms (Melby-Lerv�ag &
Hulme, 2013; Rapport, Orban, Kofler, & Friedman,
2013). Moreover, WM improvement was found in a
recent study on Braingame Brian in children with
ADHD (S. Dovis, S. Oord, R.W. Wiers & P.J.M. Prins,
upublished data), but far-transfer to ADHD-behavior
was not found. Hence, the currently found trend of
improved WM and ADHD-behavior in children with
ASD should be further examined in future research.

The trend of near-transfer of the flexibility-training
in the intention-to-treat analysis is consistent with
previous studies reporting positive effects of this type
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of training (Karbach & Kray, 2009; Kray et al., 2011).
However, this small effect was not revealed in the
main analyses. As children with poor flexibility seem
to benefit more from flexibility-training (Karbach &
Kray, 2009), and as not all children with ASD show
flexibility deficits (Pellicano, 2010b; de Vries &
Geurts, 2012), 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
pretraining/post-training design. In sum, although
the current findings suggest that our computerized
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 EF inter-
vention might be more successful to improve inhibi-
tion (S. Dovis, S. Oord, R.W. Wiers & P.J.M. Prins,
upublished data). The equal improvement in all
intervention-conditions indicated that both the
WM-training and the flexibility-training did not
induce far-transfer to attention, daily EFs, social
behavior, and quality of life. The overall improve-
ment might be due to test-retest-, practice-, and
expectancy effects, or regression to the mean (Melby-
Lerv�ag & Hulme, 2013). However, nonspecific train-
ing aspects, such as the needed sustained attention
to perform low level EF tasks over 25 sessions
(Rueda, Checa, & C�ombita, 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 test-sessions, and motivating and supporting
their child to complete the training. This treatment
related parental involvement may have ameliorated
behavioral problems (Forehand, Jones, & Parent,
2013).

The finding that the WM-training showed more
effect than the flexibility and mock-training may be
due to the fact that this training included five
different WM-training tasks, while the other condi-
tions only included one WM-training task, and the
flexibility-training only included one adaptive flexi-
bility-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, manipulat-
ing, 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 flexibility-training may be
more difficult to generalize to daily life. Moreover, the
gap between cognitive flexibility in the research
setting 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 (5%–10%; Kenworthy et al., 2014;
Melby-Lerv�ag & 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 unfortu-
nately did not quantify parental support, or chil-
dren’s attitude toward the training-game, such as
motivation to succeed on the training tasks, or to
complete the training. These factors may have con-
tributed to success or failure to complete the train-
ing, or benefit from 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 trained EFs to a certain extent. How-
ever, 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 computer training. Thus, we
consider our mock-training a proper control condi-
tion, 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. How-
ever, 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 (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-behavior, and effects of the 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 (Pellicano, 2010b; de Vries & Geurts, 2012,
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2014), pursuing whether the training is useful for
specific subgroups is a worthwhile enterprise.
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online version of this article:

Appendix S1. Description of Braingame Brian.
Table S1. Mean (M) and SD of screening and pretrain-
ing measures for children who did, and did not finish
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Table S2.Mean (M) and SD of screening and pretraining
measures for children in the three training groups.
Table S3. Within training: Mean (M), and 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.
Table S4. Correlation between within training improve-
ment, and training effect.
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Figure S1. Expected pattern of findings.
Figure S2. Pattern of findings.
Figure S3. Visual representation of the WM-training
and cognitive flexibility tasks.
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Key points

• Children with autism spectrum disorders (ASD) show executive functioning (EF) deficits.

• EF training seems promising in other populations.

• A working memory (WM) and cognitive flexibility-training may be promising for children with ASD.

• WM-training shows marginal effects on WM and ADHD-behavior in children with ASD, and marginal effects of
flexibility-training on flexibility are indicated.

• The training in its current form is no feasible treatment for children with ASD.

Note

1. RCI’s (Jacobson & Truax, 1991) based on test-
retest reliability (BRIEF:Smidts&Huizinga, 2009;
CSBQ: Hartman et al., 2007; DBD-ADHD: Oos-
terlaan et al., 2008), and Crohnbachs a (PedsQL:
Varni, Burwinkle, Seid, & Skarr, 2003) indicated
that between pretraining and post-training rela-
tively few children improved significantly (one
sided 95% confidence interval; BRIEF 12.4%,
CSBQ 14.6%, DBD-ADHD 7.9%, PedsQL 28.1%).

References
Alloway, T.P., Bibile, V., & Lau, G. (2013). Computerized working

memory training: Can it lead to gains in cognitive skills in
students? Computers in Human Behavior, 29, 632–638.

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

Baltruschat, L., Hasselhorn, M., Tarbox, J., Dixon, D.R.,
Najdowski, A.C., Mullins, R.D., & Gould, E.R. (2011).
Addressing working memory in children with autism

through behavioral intervention. Research in Autism
Spectrum Disorders, 5, 267–276.

Bastiaansen, D., Koot, H.M., Bongers, I.L., Varni, J.W., &
Verhulst, F.C. (2004). Measuring quality of life in children
referred for psychiatric problems: Psychometric properties of
the PedsQLTM 4.0 generic core scales. Quality of Life
Research, 13, 489–495.

Best, J.R. (2014). Relations between video gaming and
Children’s executive functions. In F.C. Blumberg (Ed.),
Learning by playing video gaming in education (p. 42).
Oxford: Oxford University Press.

Bolte, S., Poustka, F., & Constantino, J.N. (2008). Assessing
autistic traits: Cross-cultural validation of the social
responsiveness scale (SRS). Autism Research, 1, 354–363.

Bruyer, R., & Brysbaert, M. (2011). Combining speed and
accuracy in cognitive psychology: Is the inverse efficiency
score (IES) a better dependent variable than the mean
reaction time (RT) and the percentage of errors (PE)?
Psychologica Belgica, 51, 5–13.

Buitenweg, J.I., Murre, J.M., & Ridderinkhof, K.R. (2012).
Brain training in progress: A review of trainability in healthy
seniors. Frontiers in Human Neuroscience, 6, 183.

Casey, B.J., Cohen, J.D., Jezzard, P., Turner, R., Noll, D.C.,
Trainor, R.J., . . . & Rapoport, J.L. (1995). Activation of
prefrontal cortex in children during a nonspatial working
memory task with functional MRI. Neuroimage, 2, 221–229.

© 2014 Association for Child and Adolescent Mental Health.

574 Marieke de Vries et al. J Child Psychol Psychiatr 2015; 56(5): 566–76



Cepeda, N.J., Cepeda, M.L., & Kramer, A.F. (2000). Task
switching and attention deficit hyperactivity disorder.
Journal of Abnormal Child Psychology, 28, 213–226.

Chacko, A., Feirsen, N., Bedard, A., Bedard, A.C., Uderman,
J.Z., & Chimiklis, A. (2013). Cogmed working memory
training for youth with ADHD: A closer examination of
efficacy utilizing evidence-based criteria. Journal of Clinical
Child and Adolescent Psychology, 42, 769–783.

Chiang, H.M., & Wineman, I. (2014). Factors associated with
quality of life in individuals with autism spectrum disorders:
A review of literature. Research in Autism Spectrum
Disorders, 8, 974–986.

Constantino, J.N., Davis, S.A., Todd, R.D., Schindler, M.K.,
Gross, M.M., Brophy, S.L., . . . & Reich, W. (2003). Validation
of a brief quantitative measure of autistic traits: Comparison
of the social responsiveness scale with the autism diagnostic
interview-revised. Journal of Autism and Developmental
Disorders, 33, 427–433.

Corsi, P.M. (1972). Human memory and the medial temporal
region of the brain. Dissertation Abstracts International, 34,
819B.

Damasio, A.R., & Maurer, R.G. (1978). A neurological model for
childhood autism. Archives of Neurology, 35, 777–786.

De Jonge, M., & de Bildt, A. (2007). Nederlandse bewerking
van de ADI-R. Amsterdam: Hogrefe Uitgevers B.V.

Diamond, A. (2013). Executive functions. Annual Review of
Psychology, 64, 135–168.

Fisher, N., & Happ�e, F. (2005). A training study of theory of
mind and executive function in children with autistic
spectrum disorders. Journal of Autism and Developmental
Disorders, 35, 757–771.

Forehand, R., Jones, D.J., & Parent, J. (2013). Behavioral
parenting interventions for child disruptive behaviors and
anxiety: What’s different and what’s the same. Clinical
Psychology Review, 33, 133–145.

Geirnaert, J. (2010). Het grote kabouter wesley boek.
Amsterdam: Uitgeverij de Harmonie.

Geurts, H.M., Corbett, B., & Solomon, M. (2009). The paradox
of cognitive flexibility in autism. Trends in Cognitive
Sciences, 13, 74–82.

Geurts, H.M., Luman, M., & van Meel, C.S. (2008). What’s in a
game: The effect of social motivation on interference control
in boys with ADHD and autism spectrum disorders. Journal
of Child Psychology and Psychiatry, 49, 848–857.

Geurts, H.M., deVries, M., & van den Bergh, S.F.W.M. (2014).
Executive functioning theory and autism. Handbook of
executive functioning (pp. 121–141) New York, NY: Springer.

Gilotty, L., Kenworthy, L., Sirian, L., Black, D.O., & Wagner,
A.E. (2002). Adaptive skills and executive function in autism
spectrum disorders. Child Neuropsychology, 8, 241–248.

Gioia, G.A., Isquith, P.K., Guy, S.C., & Kenworthy, L. (2000).
Test review behavior rating inventory of executive function.
Child Neuropsychology, 6, 235–238.

Gray, K.M., Tonge, B.J., & Sweeney, D.J. (2008). Using the
autismdiagnostic interview-revisedand theautismdiagnostic
observation schedulewith young childrenwith developmental
delay: Evaluating diagnostic validity. Journal of Autism and
Developmental Disorders, 38, 657–667.

Hartman, C.A., Luteijn, E., Moorlag, A., De Bildt, A., &
Minderaa, R.B. (Eds.). (2007). Manual for the CSBQ
[handleiding voor de VISK]. Amsterdam: Harcourt.

Hartman, C.A., Luteijn, E., Serra, M., & Minderaa, R. (2006).
Refinement of the children’s social behavior questionnaire
(CSBQ): An instrument that describes the diverse problems
seen in milder forms of PDD. Journal of Autism and
Developmental Disorders, 36, 325–342.

Holmes, J., Gathercole, S.E., & Dunning, D.L. (2009). Adaptive
training leads to sustained enhancement of poor working
memory in children. Developmental Science, 12, F9–F15.

Huizinga, M., & Smidts, D.P. (2010). Age-related changes in
executive function: A normative study with the dutch version

of the behavior rating inventory of executive function
(BRIEF). Child Neuropsychology, 17, 51–66.

Jacobson, N.S., & Truax, P. (1991). Clinical significance:
A statistical approach to defining meaningful change in
psychotherapy research. Journal of Consulting and Clinical
Psychology, 59, 12.

Karbach, J., & Kray, J. (2009). How useful is executive control
training? age differences in near and far transfer of task-
switching training. Developmental Science, 12, 978–990.

Kenworthy, L., Anthony, L.G., Naiman, D.Q., Cannon, L.,
Wills, M.C., Luong-Tran, C., . . . & Bal, E. (2014).
Randomized controlled effectiveness trial of executive
function intervention for children on the autism spectrum.
Journal of Child Psychology and Psychiatry, 55, 274–383.

Kenworthy, L., Yerys, B.E., Anthony, L.G., & Wallace, G.L.
(2008). Understanding executive control in autism spectrum
disorders in the lab and in the real world. Neuropsychology
Review, 18, 320–338.

Klingberg, T., Fernell, E., Olesen, P.J., Johnson, M.,
Gustafsson, P., Dahlstrom, K., . . . & Westerberg, H. (2005).
Computerized training of working memory in children with
ADHD – A randomized, controlled trial. Journal of the
American Academy of Child and Adolescent Psychiatry, 44,
177–186.

Kort, W., Schittekatte, M., Compaan, E.L., Bosmans, M.,
Bleichrodt, N., & Vermeir, G., . . . & Verhaeghe, P. (2002).
WISC-III NL. handleiding. nederlandse bewerking. London:
The Psychological Corporation.

Kray, J., Karbach, J., Haenig, S., & Freitag, C. (2011). Can
task-switching training enhance executive control
functioning in children with attention deficit/-hyperactivity
disorder? Frontiers in Human Neuroscience, 5, 1–9.

Legerstee, J.S., van der Reijden-Lakeman, I.A., Lechner-van
der Noort, M.G., & Ferdinand, R.F. (2004). Bruikbaarheid
verkorte versie WISC-RN in de kinderpsychiatrie. Kind En
Adolescent, 25, 178–182.

Leung, R.C., & Zakzanis, K.K. (2014). Brief report: Cognitive
flexibility in autism spectrum disorders: A quantitative
review. Journal of Autism and Developmental Disorders,
1–18.

Logan, G.D. (1994). On the ability to inhibit thought and
action: A users’ guide to the stop signal paradigm. In D.
Dagenbach & T.H. Carr (Eds.), Inhibitory processes in
attention, memory, and language. (pp. 189–239). San
Diego, CA: Academic Press.

Logan, G.D., & Cowan, W.B. (1984). On the ability to inhibit
thought and action: A theory of an act of control.
Psychological Review, 91, 295–327.

Lord, C., Rutter, M., & Couteur, A. (1994). Autism
diagnostic interview-revised: A revised version of a
diagnostic interview for caregivers of individuals with
possible pervasive developmental disorders. Journal of
Autism and Developmental Disorders, 24, 659–685.

Lundqvist, D., Flykt, A., & €Ohman, A. (1998). The karolinska
directed emotional faces (KDEF). (91-630 ed.). Stockholm:
Department of Clinical Neuroscience, Psychology Section,
Karolinska Institutet.

Melby-Lerv�ag, M., & Hulme, C. (2013). Is working memory
training effective? A meta-analytic review Developmental
Psychology, 49, 270.

Oord, S.V., Ponsioen, A.J., Geurts, H.M., Brink, E.L., & Prins,
P.J.M. (2014). A pilot study of the efficacy of a computerized
executive functioning remediation training with game
elements for children with ADHD in an outpatient setting:
Outcome on parent- and teacher-rated executive functioning
and ADHD behavior. Journal of Attention Disorders, 18,
699–712.

Oosterlaan, J., Bayens, D., Scheres, A., Antrop, J., Roeyers,
H., & Sergeant, J.A. (2008). Handleiding van de VvGK6-16
vragenlijst voor gedragsproblemen bij kinderen van 6 tot en
met 16 jaar [manual for the DBDRS disruptive behavior

© 2014 Association for Child and Adolescent Mental Health.

doi:10.1111/jcpp.12324 EF training in children with ASD 575



disorder rating scale for children from 6 to 16 years old].
Amsterdam: Harcourt Assessment BV.

Oosterlaan, J., Scheres, A., Antrop, I., Roeyers, H., & Sergeant,
J.A. (2000). Handleiding bij de vragenlijst voor gedrags-
problemen bij kinderen [manual of the rating scale for
disruptive behavior disorders in Children—DBDRS]. Lisse:
Swets & Zeitlinger.

Pelham, W.E., Gnagy, E.M., Greenslade, K.E., & Milich, R.
(1992). Teacher ratings of dsm-iii-R symptoms for the
disruptive behavior disorders. Journal of the American
Academy of Child and Adolescent Psychiatry, 31, 210–218.

Pellicano, E. (2010a). The development of core cognitive skills
in autism: A 3-Year prospective study. Child Development,
81, 1400–1416.

Pellicano, E. (2010b). Individual differences in executive
function and central coherence predict developmental
changes in theory of mind in autism. Developmental
Psychology, 46, 530–544.

Prins, P.J.M., Brink, E.T., Dovis, S., Ponsioen, A., Geurts,
H.M., de Vries, M. & van der Oord, S. (2013). “Braingame
brian”: Toward an executive function training program
with game elements for children with ADHD and cognitive
control problems. Games for Health Journal, 2, 44–49.

Prins, P.J.M., Dovis, S., Ponsioen, A., Ten Brink, E., & Van der
Oord, S. (2011). Does computerized working memory
training with game elements enhance motivation and
training efficacy in children with ADHD? Cyberpsychology,
Behavior, and Social Networking, 14, 115–122.

Rapport, M.D., Bolden, J., Kofler, M.J., Sarver, D.E., Raiker,
J.S., & Alderson, R.M. (2009). Hyperactivity in boys
with attention-deficit/hyperactivity disorder (ADHD): A
ubiquitous core symptom or manifestation of working
memory deficits? Journal of Abnormal Child Psychology,
37, 521–534.

Rapport, M.D., Orban, S.A., Kofler, M.J., & Friedman, L.M.
(2013). Do programs designed to train working memory,
other executive functions, and attention benefit children
with ADHD? A meta-analytic review of cognitive, academic,
and behavioral outcomes. Clinical Psychology Review, 33,
1237–1252.

Robertson, I.H., Manly, T., Andrade, J., Baddeley, B.T., &
Yiend, J. (1997). Oops!’: Performance correlates of everyday
attentional failures in traumatic brain injured and normal
subjects. Neuropsychologia, 35 (6), 747–758.

Roeyers, H., Thys, M., Druart, C., De Schryver, M., &
Schittekatte, M. (2011). Screeninglijst voor autisme-
spectrumstoornissen (SRS) handleiding. Amsterdam:
Hogrefe uitgevers bv.

Rogers, R.D., & Monsell, S. (1995). Costs of a predictible switch
between simple cognitive tasks. Journal of Experimental
Psychology: General, 124, 207.

Roughan, L., & Hadwin, J.A. (2011). The impact of working
memory training in young people with social, emotional and
behavioural difficulties. Learning and Individual Differences,
21, 759–764.

Rueda, M.R., Checa, P., & C�ombita, L.M. (2012). Enhanced
efficiency of the executive attention network after training in

preschool children: Immediate changes and effects after two
months. Developmental Cognitive Neuroscience, 2, S192–
S204.

Russell, J. (1997). Autism as an executive disorder. New York:
Oxford University Press.

Rutter, M., Lord, C., & LeCouteur, A. (2003). ADI-R autism
diagnostic interview—revised. manual. Los Angeles: Western
Psychological Services.

Sattler, J. (2001). Assessment of children: Cognitive
applications. San Diego, CA: Jerome Sattler Publisher Inc.

Shipstead, Z., Hicks, K.L., & Engle, R.W. (2012). Cogmed
working memory training: Does the evidence support the
claims? Journal of Applied Research in Memory and
Cognition, 1, 185–193.

Shipstead, Z., Redick, T.S., & Engle, R.W. (2012). Is working
memory training effective? Psychological Bulletin, 138, 628.

Smidts, D., & Huizinga, M. (Eds.) (2009). BRIEF executieve
functies gedragsvragenlijst: Handleiding. Amsterdam:
Hogrefe Uitgevers.

Smith, E.E., & Jonides, J. (1999). Storage and executive
processes in the frontal lobes. Science, 283, 1657–1661.

Stichter, J.P., Herzog, M.J., Visovsky, K., Schmidt, C.,
Randolph, J., Schultz, T., & Gage, N. (2010). Social
competence intervention for youth with asperger syndrome
and high-functioning autism: An initial investigation.
Journal of Autism and Developmental Disorders, 40, 1067–
1079.

Thorell, L.B., Lindqvist, S., Bergman Nutley, S., Bohlin, G., &
Klingberg, T. (2009). Training and transfer effects of
executive functions in preschool children. Developmental
Science, 12, 106–113.

Varni, J.W., Burwinkle, T.M., Seid, M., & Skarr, D. (2003). The
PedsQLTM* 4.0 as a pediatric population health measure:
Feasibility, reliability, and validity. Ambulatory Pediatrics, 3,
329–341.

Varni, J.W., Seid, M., & Kurtin, P.S. (2001). PedsQL (TM) 4.0:
Reliability and validity of the pediatric quality of life
inventory (TM) version 4.0 generic core scales in healthy
and patient populations. Medical Care, 39, 800–812.

de Vries, M., & Geurts, H.M. (2012). Cognitive flexibility in
ASD; task switching with emotional faces. Journal of Autism
and Developmental Disorders, 42, 2558–2568.

de Vries, M., & Geurts, H.M. (2014). Beyond individual
differences: Are working memory and inhibition informative
specifiers within ASD?. Journal of Neural Transmission, 121,
1183–1198.

World Health Organisation. (1992). The ICD-10 classification
of mental and behavioural disorders: Clinical descriptions
and diagnostic guidelines. Geneva: World Health
Organization.

Zinke, K., Einert, M., Pfennig, L., & Kliegel, M. (2012). Plasticity
of executive control through task switching training in
adolescents. Frontiers in Human Neuroscience, 6, 41.

Accepted for publication: 11 August 2014
Published online: 26 September 2014

© 2014 Association for Child and Adolescent Mental Health.

576 Marieke de Vries et al. J Child Psychol Psychiatr 2015; 56(5): 566–76


