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Abstract
In this exploratory multiple case-study we examined whether a computer game focused on 
improving ineffective learning behavior positively affects and distinguishes executive function (EF) 
profiles. EF profiles of 13 ASD, 2 ADHD, 3 comorbid and 5 TD children were examined in detail 
on the basis of their mouse behavior. Children with ADHD showed uninhibited mouse behavior, 
which clearly improved across the games. Children with ASD exhibited perseverative responses 
and too little initiation, which also slightly improved. Children in the comorbid condition showed 
most fluctuations in their EF skills across games, and slightly improved their ineffective behavior as 
well. We concluded that EF profiles can be distinguished on the basis of mouse behavior, and that 
EF skills can be improved, mainly in ADHD children.

This chapter is submitted for publication as: Distinguishing and improving executive function skills with
educational computer games in children with ASD or ADHD. Mind, Brain & Education (currently under 
review).
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Learning difficulties are currently the subject of much discussion, even in preschool children. 
Most of these children follow a normal or typical developmental course. However, some of 
them develop problematic behavior and attend a medical daycare center for assessment 
and treatment. Two common disorders in medical daycare centers are Attention-Deficit 
Hyperactivity Disorder (ADHD) and Autistic Spectrum Disorders (ASD), including the 
formerly used terms: Pervasive Developmental Disorder (PDD), Autism and Asperger 
Syndrome. ADHD is characterized by symptoms of inattention, hyperactivity, and 
impulsivity (Bramham, et al., 2009). Children diagnosed with ASD have difficulties with 
social reciprocity (e.g. they show little initiation in social interaction (DiSalvo & Oswald, 
2002), communication and exhibit stereotyped repetitive interests and activities (American 
Psychiatric Association, 2000).
 Both types of children diagnosed with ADHD or ASD show impairments in executive 
functions (EF) skills (e.g. Barkley, 1997; Happé, Booth, Charlton & Hughes, 2006; Sarkis, 
Sarkis, Marshall & Archer, 2005). Executive functions refer to higher-order cognitive 
processes that control and regulate abilities and behavior. Examples are response initiation 
and selection, planning and strategy formation, cognitive flexibility (a person’s ability to 
adjust his or her problem solving as task demands are modified) (Frensch & Funke, 1995), 
and response inhibition (e.g. Happé et al., 2006). As a consequence of difficulties with EF, 
these children often have learning disabilities (Bramham et al., 2009; Mayes & Calhoun, 
2007), which may eventually lead to large developmental delays (Diamond, Barnett, Thomas 
& Munro, 2007). However, there are differences between EF profiles of children with ASD 
and ADHD (Bramham et al., 2009; Happé et al., 2006).
 Currently, many interventions have been developed to improve children’s EF skills to 
reduce developmental delays (Diamond et al., 2007). One example of a relatively easy-to-
use intervention is computer software focused on ineffective learning behavior. Educational 
computer games can function as an effective tool, since they can reliably register and 
automatically adapt to learning behavior, which saves time for the teacher. Secondly, 
educational computer games are able to improve self-esteem, time-on-task and problem-
solving strategies of children with various disabilities (DuPaul & Eckert, 1998; Mautone, 
DuPaul & Jitendra, 2005). Thirdly, compared to the traditional paper-and-pencil tasks, 
computer tasks often result in better performances and are able to provide immediate 
feedback on performances (Bornas, Servera & Llabrés, 1997). Furthermore, guided playful 
learning advances social development (Hirsh-Pasek, Golinkoff, Berk & Singer, 2009).
 However, educational computer games also have disadvantages. Computers can 
mesmerize children (as well as adults), which may result in harmful effects if a child plays too 
long and frequently. Also with inappropriate software, for instance when it is not adapted to 
the (cognitive) age level of the child, children are likely to become frustrated and as a result, 
they associate computers with failure. Therefore, it is important that if young children use 
computers, adequate software and an adequate computer set-up should be used to prevent 
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behavioral or physical health risks. 
 Despite many advantages, which seem to outweigh the disadvantages, of computer use 
in regular (preschool) education (e.g. McCarrick & Xiaoming, 2007), they are rarely used as 
educational tools in clinical settings. The main reason might be that it is not clear whether 
computers are really effective in stimulating EF skills in children who are already diagnosed 
with learning problems or disorders. We expect that educational computer games will also 
have beneficial effects in clinical settings. As a consequence of their ability to stimulate EF 
skills, ineffective learning behavior will be reduced. Therefore, the aim of this article is to 
evaluate whether an educational computer game, focused on improving ineffective learning 
behavior, is able to positively affect and distinguish EF profiles of young children who are 
officially diagnosed with ADHD and/ or ASD. To evaluate their learning behavior, their 
profiles will be compared with EF profiles of typically developing children without learning 
delays and behavioral problems. In view of the labour-intensive nature of this kind of study, 
the number of children involved in this multiple-case study is low. However, mouse behavior 
patterns across multiple games are studied within individuals, which provide an exploratory, 
but detailed insight into individual processes of different children.

1.1 Executive Function profiles of ASD, ADHD, comorbid and typically developing 
children
EF impairments have been reported, not only in children with ADHD, but also in children with 
ASD (e.g. Mayes & Calhoun, 2007). Although the majority of studies reported differences 
in impairments of multiple EF areas in ASD and ADHD children (Bramham et al., 2009), 
there is still some inconsistency regarding specific impairments in EF domains (Corbett, 
Constantine, Hendren, Rocke & Ozonoff, 2009). Most studies report response-inhibition, 
vigilance, working memory, planning and flexibility as deficits in children with ADHD, with 
problems in inhibition and vigilance as core to ADHD (Boonstra, Oosterlaan, Sergeant & 
Buitelaar, 2005; Willcutt, Doyle, Nigg, Faraone & Pennington, 2005). In children with ASD, 
most studies report planning, cognitive flexibility, perseveration and working memory as 
EF impairments (Corbett et al., 2009). However, there seems to be a lack of specificity in 
deficits of EF skills in ASD children (Happé et al., 2006). Despite this lack, perseveration, 
planning and cognitive flexibility problems seem to be core to children with ASD (Geurts, 
Verté, Oosterlaan, Roeyers & Sergeant, 2004; Ozonoff & Jensen, 1999). 
 Although both children with ASD and ADHD have problems with planning, flexibility 
and working memory, the nature of the problems is different. Most studies reported 
that children with ASD exhibit selective attention (for self-selected tasks) and are able to 
hyperfocus for a long time, which is not the case in children with ADHD who are more 
inattentive (Mayes & Calhoun, 2007). A meta-study of Bramham et al. (2009) demonstrated 
that children with ASD do not show deficits in response inhibition, in contrast to children 
with ADHD, whose most common problem is lack of inhibition and impulsivity. Children 
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with ADHD have difficulties with withholding a response, while autistic children exhibit slow 
response rates.
 Furthermore, children with impulsive learning behavior exhibit a high response 
uncertainty with many errors (Kagan, 1965). However, they do not seem to be the core 
variable to distinguish children with ADHD from typically developing (TD) children at 
preschool age (Kalff et al., 2005). Children with ADHD also show more variability in their 
response speed compared to TD children, which indicates that they have more problems 
with performing at a stable level. ADHD children show a higher proportion of misses in the 
go-no go task as well, which indicates problems with inattention (Kalff et al., 2005). 
 Most studies that compared EF profiles of children with ADHD or ASD, excluded the 
children with both ADHD and ASD (Bramham et al., 2009; Geurts et al., 2004; Goldberg et 
al., 2005). However, many children exhibit symptoms of both ASD and ADHD, as a comorbid 
condition (e.g. Goldstein & Schwebach, 2004). As a consequence of this lack of studies, it 
remains an ongoing debate on the nature of EF profile impairments. One study demonstrated 
that the comorbid group showed the same impairments as the ADHD group regarding 
inhibitory control (Sinzig, Morsch, Bruning, Schmidt & Lehmkuhl, 2008). However, Yerys et 
al. (2009) demonstrated that ADHD may moderate behavior and cognition of children with 
ASD. Although, Sarkis, Sarkis, Marshall & Archer (2005) demonstrated that the EF skills in 
children with ADHD as a comorbid disorder, with for instance anxiety disorders and mood 
disorders, are not more affected than children with only ADHD.
 In contrast to children with ASD or ADHD, TD children show effective learning behavior 
and no impairments in EF skills. These children exhibit self-control and adequate problem-
solving strategies. Research indicates that even four-year old children can inhibit dominant 
responses (Davidson, Amso, Anderson & Diamond, 2006). TD children withhold their 
responses until they have reached a high probability of giving a correct answer (Bornas et al., 
1997; Kagan, 1965). TD children usually gather their information systematically or carefully 
and evaluate their progress.

1.2 Learning through computers with ASD or ADHD
As we mentioned in the introduction, educational computer games are currently not fully 
incorporated in medical daycare centers, in contrast to regular (preschool) education. 
However, research indicates that not only TD children can benefit from computers (e.g. 
compared to traditional paper-and-pencil tasks or to individual seatwork-tasks) (DuPaul et al., 
1998; Mautone et al., 2005). Computers might also be effective for children with disabilities, 
for instance autistic and impulsive children. Research indicates that special characteristics, 
like pictures, visual prompts or music, are valuable tools to increase engagement of autistic 
children (Bryan & Gast, 2000; Carnahan, Basham & Musti-Rao, 2009; Hume & Odom, 2007; 
MacDuff, Krantz & McClannahan, 1993; Pelios, MacDuff & Axelrod, 2003; Wigram & Gold, 
2006). Engagement has been defined as time on-task, time on-schedule and appropriate 
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interaction with the learning tool (Carnahan et al., 2009). Educational computer software 
is intrinsically motivating for children with autism, if it is designed to capture attention and 
reinforce effective learning behavior with sound effects and graphics (Calvert, 1999). Levels 
of autonomy and self-regulation of autistic children also improve through suitable, adapted 
mediation with a more experienced individual and the use of a computer (Passerino & 
Santarosa, 2008). To prevent repetitive behavior, the program should be designed in such 
a way that something different happens if a child clicks twice on the same wrong answer.
 Computers may also help impulsive children to achieve more effective learning strategies 
(e.g. Jelsma & Pieters, 1989; Jelsma & Van Merriënboer, 1989). Shaw & Lewis (2005) also 
demonstrated that parents of children with ADHD often report that their children have 
many difficulties with attention and concentration in everyday settings. However, attention 
and impulse control appear to improve when these children are playing computer games, 
equivalent to TD children (DuPaul et al., 1998; Navarro, Marchena, Alcade, Ruiz, Llorens, 
Aguilar, 2003; Shaw, 2005; Slate, Meyer, Burns & Montgomery, 1998). 

1.3 Present study and hypotheses
Based on the idea of improving ineffective learning behavior in a playful manner, an 
educational computer game has been developed, which can be found under: www.
samenslim.nl. In this game, the instruction and feedback is adapted to individual learning 
behavior. The website automatically registers mouse performances of individual children. 
With this information, learning behavior during the game can be continuously monitored. 
Various mouse behavior characteristics can be measured, for instance the number of mouse 
clicks, the clicking moments (during or after instruction), the number of trials, distance and 
duration of movements. With these measurements, more insight can be obtained into 
learning processes and EF profiles of individual children.
 We have discussed that children with ASD and/ or ADHD exhibit different problems 
with EF skills. Compared to TD children, they show more problems with specific EF skills. 
We assume that the differences in these skills between ASD, ADHD and TD children, mainly 
on inhibition, tempo of responses, perseveration, initiation in interaction, and errors may be 
reliably measured and distinguished with the registered mouse performances of individual 
children. Therefore, the aim of this study is to investigate whether these specific EF skills 
can be distinguished on the basis of their mouse behavior patterns of children with ASD, 
ADHD, comorbid and TD children. We also hypothesize that the educational software will 
help improve these children’s EF skills.
 The first main hypothesis is that specific skills of EF can be distinguished between children 
with ADHD, ASD, comorbid and TD children (see Table 1, which can only be interpreted 
horizontally).
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Table 1: Summary of hypotheses: differences in EF skills between ASD, ADHD, comorbid and TD children
EF skill Mouse Fewest/ Lowest/  Moderate Most/ Highest/  
  characteristic  Slowest   Fastest 
Inhibition 1. Errors TD ASD ADHD
Inhibition 2. No go ASD TD ADHD
Initiation and inhibition 3. Missing go TD  ASD/ ADHD
Initiation and inhibition 4. Reaction time ASD TD ADHD
Initiation and inhibition 5. Go ASD TD ADHD
Perseveration 6. Repeats TD ADHD ASD

 Firstly, we expect that children with ASD show less initiation after verbal computer-
assisted instruction (e.g. a high frequency of no clicks during clicking moments, slower 
reaction times and a lower number of clicks during clicking moments) and more 
perseveration (by clicking more frequently on the same wrong answer per game) than the 
other types of learners. Secondly, we expect that children with ADHD show relatively low 
inhibitory control (e.g. fast response times, the most errors, highest number of clicks during 
instruction and clicking moments and errors) compared to ASD and TD children. Thirdly, we 
hypothesize that TD children show adequate EF skills (e.g. the fewest errors and repeats). 
They show less perseveration and more initiation than ASD children and they show a better 
inhibitory control than children with ADHD. Therefore, we expect to see a lower number of 
clicks during instruction moments than children with ADHD and a higher number of clicks 
during clicking moments than ASD children. We expect that TD children show a reaction 
time (not too slow or too fast) between ASD and ADHD children. Finally, as to the children 
in the comorbid condition (further called in this dissertation as “comorbid children”) since 
there is a lack of studies on EF profiles, we can not make clear predictions. As a consequence, 
our analyses with regard to comorbid children will be exploratory.
 To further characterize the differences between the perseverative behavior of children 
with ASD and the high response uncertainty and uninhibited behavior of children with 
ADHD, we will analyze differences in the variability of these variables between the ASD, 
ADHD and TD children. We hypothesize that children with ADHD will show relatively large 
variability in their mouse behavior characteristics (due to a high response uncertainty and 
short attention spans) and children with ASD relatively low variability (due to perseverative 
and hyperfocused behavior). In the middle, we expect to see the TD children, with relatively 
effective EF skills while playing the games, but not as uncertain as children with ADHD and 
as rigid as children with ASD.
 The second main hypothesis concerns the overall development across the games. We 
hypothesize that EF skills in ASD, ADHD and comorbid learners will improve. Since adaptive 
in-game instruction on performances (that is focused on the specific learning behavior) is 
provided, ineffective EF skills (e.g. a high number of errors) will be channeled into more 
effective EF skills (e.g. a low number of errors). According to improvement indexes per group 
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(see the Method section), we will test whether specific mouse behavior characteristics will 
improve across the games. We expect improvement of EF skills in the three clinical groups. 
However, we do not expect improvement in the TD group, since they already show effective 
EF skills from the beginning.

2 Method

2.1 Participants
A total of 18 children with ASD and/ or ADHD (chronological age: 3.8 – 6.3 years) from four 
medical daycare centers from the middle/ east area of the Netherlands participated in this 
study. These children were diagnosed by a licensed psychologist at the medical daycare center 
using DSM-IV diagnostic criteria. To measure behavioral and social emotional problems, the 
Child Behavior Checklist (CBCL, Achenbach, 1991) and the Sociaal Emotionele Vragenlijst 
(SEV, Scholte & Van der Ploeg, 2005a) were administered to parents and teachers. To assess 
ADHD or ASD, the ADHD Vragenlijst (AVL, Scholte & Van der Ploeg, 2005b), the Sociaal 
Cognitieve Vaardigheden Test (SCVT, Van Manen, Prins & Emmelkamp, 2007), the Theory 
of Mind test (ToM-test, Steerneman & Meesters, 2003) or the Schaal van Vroegkinderlijk 
Autisme (Auti-R, Van Berckelaer Onnes & Hoekman, 1991) were administered. Descriptions 
of reliability and validity of all tests are documented.
 Five TD children (chronological age: 3.5 – 3.8 years) were recruited in the northern area of 
the Netherlands from a general population sample of children in preschool education. From 
the total sample of 58 preschool children, 13 TD children from preschool education were 
rated consistently with a questionnaire by parents, trained rater and preschool teacher as 
children with effective learning behavior. Only the TD children who were rated consistently 
by all three raters were included in this study. This was done to be relatively sure that no 
children with ineffective learning behavior, such as impulsive or unresponsive behavior, 
were selected in this study. 
 To balance the four groups for cognitive ability, 8 TD preschool children and 1 ADHD-
child were removed from the analyses. To select the children, a cut-off point of the raw scores 
on the Mullen Scales of Early Learning of 34 on the subscales Language Comprehension 
(LC) and Fine Motor Skills (FM) was chosen, since the FM point indicated first that children 
were not capable to adequately move and click a computermouse. Second, the LC cut-off 
point indicated that they were not able to understand the in-game instruction used in the 
study (Veenstra, Van Geert & Van der Meulen, 2008).
 Clinical and TD children differed significantly in age (M = 5.08 and 3.75 years, respectively, 
SD = 0.87, p < .001) (Table 2).
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Table 2: Calendar age and MSEL scores of four groups 
   Chronological age (years) Composite Standard Scores 
     (M = 100; SD = 15)
 Diagnosis    n Mean (M) Standard Deviation (SD) M SD
 ADHD 2 5.3 .80 86.0 -
 ASD 13 5.1 .80 93.2 16.6
 ADHD and ASD 3 5.0 .79 98.3 19.1
 TD 5 3.8 .14 120.2 10.3
 Total 23 4.8 .87 99.5 18.0

 On a scale for educational level, categorized from no education (1) until university (8), 
the mean levels were M = 4.86 and 6.10, for clinical and TD children respectively, (SD = 
1.57, p = .04), implying that the clinical group came on average from lower class parents 
than the TD children who mainly came from middle class families. Clinical and TD children 
also differed significantly in normalized standard scores (M = 93 and 120, respectively, SD 
= 18.05, p < .001). Therefore, standard scores were controlled (by means of the Composite 
Standard Scores of the MSEL) in the analyses between the four groups. 

2.2 Instruments
Learning behavior of TD children
The type of learning behavior was identified on the basis of the a priori scores on a 
questionnaire of three raters: parents, preschool teacher and a trained rater (see Appendix 
III). In order to  determine whether individual children were TD learners, this questionnaire 
consisted of descriptions of behavior of typical ineffective (unresponsive and impulsive) and 
TD learners. The raters had to categorize each child into the best fitting category according 
to their regular learning behavior. Of the 58 children who were rated, 13 children were 
consistently rated as TD learners by three raters. A total of 26 children were rated as TD 
learners by two raters. Additionally, four children were rated as impulsive and eight children 
as unresponsive learners. Of the 58 children, seven children could not be categorized, since 
they were rated inconsistently between two or three raters.

Normalized Standard Scores
The level of four developmental domains (Language Comprehension, Language Production, 
Visual Reception and Fine Motor Skills) of each child was measured with the Dutch version of 
the Mullen Scales of Early Learning (MSEL). The Standard Composite Scores were obtained 
from the American version of the MSEL (AGS Edition; Mullen, 1995).

EF profiles during computer-game 
Individual mouse-data, such as number of clicks per game, errors, duration of movements, 
of each game were collected automatically while the children were playing the game on 
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www.samenslim.nl. This resulted in a continuous measurement of the children’s level of 
knowledge and skills. Mouse-skills were practiced with a trained supervisor until the child 
was able to control the mouse.
 The game, which goes under the Dutch name samenslim (clever-together, see the 
website) consists of five increasingly complex levels, each of which has nine games in three 
different settings (park, farm and living room). In the samenslim game of hide and seek, two 
cartoon figures of children play the leads: Sim and Sanne. The real child playing the game 
is supposed to help Sim to find Sanne by clicking on objects behind which Sanne could be 
hiding. If the child clicks on a wrong object, only shifts the mouse or does nothing at all 
with the mouse, he or she is given adaptive instruction from a friendly bear in the program. 
A standardized decision model determines whether a child can progress to a higher level 
or has to go back to a lower level. Every child starts at the lowest concept level (one) and, 
depending on how well he or she plays, reaches the highest concept level (five) sooner or 
later. 

2.3 Procedure
Each child played two or three computer game-sessions (depending on the child’s 
performance) during two or three weeks in a quiet room at the medical daycare center or 
playgroup. A supervisor was present only for technical help, such as starting and ending the 
game. After completing a maximum of seven computer games during one game-session, 
the child was assisted to the classroom. 

2.4 Analysis
The samenslim games (see Appendix IV) consist of four clicking moments and four 
instruction moments (see Chapter 1, Figure 2). After the fourth clicking moment (in case 
of not finishing the game earlier), the solution is provided by the cartoon figure of the bear.

To determine impairments in the learning profiles of the children, six main characteristics 
related to EF skills were selected from the automatically registered mouse-data.
 1.  Wrong object clicks (Errors): The total number of clicks on the wrong object 

(irrespective of clicking- or instruction moment).
 2.  Number of clicks during instruction moments (No go): The total number of (in-) 

correct mouse clicks during the four instruction-moments and during the moment of 
solution.

 3.  No clicks during clicking moments (Missing go): The frequency of no clicks 
during the four clicking moments.

 4.  Response times (Reaction time): The time between the beginning of clicking 
moment 1 and the first (in-) correct mouse click. The maximum response time is 15 
seconds.
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 5.  Number of clicks during clicking moments (Go): The total number of (in-) correct 
mouse clicks during the four clicking moments.

 6.  Repeated clicks on the same objects (Repeats): Minimally two mouse clicks 
on the same (wrong) object during two following moments (e.g. clicking moment 
two, followed by adaptive instruction moment). A repeat was scored by a ‘1’, with a 
maximum of a total frequency of nine per game.

The clicks during instruction (No Go trial – inhibition of response), the clicks during clicking 
moments (Go trial – response required) and the no clicks during clicking moments (Missing 
to Go – initiating a response) can be compared to actions requested from children in a Go/ 
No go Response Inhibition task, which has been widely used in ADHD research.
 
Since each individual child played a different number of games (according to the standardized 
decision model), each total per game was summed up over all games and divided by the 
total number of games that the child has played. 
 By means of a linear regression, all six mouse variables were corrected for normalized 
Standard Scores (Composite Standard Scores), except the improvement indexes and 
the data concerning the coefficient of variation. The statistical procedures consisted of 
descriptive analyses performed in Microsoft Excel and permutation tests using Monte 
Carlo analysis (Good, 1999; Todman & Dugard, 2001) performed in Poptools (Hood, 2008). 
The Monte Carlo analysis, which is a form of statistical simulation, is particularly suited for 
analyzing data that are not normally or regularly distributed. Each significance test was based 
on 1.000 simulations. With this random permutation test it is possible to combine multiple 
mouse characteristics in one test. Effect sizes are expressed as proportions of standard 
deviations.
 The coefficient of variation (CV), which is the standard deviation relative to the average, 
was used as a relative measure of variability. To calculate the CV, a regression line was set 
up per mouse characteristic of a group. Next the data were detrended, by subtracting 
regression values from the observed values per group. With these residuals the CV was 
computed, by dividing the standard deviation of the residuals by the group average.
 To measure improvement of specific mouse behavior characteristics across the games, 
we defined improvement indexes as a relative improvement within a group. The total 
improvement score is the sum of the improvements on each of the variables, which have 
been rescaled to z-scores in order to guarantee similar dimensionality of the variables. By 
means of a linear regression of z-scores of all mouse characteristics within one group, the 
difference between the first and last point of the regression line was computed and expressed 
as the improvement score. The regression line was set up based on our hypotheses of the 
improvements (see Table 3). 
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Table 3: Definition of improvement of mouse characteristics
  Errors No go Missing go Reaction time Go Repeats
 ADHD Decrease Decrease Decrease Increase Decrease Decrease
 ASD Decrease Decrease Decrease Decrease Increase Decrease
 Comorbid Decrease Decrease Decrease Decrease Increase Decrease
 TD Decrease Decrease Decrease Decrease Decrease Decrease
 

 For example, when we define improvement by a decrease of a characteristic (e.g. the 
average number of errors) across games, then the improvement was based on a negative 
regression line. Therefore, a positive curve always demonstrates improvement and a negative 
curve index can be interpreted as an impairment of a mouse behavior characteristic.

3 Results

3.1 Distinguishing EF profiles of ASD, ADHD, comorbid and TD children
To compare different EF profiles of the four groups of children, we analyzed the six different 
mouse behavior characteristics. As shown in Figure 1, it is striking that the differences 
between ADHD and the other three groups of children were relatively large, particularly in 
the ‘no go’ and ‘go’, errors and reaction time (see Table 4). 

Figure 1: Mouse behavior characteristics per group of children (corrected for Standard Scores), relative to the 
grand mean
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Table 4: Effect sizes and p-values of comparisons of combined mouse behavior characteristics between the 
four groups of children, with effect sizes expressed as proportions of standard deviations

 Comparison Combination of mouse characteristics  P-value Average effect size  
    combination of  
    mouse clicks
TD > ADHD Fewer 1, lower 2, lower 3, longer 4, lower 5 and fewer 6 <.01 1.230
Comorbid > ADHD Fewer 1, lower 2, lower 3, longer 4, lower 5, fewer 6 <.01 1.726
ASD > ADHD Fewer 1, lower 2, longer 4, lower 5, fewer 6 <.01 1.601
TD > Comorbid Lower 3, shorter 4, lower 5, fewer 6 <.01 0.366
TD > ASD Lower 3, shorter 4, fewer 6 <.01 0.333
Comorbid > ASD Lower 3, shorter 4, higher 5, fewer 6 <.01 0.351
ASD > Comorbid Fewer 1, lower 2 .014 0.453
ADHD > ASD Lower 3 .46 0.017
Comorbid > TD Fewer 1, lower 2 .005 0.381
ASD > TD Fewer 1, lower 2, lower 5 <.01 0.125
1) Errors; 2) No go; 3) Missing go; 4) Reaction time; 5) Go; 6) Repeats (see also Table 1)

 If we take a closer look at the ASD, comorbid and TD children, we also found significant 
differences between the mouse behavior in these groups. However, the differences were 
smaller than the differences between children with ADHD and the other children (for effect 
sizes (ES) and p-values, see Table 4). The largest differences between the combined mouse 
characteristics can be observed in the ADHD group compared to the TD, the comorbid and 
the ASD children, with effect sizes of 1.2, 1.6 and 1.7, respectively. All three groups showed 
better performances than children with ADHD on all mouse characteristics. However, there 
were no significant differences between ADHD and ASD children on the ‘missing go’.
 The differences between ASD, TD and comorbid children were relatively small and more 
complex. ASD children performed better than comorbid children: they made fewer errors 
and showed lower ‘no go’. Comorbid children, on the other hand, showed a lower ‘missing 
go’, a higher ‘go’ (which was relatively low for ASD children), a shorter reaction time and 
fewer repeats.
 It is striking that TD children did not show the best mouse behavior on all aspects, 
compared to comorbid or children with ASD. Comorbid children showed fewer errors and 
a lower ‘no go’. Children with ASD also exhibited a lower ‘no go’ and fewer errors. They also 
showed a lower ‘go’. However, it should be taken into account that the effect sizes were 
relatively small (ASD versus TD, ES = .13; comorbid versus TD, ES = .38). 
 To distinguish the type of mouse behavior across the games, which is measured by 
the degree of rigidity (relatively low variability) or response uncertainty (relatively high 
variability), the variability of six different mouse characteristics (Table 5) was analyzed per 
group.
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Table 5: Average and variability per mouse characteristic for the different groups
   ADHD Comorbid ASD TD
 1.  Errors    
    Average 4.65 0.56 1.29 1.78
      CV 0.55 1.26 0.33 0.67
 2. No go    
       Average 20.85 1.72 1.44 1.87
        CV 1.03 1.18 0.45 0.65
 3. Missing go    
      Average 0.04 0.05 0.21 0.17
      CV 3.59 2.29 0.85 1.17
 4. Reaction time    
      Average 1.63 5.00 5.37 4.68
      CV 0.42 0.48 0.14 0.27
 5. Go    
      Average 6.42 3.21 2.82 2.74
      CV 0.60 0.84 0.21 0.37
 6. Repeats    
      Average 0.81 2.26 0.36 0.25
      CV 0.78 0.45 0.53 0.66

 The results regarding the coefficient of variability (CV) demonstrate that comorbid 
children showed on average the most variability compared to the other children (Table 5). 
The permutation test showed that the variability differed significantly from the random 
model (p < .001), except for ‘go’ and reaction time. Children with ASD also showed on 
average the lowest variability (p < .001). There were significant differences in the variability 
between ADHD and ASD children in the ‘missing go’ (p < .001). Children with ADHD also 
differed significantly with TD children in the ‘missing go’ (p = .001). Comorbid children 
and children with ASD can be distinguished on multiple mouse characteristics, namely in 
the variability of reaction time (p = .02), errors (p < .001) and ‘missing go’ (p = .001). The 
variability between comorbid and TD children differed between ‘missing go’ (p = .003), and 
errors (p = .05). The TD children only showed more variability than children with ASD in ‘go’.

3.2 Improvement EF skills of ASD, ADHD, comorbid and TD children across the 
games
The improvement of mouse behavior across the games per group is shown in Figure 3. An 
increasing line corresponds to an improvement and a decreasing line corresponds to an 
impairment of learning behavior. For example, for ADHD children an increase of reaction time 
has been defined as an improvement, since they gradually learn to inhibit their responses. 
For ASD and comorbid children a decrease of reaction time has been exploratively defined 
as an improvement, since they gradually learn to show faster responses (see Method, 
Table 4).
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Figure 2: Improvement indexes per mouse characteristic for each group, with black lines indicating impairment 
and gray lines indicating improvement across the games

 The first result is that TD children did not show a significant improvement of mouse 
behavior across the games (Figure 2). The combination of a decrease of ‘missing go’ and the 
small decrease of reaction time (which is presented as an increasing improvement curve, see 
Figure 2) was not significant (p = .168). The other mouse characteristics could not improve, 
but could only remain relatively stable or become worse across the games, since TD children 
already showed effective EF skills in the beginning.
 Considering the children with ADHD, it is striking that they showed a significant 
improvement (p < .01) on all aspects, except on the ‘go’. The children with ASD improved on 
fewer characteristics than the children with ADHD. A significant improvement was observed 
in the combination of a decrease in ‘missing go’, a decrease in reaction time and an increase 
in ‘go’ (p < .01). No improvement was observed in the ‘no go’, since the ‘no go’, repeats and 
the number of errors was already low in the beginning. It is also striking that the impairment 
of errors, repeats and ‘no go’ was relatively large in children with ASD  compared to the other 
types.

Furthermore, the comorbid children showed a significant improvement in the reaction time, 
repeats and ‘go’ (p <.01). However, they did not show improvements in the errors, ‘no go’ and 
‘missing go’, since their performances were already adequate at the beginning.
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4 Discussion

4.1 Distinguishing EF profiles of ASD, ADHD, comorbid and TD children
Considering the first hypothesis, the results show that EF profiles children with ADHD can 
be clearly distinguished according to their mouse behavior from ASD, comorbid and TD 
children. It is striking that children with ADHD showed impairments across all six mouse 
behavior characteristics, which suggests that they show deficits on multiple EF areas, mainly 
in inhibition (Berlin, Bohlin, Nyberg & Janolds, 2004). According to the findings, it can be 
concluded that, since ASD, comorbid and TD children did not show (such large) problems 
on inhibition, children with ADHD can be clearly distinguished from the other three types 
on the mouse characteristics that demonstrate uninhibited behavior. 
 Contrary to our hypothesis, children with ADHD did not show significantly higher 
variability on multiple mouse characteristics, compared to ASD, TD and comorbid children. 
It is therefore not likely that variability is a typical indicator to distinguish specific learning 
behavior of children with ADHD, since the results indicate that children with ADHD behave 
relatively constantly fast and uninhibited across time. The only significant difference was 
found in the higher variability in the ‘missing go’ of children with ADHD, which confirms that 
they have difficulties with maintaining their attention (Kalff et al., 2005).
 In contrast with children with ADHD, the results demonstrate that the children with 
ASD exhibited too inhibited behavior and have problems with flexibility. The mouse 
characteristics of children with ASD showed that they had more difficulties with initiation 
compared to TD children. The results also confirm the higher occurrence of perseverative 
responses (Robinson, Goddard, Dritschel, Wisley & Howlin, 2009). In combination with the 
high number of repeats and the lowest variability in their behavior across time might be an 
indicator for rigid behavior or problems with flexibility. Contrary to our expectation, children 
with ASD showed fewer repeats than children with ADHD, but more than the TD children. 
However, we can cautiously conclude that children with ASD show more perseveration than 
the children with ADHD as well. Although children with ASD showed fewer repeats than 
children with ADHD, the number of repeats was clearly higher in proportion to the relatively 
low number of clicks. The children with ADHD also showed more random, uninhibited 
mouse clicks, with too fast reaction times and multiple errors. As a consequence, they 
showed, probably accidentally and unconsciously, more repeats. This suggests that children 
with ASD slowly and consciously clicked on a same (wrong) object. This can therefore be 
seen as more rigid learning behavior or a lack of flexibility to click on the requested object, 
which changes per game. 
 Children with ASD showed fewer errors than the TD children, which is a consequence 
of the lack of taking initiative. We did not define ‘missing go’ as an error. In this case, a 
low number of errors does not mean that children with ASD behaved more effectively, 
but is an indicator of taking insufficient action. It can therefore be concluded that, taking 
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all mouse characteristics into account, children with ASD have relatively more problems 
with initiating and perseveration and can be clearly distinguished from the ADHD and TD 
children, particularly on the basis of their low number of clicks and long reaction times and 
a low variability on multiple mouse characteristics, which indicates rigid behavior.
 The comorbid children can also be distinguished from the children with ADHD. On all 
characteristics comorbid children showed more effective EF skills than children with ADHD. 
The comorbid children showed smaller impairments in inhibition than children with ADHD 
and smaller impairments in initiating than children with ASD. Comorbid children also 
behaved differently from TD children, who showed faster reaction times, fewer repeats and 
a lower ‘go’. Regarding the results, it can be concluded that it is more difficult to distinguish 
specific EF skills in comorbid children from TD children than ASD or ADHD children from TD 
children, since comorbid children did not show such large deficits in uninhibited responses 
or in initiating actions. The results suggest that the ASD impairments on initiation might 
partially compensate the uninhibited behavior of children with ADHD (Yerys et al., 2009). 
However, when we take the variability into account, it is striking that comorbid children 
showed the highest variability on most mouse characteristics. This finding suggests that 
comorbid children show more fluctuations in inhibited and initiating behavior than ASD, 
ADHD and TD children. We can therefore conclude that comorbid children, in contrast 
to ADHD and ASD children, can not specifically be distinguished on averages of multiple 
mouse characteristics, but rather on the variability of their mouse behavior processes.
 In general, the findings indicate that EF skills in ASD, ADHD, comorbid and TD children can 
be distinguished according to the highly specific registered mouse behavior characteristics. 
However, differences between ASD, comorbid and TD children are smaller than the 
differences between children with ADHD and the other three groups. These findings also 
confirm that distinguishing EF skills in comorbid children is relatively complex (Bramham 
et al., 2009), but taking variability into account, the behavior of comorbid children can also 
be distinguished from constantly uninhibited behavior in children with ADHD and constant 
lack of initiation and rigid behavior in children with ASD across games.

4.2 Improvement EF skills of ASD, ADHD, comorbid and TD children
Regarding the overall development of EF skills, improvement scores were computed to 
analyze differences in the progress of the different children. The results indicate that all four 
types of children showed different improvement patterns. ASD and TD children showed on 
average the least progress. However, this does not imply that they show the worst EF skills, 
but rather indicates that ASD and TD children already showed relatively effective EF skills 
(e.g. few errors during the first games). As a consequence, they can not improve as much as 
comorbid and children with ADHD, who exhibited more deficits during the first games. It 
is striking that children with ASD showed an increase in errors and repeats and an increase 
in ‘no go’ across the games. This might indicate that the children with ASD have learned to 
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initiate in interaction. As a consequence of their increase of ‘no go’, they also made more 
errors and repeats. Another possibility for the increase of errors might be that the games 
did not provide enough variability or interaction (e.g. sounds or levels) for ASD and TD 
children to remain highly motivated across the games, which might have caused a decrease 
of effective learning behavior.
 All these findings suggest that for children with ADHD, these computer games might 
serve as an adequate instrument to improve EF skills in these children during this task, mainly 
on inhibition. However, for ASD and comorbid children, the current samenslim games are 
less adequate to improve EF skills across the games.

4.3 General discussion
The detailed study of patterns of performance that we demonstrated in this study, has 
its drawback in that the number of children is so small, for instance, the study comprises 
only two children with ADHD. A second limitation is that we did not discriminate different 
types of ASD or comorbidity. Asperger children might show other EF skill impairments 
than PDD children. Additionally, we did not assess the degree of comorbidity. Children with 
ADHD with symptoms of ASD might show other impairments than children with ASD with 
symptoms of ADHD (Bramham et al., 2009). Third, the clinical group had a significantly 
higher chronological age. Despite the fact that we corrected our data for normalized 
standard scores, the older clinical group might have been less motivated or challenged 
by a hide-and-seek game than the TD preschool children. We leave it to future studies to 
further evaluate and generalize the (long tem) effects of this kind of computer games on 
different types of ASD, ADHD and comorbid children. Furthermore, it would be interesting 
to evaluate whether additional adult-assistance would be more effective in improving EF 
skills than computer-based assistance only (Veenstra, Van Geert & Van der Meulen, 2010).
 Finally, it should be emphasized that the applied implication of these findings is that 
adaptive computer games are an enjoyable tool for clinical children in medical day care 
centers. They provide an opportunity to evaluate impairments in EF skills in a playful manner. 
Secondly, most of these children are regularly assessed by a psychologist and already realize 
that they are different from TD children. Playing educational computer games provides 
them with the opportunity to work independently, without costly teacher assistance. 
Furthermore, carefully selected computer games are able to teach the child specific skills 
by providing positive feedback, which often enhances their, often low, self-esteem and poor 
self-confidence (e.g. Mavrou, Lewis & Douglas, 2010; O’Donnell, 2005).


