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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).  



 

 

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 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, 

Ostrosky, Triplett, Michna, & Fettig, 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, Eling, Wezenberg, Vissers, & Kan, 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, & Stegge, 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, 

Tonge, & Sweeney, 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, 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, van den Bergh, & Ruzzano, 2014). In contrast, 

studies using smaller sample sizes (as compared to Cui, Gao, Chen, Zou, & Wang, 2010) and including 

participants from a wide age range (as compared to Koshino et al., 2005; Koshino et al., 2008; Williams, 

Goldstein, Carpenter, & Minshew, 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, Yerys, 

Anthony, & Wallace, 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, Scott, & Rubia, 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, DeVincent, & Drabick, 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, de Sonneville, van Rijn, van Engeland, & Swaab, 2013). This 

could be 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 (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, Bryson, & Smith, 

2008; Minamoto, Osaka, & Osaka, 2010; Miyake & Friedman, 2012), but in line with a reported lack of 

association between verbal WM and inhibition in ADHD (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.  

 

 
  

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 mock-training 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 

Oord, Ponsioen, Geurts, Brink, & Prins, 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.  

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. 



 

 

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, Murre, & 

Ridderinkhof, 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, Karbach, Haenig, & Freitag, 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 far-transfer 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. 

 

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, Lindqvist, Bergman 

Nutley, Bohlin, & Klingberg, 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) 

(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, 

Jones, & Parent, 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  

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, Buschkuehl, Jonides, & Shah, 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 

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, Goode, Hutton, & Rutter, 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) (Happé, 1994; Spek, Scholte, & Van Berckelaer-Onnes, 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.  

 



 

 

 
 

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, Dovis, 

Ponsioen, Ten Brink, & Van der Oord, 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. 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.  

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.  



 

 

 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 training-tasks 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, Hinckson, & Krägeloh, 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. 

 

Predictors: autism traits and daily life EF  

We confirmed that autism traits relate to QoL (Chiang & Wineman, 2014; Ikeda et al., 2013; Kamp-

Becker, Schroder, Remschmidt, & Bachmann, 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 pre-training 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, Bryson, Boyle, 

Streiner, & Duku, 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 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. 

 

 
 

 

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.   

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. 



 

 

Secondly, a considerable part of the children with ASD used medication. Medication use may positively 

influence individual task performance (Brackenridge, McKenzie, Murray, & Quigley, 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 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 EF-pattern in each individual child 



 

 

with ASD compared to other children with 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 training-improvement 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, Dixon, Tarbox, Kaplan, & Wilke, 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 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 & Happe, 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 (Fisher & Happé, 2005) 

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 & Happe, 2014), suggesting that social (communication and social interaction) 

and non-social (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 symptoms, while EF seems more related to non-social symptoms, 

such as repetitive behavior (Brunsdon & Happe, 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 & Happe, 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 & Happe, 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 & Happe, 2014). As EFs develop over time (Pellicano, 

2012a), both in typical development and in 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 (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 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, Stahmer, Barlett, & Dufek, 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 ASD-traits 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 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, Van der Oord, Wiers, & Prins, 

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.  


