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Technology and especially computers have become important learning devices in today’s 
classroom and will possibly continue to have a more integrated role in the early learning 
process of preschool children. In contrast to other media such as television, adequate 
educational computer games open up possibilities for interaction and active involvement 
(McCarrick & Xiaoming, 2007). Computers can have a powerful impact on attention in 
children, as well in adults. When used and constructed adequately, educational computer 
games can deliver powerful motivational, attentional and time on task gains compared 
to more traditional educational tasks (e.g., Camnalbur & Erdogan, 2008; Fletcher-Flinn 
& Gravatt, 1995; Kulik & Kulik, 199; Liao, 2007; Macaruso & Walker, 2008). Educational 
computer games often provide the opportunity for playful learning, which is linked to school 
readiness (Hirsh-Pasek, Golinkoff, Berk & Singer, 2009). However, not only for typically 
developing children computer games provide the opportunity for playful learning, but 
also for children at risk of learning delays or children with early diagnosed developmental 
disorders.
 Retarded early learning is a serious problem, as much for society as for the child. It can 
be caused by multiple factors, including deficits in executive functions (EF), which are of 
great importance for effectively learning specific skills. They are also crucial in the ability 
to control thoughts and actions in order to respond flexibly to the environment. Literature 
reveals that cognitive control abilities in early years are a better predictor of later school 
readiness than either Intelligence Quotient (IQ), entry-level mathematics or reading ability 
(Blair, 2003; Diamond, Barnett, Thomas & Munro, 2007). Therefore, it can be concluded 
that EFs are one of the keys to success in learning and adequate learning-to-learn strategies 
(Bergman Nutley, Bohlin & Klingberg, 2009; Blair & Razza, 2007; Diamond et al., 2007; 
Thorell, Lindqvist, Bergman, Nutley, Bohlin & Klingberg, 2009). As a consequence, early 
improvement of inappropriate EF skills might prevent or reduce learning delays during the 
school period (Diamond et al., 2007). To improve EF skills in preschool children, computer 
games might function as an adequate tool to channel inappropriate into appropriate EFs in 
a playful and interactive manner. EF skills are not only crucial during educational tasks, but 
also in other situations, such as during complex social behavior, e.g. being tactful. In the 
educational context, EF skills can also be defined as learning how to learn skills.
 This dissertation addresses the question of whether it is possible to improve and 
distinguish learning-to-learn skills in young children (preschoolers of 3 - 4 years) with an 
educational computer game. Mouse behavior processes were analyzed, which were retrieved 
from individual children while playing a Dutch computer game focused on improving meta-
cognitive learning strategies. With the registered mouse behavior performances insight can 
be obtained in learning behavior at a microgenetic level. With using a microgenetic design, 
the same children are studied repeatedly over a short period of time, which provides insight 
at children’s behavior while it is changing (Siegler, 2006). In contrast to traditional designs, 
such as longitudinal designs, with microgenetic designs the process of change can be closely 
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observed, instead of the products of change (Fogel, 1990; Kuhn, 1995; Lavelli, Pantoja, Hsu, 
Messinger & Fogel, 2004; Siegler, 1995).
 The aim of the game - which can be found on the website: www.samenslim.nl - is to 
teach young children to exhibit adequate learning-to-learn skills, by fostering a more self-
regulated approach in their mouse behavior. The samenslim (‘clever together’) games are not 
specifically aimed at developing ‘declarative’ knowledge (knowledge of facts or content), but 
deal more with the development of effective EF skills (e.g. self-regulating behavior; inhibiting 
or initiating responses, selecting attention and adequate problem solving strategies).
 The ultimate goal of this dissertation is to evaluate or determine the possible merits of 
the samenslim games by means of a relatively large sample study in preschool education 
(Chapter 3), a study on individual differences in preschool children (Chapter 4), and a study 
of executive functions in young children with already diagnosed developmental disorders 
(such as ADHD; Chapter 5).

 1.1 Executive functions 
In literature, the term “executive function” (EF) is frequently used, although there are 
many differences in terminology. Despite these differences, the central idea of EF is that 
executive functions skills are self-regulatory abilities that direct cognitive activities, 
emotional responses and behavior (Isquith, Crawford, Espy & Gioia, 2005). EF skills refer 
to “cognitive processes that control or regulate behaviors and are associated with the 
ability to persist on difficult tasks, work in the face of distractions, follow classroom rules, 
inhibit inappropriate behavior, and attend to classroom activities” (Molfese, Molfese, 
Molfese, Rudasill, Armstrong & Starkey, 2010). The concept of EF is therefore considered 
as a meta-construct (Singer & Bashir, 1999) and refers to skills that are critical for goal-
directed behavior (Welsh, 2002). Examples of executive functions skills include inhibiting 
and initiating actions, restraining, selecting and delaying responses, attending selectively, 
setting goals, planning and organizing (e.g. Frensch & Funke, 1995; Happé, Booth, Charlton 
& Hughes, 2006). These skills can also be seen as central aspects of appropriate learning-to-
learn strategies. Moreover, to effectively learn and optimally profit from instruction, children 
must implement appropriate learning-to-learn strategies, such as, organizing, planning and 
evaluating, which draw heavily on EF abilities. For example, during a task such as learning to 
count, a child has to plan his behavior (e.g. “How can I solve this problem? First I have to do 
this.”), organize (e.g. “This strategy will help to solve the problem.”) and evaluate (e.g. “How 
am I doing?”).
 Despite the importance of appropriate EFs, some children exhibit deficits in EF skills, 
which often results in learning disabilities and developmental delays (Bramham, Ambery, 
Young, Morris, Russell, Xeniditis, Asherson & Murphy 2009; Diamond, Barnett, Thomas & 
Munro, 2007; Mayes & Calhoun, 2007). Empirical studies indicate that EF skills, e.g. self-
regulatory skills, are positively correlated to academic achievement (Barnard-Brak, Paton & 
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Lan, 2010; Molfese, Molfese, Molfese, Rudasill, Armstrong & Starkey, 2010), but are also 
related to neurodevelopmental disorders such as Attention- Deficit Hyperactivity Disorder 
(ADHD; APA, 1994; Martinussen, Hayden, Hogg-Johnson & Tannock, 2005; Willcutt, Doyle, 
Nigg, Faraone & Pennington, 2005). Although academic achievement is influenced by other 
variables as well, such as curriculum content and teacher characteristics, EFs are central to 
learning and success during the early school period. Poorly developed EF skills are therefore 
important risk-factors for developing a developmental delay or disorder (Diamond et al., 
2007).
 Although appropriate EF skills are important for learning, only a few studies have actually 
examined whether it is possible to improve EF skills. The training programs in these studies 
were developed to improve (preschool) children’s working memory, inhibition or attention 
skills. They demonstrated that it is possible to improve aspects of EF skills in (preschool) 
children (Diamond et al., 2007; Dowsett & Livesey, 2000; Meltzer, 2007; Thorell et al., 
2009). Studies also showed that explicit feedback is important and the difficulty levels of 
the training should be adapted to the optimal level for the child during the training period 
(Klingberg et al., 2005; Kloo & Perner, 2008). These studies often investigated improvement 
with pre- and post tests or test- retest conditions. However, these studies were less focused 
on learning-to-learn processes during the training, despite the knowledge that these 
processes might provide valuable information on changes in learning processes (e.g. Van 
Geert & Steenbeek, 2005; Lavelli, Pantoja, Hsu, Messinger & Fogel, 2004). Therefore, the 
focus of this dissertation lies on learning-to-learn processes during the intervention.

1.2 Learning-to-learn, difficulties and interventions
Learning means changing behavior. Changes in behavior that are often relatively permanent 
and cannot be attributed to physical development (maturation), but to experience or 
exercise (Keller & Werchan, 2006; Smolak, 1986). Learning can also be defined as the act, 
process, or experience of gaining knowledge or skill, gained in many contexts, for example 
school or family (Rogoff, 1990). It can be seen as a constructivist process, which emphasizes 
the importance of the social context for the cognitive development of the child (Vygotsky, 
1978; Rogoff, 1990). Learning is enhanced when the learner actively engages with the 
content (Elliott, Kratochwill, Cook & Travers, 2000; Vygotsky, 1978). High engagement is 
only possible when the content suits the child’s cognitive level, which is also defined as 
the zone of proximal development (ZPD). With help from adults or peers who are more 
advanced, a child learns to master concepts and ideas that he cannot understand on his own 
(Rogoff, 1990). Learning is not just a cognitive process: motivational, emotional and social 
aspects all play important roles in this process (Birenbaum, 2003; Langelier & Connell, 2005; 
Rogoff, 1990). The learner’s expectancies and the values attributed to the learning task 
are examples of these aspects. However, to improve performances or to learn new things, 
adequate learning strategies must be used, which are specific to the skill or knowledge that 
is learned.
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 Learning-to-learn, or second-order learning (Dearden, 1976) can be defined as meta-
learning, a process of reflection, control and regulation that learners implement within their 
own learning processes. Learning-to-learn can also be defined as “the ability and willingness 
to adapt to novel tasks, activating one’s commitment to thinking and the perspective of 
hope by means of maintaining one’s cognitive and affective self regulation in and of learning 
action” (Hautamäki et al., 2002, p. 38). Two elements of learning-to-learn can be distinguished: 
knowledge about cognition and self-regulating mechanisms (Black, McCormick, James 
& Pedder, 2006). The first element refers to knowing what a learner knows and does not 
know. The second element refers to planning what to do next, checking the outcomes of 
strategies, evaluating and revising strategies. Children who learn successfully are able to 
monitor these two elements (Black et al., 2006). More specific examples of learning-to-learn 
skills are: learning to understand that effective behavior leads to results, learning to focus on 
instruction at the right moment and learning when to take action or to inhibit responses to 
get positive results.
 However, when there are difficulties with meta-cognitive knowledge or self-regulating 
mechanisms, problems will arise with regard to various aspects of learning, e.g. factors such 
as lack of initiative, lack of inhibition, lack of participation or perseverance and refusal to try 
new things (Marks, 1998). Children who fail more often than succeed become increasingly 
less motivated to invest further effort, because their actions in the past yielded poor results. 
Possibly they fail to choose the right answers because they don’t understand that their 
behavior has an influence on the results.
 In this dissertation, two types of learners are distinguished: children with effective 
learning-to-learn skills and those with ineffective learning-to-learn skills. Furthermore, we 
distinguish two types of children with ineffective learning-to-learn skills: impulsive and 
unresponsive children. Both impulsive and unresponsive children exhibit problems with 
their self-regulation mechanisms and meta-cognitive knowledge in the sense that they 
exhibit problems with their EF skills. We define unresponsive children as children with a 
lack of initiative who do not actively seek help or instruction. They do not persist on difficult 
tasks and they show too inhibited actions. On the contrary, impulsive children exhibit 
deficits in their EF skills as well. In this dissertation, they are defined as children who have 
difficulties to settle down to learning because they can’t focus or maintain their attention on 
what they must learn and are not able to inhibit their responses. Because of their attention 
and inhibition deficits, these children find it difficult to incorporate the full instruction and 
consequently may experience failure. The excessive verbal and motor activities of impulsive 
children leads to their making many mistakes and because of this, they often acquire 
feelings of helplessness, which is also the case in unresponsive children. The children who 
possess effective learning-to-learn skills are defined as reflective children. They evaluate 
their progress, show adequate self-controlled behavior and when necessary seek help or 
instruction when they need it. They persist on difficult tasks, follow the rules and plan their 
behavior.
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 To prevent or reduce interruptions or delays in the learning process during the school 
period, inadequate learning-to-learn strategies must be channeled into effective learning-
to-learn skills in family contexts and during preschool education. Strategic management 
of knowledge of and information about how to learn effectively is of great concern in 
child development. It involves managing such aspects as goal-oriented learning, handling 
problems in the correct manner, adapting the knowledge to the child, learning about one’s 
own learning activities and teaching in a way that best suits the child.

1.3 Computers as an instrument to improve learning-to-learn skills
As we mentioned in the introduction, the computer facilitates interaction and playful 
learning: children can play on the computer with other children or with adults (McCarrick 
& Xiaoming, 2007). Interaction facilitates learning in the sense that children are highly 
involved (in a flow) and intrinsically motivated. However, interactivity is not the only benefit 
to learning. Other positive effects include a program’s ability to provoke, to challenge and to 
give children immediate feedback.
 A meta-study of McCarrick et al. (2007) of investigations between 1985 and 2004 
showed that many studies with regard to possible gains of computer use on a specific 
developmental domain (e.g. cognitive, social) are small-sample size studies or studies with 
poorly defined learning environments. However, available research nevertheless suggests 
a trend toward a cognitive benefit of computer use. Therefore, appropriate educational 
computer games may provide a good solution for children at risk of learning disabilities and 
for the parents and teachers of these children.
 However, difficulties with specific skills (e.g. language development) are not only due to 
a lack of declarative knowledge (factual knowledge), but are a result of inadequate use of EF 
skills or learning-to-learn strategies. In this case the computer may function as a protective 
factor: it is an external resource that modifies or buffers the impact of risk factors (Rutter, 
1987). Despite the importance of developing adequate learning-to-learn strategies, many 
educational games are more focused on the development of declarative knowledge, while 
the level of content knowledge is mostly not the core problem of developmental delays. 
Self-discipline, attentional control and adequate learning-to-learn strategies should be 
taught first (Diamond et al., 2007). Therefore a computer game focused on learning-to-learn 
skills might be an adequate method to improve ineffective learning strategies of preschool 
children. Such a game may help change inadequate learning-to-learn skills and teach 
a child the adequate learning strategy. The child is able to acquire the adequate learning 
strategy if it is given clear feedback by the game itself as well as guidance by parents or 
teachers. Learning-to-learn software may therefore work well for children with ineffective 
learning behavior. Using it may help them develop adequate learning strategies and thereby 
reduce their risk of acquiring a developmental disability or delay. In this dissertation, these 
hypotheses concerning computer games as adequate learning-to-learn instruments will be 
further explained and argued.



Introduction

Chapter 1

13

 1.4 Samenslim.nl
The website www.samenslim.nl, which is a part of the platform www.bereslim.nl, consists 
of Dutch language edutainment games focused on improving ineffective learning-to-
learn skills in preschool children in a playful manner. The game automatically registers the 
children’s mouse use, which means that the children’s level of knowledge and development 
of skills can be continuously measured. The data collected for scientific research can also 
be used to measure and optimize the effectiveness of the platform. The ultimate goal of 
the designers of the platform is to provide objective information to parents or professional 
educators on how the child in question is learning-to-learn. Parents may greatly benefit 
from a good understanding of the learning behavior of their children. If parents have this 
knowledge, they will be more capable of anticipating the next developmental level and 
needs of their children.
 The goal of the samenslim games is to stimulate effective learning-to-learn skills. The 
concept is based on the idea that preschool children can be stimulated to discover learning 
processes and strategic behavior through didactically justified computer games. Using this 
approach, learning behavior and performance will be improved.
 In the samenslim game of hide and seek, which is the part of the website that has been 
studied in this dissertation, two children play the leads: ‘Sim’ and ‘Sanne’. The 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 helpful pointers from a friendly little bear. 
(see Figure 1).

Figure 1: A screenshot of the hide-and-seek-game on www.samenslim.nl
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 The samenslim games consist of 45 games, which differ in five concept levels. The lowest 
concept level consists of relatively easy concepts, such as ‘bench’ or ‘car’. The highest concept 
level consists of more difficult concepts, such as ‘dustbin’ and ‘curtain’. Each concept level 
has nine games in three different settings (park, farm and living room; see Table 1), which 
vary in complexity. The higher the concept level, the higher the difficulty of requested object 
names. Each concept level consists of a three different complexity levels. The higher the 
complexity level, the higher the number of objects on the screen and the  higher the number 
of thinking steps is needed, that is, colors and objects are first requested separately, and 
next, in combination.

Table 1: Game number per setting, per level of concepts and per level of complexity

  	 	 	 																								Level of concepts
	 Setting  1 2 3 4 5
  1 1 10 19 28 37

 Park 2 2 11 20 29 38

  3 3 12 21 30 39

  1 4 13 22 31 40

 Farm 2 5 14 23 32 41

  3 6 15 24 33 42

  1 7 16 25 34 43

 Living room 2 8 17 26 35 44

  3 9 18 27 36 45

 A decision model, based on predefined decision rules (see Table 2), was made for 
research purposes to determine whether a child can progress to a higher concept level or has 
to go back to a lower concept level. Every child starts at the lowest concept and complexity 
level (one) and depending on how well he or she plays, reaches the highest concept and 
complexity level (five) sooner or later.

Table 2: Decision rules (maximum of eight wrong answers and three adaptive instruction-moments per game)
 Decision Action Consequence
 number  for next game
 1 finished last game correctly higher concept level
 2 less than three wrong answers during last two games  higher concept level
 3 less than seven wrong answers during last three games  higher concept level
 4 last three games twelve wrong answers  lower concept level
 5 less than thirteen wrong answers during last four games  higher concept level
 6 if not decision number 1 until 5  same  concept level
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 Irrespective of whether the game has been won or lost (played correctly or incorrectly), 
each game ends with a reinforcement procedure (see Figure 2): a dance party with lively 
music so that the child can jump about and interact with the computer or a supervisor.

Figure 2: Design of a samenslim game

1.5  Objective of this dissertation
The first aim of this dissertation is to get insight in the educational power of available 
edutainment (a contraction of education and entertainment) games in the Netherlands. 
Therefore a checklist (see Chapter 2) has been developed to evaluate the quality of 
educational computer games that are representative for available games on the Dutch 
market. In this chapter, the samenslim games are evaluated as to whether they can function 
as a powerful learning environment.
 Secondly, the goal of this dissertation is to obtain insight in whether the samenslim 
games are able to improve learning-to-learn skills of (in)effective learning preschool children 
and whether they can be used to distinguish different types of ineffective (impulsive and 
unresponsive) and effective (reflective) learners (Chapter 3). The influence of multiple 
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instruction conditions (computer and/ or adult or no instruction) on mouse behavior has 
been studied to get insight in what type of instruction causes the greatest improvement of 
learning behavior. In other words, what type of instruction is most effective in improving 
learning-to-learn skills (Chapter 3). Furthermore, the aim of this dissertation is to evaluate 
whether children at risk of learning delays (e.g. low developmental age), thus, children 
who need it, benefit from the samenslim games (Chapter 4). In these two chapters (3 & 4) 
learning-to-learn processes during the intervention have been analyzed.
 Thirdly, mouse registrations of children with an already diagnosed developmental 
learning disability (e.g. Attention-Deficit Hyperactivity Disorder (ADHD) are collected to 
evaluate whether a computer program focused on improving learning-to-learn skills could be 
an adequate learning device for this group of young children (Chapter 5). The main question 
is whether adaptive instruction from a computer is powerful and motivating enough to 
regulate and improve behavior of young children with an early diagnosed developmental 
learning disability. Furthermore, in this chapter we investigated whether EF profiles of 
ADHD, Autistic Spectrum Disorder (ASD), comorbid (both ADHD and ASD) and typically 
developing children can be distinguished according to registered mouse behavior profiles.

1.6  Outline
Chapter two presents a theory of powerful learning environments and specifies criteria for 
evaluating the educational quality of edutainment games as a powerful learning environment 
for young children. In order to evaluate the educational quality of eight randomly selected 
games, including the samenslim game, a checklist has been developed according to the 
literature about characteristics of powerful learning environments.
 In chapter three a relative large scale study (n = 184) is presented to evaluate the ability 
of the samenslim games to improve ineffective learning-to-learn skills of preschool children. 
In this chapter it has been evaluated whether computers can function as a device to regulate 
behavior of young children (at risk). Furthermore, it was investigated whether different types 
of learners (unresponsive, reflective and impulsive children) can be distinguished according 
to registered mouse behavior processes. In this article, different types of instruction are 
taken into account, supervisor and/ or adult assisted instruction, to measure the impact of 
different types of instruction on performances and learning outcomes.
 Chapter four is focused on examining the possible benefits while playing the samenslim 
games of different types of children. This study focuses on individual characteristics of 184 
children, such as maternal educational level, developmental age and prior knowledge, to 
estimate the impact of the games on different types of children (at risk), relative to various 
kinds of characteristics. The main question in this study regards which type(s) of children are 
likely to show benefits while playing these games. To answer this question, different classes 
of mouse behavior trajectories are computed, based on intercepts and slopes across the 
games, to examine how various types of children (e.g. with low and high developmental age) 
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are probabilistically classified into classes that differ in the benefits while playing the game.
 In chapter five the main question is whether the samenslim game is able to improve and 
distinguish ineffective learning behavior of children from medical daycare centers. It has 
been examined whether the computer can be an adequate learning device to improve and 
distinguish behavior of children with extreme ineffective learning behavior, as measured 
by the underlying mouse behavior processes. In this multiple case-study, learning behavior 
processes of ADHD, ASD, comorbid and typically developing children are compared to 
evaluate which group does really profit from the samenslim game.
 Finally, in chapter six the findings and results are summarized and discussed.



18



2
Is edutainment software really educational?

A feature analysis of Dutch edutainment 
software for young children

B. Veenstra¹, P.L.C. van Geert¹, B.F. van der Meulen²

¹ Department of Developmental Psychology, University of Groningen
² Department of Special Needs, Education and Child Care, University of Groningen



Chapter 2

20

Abstract
This study examines the educational power of edutainment software for young children. A 
theoretically justified checklist is presented, based on literature about characteristics of powerful 
learning environments. The checklist can be used to evaluate characteristics of edutainment 
(online) games for children in order to obtain an overview of the power of educational software as a 
powerful learning environment. Eight Dutch edutainment games for young children were selected 
based on two criteria: the educational aspect of the game and the child’s recommended age. This 
article suggests that current Dutch edutainment software does not seem to meet the theoretical 
requirements for powerful learning environments. The current checklist can help designers of new 
edutainment games to improve the educational quality of edutainment software.

This chapter is published as: Is edutainment software really educational? A feature analysis of Dutch edutain-
ment software for young children. Netherlands Journal of Psychology 66(2), 2011.
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Chapter 2

Thirty years ago educators and technologists discovered the educational power of 
computers (Bryce & Rutter, 2003). As a consequence, new educational computer programs 
for young children have been developed, also called: ‘educational software’ or ‘edutainment 
software’. ‘Edutainment software’ is a contraction of education and entertainment. It means 
that learning takes places through software that both educates and entertains (Egenfeldt-
Nielsen, 2007).
 Edutainment software relies heavily on technology, especially computer software 
(Rapeepisarn, Wong, Fung & Depickere, 2006). It usually exists in the form of educational 
electronic games aimed at teaching and learning concepts and processes. It is a game genre 
that heavily relies on visuals and narratives or game formats, but also incorporates some 
type of learning objective, for example concepts and processes (Buckingham & Scanlon, 
2000; Okan, 2003). The purpose of edutainment is to attract and hold the attention and high 
motivation of the learners by means of a computer monitor showing rich displays of vividly 
colored animations (Embi & Hussain, 2005), in order for learning to take place.
 Parents of young children are encouraged to believe that edutainment software 
stimulates the development of their children’s skills (Okan, 2003). Edutainment is therefore 
advertised as a meaningful experience for young children, because the aim of edutainment is 
playful learning of one or multiple skills in a particular developmental domain. Edutainment 
learning depends on the belief that learning is “fun”. 
 Many designers of edutainment software for young children (preschool children) claim 
that their software is beneficial for the development of specific or multiple skills in children. 
Edutainment software frequently provides messages such as: “develop preschool skills: 
vocabulary, early reading, numbers and counting” or “discover and learn: letters, shapes, 
colors, cause and effects and memory skills” (for example Disney, 2007; Go Diego Go, 
2008). The marketing often suggests that learning can be fun and that edutainment offers a 
technology in which playful learning can take place. 
 However, it is currently still largely unclear whether software for young children 
that claims a learning effect, is really educational and really provides a playful and at the 
same time powerful learning environment for children. For that reason, it is important to 
investigate whether the claims of the game designers are empirically supported. Given the 
wealth of available edutainment software, it is almost impossible to study the effects of 
each software product. We suggest that a good way of making a preliminary selection of 
educationally promising edutainment is to first check to what extent a particular software 
product complies with a number of theoretical criteria for powerful learning. By way of a 
working definition, we describe powerful learning as learning that takes place effectively and 
efficiently, leading to permanent increases in relevant and usable knowledge and skills that 
stimulate and support further learning.
 The aim of our paper is firstly to present and theoretically justify a checklist, mainly based 
on literature about characteristics of powerful learning environments, containing criteria 
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according to which edutainment software can be classified as a more or less powerful 
learning environment, aimed at achieving powerful learning in young children. Secondly, we 
will describe how the checklist has been used in a pilot-study, evaluating characteristics of 
Dutch edutainment (online) games for children (between 6 months – 6 years) to obtain an 
overview of the power of educational software as a powerful learning environment.

2 Characteristics of powerful learning in preschool children

Learning is a complex phenomenon. It can be defined as a relatively permanent change of 
behavior or behavioral modification. Learning is a process by which an organism’s behavior 
is modified. These changes can be more or less permanent and cannot be attributed to 
maturation, but to exercise or experience (Keller & Werchan, 2006; Smolak, 1986). Learning 
can also be defined as the act, process, or experience of gaining knowledge or skill, gained 
in many contexts for example school or family. It can be seen as a constructivist process: 
learning is enhanced when the learner actively engages with the content (Elliott, Kratochwill, 
Cook & Travers, 2000). Knowledge is built by the learner and not simply supplied or 
transmitted by the teacher. The building of knowledge can be stimulated by a number of 
teaching strategies: learning best occurs when children engage in activities that are at the 
peak of their abilities, when they have to work to their full potential to accomplish a task. 
 Many factors are influencing a learning process, for example emotional, motivational, 
social and cognitive components (Birenbaum, 2003; Howard, Morgan & Ellis, 2006; Langelier 
& Connell, 2005). However, there is one major force in learning: social interaction (Vygotsky, 
1978). Social contexts are important in learning: they can present new information that may 
be inconsistent with the child’s existing knowledge structures. The central feature of a social 
learning context is that it provides adaptive, learning-oriented interaction and feedback. For 
this reason, learning profits from interactions with peers, parents or teachers, but also from 
human-machine interaction. New structures can be constructed and existing knowledge 
can be adapted (Birenbaum, 2003).
 In Guralnick’s (2005) model of factors influencing children’s developmental outcomes, 
family patterns are seen as primarily responsible for child outcomes. An important property 
of such patterns is the family-orchestrated child experiences, which are defined as things 
families do to provide meaningful experiences for children. Such orchestrated experiences 
are responsible, conditional or beneficial for developmental outcomes in children (Guralnick, 
1997). Families can provide the child with learning experiences by creating and maintaining 
the opportunity of developmentally adequate human machine interaction, for example 
through the internet or computer games. The genuinely social nature of interactions, 
however, provides an additional value to the machine-based opportunities. In particular, 
collaboration fosters the learning process of both less and more advanced learners: children 
tend to perform better in pairs than if they work alone (Lehtinen, 2003).



Is edutainment software really educational?

23

Chapter 2

 Social interaction fosters the learner’s engagement in particular if it takes place in an 
environment with playful learning characteristics. Play contexts are environments that 
strongly engage the learner, and learner engagement is positively related to learning 
success (Herrington, Oliver & Reeves, 2003; Kearsley & Shneiderman, 1998). Engagement 
can be defined as the active focus and energetic involvement with a task. Playful learning 
characteristics engage or motivate children and these children achieve earlier or better 
school readiness (Diamond, Barnett, Thomas & Munro, 2007). Playful learning characteristics 
therefore foster powerful learning, in that they encourage academic exploration and actively 
engage children. Development of language, acquisition of emergent literacy skills, capturing 
attention and knowledge of math are supported through play and through guided playful 
learning (Hirsh-Pasek, Michnick, Golinkoff, Berk & Singer, 2009). The NAEYC (National 
Association for the Education of Young Children) notes that play “provides a context for 
children to practice newly acquired skills and also to function on the edge of their developing 
capacities, to take on new social roles, attempt novel or challenging tasks, and solve complex 
problems that they would not (or could not) otherwise do” (Hirsh-Pasek et al., 2009, p.23).
 An important predictor of powerful learning is the child’s ability to self-regulate its actions 
(Slavin, 2006). Self-regulation or cognitive control (such as, goal setting, planning, listening 
to directions, paying attention or solving a task without continuous supervision) predict 
academic achievement from preschool to high school (Diamond et al., 2007). Learning 
self-regulatory skills requires having goals and motivation to attain goals, and learning of 
this takes place through play (Boekaerts, 1995; Diamond et al. 2007). In this respect, it is 
important to note that Blair & Razza (2007) have clearly demonstrated the importance of 
play for teaching preschool children to regulate their own behavior, thus showing that early 
playful learning can make a strong contribution to later academic performance.
 As mentioned earlier, social interaction (e.g. adult-guided interaction) fosters learning in 
children in playful learning environments (Hirsh-Pasek et al., 2009). However, this interaction 
should be adapted to at least two characteristics to achieve high engagement. The first 
aspect is that interaction or instruction should be adapted to the cognitive level and already 
achieved skills in the child (Vygotsky, 1978). The second characteristic is that the interaction 
should evoke self-sustaining interest or curiosity of the child (Csikszentmihalyi, 1990).
 To begin with the first aspect, interaction or instruction must be matched with a child’s 
cognition or developmental level. Vygotsky introduced the concept of the Zone of Proximal 
Development (ZPD), which is the difference of what the child can do or learn independently 
and what the child can do or learn with a more skilled partner (Vygotsky, 1978). Only if there 
is a balance between challenge and already achieved skills (the interaction takes place within 
the ZPD), powerful learning can take place. The effectiveness of peer interaction (cooperative 
learning) is also supported by Vygotsky (1978). Peers are usually operating within each 
other’s ZPD, they are likely to understand the other child’s reasoning process and to provide 
support that stimulates meaningful learning. This element of social interaction can also be 
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present in activities other than interpersonal interaction, for example computer tools for 
instruction. The computer can also serve as a ZPD, thus as a “more capable peer”, in which 
the child is left in much freedom to explore and expend effort in the process (Salomon, 
Globerson & Guterman, 1989).
 As regards the second aspect, interest and curiosity are central aspects in 
Csikszentmihalyi’s flow-theory. He describes flow as a way to achieve powerful learning: a 
form of intrinsic motivation, a feeling of optimal experience (engagement in a task comes 
from enjoyment or satisfaction to complete a task) (Csikszentmihalyi, 1990; Davis, Bagozzi 
& Warshaw, 1992). Flow can be considered as “a psychological state describing the optimal 
feeling of learners who are cognitively efficient, motivated and happy” (Csikszentmihalyi, 
1990). Challenging activities that reach and support the learner’s self-sustaining curiosity 
are central in flow theory. Such self-sustaining curiosity occurs if there is a balance between 
high challenge and skills (Csikszentmihalyi, 1990). Flow theory integrates three components 
that are related to engagement: cognition, motivation and emotions (Csikszentmihalyi, 
1975; Csikszentmihalyi & Csikszentmihalyi, 1988). One assumption of this theory is that 
powerful learning environments involve enhanced cognitive processing, are intrinsically 
motivated and are related to positive emotions (Meyer & Turner, 2006).
 Csikszentmihalyi (1990, 1993) constructed the concept of flow along nine dimensions, 
(1) sensing that one’s skills are balanced to the challenges, (2) merging action and awareness, 
(3) engaging clear goals, (4) directing unambiguous feedback, (5) concentrating on the 
task at hand, (6) feeling in control, (7) loss of self-consciousness, (8) transforming of time. 
The ninth dimension implies that the learner has a so-called autotelic experience (intrinsic 
motivation): the end result of being in flow, a feeling of doing something for its own sake, 
with no expectation of future reward or benefit (Tenenbaum, Fogarty & Jackson, 1999). 
Powerful learning environments should entail all or at least a significant subset of these nine 
characteristics.
 Vygotsky’s theory parallels Csikszentmihalyi’s flow-theory in the sense that powerful 
learning activities are a balance between challenge and already achieved skills (moderate 
challenge). A learner feels that his skills are ‘stretched’ to meet the challenge and 
experiences flow when his or her perceived skills and challenges are both high (Meyer & 
Turner, 2006; Liao, 2006). However, an important difference between these theories is that 
Csikszentmihalyi (1990) is primarily focused on the self-sustaining interest of the learner to 
evoke curiosity and achieve engagement, whereas Vygotsky (1978) more explicitly focuses 
on the readiness of the learner and on the possibilities implied in the already achieved skills 
in the child.
 Our conclusion is that to achieve powerful learning in children, high engagement or 
flow should be attained. Interaction or instruction should evoke self-sustaining curiosity 
and interest in understanding new concepts or tasks. Playful learning environments can 
therefore function as an appropriate environment for young children to optimally learn new 
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skills and concepts. In addition, in order to achieve powerful learning, social interaction or 
instruction should be provided within the ZPD of the learner.

 3 The concept of a powerful learning environment

3.1 A definition 
Educators can promote powerful learning by designing powerful learning environments. 
According to Bétrancourt, Dillenbourg & Montarnal (2003) powerful learning environments 
generate high learning gains for its users. Learners in powerful learning environments are 
encouraged to construct their own knowledge, learn in realistic situations and to learn 
together with others. There are various slightly different definitions of powerful learning 
environments, but the common interpretation is that powerful learning environments 
promote active and constructive learning and present collaborative activities (De Jong & 
Pieters, 2006).
 The level of interactivity (the learners’ activity (practice) and interactivity in instruction) 
is the core “powerful” mechanism in computer technology (Bétrancourt, Dillenbourg & 
Montarnal, 2003). In powerful learning environments children can make decisions and 
are allowed to take initiative in learning. They can make choices which can be explored or 
manipulated (Gillespie & Beisser, 2001). The instructional design is aimed at integrated sets 
of learning goals (De Corte, Verschaffel, Entwistle & Van Merriënboer, 2003). The main goal 
of powerful learning environments is to learn through practice by improving one or more 
skills in a child on a particular developmental domain. Instruction must be fully aligned with 
individual differences and human cognitive architecture (for instance, the limited processing 
capacity of the human mind; De Corte et al., 2003). The learners’ capacities are enhanced 
or the learners’ cognitive capacities are ‘stretched’ through specific types of support. This 
support facilitates knowledge acquisition or practice of one or more skills (Linn, Davis & 
Bell, 2004; Quintana, et al., 2004).
 In this context, engagement can be defined as an energetic involvement as a result of a 
powerful learning environment. In a similar vein, flow can also be defined as a psychological 
state of a child that emerges in a powerful learning environment. Powerful learning 
environments are based on what we know of child developmental theories: they are age 
appropriate, individually appropriate: they should take an eclectic view of learning (people 
learn in different ways) and also be socioculturally appropriate (Bredekamp & Copple, 1997; 
De Corte et al., 2003).
 Based on this information, our working definition of a powerful learning environment 
in this context is as follows: an environment in which active and constructive learning is 
promoted by playful learning and is aligned with individual differences (Vygotsky, 1978) to 
reach high engagement and flow (curiosity or interest) (Csikszentmihalyi, 1990) in a learner.
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3.2 Important characteristics 
The aim of a powerful learning environment is to create a context in which characteristics 
of powerful learning are reinforced (see our working definition of powerful learning in the 
introductory section). Developmental theories related to active and constructive learning 
have therefore implications for the construction of powerful learning environments 
(Gillespie & Beisser, 2001; McCarrick & Xiaoming, 2007). To enhance powerful learning, 
children have to be actively involved or highly engaged in order to obtain direct experiences. 
High engagement and flow can be achieved when children get the occasion to explore in a 
social and playful learning environment. Through these experiences, children can construct 
knowledge independently (Hirsh-Pasek et al., 2009).
 Effective instructional interactions respond to emotions of the learner, thus suggesting 
how a goal structure in a learning environment may be emotionally scaffolded, i.e positively 
and interactively supported (Meyer & Turner, 2006; Patrick, Turner, Meyer & Midgley, 2003; 
Turner et al., 2003; Turner & Patrick, 2004). Positive support is associated with the learners’ 
motivation or interest: behavior is strengthened by praises or rewards (Slavin, 2006; Turner 
& Patrick, 2004). We have seen that selfsustained interest is an important aspect of flow. 
Additional elements of flow manifested in powerful learning environments are for instance, 
tasks that can be completed, clear goals and immediate, specific feedback (Jones, 1998). 
 Vygotsky’s developmental notion of the Zone of Proximal Development has its 
pedagogical counterpart in the notion of scaffolding. The concept of scaffolding was 
introduced by Bruner in the 1970ies and was defined as “… an adult controlling those 
elements of a task that are essentially beyond the learner’s capacity, thus permitting 
him to concentrate upon and complete only those elements that are within his range of 
competence” (Wood, Bruner & Ross, 1976, p.90).
 In the current article we wish to propose an enriched notion of scaffolding, which 
entails a general theory of powerful learning environments that is based on the theory of 
Vygotsky (1978) and on the flow theory of Csikszentmihalyi (1990). In our view, a powerful 
learning theory should thus be consistent with the characteristics of a scaffolding situation 
as described by this enriched definition, which we shall develop further in this section. A 
scaffolding situation stimulates characteristics of powerful learning in young children, for 
example play, social context, high engagement or flow. It supports and facilitates active 
and constructive learning (McKenzie, 1999). Scaffolding in the enriched sense also implies 
the influence that peers, parents and teachers have an influence on the construction of 
knowledge in the child. They provide the socially mediated practice and experiences within 
the child’s Zone of Proximal Development that Vygotsky (1978) saw as an important 
mechanism of cognitive development.
 Granott (2005) defines successful scaffolding as “an increase in the scaffoldee’s (child/ 
novice) independent activity level following the scaffolder’s (adult/ expert) scaffolding”. 
Scaffolding strategies differ among contexts and individuals: they are used to break the task 
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into pieces that are easy to handle for an individual child. Scaffolding is the use of some 
support that makes a particular learning process possible and can be withdrawn when the 
child is capable to do the task independently, that is, when the scaffoldee is inside his Zone 
of Current Development (ZCD) (Granott, 2005; Granott, Fischer & Parziale, 2002; Van 
Geert & Steenbeek, 2006; Vygotsky, 1978). Paraphrasing Van Geert & Steenbeek (2006), 
scaffolding is a dynamic and self-sustaining coupling between two changing levels: the level 
of competence embodied in the learner and the level of competence embodied in the level 
of teaching. It stimulates engagement of the learner: comprehension of a task, motivation, 
instruction, social interaction and asking questions. It results in effective learning: the skill 
is advanced and internalized by appropriating the level incorporated in the past scaffolding 
(McKenzie, 1999; Van Geert & Steenbeek, 2006).
 The scaffoldee loses engagement when unsuccessful scaffolding takes place. Unsuccessful 
scaffolding can be defined as the lack of a relation between the scaffolder’s input and the 
scaffoldee’s current or preceding level (Granott, 2005). The strong positive relationship 
between scaffolding strategies, based on Vygotsky’s ZPD and curiosity (moderate challenge 
for the learner) of the learner emphasizes the presence of these strategies in powerful 
learning environments, as defined in the preceding section.
 In Van Geert & Steenbeek’s (2006) dynamic model of scaffolding, the help and 
instruction provided by a more competent person (e.g. a teacher, or an edutainment 
software program) is a function of the learner’s current level and of the ultimate goal that 
the supporting instance wishes to achieve. The goals embedded in a current interaction 
between a scaffolder and a scaffoldee are thus dynamically inferred from an overarching 
goal structure that guides the action. Goal structures, but also the participants’ concerns 
and interests not only guide the process, but also guide the emotions that play an important 
role in the “flow” of the scaffolding process (Steenbeek & Van Geert, 2007). 

4 Is Edutainment a Powerful Learning Environment?

4.1. Characteristics of powerful edutainment software
Edutainment that contributes to learning one or more specific skills in a particular 
developmental domain should have characteristics theoretically substantiated in the 
literature about characteristics of powerful learning environments.
 Powerful learning can be achieved if edutainment contains a number of individually, age 
and socioculturally appropriate characteristics that stimulate playful learning, motivation, 
engagement and flow and that allow for the establishment of a scaffolding interaction 
according to the enriched notion described above. General scaffolding strategies that can 
be directly related to edutainment software are summarized below. 
 One of these strategies is conceptual or supportive scaffolding (Cagiltay, 2006; McKenzie, 
1999). Examples of mechanisms of supportive scaffolding are: cueing and hinting, prompting, 
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coaching comments, providing feedback1 and advice on performance, provoking reflection or 
providing a model for design or a structure to design in. Other characteristics of scaffolding 
that can be used in edutainment software are, for instance, the giving of clear directions 
to reduce confusion of the learner or clarifying the purpose. The learner must understand 
why he is doing the task and why it is important (it provides directions adapted to individual 
differences of the learner, in order to help the child achieving the goal). Keeping the learner 
on task and motivated by providing structure or simplifying the task are two important 
scaffolding strategies. More examples of scaffolding techniques are: offering assessment and 
feedback to clarify expectations, pointing learners to worthy sources, reducing uncertainty, 
techniques to surprise and disappoint, delivering efficiency (Bransford, Brown & Cocking, 
2000; McKenzie, 1999).
 Other scaffolding strategies necessary for turning edutainment software into powerful 
learning environments are positive feedback and scaffolding strategies within the ZPD of 
the individual child, in which there is mutual adaptation between scaffolder and scaffoldee 
in an iterative or gradual process (Meyer & Turner, 2006; Van Geert & Steenbeek, 2006). 
Individual capacities (for example intellectual capacities or age, in terms of levels) should 
be taken into account when instruction is given to a child (Van Geert & Steenbeek, 2006; 
Vygotsky, 1978; Webb, 1991). Giving examples or demonstrations in terms of instruction 
is also an important aspect of teaching: showing, rather than only telling, is essential for 
children to learn specific skills (Slavin, 2009).
 In order to maintain the dynamics of the scaffolding situation, there should be an 
overarching or distal goal that explicitly guides the scaffolding actions, in function of the 
current level of competence or skill attained by the child (Van Geert and Steenbeek, 2006).
 To stimulate a child’s high engagement and flow and in order to achieve a high learning 
effect, powerful edutainment software should contain scaffolding characteristics like variety, 
diversity or novelty to achieve curiosity (Arnone, 2003), perceived control (Deci, Connell & 
Ryan, 1989; Ryan and Deci, 2000), challenge and fantasy (Lim & Kim, 2003), competition 
(Tripathi, 1992), cooperation and recognition (Collopy & Green, 1995). Assessment of 
performances, e.g. giving insight in norms and gathering information about a child’s abilities, 
improves skills in the child. If a child monitors his progress toward a goal, the child makes 
an evaluative judgment about his performances. This can be a motivating influence on the 
performance and is a critical component of self-regulation: a child takes action to reduce the 
discrepancy between his own performance and the standard or goal (Driscoll, 1999; Slavin, 
2009).
 Additional strategies for obtaining powerful learning are moderate challenge, features 
that simulate interest or curiosity and enhance a child’s control and embedded short-term 
goals (Ames, 1992; Brophy, 2004; Eccles, Wigfield & Schiefele, 1998; Lim & Kim, 2003; 

1 Italic concepts correspond to the main categories of the checklist in Appendix I.
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Meyer & Turner, 2006; Pintrich, 2003; Pintrich & Schunk, 2002; Stipek, 1996). Animations 
and sounds should not distract from the learning process (e.g. splashy special effects foster 
impulsive mouse clicks; Healy, 1998). There should be a relation between the displays and 
the task or goal, but in such a way that a child does not fully realize that the task is educational 
(Embi & Hussain, 2005; Okan, 2003).
 The content of edutainment software should be free of ethnicity, gender, sex and other 
stereotypes (Aronson, 2002). Interface-learner interaction (the process of manipulating 
tools to complete a task by interacting with technology) is positively related to flow 
experience and to a positive learning effect (Liao, 2006). 

4.2. A systematic list of criteria for edutainment software as a powerful learning 
environment
Based on the preceding survey of properties (section 4.1.) and based on often referenced 
heuristics in literature of specific characteristics of computer games (e.g. Embi & Hussain, 
2005; Polonoli, 2004), a systematic list with concrete, measurable characteristics has 
been developed to evaluate the quality of edutainment software as a powerful learning 
environment. 
 The goal of the checklist (see Appendix I) is to provide information about the educational 
power of edutainment software. The list makes it possible to check whether software 
contains scientifically or heuristically based characteristics that contribute to learning or 
development of one or multiple skills in children. With this checklist, users (for example 
parents, teachers) are informed about the value of particular edutainment software as an 
educational environment.
 Software-designers are informed about which positive criteria edutainment games 
should satisfy in order to count as powerful learning environments. The more positive 
characteristics mentioned in the list a game contains, the higher the probability that the 
edutainment software will indeed provide a powerful learning environment. Further studies 
of powerful learning environments, especially in the context of digitally supported learning 
may help to extend and improve the current checklist.
 Checklists often imply a cut-off score, implying that if certain requirements are not 
fulfilled, the evaluated product (for example a test or an educational software program) 
is not acceptable or does not meet minimal standards. Because the current list has still a 
provisional character, a cut-off score has not been determined yet. Instead, for each scale, 
three possible scores are presented: unsatisfactory, satisfactory and good. 
 At present, the checklist’s validity is confined to theoretical or concept validity. That is, 
it is based on the theoretical criteria for powerful learning environments extracted from 
the literature and on heuristic and common-sense-based criteria for educationally adequate 
software. Predictive validity could be established by investigating the association, for 
instance by means of correlations, between the checklist scores of particular edutainment 



Chapter 2

30

software and that software’s learning effects. Such investigation would be highly labor-
intensive and a goal for future research. As regards the checklist’s discriminatory validity, 
we will discuss a pilot study in which eight (commercially) available edutainment programs 
were compared in the next section.
 The checklist contains a number of main questions (for example feedback, instruction, 
learning goals, and interface), which are subdivided into more specific items. If the main 
question is answered negatively, the user is directed to the next main category. To score the 
questions in the checklist, users have to study the instructions about the operationalizations 
of the main definitions used in the checklist (see Appendix II).
 As to the reliability of the checklist, we present the results of a small pilot study in which 
eight edutainment games were evaluated by two raters. The study showed that the inter-
rater reliability was .85. This reliability can be considered as good or acceptable (table 1). 
100% agreement was measured on many items, e.g. item 1, 3 and 4, although some items 
score relatively low on the percentage agreement, i.c. item 22 and 31. Concerning item 22 it
was unclear whether technical support was included or not. This item should be changed into 
“the child can independently operate the program (with exception of technical support)”. 
The formulation of item 31 should be adapted into “the game is arranged for all ethnicities 
(not provided by information on the cover)”.
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Table 1: Percentage agreement between two raters per item (score 1: agreement between the raters, score 0: 
no agreement on the specific item)

 Item number Game Game  Game  Game  Game  Game  Game  Game  Percentage  

 in checklist 1 2 3 4 5 6 7 8 agreement

 1 1 1 1 1 1 1 1 1 100

 2 0 0 1 1 1 0 1 0 50

 3 1 1 1 1 1 1 1 1 100

 4 1 1 1 1 1 1 1 1 100

 5 1 1 1 1 0 1 0 1 75

 6 1 1 1 1 1 1 1 1 100

 7 1 1 1 1 1 1 1 1 100

 8 1 1 1 1 1 1 1 1 100

 9 1 0 1 1 0 1 0 0 50

 10 1 1 1 1 1 1 1 1 100

 11 1 1 1 0 1 1 1 1 87.5

 12 1 1 1 1 1 1 1 1 100

 13 1 1 1 1 1 1 1 1 100

 14 1 0 1 1 1 1 1 1 87.5

 15 1 1 1 1 1 1 0 0 75

 16 1 1 1 1 1 1 1 1 100

 17 1 0 0 1 1 1 1 1 75

 18 0 1 0 0 1 1 1 1 62.5

 19 1 1 1 1 1 1 0 1 87.5

 20 1 1 1 1 0 1 0 1 75

 21 1 1 1 1 1 1 1 0 87.5

 22 0 1 1 0 0 1 0 0 37.5

 23 1 1 1 1 1 1 0 1 87.5

 24 1 0 1 1 1 1 1 1 87.5

 25 1 1 1 1 1 1 1 1 100

 26 1 0 1 1 1 1 1 1 87.5

 27 1 0 1 1 1 1 1 1 87.5

 28 1 1 1 1 1 1 1 1 100

 29 1 1 1 1 1 1 1 1 100

 30 1 1 1 1 1 1 1 1 100

 31 1 0 1 1 0 0 0 0 37.5

 32 1 0 0 1 1 1 1 1 75

 33 1 1 1 1 1 1 1 1 100

 34 1 0 1 1 1 1 1 1 87.5

 35 1 1 1 1 1 1 1 0 87.5

 Percentage 91.4 71.4 91.4 91.4 85.7 94.3 77.1 80 85.4

 agreement
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5 A critical evaluation of current Edutainment Software 

 5.1  Educational claims 
In this pilot study eight randomly selected games of thirty purchased edutainment games 
and one available online game are evaluated with the Edutainment Software Evaluation 
Checklist (ESEC). The aim of the study was to evaluate whether Dutch edutainment 
software contains important educational features as mentioned in the ESEC. In Table 2 the 
game properties and educational claims are summarized. 
 Two game selection criteria were determined to evaluate an appropriate game in this 
study. Firstly, games had to provide explicit information about the educational aspect of 
the game in order to decide whether a game can be called edutainment software or mainly 
entertainment. Games with entertainment as the only goal were of course not selected 
in this study. To decide whether the game contains an educational aspect, information 
about educational claims had to be clearly available to the customer, a criterion that we 
operationalized by the requirement that the educational aim had to be clearly formulated 
on the cover of the game package or in the manual. The educational aims must specify which 
skill, or multiple skills, will be fostered through playing the specific game. Secondly, the game 
had to be suitable for young children between six months and six years old. 
 The games in this study are purchased in the period November 2008 and February 2009 
in Dutch online shops, in Dutch toy- and entertainment/ media-shops. Thirty edutainment 
games were purchased, based on the two selection criteria mentioned in this section. Two 
mini-laptops of five purchased laptops were randomly selected in this evaluative study. Five 
cd-rom games were randomly selected of the ten purchased cd-roms and one Dutch free 
online game on an internet-website was selected, based on the first selection criterion. No 
other free online Dutch games with clear educational aspects mentioned on their website 
were found on the internet. This a-select sample of selected games seems to be therefore 
statistically reasonably representative.
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Table 2: Game properties and educational claims of the eight selected games 
 Game name Publisher Kind of Advised  Educational claims
   game Age
 Computer Kid   Clementoni Mini- from 3  Learning letters, numbers, forms and colors
 Friend  laptop years
 Bumba Laptop VTech Mini- from 9  Learning forms, objects, words, sounds and 
   laptop months music, language development, sensory 
     development, discovering and exploring, 
     motor skills
 Teletubbies (1998) BBC Cd-rom from 2  Learning areas: eye-hand coordination, talking
  Worldwide  years and listening, recognizing forms, places, sizes, 
  Ltd.   amounts, spatial insight, following patterns, 
  Memphis   fantasy and creativity
  Belle B.V. 
 Tweenies – Mega BBC Cd-rom from 3 Creativity and fantasy
 Knutselfeest (2004)  Worldwide  years
  Ltd. 
  Memphis
  Belle B.V.
 Go Diego go! (Nick Jr)  Viacom Cd-rom from 3 Learning new animals, animal sounds and 
 (2008)  International  years tracks, development of visual and motor skills,
  Inc.   solving problems, counting, respecting animals
     and environment
 Disney - Het boek van Disney Cd-rom from 3 Numbers, letters and word associations,
 Poeh – Verhaal met Interactive  years recognizing patterns, forms and colors,  making
 een staartje (2007) Studios   connections, critical thinking, memory training,
     analytical and creative thinking, solving 
     problems and following directions, spatial  
     insight
 Sesamstraat – De  Sesame Cd-rom from 3 till Solving problems, recognizing cause and effect,
 avonturen van Elmo in Workshop  6 years sharing with friends
 Mopperland (2004)      
 www.samenslim.nl The internet Online from 3 till Learning-to-learn 
   game 5 years
 

5.2 Does available edutainment software comply with the list of criteria?
The results of the evaluation are discussed in terms of the six main categories of the checklist. 
In Table 3 results of the evaluation are presented.
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Table 3: Results of the evaluation of the eight selected games 
 Main Bumba Teletubbies Tweenies -   Computer  Disney   Go Sesamstraat  Samenslim.nl
 categories Laptop (1998) Mega Kid - Het Diego - De
    Knutselfeest Friend boek go! avonturen
    (2004)  van (Nick van Elmo in
      Poeh - Jr) Mopperland
      Verhaal (2008) (2004)
      met
      een
      staartje
      (2007)
 Feedback - - +/- +/- +/- + + +
 Learning 
 goals - - - +/- +/- +/- - +/-
 Instruction +/- +/- - - - - +/- +/-
 Interface +/- +/- + + + +/- + +
 Level - - - - - +/- +/- +/-
 Content - - - +/- +/- +/- +/- +/-
 Total*  2 2 3 5 5 6 7 8
* Based on unweighted quantified score (max. 12)
Note. + = good, +/- = satisfactory, -= unsatisfactory

Feedback
There are considerable differences in the quality of feedback strategies between the eight 
selected games, as defined and measured by our checklist. Bumba Laptop and Teletubbies 
obtain the minimum score (zero) on this main category of the ESEC. These products lack the 
important characteristic of feedback. These scores are not acceptable in terms of powerful 
learning environments.
 Computer Kid Friend, Disney and Tweenies score satisfactorily on this category. However, 
in all games global feedback is given and in the Tweenies game, feedback often sounds 
negatively with a nagging voice when a child acts wrong. In the Disney game, feedback is 
only given as a correction when a child acts wrong.
 The games evaluated positively with the checklist are Go Diego go, Sesamstraat en 
Samenslim. All three games score the maximum score on this part of the checklist. Specific, 
clear and positive feedback is given in these games, which is likely to stimulate the child to 
play another game or to try again in a difficult task.

Learning goals
The scores on learning goals of all selected games in this study are four times unsatisfactory 
and four times satisfactory. No game was evaluated by the maximum score ‘good’ on this 
topic. However, all games formulated clear learning goals on the cover and/ or in the manual.
It can be concluded that none of the selected edutainment games contain scientifically 
and theoretically founded evidence that these specific games cause improvement in one 
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or multiple skills. All package covers promise that one or multiple skills will be learned by 
playing that specific game, by they do not provide scientific evidence for their claims.
 The samenslim website states that scientific research on the effectiveness of these games 
is still going on. The samenslim game is the only game in which information is given about the 
theoretical foundations of the game in the form of a scientific article. In the manuals of the 
other selected games no information was available about empirical studies or theoretical 
foundations.
 In the Teletubbies game it is unclear what the child has to do to reach the learning 
goal, that is, there is no clear in-game goal. One positive aspect of the Disney game is the 
possibility to check the performances of the child in comparison to the learning goals. Disney 
is the only game in which this check (to measure the degree of goal attainment) is possible.

Instruction
The instruction in the selected games is not optimal. Some games contain no instruction 
before the game starts: Tweenies, Go Diego Go or Computer Kid Friend and Disney. In the 
Teletubbies game there is no instruction before the game starts, but the manual describes 
how to play the game. The Disney game can be started when the child clicks on the left 
mouse button on a figure on the screen, but the child is not instructed to click to select a 
game. When the game starts, no instruction or demonstration is given about what to do to 
reach the game goal.
 The eight selected games do not contain demonstration or practice possibilities. A 
positive aspect of most games is that they can be played independently (without supervision 
of an adult). Go Diego Go is a game for children from three years on. The name of the child 
has to be filled in before starting the game and in order to play the game the level has 
to be chosen. Also the language in the game, meant for children from three years old, is 
sometimes too difficult to comprehend. This results in the fact that supervision during the 
start of the game and while playing this game is desirable, but the negative point is that the 
manual provides no information about how to assist the child. 

Interface
In all games graphics, colors and sounds are appropriate and clear. Sounds are used for 
appropriate instructional and attractive reasons and graphics are colorful and attractive. 
Some games contain language that is too difficult for the user group, for example too difficult 
animal names are used in Go Diego Go. Disney and Bumba Laptop (for children from nine 
months) sometimes use too difficult words in the sentences (English words, unfamiliar first 
names or difficult animal names), which makes instruction or interaction complex.
 In most games the navigation buttons are clear and consistent, but in the Teletubbies 
game, it is unclear what the child must do to reach a specific goal in the game. In this game it 
is unclear how to play (where to click on) to make progress in the game. In our opinion it is 
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difficult to independently operate the program. A positive aspect of most of the eight games 
is that they contain a high level of interactivity, as well as non-verbal actions of the figures 
and verbal actions of the figures in the game (e.g. asking questions).

Level
The ESEC checklist demonstrates a considerable variability in the quality of the levels: five of 
the selected games contain no levels, three games contain (adaptive) levels. This means that 
in five of these games there is no possibility to start at the appropriate level or that the game 
is not adaptive to the child’s performances. Go Diego Go, Sesamstraat en Samenslim score 
satisfactory on this part of the checklist, because they contain multiple levels and there can 
be started at a higher or lower level. The reason why none of these games are evaluated as 
good is that none of them contain child-criteria to play the levels adequately. No information 
is given about the properties of the child (e.g. cognitive skills, motor skills) that serve as 
criteria for deciding at which level the child should enter the game or continue the game. 
Insight in the progress of the individual child is not possible for parents or teachers in any of 
the eight games.

Content
All selected games are appropriate for both sexes and various ethnicities. A striking positive 
aspect is that in Teletubbies and Go Diego Go, black and white figures play a role in the 
game. On the cover of Bumba Laptop, a black and a white child are displayed. None of the 
games gives information about the appropriateness for both sexes or various ethnicities.
 Most games contain variety and novelty: multiple games can be played and games 
change in for example settings or tasks. However the goal of the Teletubbies game is not 
clear, Teletubbies stimulates the curiosity of the children by making various activities 
becoming visible if the child. In this way curiosity of children can be achieved. Competitive 
elements are not present in the games, but children are regularly challenged in the games, 
by means of remarks of role players in the game, e.g. “click again!” or “no, that is not correct, 
we’ll try an other!”. Cooperation with peers is only stimulated in the Disney-game, where 
“playing together with friends” is mentioned in the game.

6 Conclusion

From the evaluation it can be concluded that only a small number of eight selected Dutch 
edutainment software programs is moderately positively evaluated. Most games lack 
important characteristics of levels, content, instruction and learning goals. These games are 
negatively evaluated and are not sufficient to count as powerful learning environments.
 The most positively evaluated characteristic of the selected games is the interface, which 
is evaluated as satisfactory or good. High interaction, attractive colors and sounds stimulate 
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engagement and therefore playful learning of the child. The fact that the interface is the 
most positive aspect – and not for instance the goal or learning content – suggests that the 
makers of edutainment focus more on superficial aspects such as the visible interface, than 
on deeper aspects that relate to the aspect of powerful learning.
 Another moderately positively evaluated characteristic is the feedback given in the 
games, which is mostly evaluated as satisfactory. However, this feedback is generally of a 
global and negative nature. In our opinion, characteristics in edutainment games should 
be improved, particularly in providing positive, specific and adaptive feedback instead of 
negative and global feedback. Concrete, positive feedback is crucial for powerful learning 
environments: it stimulates intrinsic motivation and engagement of the learner and as a 
consequence powerful learning can take place.
 In spite of a moderately positive evaluation of the interface and the feedback strategies 
in the games, it can be concluded that only a small number of the games can  be considered 
as a powerful learning environment. Half of the games contain some, but not enough, 
characteristics of a powerful learning environment. Therefore they need to be further 
improved, and the currently lacking important characteristics of instruction, levels and 
learning goals (mentioned in the checklist) need to be compensated, in such a way that in 
the end the games can effectively foster powerful learning in young children. 
 Information about effects of empirical studies and theoretical foundations should be 
given in the manuals, in order to provide evidence that a specific game is really effective in 
the development of a young child. The content of the games can be improved by providing 
information about appropriateness with regard to gender, ethnicity and by introducing 
competitive elements in the games.
 More research has to be done to study skills that are required for the child to be able 
to play a game or a particular game level individual level adequately (entrance conditions). 
To put it differently, individual games have to be studied in detail in order to evaluate the 
appropriateness of each game or game level for the intended user group. After having done 
so, we can then proceed by providing norms that give insight in the performances and 
development of individual children. 
 It is therefore essential that software designers (together with educators) develop their 
edutainment software, taking into account the characteristics mentioned in the checklist. In 
this way edutainment software may function as a powerful learning environment for young 
children.
 Current Dutch edutainment software does not seem to meet the theoretical requirements 
in literature, in which characteristics of powerful learning environments are described. The 
edutainment software is particularly specialized in the entertainment characteristics instead 
of the educational aspect of the games. In the design of new edutainment games, the 
educational part of edutainment software should be more clearly emphasized. Instruction, 
feedback and content should be presented in such a way that young children are intrinsically 
motivated to learn in an environment that is as playful as it is powerful.
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Abstract
This research focuses on the effects of human versus computer instruction on improving the 
learning behavior of pre-school children. One-hundred-and-eighty-four unresponsive, impulsive 
or reflective Dutch preschoolers were randomly assigned to one of the four instruction conditions 
(computer-assisted instruction, adult-assisted instruction, both or no instruction). The children 
played a computer game focused on improving learning behavior during two or three sessions. 
The results show that the preschooler’s behavior during the game corresponds to regular learning 
behavior. Impulsive children showed most errors and mouse clicks and unresponsive children 
showed the least mouse clicks and a warming-up phase. As expected, in the computer-assisted 
instruction plus adult-assisted instruction condition all learners showed positive learning outcomes. 
Computer-assisted instruction reveals positive effects on learning outcomes of reflective and 
unresponsive learners and adult-assisted instruction reveals positive effects on impulsive children. 
Considering the overall development across the games, impulsive children did not improve their 
learning behavior. However, reflective and unresponsive children showed a learning effect. Reflective 
children showed a clear decrease of trials in the beginning and unresponsive children showed a 
relatively large increase in mouse clicks after a warming up-phase. However, their number of clicks 
remained lower than the reflective children. We can conclude that, since learning type is relevant, 
this game might function as an objective and reliable tool to assess the type of learning behavior of 
pre-school children. It is concluded that computer-assisted instruction in combination with adult-
assisted instruction is the best manner to regulate learning skills. 

This chapter is published as: Computer versus human-based support: Effect on computer game performances 
in (in)effectively learning preschoolers. Educational & Child Psychology, 27(4), 2010.
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1 Introduction

Educational computer games are increasingly used as a learning tool in preschool education. 
First, many preschool children already possess sufficient fine motor skills to move and click 
on the mouse adequately (Crook, 1992; Shimizu & McDonough, 2006; Stronmen, Revelle, 
Medoff & Razavi, 1996). Second, computer use in preschool has various advantages. 
Computers provide immediate feedback, make objective registrations of performances of 
the child (information for the teacher) and allow for working independently, which is saving 
time for the preschool teacher (DuPaul & Eckert, 1998; Hall, Hughes, & Filbert, 2000; Lillie, 
Hannun, & Stuck, 1989). Computer games also provide the opportunity of playful learning. 
Guided playful learning advances social development and offers a foundation for academic 
success (Hirsh-Pasek, Golinkoff, Berk & Singer, 2009). Another advantage of educational 
computer games is that they evoke curiosity and interest in young children. This often 
results in better learning than with traditional methods (Vernadakis, Avgerinos, Tsitskari & 
Zachopoulou, 2005). While playing a computer game, young children often achieve “flow” 
(Inal & Cagiltay, 2007). Flow can be described as a strong engagement in a task, associated 
with enjoyment and satisfaction to complete the task. The occurrence of flow depends on 
the balance between an individual’s skills and the difficulty of a task (Csikszentmihalyi, 1990).
 Computer games may function as an adequate learning tool, especially for ineffectively 
learning children, for instance impulsive children, who often have difficulties with achieving 
flow or staying on-task during a traditional educational task (DuPaul et al., 1998; Mautone, 
DuPaul & Jitendra, 2005; Ota & DuPaul, 2002). Children with such learning disabilities often 
lack good self-regulation strategies and have to be taught learning-to-learn skills in the early 
years in order to reduce the risk for a developmental delay (Diamond, Barnett, Thomas & 
Munro, 2007). Computer tasks are  able to improve on-task behavior of impulsive children 
(Mautone et al., 2005; Ota et al., 2002). Given the fact that computers are becoming 
more widely available in preschool education, it is likely that computer games focused on 
improving learning behavior are more easily implemented than other interventions that 
require professional time from the preschool teachers (DuPaul et al., 1998; Mautone et al., 
2005).

1.1 Ineffective and effective learning: impulsiveness, unresponsiveness and 
reflectiveness
Based upon the reflection-impulsivity dimension (Kagan, 1965), learners can be divided into 
two groups: ineffective (impulsive and unresponsive) versus effective (reflective) learners. 
Impulsive children finish their task quickly, but with many errors, fast response times and a 
high response uncertainty (Kagan, 1965; Wyatt & Fulton, 1987). In contrast with impulsive 
children, unresponsive children do not actively seek instruction or help. They make almost 
no errors, and withhold their response too long.
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 We see impulsive and unresponsive children as learners with deficiencies in their self-
regulation system, not having (enough) strategic knowledge. They do not pay enough 
attention to instructions, do not sufficiently monitor their own progress, do not sufficiently 
organize their task, or do not seek instruction when they have difficulties (Bornas, Servera 
& Llabrés, 1997; Newman, 1990; Stright & Supplee, 2002). These two kinds of ineffective 
learners form the extremes of a strategic continuum. In the middle part we find a third kind 
of learners, i.e. reflective children, defined as effective learners, who show self-control and 
adequate problem-solving strategies. They withhold their responses until they have a high 
probability of giving a correct answer (Bornas et al., 1997; Kagan, 1965). These children 
gather their information systematically or carefully.

1.2 Reducing ineffective learning behavior through adult- and computer-assisted 
instruction
Unresponsive or impulsive learning may be channeled into a more reflective learning 
strategy if adequate instruction is provided. In the context of computer activities, two types 
of instruction can be defined: adult-assisted instruction and computer-assisted instruction. 
Research (e.g. Jelsma & Pieters, 1989; Jelsma & Van Merriënboer, 1989) indicates that by 
creating adequate instructional conditions, impulsive children may be led towards a more 
reflective strategy, which may then improve their learning outcomes. In order to be effective 
in improving learning behavior, instruction must be focused on the self-regulatory behavior 
in the learning of the skill at issue (DuPaul & Stoner, 2003; Pfiffner & Barkley, 1998).
 However, to improve learning behavior the instructional context should not only be 
focused on the specific skill that has to be learned, e.g. counting or writing letters, but also 
on the children’s self-regulation (e.g. Manlove, Lazonder, De Jong, 2007; Montague, 2007). 
The negative effect of impulsiveness and unresponsiveness on learning a skill may then be 
compensated by the use of an adaptive instruction condition that is focused on the learning 
process itself. To enhance learning in ineffectively learning children, immediate feedback 
on learning behavior and specific learning goals in a stimulating learning environment 
are required (DuPaul et al., 1998). To improve learning in unresponsive children, positive 
behavior should be emphasized and negative feedback should be avoided (Slavin, 2006).
 This preceding overview results in the question whether computer-assisted instruction 
can be equally effective in improving learning behavior as adult-assisted instruction, in 
particular in impulsive and unresponsive children. Computer-assisted instruction, like adult-
assisted instruction, can also be individualized to meet the particular needs of the learner. It 
might therefore be expected that computer-assisted instruction is able to improve learning 
outcomes (Bornas et al., 1997; DuPaul et al., 1998; Mautone, et al., 2005; Ota et al., 2002). 
However, we could not find any empirical studies on the relative effectiveness of individual 
adult-assisted instruction compared to computer-assisted instruction. Hence, no general 
conclusions can be drawn about effects of computer-assisted instruction in comparison to 
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individual adult-assisted instruction. Although, other empirical research about effects of 
computer-assisted instruction not related to adult-assisted instruction, indicates that during 
computer-assisted instruction tasks on-task behavior of impulsive learners improves relative 
to independent seatwork tasks (DuPaul et al., 1998; Mautone et al., 2005). Computer 
programs can be effective tools to increase attention and impulse control (DuPaul et 
al., 1998; Navarro, Marchena, Alcade, Ruiz, Llorens & Aguilar, 2003; Slate, Meyer, Burns, 
& Montgomery, 1998). However, it must be taken into account that the subjects who 
participated in these studies were older than preschool children. No empirical research was 
found on the effectiveness of computer-assisted instruction on improving unresponsive 
learning behavior of preschool children.
 These findings pertain to individualized, adaptive instruction (computer-assisted 
instruction or adult-assisted instruction) for ineffective and effective learners. However, 
the question still remains which form of instruction - adult- or computer-assisted - is the 
most effective in improving learning behavior. Various studies emphasize the importance of 
mediation by an adult and the impact of scaffolding in supporting children’s learning (Elias 
& Berk, 2002; Karpov, 2005). Scaffolding can be defined as support that makes a particular 
learning process possible and can be withdrawn when the learner is capable to do the task 
independently (Wood, Bruner & Ross, 1976). If scaffolding is also integrated in computer 
software, computers might also be a powerful tool to modify ineffective learning behavior, 
if appropriate software is used. The software must be easy to use for the target group and 
should provide immediate feedback and reinforcement in order to give the learner the 
opportunity to self-assess and self-monitor the progress while playing the game (Bornas et 
al., 1997).
 The disadvantage of adult-assisted instruction (e.g. from a preschool teacher) is that 
individual assistance is not always available. Computer-assisted instruction does not have 
this disadvantage and may thus provide a powerful tool, maybe as effective as adult-assisted 
instruction, to regulate learning behavior of impulsive or unresponsive learning children, if 
adequate instruction is specifically adapted to the child’s learning behavior, self-regulation 
and cognitive level. These considerations lead us to the research question whether 
computer-assisted instruction that is focused on the aforementioned criteria, is effective 
to improve learning behavior of impulsive or unresponsive preschool children. If computer-
assisted instruction is effective, is it equally or eventually more effective than adult-assisted 
instruction for ineffective learning children?
 Although we expect positive effects of computer-assisted instruction, we hypothesize 
that the combination of adult-assisted instruction and computer-assisted instruction will be 
the best way of improving learning behavior and outcomes of both ineffective and effective 
learners. The sociability and flexibility of adult-assisted instruction and the consistency of 
computer-assisted instruction complement each other. This combination will best suit the 
needs of ineffective learners. For reflective learners, we expect that combining computer-
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assisted instruction with adult-assisted instruction will not have any superior effects to 
computer-assisted instruction or adult-assisted instruction taken apart, because they 
already show effective learning behavior.
 This results in the question as to whether a combination of adult-assisted instruction 
and computer-assisted instruction is more effective than each of them separately. Is the 
effectiveness of these forms of instruction also dependent on the type of learner (impulsive, 
unresponsive or reflective)?

1.3  The present study
The aim of our study is to investigate which instruction conditions (computer-assisted 
instruction or adult-assisted instruction, computer + adult-assisted instruction, or no 
instruction) is the most effective for improving learning behavior in reflective, unresponsive 
and impulsive children while playing an educational computer game. Learning outcomes will 
be defined as the number of games needed to reach the highest game level and the number 
of trials needed to finish a game.
 Firstly, we will investigate whether impulsive and unresponsive show a significant lower 
developmental age on multiple developmental domains as compared to reflective learners. 
We hypothesize that impulsive learners are connected with the lowest developmental age 
and that reflective children are connected with a relatively high developmental age. We 
expect that unresponsive children show a developmental age between the other learners. 
However, their performances are closer to reflective children than to impulsive children, 
since unresponsive learners often know what to do, but show more passive behavior.
 Secondly, it might be expected that all children who receive computer + adult-assisted 
instruction (CAI + AAI), perform better than children who either receive computer-assisted 
instruction (CAI) or adult-assisted instruction (AAI). Children in the computer-assisted 
instruction or adult-assisted instruction condition perform better than children who do not 
receive any instruction at all (No). Additionally, we hypothesize that reflectively learning 
children will show the best learning outcomes in comparison to unresponsive and impulsive 
children, irrespective of the instruction condition. Impulsive children are likely to show the 
worst learning outcomes compared to unresponsive children, since impulsive children show 
more errors and therefore need more trials.
 Thirdly, we expect differences in learning outcomes between the three learning types in 
the four different instruction conditions, see Table 1. 

Table 1: Hypotheses concerning learning outcomes between four instruction conditions
 Learning type Hypotheses
 Unresponsive  CAI + AAI > CAI > AAI > No instruction
 Reflective  CAI + AAI ≈ CAI ≈ AAI > No instruction
 Impulsive   CAI + AAI > AAI > CAI > No instruction
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 We hypothesize that for all children computer + adult-assisted instruction will reveal 
optimal learning outcomes. Furthermore, we expect that unresponsive children who only 
receive computer-assisted instruction may work more effectively than in the adult-assisted 
instruction condition, because they do not have to seek help from an adult and receive 
immediate instruction from the computer, which may lead to better learning outcomes. 
For impulsive children it is expected that adult-assisted instruction is more efficient than 
computer-assisted instruction, because of the flexibility, the emotional and social aspects 
that are needed to slow down the fast responses.
 Fourthly, our hypothesis is that all three types of learners show different mouse 
behavior, irrespective of the instruction condition. We expect that the nature of their mouse 
performances correspond with their regular learning behavior during more traditional tasks. 
Reflective learners show relatively adequate mouse behavior on errors, trials and the number 
of (multiple) clicks. In the extremes we expected the impulsive to make a large number of 
errors and (multiple) clicks and unresponsive children to make a small number of errors 
(equally to reflective children) and (multiple) clicks. We expect that impulsive children 
click more frequently and more impulsively on one or more objects than unresponsive and 
reflective children.
 Furthermore, as a more exploratory study of learning processes, we would like to 
demonstrate whether unresponsive children need a longer warming up phase (do not show 
immediately enough mouse clicks to finish a game correctly) than reflective or impulsive 
children. Secondly, we would like to investigate whether impulsive children show a decrease 
in a relatively high number of mouse clicks and trials during the sessions. Thirdly, we would 
like to demonstrate that reflective children show a relatively constant learning pattern, with 
less variability in the performances than impulsive children.

2 Method

2.1 Participants
A total of 184 (87 male, 97 female, chronological age in years Mean (M) = 3.49, Standard 
deviation (SD) = .34) Dutch preschool children living in the northern area, participated in 
this study, after approval of their caregivers. The youngest and oldest children were 2.6 years 
and 4.16 years, respectively. None of the participants had received information on the aim 
of the game.

 2.2  Design
Prior to the main part of the study, preschool teachers, parents and a trained rater received 
a questionnaire to determine the type of learning behavior of the individual children (see 
Appendix III). The questionnaire consisted of descriptions of behavior of typical unresponsive, 
reflective and impulsive children. The raters had to categorize each individual child into the 
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best fitting category according to their regular learning behavior. After categorization, each 
child was randomly assigned to one of the four instruction conditions: (no) adult-assisted 
and/ or (no) computer-assisted instruction (see Table 2). 

Table 2: Experimental design: distribution of the number of children over type and instruction
 Learning type CAI + AAI AAI CAI No instruction Total
 Unresponsive 6 5 9 5 25
 Reflective 36 27 44 26 133
 Impulsive 5 8 5 8 26
 Total 47 40 58 39 184

2.3 Procedure
In the main part of the study, each child played two or three computer-game-sessions 
(dependent on their performances) during two or three weeks in a quiet room at the 
playgroup. In case of no adult-assisted instruction, a supervisor was present only for 
technical help like starting and ending the game. In the adult-assisted instruction condition, 
the trained supervisor assisted the child if necessary, but only with adaptive hints or 
stimulating instructions, e.g. “you first have to move, then you must click on the object”). 
After completing a maximum of seven computer games during one session, the child 
returned to the classroom.

 2.4 Instruments
Type of regular learning behavior
The type of learning behavior (unresponsive, reflective or impulsive) was identified on the 
basis of the scores of the three (or two, in case of a missing or disagreed rater) a priori ratings 
from the parents, preschool teacher and a trained rater (see Appendix III). 96% of the 184 
participating children were rated consistently between at least two raters (p < .01). The 
percentage agreement between teacher and the trained rater was 70% (p <.01), between 
teacher and parents was relatively low 49% (p = .42) and between trained rater and parents 
was also relatively low 60% (p = .09). This implies that especially parents might have a 
different view of their child’s learning type. In total 184 children participated in the analysis.

Developmental age
Cognitive and motor development on four domains (fine motor skills, visual reception, 
language comprehension and -production) of each child were measured with the  Composite 
Standard Scores of the Dutch version of the Mullen Scales of Early Learning (AGS Edition; 
Mullen, 1995). 

Learning behavior during computer tasks
Individual mouse-data (e.g. number of clicks per game, (in)correct object clicks) of each 
game were collected automatically during playing on www.samenslim.nl, resulting in a 
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continuous measurement of the children’s level of knowledge and skills. The goal of the 
computer game (on www.samenslim.nl) is to stimulate effective learning behavior (see 
Appendix IV). 
 In this study, mouse-skills were practiced with a trained supervisor before the child 
played the samenslim games. The child had to practice until he was able to control the 
mouse. 

2.5 Analysis 
Firstly, developmental age was assessed using the Composite Standard Scores of the Mullen 
Scales of Early Learning. Secondly, five main specific variables were selected from the 
automatically registered mouse-data. 
 1.  Trials: total number of clicking moments that a child needed to finish a game, with a 

maximum of four trials
 2.  Slope of performance: the number of games needed to achieve the highest concept 

level (5).  For instance, a child who reaches level three within fourteen games, has a 
slope of 3/14. The maximum of the slopes is Smax = 1

 3.  The number of clicks: the total number of correct and incorrect mouse clicks per 
game

 4.  Errors: the sum of all clicks on a wrong object, as defined by the task construction
 5.  Frequency of multiple clicks during one clicking moment: nine clicking moments 

during a game were defined: four instruction moments and five moments before or 
after instruction. In case of more than two clicks during a clicking moment, this was 
scored by a ‘1’, with a maximum of ‘9’ per game. After that the frequency of multiple 
mouse clicks per clicking moment was summed up per game

Learning outcomes were defined as trials and the slopes of performances. Mouse behavior 
was defined as trials, number of clicks, errors and multiple clicks. Furthermore, learning 
processes were measured with the number of clicks and trials. Finally, each variable was 
divided by the total number of games the child has played. 

 By means of a linear regression, all five mouse variables were corrected for developmental 
age, except the process-data (presented in Figure 3).
 The statistical procedures consisted of descriptive analyses (performed in Microsoft 
Excel) and permutation tests (Monte Carlo analysis (Good, 1999; Todman & Dugard, 2001) 
performed in Poptools (Hood, 2008). The Monte Carlo analysis is particularly efficient to 
analyze data that are not normally or regularly distributed. Each significance test was based 
on 1000 simulations. With this random permutation test it is possible to combine opposite 
effects in one test. Effect sizes are expressed as proportions of standard deviations. The data 
concerning learning patterns were smoothed with a Savitzky-Golay-smoothing technique 
(Simonoff, 1996).
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3  Results

3.1 Comparison of developmental age of three learning types
When comparing the developmental age of the three learning types, reflective children 
showed on average the highest developmental age (see Table 3). However, the differences 
between reflective and unresponsive children were relatively small. In general, impulsive 
children showed the lowest scores. 

Table 3: Means and standard deviations of chronological age (years) and Standard Scores per learning type
 Learning type Gender  Chronological age  Composite Standard Scores 
      (M = 100; SD = 15)
  N male N female Mean SD Mean SD
 Unresponsive (N=23) 9 16 3.41 .35 113.30 18.6
 Reflective (N = 123) 60 73 3.52 .34 114.29 19.8
 Impulsive (N = 26) 17 9 3.43 .30 105.73 18.9

3.2 Comparison of learning outcomes between instruction conditions and learning 
types
To compare the learning outcomes in the different instruction conditions and in the three 
learners, slopes of performances and the number of trials needed to finish a game are shown 
in Table 4. A negative score on the average number of trials means that the child performed 
better than expected for his developmental age (the fewer the trials, the better the skill). 
A negative score on slopes of performances means that the child performed worse than 
expected for his developmental age (the smaller the slope, the worse is the skill).
 Irrespective of their type of learning behavior, children who received computer + adult-
assisted instruction needed on average fewer number of trials in combination with better 
slopes of performances as compared to the children in the adult-assisted instruction, 
the computer-assisted instruction and in the no instruction condition (see the first three 
columns of Table 4). The effect size of differences between instruction conditions were as 
follows: the effect size of the difference between computer + adult-assisted instruction and 
adult-assisted instruction was .18, between computer-assisted instruction and no instruction 
was .47, between adult-assisted instruction and computer-assisted instruction was .00, 
between computer-assisted instruction and no instruction was .29, between computer + 
adult-assisted instruction and computer-assisted instruction was .18 and between adult-
assisted instruction and no instruction was .29. The permutation test demonstrated that 
the effect size between these instruction conditions were all significantly higher than would 
be expected on the basis of chance (p < .01). Children who did not receive instruction 
showed the highest number of trials in combination with the lowest slopes of performances 
compared to the children in the other instruction conditions (p < .01).
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 Irrespective of the instruction condition, the learning outcomes of the three types 
of children differed significantly (see the last three columns of Table 5). Impulsive and 
unresponsive children performed the worst (both slopes of performances and number of 
trials combined), and did not differ substantially, with an effect size of .00 (p < .01). Reflective 
(R) children performed significantly better than the unresponsive and impulsive children, 
with both effect size of .20 (p < .01).
 
Table 4: Averages of learning outcomes between instruction conditions and between learning types 
 Instruction M number M slope of  Learning M number M slope of
 condition of trials performances  type  of trials performances 
 CAI + AAI (N = 47)      -0.28 0.61   Unresponsive (N = 25)  0.25 -0.79
 AAI (N = 40) -0.09 0.29   Reflective (N = 133) -0.19 0.56
 CAI (N = 58) -0.09 0.24   Impulsive (N = 26) 0.22 -0.42
 No instruction (N = 39) 0.22 -0.26

    
3.3 Comparison of learning outcomes of three learning types between four 
instruction conditions
To test the third hypothesis that there were differences between instruction conditions and 
learning types, a general trend of performances is shown in Figure 1. The number of trials 
across the three learning types and four conditions is qualitatively highly comparable to 
Figure 1. For additional information about this figure with the number of trials see: 
www.paulvangeert.nl/articles_appendices.htm.

Figure 1: Averages of the slopes of performances from the three learning types in the four instruction 

conditions

 61 

-2,5

-2

-1,5

-1

-0,5

0

0,5

1

1,5

Computer
+ adult

Adult Computer No
instruction

Sl
op

es
 o

f p
er

fo
rm

an
ce

s

Unresponsive

Reflective

Impulsive

 
Figure 1 

Averages of the slopes of performances from the three learning types in the four instruction conditions 

 

Children scored better in the computer + adult-assisted instruction condition 

than in the other three conditions. However, impulsive children showed better SP in the 

adult-assisted instruction condition, although the differences with both computer + 

adult-assisted instruction were small. In the adult-assisted instruction, the computer-

assisted instruction and in the no instruction condition, a relatively large variability 

between the three learning types was observed. It is striking that if there was no adult 

involved in the instruction, the impulsive children showed a large drop in their 

performances. On the contrary, unresponsive children showed the best performances in 

the conditions with computer-assisted feedback. Furthermore, reflective children 

performed slightly better when there was computer-assisted instruction involved. 

Differences between the performances (slopes of performances and number of trials 

combined) of impulsive (I), unresponsive (U) and reflective (R) children in the four 

instruction conditions were clearly significant (see Table 5). In these tables only the 

differences between instruction- and learning types are presented which correspond to 

the expected direction of differences, mentioned in Table 1 in paragraph 1.3. 
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 Children scored better in the computer + adult-assisted instruction condition than in the 
other three conditions. However, impulsive children showed better slopes of performances 
in the adult-assisted instruction condition, although the differences with both computer 
+ adult-assisted instruction were small. In the adult-assisted instruction, the computer-
assisted instruction and in the no instruction condition, a relatively large variability between 
the three learning types was observed. It is striking that if there was no adult involved in 
the instruction, the impulsive children showed a large drop in their performances. On 
the contrary, unresponsive children showed the best performances in the conditions 
with computer-assisted feedback. Furthermore, reflective children performed slightly 
better when there was computer-assisted instruction involved. Differences between the 
performances (slopes of performances and number of trials combined) of impulsive (I), 
unresponsive (U) and reflective (R) children in the four instruction conditions were clearly 
significant (see Table 5). In these tables only the differences between instruction- and 
learning types are presented which correspond to the expected direction of differences, 
mentioned in Table 1 in paragraph 1.3.

Table 5: Results of permutation test, categorized into learning type and into instruction condition
 Hypothesis  Learning Effect Hypothesis  Instruction Effect 
  type  size  condition  size
 CAI + AAI > AAI U 0.58¹ R > U CAI + AAI 0.50¹
 CAI + AAI > No  U 0.28¹ R > I CAI + AAI 0.11¹
 CAI > AAI U 0.61¹ R > U AAI 0.90¹
 CAI > No  U 0.31² R > U CAI 0.37¹
 CAI > AAI R 0.18¹ U > I CAI 0.04¹
 CAI + AAI > CAI R 0.10¹ R > I CAI 1.11¹
 CAI + AAI > No  R 0.27¹ R > U No  0.52¹
 CAI > No R 0.17¹ U > I No  0.32¹
 AAI > No  R 0.09³ R > I No  0.99¹
 CAI > AAI R 0.08¹    
 CAI + AAI > CAI I 1.11¹    
 CAI + AAI > No  I 1.00¹    
 AAI > CAI I 1.25¹    
 CAI > No I 1.15¹    

 ¹) p = <.01;  2) p = .01;  3) p = .04

3.4 Mouse behavior of the three learning types
When comparing the mouse behavior of the three types of learners, reflective 
children scored on two of the four mouse aspects in the middle of the range between 
unresponsiveness and impulsiveness (see Figure 2). They showed (multiple) clicks between 
unresponsive and impulsive children. The results indicate that impulsive children performed 
worser than reflective children in all mouse aspects (errors, multiple clicks, mouse clicks 
and trials combined) (p < .01). Impulsive children made the most errors, showed the most 
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(multiple) clicks and needed the most trials. This means that they did not wait for instruction 
and they showed an unnecessarily high number of mouse clicks. Unresponsive children 
clearly showed the lowest number of (multiple) clicks compared to reflective children (p 
= .01) and compared to impulsive children (p < .01). However, it is striking that there was 
no significant difference between number of errors of reflective and unresponsive children. 
This indicates that if the unresponsive child clicks on an object, this is equally effective as the 
problem solving behavior of reflective children. Since there were no differences between 
errors between these unresponsive and reflective children, only impulsive children can be 
distinguished from the other learners according to their errors (impulsive versus reflective 
and impulsive versus unresponsive (respectively p < .01, p = .02).
 Furthermore, unresponsive and reflective children can be distinguished in their number 
of trials (p = .03). Unresponsive children showed almost the same number of trials as 
impulsive children, which might indicate that this mouse behavior variable distinguishes 
ineffective learners from effective learners. Subsequently, a relatively low or high number 
of (multiple) clicks seems to be an indicator for the specific type of ineffective learning 
behavior (unresponsive or impulsive). 

Figure 2: Averages relative to the grand mean of different aspects of mouse performances of the three learning 
types 

3.5 Improvement of learning behavior
In order to test the last hypothesis (each of three types of learners show different learning 
processes), the number of mouse clicks and the number of trials were smoothed (see Figure 
3). The results show that impulsive children needed on average more trials to finish the 
games than reflective children (p = .02). The impulsive children also showed more mouse 
clicks than reflective children (p = .04). Secondly, during all games, unresponsive children 
performed better (they showed fewer clicks) than reflective children (p = .02). Although, 
they did not need significantly fewer trials (p = .08). However, these differences might 
correspond to the child’s cognitive level, since these process data were not corrected for 
developmental age. 
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 If we focus on the learning process within groups of learners during the games, we 
observed that unresponsive children showed a slow decrease in trials and an increase in 
mouse clicks until the ninth game. On the contrary, reflective and impulsive children 
showed a clear drop of trials with a relatively lower increase in mouse clicks in the first four 
games. This might indicate that unresponsive children need a longer warming up phase 
than the other learners. The clear drop of trials in the beginning indicates a learning effect 
for reflective children, since they still showed a slight decrease in trials after that phase. 
However, for impulsive children, we observed that after the warming up phase of four 
games, the number of trials increased again, which does indicate that there was no strong 
learning effect for impulsive learners. In the ninth game they still needed as much trials as 
during the first game.
 For all types of learners, there was no clear overall decrease in the number of clicks during 
the games. However, a small decrease was observed in the number of clicks of unresponsive 
children between game 4 and 10. This might imply that there is a small learning effect, 
since a low number of clicks of unresponsive children corresponds to a lower number 
of trials in game 5 until game 10 (see Figure 3). Furthermore, unresponsive children also 
showed an increased number of mouse clicks during the first five games. This suggests that 
unresponsive children knew well what to do, but it took time to arrive at a level of optimal 
performance.

 

Figure 3: The smoothed average number of mouse clicks and trials (not corrected for developmental age) 
during the games of the three learning types
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4 Discussion
We first investigated whether learning behavior of unresponsive, reflective and impulsive 
children can be distinguished on the basis of mouse data. Secondly, we analyzed whether 
computer-assisted instruction might be equally effective as individual adult-assisted 
instruction to improve the learning behavior of ineffective learners.
 The results demonstrate that reflective children, irrespective of the instruction 
conditions, showed on average the best learning outcomes and Standard Scores. However, 
unresponsive and impulsive children performed significantly worse on learning outcomes 
(i.e. the slope of performances and the number of trials) compared to reflective children. 
Furthermore, compared to unresponsive children, impulsive children did not perform 
significantly worse on learning outcomes, despite the low Standard Scores of impulsive 
children compared to unresponsive children. Since the data were corrected for Standard 
Scores, we can conclude that learning behavior of effective and ineffective learners can be 
distinguished on the basis of their mouse data.
 The results show that for all children, irrespective of their learning type, a clear 
distinction can be made between the learning outcomes (i.e. the slope of performances 
and the number of trials) in the computer-assisted instruction plus adult-assisted instruction 
condition and the computer-assisted instruction or adult-assisted instruction condition. 
On average, computer-assisted instruction plus adult-assisted instruction was the most 
effective instruction condition. However, no clear differences were found in the slopes of 
performances and the number of trials between the computer-assisted instruction and 
the adult-assisted instruction condition. Furthermore, the computer-assisted instruction 
or adult-assisted instruction condition had a clear added value as compared to the no 
instruction condition. The results indicate that, in general, a combination of social and 
flexible adult instruction and consistent and immediate computer instruction is the most 
optimal type of instruction for preschool children. In this instruction condition an optimal 
balance between already achieved skills and challenge can be created, which is an important 
aspect for good learning outcomes (DuPaul et al., 2003; Pfiffner et al., 1998).
 These findings confirm that educational computer games can indeed function as an 
adequate learning tool, specifically for impulsive children (Shaw & Lewis, 2005). Despite the 
positive effects of an interactive learning task focused on self-regulatory skills (e.g. DuPaul et 
al., 2003), on reducing ineffective behavior, however, the learning behavior of impulsive and 
unresponsive children is still worse than that of reflective children.
 Considering the third hypothesis, we observed significant differences in relation to 
the learning types and instruction conditions. In general, the results demonstrate that 
both ineffectively and effectively learning children do profit from both computer-assisted 
instruction plus adult-assisted instruction. These outcomes support the hypothesis that 
adult-assisted instruction in combination with computer-assisted instruction is the best 
method to improve learning behavior in effectively as well as effectively learning children. In 
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the instruction conditions without adult-assisted feedback, impulsive children showed the 
worst learning outcomes. This indicates that for impulsive learners, adapted adult-assisted 
instruction is the optimal instruction condition. These findings are in line with the hypothesis 
that the social and emotional mediation of an adult is important to scaffold and regulate the 
children’s learning (Elias et al., 2002; Karpov, 2005).
 Unresponsive children, however, showed relatively good learning outcomes in the 
conditions with computer-assisted instruction only. It is striking that, even in the no 
instruction condition, unresponsive children showed better learning outcomes than in 
the adult-assisted instruction condition. This might indicate that adult-assisted instruction 
only might interrupt or inhibit these children from taking any action, while computer-
assisted instruction (in combination with adult-assisted instruction) is more stimulating for 
unresponsive children to initiate and plan their actions. If not combined with computer-
assisted instruction, adult-assisted instruction does not appear to stimulate the unresponsive 
children’s actions.
 Reflective children showed relatively constant performances during all instruction 
conditions, even in the no-instruction condition. This indicates that for effective learners, 
the instruction is not as important as for ineffective learners. These findings are in line with 
the hypothesis that impulsive and unresponsive children have more problems with effective 
learning than reflective learners. As a consequence, the instruction type can have relatively 
more influence on the learning outcomes of such children (Bornas et al., 1997; Kagan, 1965).
 Another striking result is that the difference in the learning outcomes of unresponsive 
learners between computer-assisted instruction and adult-assisted instruction conditions 
was considerably smaller than the corresponding difference in learning outcomes of 
impulsive children. This result indicates that for unresponsive children the type of 
instruction condition has a smaller influence than for the impulsive children. These findings 
imply that unresponsive children only have difficulties with initiation, but not with factual 
knowledge, referred to as ‘knowing what or that’ by Gibson (2008) and McCormick (1997). 
On the contrary, the results demonstrate that impulsive children who have by definition no 
difficulties with initiation, have problems with their strategic knowledge. They do not know 
when to respond and how to respond and they show significantly more errors (Gibson, 
2008; McCormick, 1997).
 Considering the fourth hypothesis, regarding the learning patterns of the three learning 
types, impulsive children made significantly more errors, showed more (unnecessary) 
mouse clicks (during one clicking moment) and needed more trials to finish a game than 
reflective children. They also showed more errors and clicks (during one clicking moment) 
than unresponsive children. However, they showed almost the same number of trials as 
unresponsive learners. These outcomes support the earlier findings that learning behavior, 
in particular mouse behavior of impulsive children, can be clearly distinguished from that 
of reflective learners (Kagan, 1965). Although, unresponsive children showed the lowest 
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number of mouse clicks (during one clicking moment) and errors, the differences between 
reflective and unresponsive children were smaller than the differences between reflective 
and impulsive children. Furthermore, the results indicate that ineffective – impulsive and 
unresponsive – and effective – reflective – learning behavior differ as to the number of trials 
a child needs to finish a game. However, to determine the specific type of ineffective learning 
behavior, a combination of multiple mouse behavior aspects must be taken into account the 
number of clicks (during one clicking moment) and errors.
 Considering the overall development of the three types of learners during the game 
sessions, we observed no clear improvement in the learning behavior of impulsive children. 
We expected that the impulsive learners would learn to control their impulses by showing 
a decrease in the number of unnecessary mouse clicks and the number of trials needed 
(Navarro et al., 2003; Slate et al., 1998). However, the results demonstrate an increase in 
mouse clicks. Except for the first four games, we also could not observe a decrease in trials 
during the sessions, in contrast to reflective children. We can thus conclude, taking the 
increase in mouse clicks and no decrease in trials into account, that there was no learning 
effect for impulsive children and a small learning effect for reflective children. A possible 
explanation for the absence of a learning effect for impulsive children might be that there 
was only variation in the setting and objects within the games, but not in the specific 
assignments. Since impulsive children need relatively more stimulation than reflective 
children to stay on-task and to remain highly motivated, under stimulation or low variation 
in the game and in the rewards might have caused a decrease in motivation across the 
games (Shaw & Lewis, 2005), preventing any learning effects to occur. Our expectation that 
unresponsive children would show an increase of the number of mouse clicks was confirmed 
in the form of a steeper increase in mouse clicks (during the first six games) compared to 
impulsive and reflective learners. The results demonstrate that unresponsive learners need 
a relatively long warming up phase and show a small learning effect after that phase (with 
a decreasing number of trials needed). This implies that unresponsive children relate their 
efforts to success and as a result they learn to complete a task more independently (Mercer 
& Pullen, 2005).
 It is also striking that all three types of learners show an increase in mouse clicks after 
10 games. A possible explanation for this drop in quality of performance is that the children 
were losing motivation compared to the first games.
 Further research is needed in order to generalize the results to other educationally 
adequate computer games. In order to fully test the learning effect, we need games with 
more complexity levels than the game described in this article, for instance allowing 
children to step in on a level that is not under their current level of skill. In the current game, 
the better performing children might have experienced an unbalance between already 
achieved skills and the in-game challenge which might have affected their motivation. 
We also wonder whether children with relatively low scores on, for instance, language 
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comprehension and fine motor skills, will profit as much as children with more advanced 
language skills, in particular listening skills. A long-term study following individual cases is 
needed to investigate the long-term effects of educational computer games focused on 
improving learning behavior and the generalization to other educational tasks.
 In summary, we can conclude, first, that in combination with adequate adult-assisted 
instruction, adaptive computer games that focus on ineffective learning behavior can serve 
as an effective and motivating tool for improving learning behavior of both impulsive and 
unresponsive children in preschool education. Furthermore, this study suggests that an 
adult teaching an impulsive child how and when to react is the best type of instruction to 
achieve optimal performances. For unresponsive children, computer-assisted instruction 
only focusing on initiation and on teaching children to relate efforts to success by using 
positive rewards will result in good learning outcomes. For reflective children, computer-
assisted instruction only seems to have sufficient influence on their learning behavior. 
Additionally, these data open up the possibility to objectively distinguish different learning 
types, and to validate subjective criteria consisting of teacher or parent-based judgments. 
We can conclude, finally, that an educational computer game can serve as an adequate 
and less time-consuming diagnostic instrument than traditional diagnostic instruments for 
assessing types of learning behavior.
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Abstract
This research focuses on the effectiveness of an educational game on improving ineffective learning 
behavior of different types of preschool children. Developmental age, maternal educational level, 
prior knowledge, and regular learning type of each child were assessed, since these constructs 
were considered to be risk or protective factors for later learning delays. Further, different types 
of instruction (adult and/ or computer-assisted) were involved. All children (n = 184) played the 
educational computer game during two or three sessions, with or without adult- and/ or computer-
assisted instruction. Mouse behavior, i.e., the number of errors and reaction times of each individual 
child was registered per game. With multilevel latent class growth analysis, we identified six types of 
learners, based on their game-related behavior, as present in seven mouse behavior characteristics. 
70% of the learners showed benefits during playing the games, i.e. decreasing number of errors 
and clicks. However, 30% of the learners showed increasingly uninhibited behavior. Children with 
low developmental age, low prior knowledge, or adult-assisted children, had a high probability of 
being classified as slow learners, but showed improvement in their learning behavior across games. 
Moreover, prior knowledge was the best predictor for the different types of learners, although for 
children with moderate prior knowledge, instruction type was also relevant. The results support 
the conclusion that children (at risk) have a high probability of showing benefits in their ineffective 
learning behavior during playing this educational computer game. However, more adapted 
games, with more variation, adult-assisted instruction and challenge would also benefit children 
with uninhibited behavior.

To be submitted.
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Ineffectively learning preschool children, who show impairments in their learning-to-learn 
skills, are at risk of developmental delays. Examples of components of learning-to-learn skills 
are inhibition, planning and monitoring (Flavell, 1985; Flavell, Miller & Miller 2002; Brown, 
1987). Multiple studies have demonstrated that effective learning behavior is relevant 
for learning outcomes and academic achievement (Perels, Merget-Kullmann, Wende, 
Schmnitz & Buchbinder, 2009; Spira, Bracken & Fischel, 2005; Perels, Gürtler & Schmitz, 
2005; Veenman & Spaans, 2005; Veenman, Wilhelm & Beishuizen, 2004). Even at preschool 
age, effective learning-to-learn skills, also called meta-cognitive skills, are important (Flavell 
et al., 2002). Diamond, Barnett, Thomas & Munro (2007) and Thorell, Lindqvist, Bergman 
Nutley, Bohlin & Klingberg (2009) demonstrated that early interventions aimed to improve 
components of learning-to-learn skills in preschool can be effective. Therefore, they 
advocate that interventions focused on improving learning behavior (such as learning to 
inhibit prepotent responses) should already take place at preschool age in order to reduce 
later problems at schools. However, (preschool) education in the Netherlands is currently 
primarily focusing on developing declarative knowledge, such as reading or counting. 
The focus in preschool education should be more on teaching children how to learn, and 
interventions aimed at helping children with poor learning-to-learn skills should become an 
integral part of the school curriculum (Flavell et al., 2002).
 It is not necessary to make large investments to implement learning-to-learn 
interventions in preschool education. One example of such a relatively easy to implement 
intervention, is an educational computer game aimed at improving specific learning-
to-learn skills. Although computer games have many advantages, such as saving time 
for preschool teachers and the possibility to provide immediate and adaptive feedback, 
questions arise concerning the effectiveness of educational computer games for different 
types of children. Examples of such questions are: what are the benefits obtained from 
educational computer games focused on improving learning behavior for children without 
developmental impairments? Do educational computer games indeed facilitate learning 
processes of children at risk? For what type of children are educational computer games 
efficient or not? These three questions are difficult to answer, since children differ in multiple 
individual characteristics, even at preschool age. As a consequence of these differences, 
the effectiveness of (computer-assisted) instruction shows a high variability (Ford & Chen, 
2000; Grimley, 2007; Wise, Ring & Olson, 2000). Although meta-analyses demonstrate 
that computer tasks often result in relatively high learning outcomes compared to more 
traditional tasks (paper and pencil tasks) (Veenstra, Van Geert & Van der Meulen, 2010), 
the question still remains whether educational games positively affect children who already 
show impairments in their development or are at risk of developing problems with learning-
to-learn skills, e.g. children from low socioeconomic status families, with low developmental 
age or low prior knowledge.
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 This paper explores the differences in benefits of educational computer games, related 
to individual differences in preschool children. The main question in this study is whether 
educational games focused on improving learning behavior indeed facilitate learning 
processes and specific skills in children who really need it. Characteristics of these children 
are low developmental age, low prior knowledge, low educated mothers, and regular 
exhibition of ineffective learning behavior (Rutter et al., 2008). Therefore, in our study, we 
focus on the constructs maternal educational level (e.g. Abubakar, Holding, Van de Vijver, 
Newton, Van Baar, 2010; Sonnander & Claesson, 1999; Hoff, 2002), prior knowledge (Segers 
& Verhoeven, 2002), developmental age/ intelligence (e.g. Polderman, De Geus, Hoekstra, 
Bartels, Van Leeuwen, Verhulst, Posthuma, & Boomsma, 2009; Polderman, Gosso, 
Posthuma, van Beijsterveldt, Heutink & Verhulst, 2006; Polderman, Stins, Posthuma, Gosso, 
Verhulst & Boomsma, 2006) and (in)effective learning behavior, such as executive functions 
(Diamond et al., 2007; Thorell et al., 2009). Further, we focus on a task-specific construct, 
namely instruction type (Veenstra et al., 2010) as a predictor for learning trajectories. These 
constructs are considered to be risk-factors for developmental delays and the degree of 
benefiting from instruction or interventions (Grimley, 2007; Rutter et al., 2008). Therefore, in 
this study, we considered these constructs as predictors for individual learning trajectories.

1.1 Effectiveness of educational computer tasks on typically developing children
Technology offers a great variety of instructional tools for students of widely different ages. 
Tools aimed at the youngest group of learners, on the other hand, are far less abundant. As a 
consequence, studies in preschool children are relatively scarce and concern small samples 
(Vernadakis, Avgerinos, Tsitskari & Zachopoulou, 2005). Nevertheless, the majority of 
studies, which are mostly focused on reading or literacy skills, have shown that computer-
assisted instruction is particularly well suited for providing supplementary instruction (Drake, 
2001). Kulik (1994) demonstrated a positive effect of integrating computers in the learning 
process, in preschool as well as in higher education. Computer-assisted instruction has been 
found more effective than traditional instruction (e.g. from a teacher) for promoting the 
academic achievement of students (mostly between six and eighteen years) on different 
educational levels.
 Four meta-analyses demonstrated the effectiveness of educational computer tasks. 
Firstly, Liao (2007) confirmed this finding in 52 studies in Taiwan, and similar conclusions 
were drawn in a second, older meta-study from Kulik, Kulik & Bangert-Drowns (1985) in the 
USA, and thirdly, in a more recent meta-analysis of 78 studies from Camnalbur & Erdogan 
(2008) in Turkey. Lastly, Fletcher-Flinn & Gravatt (1995) found in their meta-analysis of 120 
studies that computer-assisted instruction was more effective than traditional instruction. 
The studies concerned mathematics, science, art, reading, or writing. They reported the 
highest effects for preschool children and positive outcomes for special education and 
elementary students. However, individual characteristics of students that might contribute 
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to positive outcomes were not examined in these studies, such as the child’s developmental 
age or level of prior knowledge.
 Based on the studies we described in this section, we can conclude that the use of 
adequate educational computer games has a positive influence on achievements of typically 
developing (TD) preschoolers.

1.2 The impact of individual differences on effectiveness of educational computer 
games 
The majority of studies which examined the effect of individual characteristics on learning 
trajectories, concerned reading skills (e.g. Verhallen & Bus, 2010; Blok, Oostdam, Otter & 
Overmaat, 2002; Macaruso, Hook & McCabe, 2006; MacArthur, Ferretti, Okolo & Cavalier, 
2001; Mioduser, Tur-Kaspa & Leitner, 2000). Although these researchers found positive 
effects for at-risk children, the comparability of the effects is hampered by the fact that the 
definition of ‘at-risk’ differed in the studies, from learners belonging to low-income families 
to low performing learners. In a meta-analysis in which 15 studies were involved, Thomas 
(1999) found that in the majority of studies, academic achievement of at-risk elementary 
students was positively affected by computer-assisted instruction. A study of Wise, Ring 
& Olson (2000) demonstrated that low level readers who followed a computer-assisted 
remedial reading program benefited more from the program than high level readers.
 Concerning improving learning behavior of children, the literature demonstrates that 
computer tasks are able to increase attention or on-task behavior (Mautone, DuPaul & 
Jitendra, 2005; Ota & DuPaul, 2002). These studies concerned mathematics skills in children 
with formally diagnosed disorders, namely Attention-Deficit Hyperactivity Disorder 
(ADHD).
 A few studies have shown that individual differences between students influence 
the benefits of multimedia materials (e.g. Grimley, 2007; Ford & Chen, 2000). Literature 
regarding the effect of prior knowledge is not unequivocal. For example, Najjar (1996) 
demonstrated that children with low prior knowledge profited more from educational 
computer games than children with high prior knowledge. On the contrary, Segers & 
Verhoeven (2002) found that preschool children scoring high on a pretest and who received 
computer-assisted instruction (CAI) of literacy skills learned more from the training than the 
low scoring children.
 Although these studies seem to confirm that not only typically developing children 
can benefit from computers, it is still not clear what specific characteristics are the best 
predictors for the effect of educational computer games focused on improving learning-to-
learn skills.
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1.3 Effectiveness of different types of instruction
As we concluded in the previous sections, educational computer games can work as an 
adequate instruction tool for both TD children and for children at-risk. However, it should 
be taken into account that instructional design also affects learning outcomes (Veenstra, Van 
Geert & Van der Meulen, 2010; 2011. A main characteristic of effective instruction is that 
it should scaffold individual learning processes. First, it must suit the cognitive ability of the 
individual child and secondly, it must be adaptive to the (in)correct responses and behavior 
of the child (Vygotsky, 1978; Van Geert & Steenbeek, 2006). Third, effective instruction 
should include positive, step-wise feedback to the learner, which increases the learner’s 
motivation (Corbolan, Paas & Cuypers, 2010; Corpus, 2007).
 Although both computer-assisted instruction (CAI) and adult-assisted instruction (AAI) 
can function as adequate instruction types, there are differences in the effects on different 
types of children. Our previous research indicates that impulsive children showed the best 
learning outcomes in case of adult-assisted instruction, while unresponsive children, who are 
defined as children who show relatively passive behavior, showed better learning outcomes 
during computer assisted instruction only. Furthermore, this study has demonstrated that 
computer-assisted instruction in combination with adult-assisted instruction is the best 
combination for preschool children (Veenstra et al., 2010). Therefore, it should be taken 
into account that, irrespective of whether specific instruction contains elements of effective 
instruction, similar instruction can have different effects on different types of children.

1.4 Background and aims of this study
As we already mentioned, most studies that take individual differences in preschool children 
into account, were focused on reading or literacy skills. Effective learning behavior is a 
crucial condition for optimal learning of specific skills, such as reading (Flavell et al., 2002). 
Young children who show impairments in their learning behavior, such as children who 
often have problems with inhibiting responses or regulating their behavior, are at risk of 
developmental delays (Diamond et al., 2007). Given the fact that computers are becoming 
more widely available in preschool education, it is likely that computer games focused on 
improving learning behavior will be more easily implemented than other interventions that 
require professional time from the preschool-teachers (DuPaul & Eckert, 1998; Mautone et 
al., 2005).
 Therefore, in this study we will examine the effectiveness of an educational game on 
learning behavior of different types of preschool children. With this educational computer 
game, various mouse behavior characteristics can be measured within and across game 
sessions, for instance the number of correct and incorrect 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 of individual 
children. Specifically, we addressed two main questions:
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 1.  Is it possible to identify different learning trajectories, i.e. different types of performers, 
based on the learners’ game-related behavior? Game-related behavior is defined by 
different mouse behavior characteristics shown across repeatedly playing the games.  

     •  If yes, what are the differences and similarities in the mouse behavior between the 
different types of learners?

 2.  Are there types of learners who show improvement in their learning behavior across 
the educational computer games?

     •  If yes, which learner characteristics are associated with the improvement? Thus, what 
type of child (e.g. children ‘at risk’: low developmental age, low maternal educational 
level, low prior knowledge) does benefit from the educational games?

 All children in our research played the educational computer games focused on 
improving learning behavior on www.samenslim.nl (see section 2.3). To achieve the study 
objectives, we used the following data analytic strategy. First, we used a multilevel latent 
class growth analysis to identify classes of mouse behavior learning trajectories. Second, 
we examined with a Chi-Squared Automatic Interaction Detection (CHAID) analysis the 
predictive value to what extent certain individual characteristics could predict the classes 
of learning trajectories. In this way, we obtained insight in the variation of groups with the 
same learning behavior profiles. In addition, it enabled us to analyze which type of children 
actually show benefits while playing this educational computer game. 

2 Method

2.1 Participants
A total of 184 children, 86 boys and 98 girls, from preschool education in the northern area 
of The Netherlands participated in this study (see Table 1), after approval of their caregivers. 
None of the participants had received information on the aim of the game.

Table 1: Descriptive information of individual characteristics
 Variables n Possible Actual Mean Standard Missing
   range range (M) Deviation   
   (accepted by     (SD)
   the game)
 Age (months) 173 30-50 31.2-49.9    41.9    4.02 11
 Maternal 170 1-8 2-8       5.96    1.53 14
 educational level
 Developmental 172 0-150 68-149  113.55 17.29 12
 age
 Prior knowledge  181 0-12 5-12    10.65    1.59 3
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2.2 Procedure
Before the educational computer game (www.samenslim.nl) started, mouse-skills were 
practiced with a trained supervisor until the child was able to control the mouse. Next, each 
child played two or three computer game sessions (dependent on their performances) 
during two or three weeks in a quiet room at the playgroup. A decision model, based on 
predefined decision rules in the software, was made for research purposes to determine 
whether a child can progress to a higher level or has to go back to a lower level. Every child 
starts at the lowest level (one) and, depending on how well he or she plays, reaches the 
highest level (45) sooner or later. 
 The children were randomly assigned to four instruction conditions (adult- (AAI), 
computer- (CAI), adult- + computer- assisted instruction (CAI + AAI) or no instruction), 
based on their type of regular learning behavior. In case of no adult-assisted instruction (thus, 
in the CAI or no-instruction condition), a supervisor was present only for technical help 
like starting and ending the game. In the adult-assisted (AAI or CAI + AAI) condition, the 
trained supervisor assisted the child if necessary, but only with adaptive hints or stimulating 
instructions, (e.g. “you first have to move, then you must click on the object”). After 
completing a maximum of seven computer games during one session, the child returned to 
the classroom.

2.3 Instruments
Learning behavior during computer game
Individual mouse-data of each game were collected automatically while the children 
were playing on www.samenslim.nl. This resulted in a continuous measurement of the 
children’s level of knowledge and skills. 
 The samenslim game (www.samenslim.nl) consists of 45 games with five concept 
levels (with increasing difficulty of requested object names). Each concept level consists of 
nine games and differs in three different settings (park, farm and living room) which increase 
in complexity as well, namely in an increasing number of in-game objects and an increasing 
number of thinking steps, that is, colors and objects are first requested separately, and next, 
in combination.
 In the samenslim game of hide and seek, two children play the leads: Sim and Sanne. The 
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 computer-assisted instruction 
(only in the CAI- or CAI + AAI- condition) from a friendly bear in the program, focused 
on the ineffective learning behavior. In the AAI- and no instruction conditions, no adaptive 
computer-assisted instruction was provided.
 Seven characteristics, which are specifically related to different types of (in)effective 
learning behavior, were selected from the automatically registered mouse behavior data. 
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 1.  Reaction time: the average time in seconds between the end of the in-game 
instruction or sound and the first click (irrespective of whether this click is correct or 
incorrect) (range 0 - 15).

 2.  Trials: total number of trials that a child needed to finish a game (range 1 - 4).
 3.  Levels: the level of each individual game (range 1 - 45).
 4.  Errors: total number of clicks per game on a wrong object, as defined by the task 

construction (range 0 - 8).
 5.  Clicks: total number of clicks per game (whether the clicks were correct or incorrect) 

(range 0 - ∞).
 6.  No go: total number of clicks during instruction moments (range 0 - ∞).
 7.  Missing go: total number of no clicks during the clicking moments (range 0 - 4).

The clicks during instruction (No Go trial – inhibition of response) 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.

Developmental age
The total 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).

Regular learning behavior type
Prior to the main part of the study, preschool-teachers, parents and a trained rater received 
a questionnaire to determine the type of regular learning behavior of the individual children 
(see Appendix III). The questionnaire consisted of descriptions of behavior of typical 
unresponsive, reflective and impulsive children. The raters had to categorize each individual 
child into the best fitting category according to their regular learning behavior. 96% of the 
184 participating children were rated consistently between at least two raters (p < .01). The 
remaining 4% of the children were rated by the trained rater only (Veenstra et al., 2010). 

Instruction condition
The children were randomly assigned to of one of the four instruction conditions (adult- 
(AAI, n = 47), computer- (CAI, n = 40), adult- + computer- assisted instruction (CAI + AAI, 
n = 58) or no instruction (n = 39), with about equal numbers of each learning type 
(unresponsive, impulsive or reflective) per instruction condition.
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Maternal educational level
Maternal education was measured on a scale for maternal educational level, categorized 
from no education (1) to university (8).

Prior knowledge
Knowledge of concepts and colors was measured with two ad hoc tests, which were 
specifically developed for the samenslim games. To test the prior knowledge of concepts 
and colors used in the games, similar concepts and colors were assessed. The color test was 
based on an item of the Mullen Scales of Early Learning (item number 27, Mullen (1995)), 
in which the child has to identify colors. In the concept test, the child had to point out the 
requested object, which was mentioned by the supervisor. The child had to distinguish an 
object between three other objects (also from the samenslim games), which were presented 
together. After administering the two tests, total number of correct answers was summed 
up and a mean score was computed.

2.4 Analysis
To answer our first main question, that is to identify types of learners as present in the 
mouse behavior data, we used multilevel latent class growth analysis (MLCGA) (Palardy & 
Vermunt, 2010; Muthén, 2004), which is based on finite mixture modeling. We aimed at 
characterizing learning profiles of the various aspects of the mouse behavior variables, by 
constructing prototypical trajectories of the mouse behavior variables. In this way, a limited 
number of classes is identified, where each class has its own trajectories for each mouse 
behavior characteristic. It is assumed that those classes capture the most important aspects 
of the observed individual trajectories of the seven mouse behavior variables.
 In the MLCGA, we used a log-linear Poisson regression for the variables pertaining to 
frequency variables (trials, error, clicks, no go and missing go), and a linear regression with 
normal error for the reaction time and level. Since we were interested in characterizing the 
initial level and the overall increase (or decrease) in performances, rather than a detailed insight 
into the specific developments across the games, we used a linear regression equation for each 
variable. This implies that each trajectory (of each class and each dependent variable per class) 
was characterized by an intercept and a slope. The intercept indicates the level of performance 
at the first game, whereas the slope indicates the general improvement across games. As the 
level of the first game was 1 for each child, we fixed the intercept in the equation for the variable 
level at 1 for all classes. We determined the number of classes based on statistical indices, the 
interpretability of the classes, and the relative size of the classes so that no class contained less 
than about 4% of the children. As statistical indices, we used the Bayesian Information Criterion 
(BIC) and Akaike Information Criterion (AIC). These are widely accepted indices for latent class 
models (Lanza et al., 2007, BIC appears to perform slightly better than the AIC (Yang, 2006). 
The analyses were performed with Latent Gold 4.5 (Vermunt & Magidson, 2005).
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 To relate the classes identified by the MLCGA to individual characteristics of the children, 
we performed two analyses. First, for each individual characteristic that according to a Chi-
Square test was significantly (using a<0.05) related to the classes, we examined the form 
of the relationship. Second, to identify the most important predictor(s), and their possible 
interaction with the classes, a CHAID (Chi-Squared Automatic Interaction Detection) 
analysis (Magidson, 1993; Magidson & Vermunt, 2005) was performed. A CHAID analysis 
aims at obtaining interpretable subtypes of children that are predictive of the classes. 
Each of the subtypes is defined as a combination of categorical predictors. In the analysis, 
significant predictors are identified, as well as predictor scores that do not differ in their 
prediction of the dependent variable, are merged into a small set of categories. The resulting 
subtypes of children are represented in a so-called tree-diagram, which offers insight into 
the relationships between the classes (i.e., typical trajectories and the predictors (individual 
characteristics, such as developmental age and prior knowledge). We only allowed significant 
predictors (a=0.05) to enter the tree, and allowed for merging scores of the predictors and 
for maximally three levels in the tree.

3 Results

3.1 Multilevel latent class growth analysis
We first performed the MLCGA as described in section 2.5, for 1 to 8 classes. The associated 
information criteria AIC and BIC are presented in Table 2. 

Table 2: Information Criteria to assess model fit for MLCGA models
  1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8 Class
 AIC 86154.1 76811.7 72698.9 70247.9 68852.0 67807.5 67299.4 66872.5
 BIC 86239.8 76971.6 72933.1 70555.7 69235.6 68264.4 67781.1 67408.1
AIC Akaike Information Criterion, BIC Bayesian Information Criterion

As can be seen in Table 2, the AIC clearly, and BIC to a somewhat lesser extent, decreases 
(hence, improves) from one to six classes, and then starts to level off. Moreover, the six-
class model appeared to be the model with the largest number of classes that offers an 
interpretable and useful solution. The smallest class represented 4.4% of the children. 
Therefore, we chose the six-class model, of which the results are shown in Table 4.

3.2 Interpretation of the classes
In order to obtain insight in the specific characteristics of each class, we examined the specific 
mouse behavior trajectories per class, based on the intercepts (which represent the mouse 
behavior during the first game) and the slopes (which represent the degree of improvement 
or impairment across the games). Note that for each variable, the intercepts and slopes of 
each class are in deviation from the overall intercept and slope.
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Table 3: MLCGA Solution for the six-class Model, with intercepts and slopes as compared to the overall 
intercepts and slopes
 Mouse characteristic Class M Intercept SE Intercept M Slope SE Slope
 Reaction time Overall 7.71** 0.19 -0.17** 0.03
  Class 1 -3.59** 0.28 0.02 0.04
  Class 2 -4.69** 0.32 0.15* 0.05
  Class 3 3.84** 0.36 -0.23** 0.06
  Class 4 6.55** 0.45 0.13 0.09
  Class 5 -0.43 0.51 -0.18** 0.08
  Class 6 -1.69* 0.61 0.12 0.09
 Levels Overall  1 0 3.02** 0.03
  Class 1 1 0 1.36** 0.04
  Class 2 1 0 0.95** 0.05
  Class 3 1 0 -0.69** 0.05
  Class 4 1 0 -1.88** 0.08
  Class 5 1 0 0.46** 0.08
  Class 6 1 0 -0.20* 0.09
 Errors Overall -0.47** 0.10 0.09** 0.02
  Class 1 -0.49** 0.13 -0.04* 0.02
  Class 2 1.12** 0.11 -0.06** 0.02
  Class 3 0.23 0.13 0.00 0.02
  Class 4 -3.00** 0.48 0.16* 0.07
  Class 5 0.69** 0.14 0.02 0.02
  Class 6 1.45** 0.14 -0.09** 0.02
 Number of clicks Overall 0.99** 0.04 0.07** 0.01
  Class 1 -0.18* 0.06 -0.08** 0.01
  Class 2 0.49** 0.05 -0.05** 0.01
  Class 3 0.03 0.06 -0.00 0.01
  Class 4 -2.34** 0.20 0.07* 0.03
  Class 5 0.07 0.07 0.14** 0.01
  Class 6 1.93** 0.06 -0.08** 0.01
 Number of trials Overall 1.02** 0.03 -0.00 0.00
  Class 1 -0.40** 0.05 -0.01 0.01
  Class 2 -0.22** 0.05 0.01 0.01
  Class 3 0.24** 0.05 -0.01 0.01
  Class 4 0.31** 0.06 0.00 0.01
  Class 5 -0.03 0.08 0.01 0.01
  Class 6 0.10 0.09 -0.00 0.01
 No go Overall -0.29** 0.09 0.09** 0.01
  Class 1 -0.33* 0.12 -0.16** 0.02
  Class 2 0.53** 0.11 -0.04* 0.02
  Class 3 -0.38* 0.13 0.02 0.02
  Class 4 -2.79** 0.43 0.10 0.07
  Class 5 0.16 0.13 0.18** 0.02
  Class 6 2.81** 0.10 -0.11** 0.02
 Missing go Overall -0.20** 0.07 -0.07** 0.01
  Class 1 -0.35** 0.10 -0.04* 0.02
  Class 2 -2.13** 0.22 0.08* 0.03
  Class 3 0.84** 0.09 -0.01 0.02
  Class 4 1.50** 0.09 0.06** 0.02
  Class 5 0.52** 0.16 -0.18** 0.04
  Class 6 -0.38 0.21 0.09* 0.03
 * p <.05; ** p <.01; *** p <.001.
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 We start our interpretation by first considering Class 1, representing the majority of the 
children, namely 37.1%. This class is characterized by relatively fast reaction times, a low 
number of errors, clicks, no go’s, missing go’s and trials, and high levels. Therefore, we called 
this class the “accurate performers”, to reflect their adequate learning strategies. Further, the 
estimates of the slopes indicate that their reaction time, number of clicks, trials, no go and 
missing go significantly decreased over time.
 Class 2 represented 23.1% of the children. They showed relatively fast reaction times, 
and high numbers of errors, no go’s and clicks and the fewest missing go’s. Furthermore, the 
children in this class showed decreasing reaction times and trials across games. However, 
they also exhibited an increasing number of errors, clicks, missing go’s and no go’s across 
games. Therefore, we called this class the “fast and high performers”.
 Class 3 (representing 17.4% of the children) is characterized by slow reaction times, an 
average number of errors and clicks, many trials, a low number of no go’s and a relatively 
high number of missing go’s. The results also demonstrated that the slow children showed 
decreasing reaction times and missing go’s, and increasing number of errors and mouse 
clicks over game sessions. We denoted this class as the “slow performers”.
 Class 4 was characterized by children who hardly, or even do not, take action. Therefore, 
we called this class the “unresponsive performers” (representing 11.4% of the children). 
Children in this class showed the longest reaction times, and the lowest levels, number 
of errors and clicks, and the highest number of missing go’s. However, over games, they 
showed an increase in clicks, errors and no go’s and a decrease in missing go’s and reaction 
time.
 Class 5 represented children who showed relatively equal mouse behavior characteristics 
during the first game, as compared to the overall intercept, namely about relatively equal 
reaction times, number of clicks, no go’s and missing go’s. Therefore, we labeled these 
children as the “standard performers” (6.5% of the children). They showed relatively high 
levels, and a high number of errors. The children in this class showed a decrease in missing 
go’s and faster reaction times across the games. Furthermore, the number of clicks, errors 
and no go’s increased over time.
 Class 6 was a relatively small class (4.4%). The children in this class showed about average 
reaction times, trials and missing go. The children in this class showed a decrease in their 
errors, number of clicks and no go’s across the games. On the contrary, their missing go’s 
increased and they showed faster reaction times over time. Since the children in this class 
showed relatively uninhibited behavior in combination with low slopes and a high number 
of trials, we call this class the “fast and low performers”.

3.3 Probability of membership of classes within each subset of characteristics 
To assess whether the six types of learners, as found in the MLCGA, related to individual 
characteristics, we first performed separate chi-square tests. Significant relationships were 
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found between the classes and the individual characteristics developmental age (p < .001), 
prior knowledge (p < .001) and instruction type (p = .039). No significant relationship was 
found for learning type (p = .15) and maternal educational level (p = .84). To interpret 
the significant relationships, we present the probabilities of being classified as a member 
of a specific class, given a specific category of developmental age, prior knowledge, and 
instruction type in Table 4. We will interpret those relationships in the next section.

Table 4: Probability of membership of classes within subsets of characteristics, with distributions of children 
per class and per individual characteristic

   Fast and     Fast and 
  Accurate high  Slow Unresponsive Standard low 
  performers performers performers performers performers performers
 Individual Class 1 Class 2 Class 3  Class 4 Class 5 Class 6
 Characteristic (37.1%) (23.1%) (17.4%) (11.4%)  (6.5%)  (4.4%)
 Developmental age
 Very low (17.4%),    0.19 0.14 0.25 0.23 0.09 0.09
 score 68 - 99
 Low (17.9%),  0.31 0.31 0.30 0.00 0.06 0.03
 score 100 - 109 
 Moderate (19.6%),  0.41 0.33 0.14 0.09 0.03 0.00 
 score 110 - 118 
 High (21.7%),  0.50 0.18 0.10 0.09 0.12 0.00 
 score 119 - 130 
 Very high (16.8%),  0.56 0.28 0.03 0.03 0.03 0.06 
 score 131 - 149 
 Missing (6.5%) 0.25 0.08 0.26 0.24 0.00 0.17 
 Prior knowledge
 Low (16.3%),  0.04 0.15 0.39 0.24 0.06 0.12
 score 5 - 8.5 
 Moderate (21.2%),  0.26 0.36 0.26 0.03 0.08 0.03 
 score 9 - 10.5 
 High (60.8%),  0.51 0.21 8.05 0.11 0.06 0.03 
 score 11 - 12 
 Instruction condition
 Computer + adult 0.45 0.23 0.13 0.02 0.09 0.09 
 (25.5%) 
 Adult (21.7%) 0.44 0.31 0.08 0.10 0.08 0.00
 Computer (31.5%) 0.27 0.17 0.24 0.21 0.05 0.06
 No instruction (21.2%) 0.37 0.26 0.23 0.09 0.06 0.00 
 

Developmental age
The relation between developmental age and class is significant (p < .001). The results in 
Table 4 indicate that children with the highest developmental age have a relatively large 
probability of being classified as a member of the accurate class (56%), and the fast and high 
performer class (28%). They have a very low probability of being classified as slow learners 
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or unresponsive performers (3% and 3%, respectively).
 On the contrary, the more the child is defined ‘at-risk’ (with lowest developmental age), 
the higher is the probability that he is a member of the slow performer class (25%) or the 
unresponsive performer class (23%). Based on the fact that the fast and low performer class 
represent 4.4% of the children, the probability of being classified as a member of this class is 
relatively high for low developmental age children (9%).

Prior knowledge
The relation between prior knowledge and class is significant (p < .001). The probabilities 
within each prior knowledge group indicate that children with low prior knowledge have 
the largest probability of being classified as slow performers (39%), while children with 
moderate prior knowledge have the largest probability of being classified as fast and high 
performers (36%). In contrast, the high prior knowledge children have a relatively high 
probability of being classified as accurate performers (51%).

Instruction type
The results reveal that there is a significant relation between class and instruction type 
(p = .039). Children who received CAI or AAI only have a relatively large probability of 
being classified as accurate learners (45% and 44%, respectively). The CAI children have a 
relatively large probability of being classified as slow or unresponsive learners (25% and 
21%). It is striking that, if children did not receive any instruction at all, they still have a large 
probability of being classified as accurate learners (37%). Furthermore, they also have a large 
probability of being a member of the fast and high performer and slow classes (26% and 
23%, respectively).

3.4 Relationship of predictors with classes
To further investigate the best predictors and their possible interactions for the classes, 
we performed a CHAID analysis. As predictors, we considered developmental age, prior 
knowledge, instruction type, learning type and maternal educational level. The resulting tree, 
which describes the best predictors and their interaction to predict the class membership, 
is presented in Figure 1.
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                   Distribution per class
 
 Class 1 (Accurate)  37.13%   
 Class 2 (Fast and high) 23.19%   
 Class 3 (Slow)  17.40%   
 Class 4 (Unresponsive)  11.41%   
 Class 5 (Fast)  6.52%   
 Class 6 (Slow)  4.35%   
                      n = 184  
     

                   Prior knowledge
 
                              5 - 8,5 +  
                              missing  9 - 10,5 11 - 12
                           values (n = 3)  
Class 1 3.56% 25.74%  50.99%
Class 2 14.61% 35.80%  21.33%
Class 3 39.40% 25.64%  8.05%
Class 4 24.24% 2.56%  10.70%
Class 5 6.06% 7.69%  6.25%
Class 6 12.21% 2.56%  2.68%
                   n = 33                                                  n = 39                                               n = 112
     
  
                      Instruction condition
 
                                           CAI + AAI, CAI or AAI       No instruction 
 Class 1 31.37% 0.00% 
 Class 2 24.88% 85.71% 
 Class 3 31.25% 0.00% 
 Class 4 0.00% 14.29% 
 Class 5 9.38% 0.00% 
 Class 6 3.13% 0.00% 

                        n = 32                                                                    n = 7    
  
Figure 1: Tree-diagram with best predictors and their interaction with classes

 In Figure 1, the top (root node) represents the percentage of children in each class. It can 
be observed that prior knowledge and instruction condition appear to be the best predictors 
of class membership. The merged categories of prior knowledge reveal that a distinction is 
being made between low, medium and high prior knowledge. For the interpretation of the 
relationship of prior knowledge with the classes, we refer to section 3.3.
 The tree reveals that instruction condition is also a main predictor for class membership, 
but only for children with moderate prior knowledge (p = .01). For high prior knowledge 



Effects of educational computer games focusing on improving learning behavior

73

Chapter 4

children, the instruction condition is almost significant (p = .061). The three instruction 
conditions in which there was given instruction (adult, computer or both) were combined 
within the tree, which indicates that instruction has a large influence in moderate prior 
knowledge children. The most striking result was that 85% of children with moderate prior 
knowledge who did not receive instruction, are classified as fast and high performers, 
although the number of children with moderate prior knowledge who did not receive 
instruction is low (n = 7). Relatively many children with moderate prior knowledge who did 
receive instruction are classified as accurate (31.37%) or slow (31.25%) performers.

4 Discussion

This study investigated the differences in benefits of an educational computer game, related 
to individual differences in preschool children. Overall, the findings suggest that, based on 
mouse behavior trajectories, a meaningful distinction can be made between different types 
of learners. Our analyses identified six distinct learning trajectories, from low and standard 
to high performers, and from slow to fast performers. This study demonstrates the utility 
of multilevel latent class growth analysis (MLCGA) in understanding complex learning 
trajectories. Further, it provides useful insight in the characteristics that predict possible 
gains in learning behavior while playing computer games. To our knowledge, this is the first 
study in which complex learning trajectories have been examined with MLCGA, based on 
time-serial mouse behavior performances.

4.1 Characterizing different types of learners based on mouse behavior 
characteristics
Our findings indicate that, based on mouse behavior performances across game sessions, 
learning trajectories can be clearly distinguished. In our data, six different types of learners 
could be identified: the accurate, the fast and high, the slow, the unresponsive, the standard, 
and the fast and low performers. However, it should be noted that based on the fit indices, no 
model could be identified that was clearly optimal. The more classes were identified in this 
research, the lower, and thus, the better, traditional fit indices were obtained (see Table 3). 
However, with identifying more than six, probably more precise, classes, the interpretation 
of specific types of learners would be difficult and relative sizes of classes would become 
worse. Therefore, based on these data, we concluded that six classes would be the best 
characterization of different types of learners.

4.2 Improvement of learning behavior of different types of learners
Of the six types of learners that we identified in our data, four types of learners (represented 
by 70% of the children) showed improvement in their learning behavior while playing the 
educational computer games. It can therefore be concluded that these types of learners 
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showed benefits while playing this educational computer game. That is, these types of 
learners either showed decreasing reaction times across the games, in case of slow reaction 
times during the first game, or they showed a decreasing number of clicks across games 
in case of a high number of clicks during the first game. To interpret the improvement 
within the different classes adequately, it should be taken into account that the definition 
of improvement differed between the classes. For the ‘fast’ classes who exhibited relatively 
fast reaction times, or many errors or clicks during the first game, we defined improvement 
as a decrease in errors, trials, and no go’s. For the ‘slow’ classes who showed a low number of 
clicks and slow reaction times during the first game, we defined improvement as an increase 
in errors and clicks and a decrease in missing go’s, which indicates that they learned to react 
(faster) and learned to show increasingly active behavior over the game sessions.
 The four classes that showed improvement in their learning-to-learn skills, which were 
measured with the slopes of the learning trajectories, were the accurate, the slow, the 
unresponsive, and the fast and low performers. However, the fast and low performers did 
not show such large improvement compared to the other three types of learners. The fast 
and low performers showed a decrease in errors, clicks and no go’s, which was positive, but 
they also exhibited a decrease in reaction time and an increase in missing go’s, which can be 
considered to be negative.
 The results indicated that 70% of the children showed benefits while playing the games, 
which also indicated that almost 30% of the children did not show gains while playing 
the games. The results demonstrated that the standard performers and the fast and high 
performers even showed impairment in their learning behavior over time. An increasing 
number of clicks and no go’s could be observed, which suggests that their uninhibited learning 
behavior increased over time. We suspect this might be caused by relatively low interest 
and decreasing motivation (e.g. too low challenge) or under stimulation (e.g. levels that do 
not correspond to the Zone of Proximal Development (ZPD) of the individual learner), and, 
finally, too low variation in assignments or settings) for these types of performers (Shaw & 
Lewis, 2005; Veenstra et al., 2011; Vygotsky, 1978; Van Geert et al., 2006).
 Further, we can conclude that the type of performers who showed the most effective, 
although not optimal, learning-to-learn skills while playing the first game - the accurate 
performers – constituted the largest class (37%). These performers showed benefits on 
all mouse behavior characteristics across the games, which indicates that a high number 
of children developed increasingly effective learning-to-learn skills. Also the slow and 
unresponsive performer classes, which represented almost 39% of the children, showed 
gains while playing the games, with more uninhibited learning behavior. We can conclude 
that these children showed increasingly effective learning-to-learn skills over time, which 
indicates that these computer games are effective for relatively many children to improve 
ineffective learning behavior.
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4.3 Probability of being classified as a specific learning type
To evaluate what type of child had a large probability of showing benefits while playing 
the educational computer game, analyses were conducted to investigate the relationship 
between individual characteristics and different types of learners. 
 The results demonstrated that developmental age, prior knowledge and instruction 
conditions were significantly related to class. However, the results also clearly indicated that 
there was no one-to-one relationship between the individual characteristics and types of 
learners. This was not surprising, since performances of children are mostly affected by a 
combination of factors. Low developmental age can be a risk factor, while the same child 
also can have high prior knowledge, which can serve as a protective factor (Rutter et al., 
2008).
 Additionally, we expected that a child’s regular type of learning behavior (e.g. impulsive 
or unresponsive) would correspond to the learning trajectories while playing this educational 
computer games. For example, we expected, based on our previous study (Veenstra et al., 
2010), that impulsive children (during their daily behavior) also would show relatively fast 
reaction times or a high number of no go’s, which correspond to learning trajectories of 
the fast classes. Further, we expected that unresponsive children would show slow reaction 
times and a low number of clicks, which corresponds to learning trajectories of slow or 
unresponsive classes. However, the findings in this study indicate that learning type was not 
significantly related to class (p= 0.15), which seems to be contrary to our earlier findings 
(Veenstra et al., 2010). However, in our previous study we did not examine profiles of 
combinations of multiple mouse characteristics, but we examined smoothed averages of 
separate mouse behavior characteristics of different types of learners across games, without 
taking the intra- and inter-individual variability into account. Therefore, the current findings 
do not necessarily contradict the earlier findings.
 We can give two explanations for the non significant finding in this current study. 
First, the results reveal that the classes were mainly predicted by prior knowledge, which 
was assessed by pointing out requested concepts or colors. This is based on the level of 
declarative knowledge, which can be defined as knowledge of facts or content. This indicates 
that the learning trajectory within each class is more related to declarative knowledge of 
requested in-game objects and colors than to problems with knowing how or when to 
act, which we define as ineffective learning behavior. For example, the findings indicate 
that a child who exhibits relatively many errors, really does not know on what object he is 
requested to click, due to his low factual knowledge, instead of showing ineffective learning 
behavior. Second, the finding that learning type and classes were not significant related 
might be caused by low statistical power. Relatively many reflective children (n = 133) and 
relatively few unresponsive (n = 25) and impulsive children (n = 26) were involved.
 Therefore, future research should consist of more subjects, to eliminate the possible 
power problem. A potentially fruitful approach to the problem of classifying types of 
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learners on the basis of performance or mouse variables is supervised learning. The 
technique is comparable to the MLCGA applied in this article, except for the fact that the 
classes (the learning types) are known to the classification algorithm, which tries to find out 
which combinations of mouse variables are good predictors of these classes. A preliminary 
analysis by means of a decision tree procedure suggests that mouse behavior of individual 
children, instead of groups, can be used as a reliable predictor of their learning type.
  Further, the findings indicated that children with a high developmental age and high prior 
knowledge had a high probability of being classified as accurate performers. This implies that 
these children have large probabilities of showing benefits while playing the games, which 
is positive, but the main aim of the games is to positively affect learning behavior of the 
children at risk. The results indicated that children at risk, who have a low developmental age 
or low prior knowledge had a high probability of being classified as slow performers. This 
suggests that if children at risk play these games, they gradually learn to take faster actions 
and show less inhibited behavior, although they do not show such large gains as the accurate 
learners. Furthermore, children with moderate prior knowledge and developmental age had 
a high probability of being classified as fast and high performers. This indicates that these 
children had a high probability of showing no gains while playing these games.
 Concerning the instruction conditions, the children who did not receive adult-assisted 
instruction at all, had the largest probability of being classified as slow or unresponsive 
performers. The children who received adult-assisted instruction, mostly corresponded 
to the class of the accurate performers. This confirms that adult-assisted instruction (in 
combination with computer-assisted instruction) is crucial for developing effective learning-
to-learn skills for showing relatively high performance levels (Veenstra et al., 2010).

4.4 Relationship of characteristics with learning trajectories
To investigate the relationship between the learning trajectories and the individual 
characteristics, a tree-diagram was developed. The findings indicated that prior knowledge 
was the main predictor of specific class assignment. Furthermore, when taking moderate 
prior knowledge into account, instruction condition was also a main predictor for specific 
class membership. These findings were not completely surprising. Prior knowledge was 
measured with tests that were specifically developed for these games: the requested 
objects corresponded with the objects in the games. Such correspondence did not apply to 
developmental age or type of learning behavior. 
 Furthermore, the results indicated that receiving instruction did only affect learning 
behavior of children who have moderate prior knowledge. We suspect that children with 
high prior knowledge did not need instruction, since they already exhibited adequate 
problem solving skills. As a consequence, instruction can not improve their performances as 
much. Low prior knowledge children, on the other hand, also did not learn from instruction, 
perhaps since the level of the games was too difficult. The instruction that was provided did 
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not scaffold their learning behavior, which might be caused by instruction that did not suit 
the cognitive ability of each individual child (Van Geert et al., 2006).

4.5 Strengths, limitations and future research
To our knowledge, this is presumably the first research in which mouse behavior profiles 
have been investigated to predict specific types of learners and predict possible gains of 
specific types of children, based on individual differences. Despite the interesting findings 
and explorations, there are some limitations to note.
 A total number of 184 children participated in this study. Although this is not a small 
sample, to the division into six classes, of which one consisted of 4.4% of the children, 
results in classes comprising only few children (in this particular case). In future research 
more subjects should participate, to make more reliable predictions of the different types of 
learners and to investigate whether regular learning type is really not an adequate predictor 
of classes.
 Additional research is needed to understand how best to affect ineffective learning 
behavior of impulsive high performers, as well as to improve learning behavior of standard 
learners, although the last one represented only a small group in this study. The instruction 
in the current samenslim games was adaptive to the individuals’ responses and behavior. 
However, the instruction was insufficient to positively affect increasing impulsive learning 
behavior over time. We suggest that more (adapted) games, with more variation in settings 
and instruction (within the individual’s ZPD) and with more competition and challenge 
(Veenstra et al., 2011), will also affect more children who show impulsive learning behavior.
 Finally, based on our empirical findings, we predict that more extensive use of educational 
computer games as instructional tool to improve ineffective learning behaviour of children 
at risk in preschool education, might function as a protective factor to reduce later learning 
delays.
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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 



Chapter 5

96

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).



6
Summary and Conclusion
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Educational computer games are promising tools to teach preschool children specific 
knowledge and skills in a playful manner. Although declarative knowledge is important for 
development, adequate learning-to-learn skills are crucial for later school success (Diamond, 
Barnett, Thomas & Munro, 2007). For this reason, these crucial skills should be improved as 
early as possible, to reduce the probability of eventual learning delays later in development. 
Starting from the idea that computers games are not only able to develop declarative 
knowledge, but can also provide the opportunity to develop effective learning-to-learn skills 
in an early age, the samenslim games were developed.
 The guiding question in this dissertation is whether ineffective learning behavior of 
preschool children can be improved through playing educational computer games. Our 
first objective is to obtain insight in the educational power of edutainment games in the 
Netherlands, including the samenslim games. The second objective is to investigate whether 
the samenslim games were able to distinguish various types of learning-to-learn skills that 
preschool children and were also able to improve them. Our third objective is to examine 
whether the samenslim games can function as an effective learning tool for children with an 
early diagnosed developmental learning disability (ADHD, ASD and comorbid children).
 The studies consisted of 184 typically developing preschool children (between 2.6 and 
4.2 years) and 18 children between 3.8 and 6.3 years with a formally diagnosed learning 
disorder (ADHD, ASD or comorbid children). All children played the samenslim games for 
two or three weeks. While playing these games, mouse behavior of each individual child, 
such as the number of clicks, errors and reaction times, was automatically registered per 
game.
 The statistical analyses were mainly based on random permutation techniques using 
Monte Carlo analyses, since the data were not normally or regularly distributed. The Monte 
Carlo analysis is useful in small samples and entails a statistical simulation of the data as based 
on specific null hypotheses (Good, 1999; Todman & Dugard, 2001). Additionally, with this 
type of statistical test it was possible to combine multiple mouse behavior characteristics or 
opposite effects in one test.
 We used multilevel latent class growth analysis modeling (MLCGA) techniques (see 
Chapter 4) as a way to handle data from a person-centered perspective. It allowed us to 
identify different learning types which can be described by different growth trajectories 
(based on multiple mouse behavior characteristics), predicted by different sets of risk and 
protective factors, such as developmental age or instruction type (Palardy & Vermunt, 2010; 
Muthén, 2004).
 In this concluding chapter, we will first summarize and repeat the main findings in this 
dissertation, by answering eight questions which are based on the objectives we outlined 
above. Since no study is perfect, and our studies are no exception, we will address the 
strengths, limitations and recommendations of this dissertation. To bridge our findings to 
practice, we conclude this chapter with implications for educational practice.
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6.1 Study outcomes 

 Can edutainment games function as a powerful learning environment?

Chapter 2 focuses on the first objective of this dissertation. In this chapter, we first examined 
the characteristics of powerful learning environments according to the literature. Second, 
based on this theoretical study of learning tool characteristics that result in powerful learning 
and on heuristic and common-sense-based criteria, we developed a checklist that assesses 
the quality of educational computer games to function as a powerful learning environment. 
Third, with this checklist, we evaluated eight randomly selected Dutch edutainment games 
that aim to improve specific skills in preschool children.
 Our interpretation of powerful learning environments was that these environments 
promote active and constructive learning, which is promoted by playful learning and is aligned 
with individual differences in order to reach high engagement and flow (Csikszentmihalyi, 
1990; De Jong & Pieters, 2006; Vygotsky, 1978). Based on the literature on optimal learning 
and powerful learning environments, seven main characteristics of effective learning tools 
were formulated. First, to achieve optimal learning, adaptive feedback should be provided to 
the learner (Cagiltay, 2006; McKenzie, 1999). Second, scaffolding strategies are important, 
which implies that instruction or levels should be within the zone of proximal development 
(ZPD) of the learner (Meyer & Turner, 2006; Van Geert & Steenbeek, 2006). Third, the 
learning tool should contain levels, adaptive to the performances of the learner (Van Geert 
& Steenbeek, 2006; Vygotsky, 1978; Webb, 1991). Clear instruction is the fourth important
characteristic. Examples or demonstrations provide the learner the opportunity to practice 
and imitate what has been demonstrated (Slavin, 2009). A powerful learning tool also 
should possess an overarching or distal goal (Van Geert & Steenbeek, 2006). Animations and 
sounds often provide gains in the engagement and interest of the learner, which is positively 
related to optimal learning (Embi & Hussain, 2005; Okan, 2003). At last, the content should 
be free of discrimination, e.g. ethnical background, and must be challenging and competitive 
(Aronson, 2002; Liao, 2006).
 Based on the characteristics mentioned above, we developed the Edutainment Software 
Evaluation Checklist (ESEC). The ESEC is based on the main important characteristics of 
powerful learning environments and consists of 35 questions in total. Each answer receives 
two, one or zero points. The inter-rater reliability for this checklist was good or acceptable 
(.85). Since the list had a provisional character, cut-off scores and the predictive validity 
were not established yet. Next, to establish discriminative validity, eight Dutch edutainment 
software programs (cd-roms, a free online game and mini-laptops) were evaluated. Most 
games were lacking important characteristics of powerful learning environments, such as 
levels, specific content, instruction and specific learning goals. However, the interface of 
all games was evaluated as satisfactory or good. Furthermore, the feedback in the games 
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was evaluated as moderate. Since these games lacked important characteristics, they were 
negatively evaluated as insufficient to count as powerful learning environments. Overall, 
we concluded that only a small number of the games could be considered as a powerful 
learning environment. We also concluded that more research has to be done to study skills 
that are required for the child to be able to play a game or a particular game level individual 
level adequately (the entrance conditions). Finally, we suggested that in the design of new 
edutainment games, the educational part of edutainment software should be more clearly 
emphasized. Our checklist can be used as an instrument to do so. In this way, it can serve as 
an instrument for turning edutainment software into a powerful learning environment.

 Can the samenslim games function as a powerful learning environment?

Evaluation of the samenslim games with the ESEC (chapter 2), led to the conclusion that 
these games contain good feedback-conditions and a good interface. The learning goals, 
instruction conditions, levels and content were evaluated as satisfactory. This implies that 
the samenslim games can still be improved on specific characteristics, but that in general 
all characteristics are evaluated as satisfactory for a powerful learning environment. One 
aspect that should be further improved concerns the entrance levels of the game. These 
levels should be more adaptive, e.g. to the developmental age of a child (e.g. within the 
child’s ZPD). We suggested that more variety of content, more competitive elements and 
higher levels of challenge are also improvements in order to make the samenslim games 
more powerful. Further, we recommend the addition of a demonstration or example for the 
children before the game starts. As a result, the child can practice before he or she can play 
the games ‘for real’.

  Are the samenslim games able to distinguish different mouse behavior patterns 
 of different types of learners?

Chapter 3 focuses on the utility of the samenslim games to distinguish (in)effective learning 
behavior in preschool children, which was the second objective of this dissertation. 
We defined two types of learners, ineffective (unresponsive or impulsive) and effective 
(reflective) learners. We defined unresponsive children as children who do not actively seek 
help and take action. In our definition, reflective children show self-control and adequate 
problem solving strategies. Impulsive children, on the other hand, have deficiencies with 
their self-regulation and do not organize their tasks and, equal to unresponsive children, do 
not seek help or instruction when they have difficulties with solving a task (Bornas, Servera 
& Llabrés, 1997; Kagan, 1965; Newman, 1990; Stright & Supplee, 2002).
 In this study, a total number of 184 children were randomly assigned to a combination 
of four instruction conditions (adult, computer, adult + computer or no instruction), and 
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type of regular learning behavior. With a short questionnaire for teachers, parents and 
trained raters, children were classified as unresponsive (ineffective), reflective (effective) or 
impulsive (ineffective) learners (see Appendix III). All children played the samenslim games 
during two or three sessions and their mouse behavior (e.g. reaction time, number of clicks, 
errors) was automatically registered by the software.
 The results showed that, irrespective of the instruction conditions, according to 
registered mouse behavior of each individual child, ineffective learning behavior could be 
clearly distinguished from effective learning behavior. Moreover, in line with our hypothesis, 
we concluded that mouse behavior also permits a more refined distinction into impulsive, 
unresponsive and reflective behavior of the children (Kagan, 1965). However, in order to 
determine the specific type of ineffective learning behavior, a combination of multiple 
mouse behavior aspects had to be taken into account (e.g. number of clicks, errors, and 
number of trials). The findings indicated that reflective children showed the most effective 
mouse behavior: they needed the fewest number of trials to finish the games and showed 
the highest slopes of performances. Furthermore, their amount of mouse clicks was 
between that of unresponsive and impulsive children. As expected, the unresponsive 
children showed the lowest number of mouse clicks and errors. Impulsive children showed 
the highest number of clicks and errors and needed the highest number of trials to finish the 
games. However, the differences between reflective and unresponsive children were smaller 
than the differences between reflective and impulsive children. Additionally, we concluded 
that regular learning behavior corresponds to learning behavior while playing computer 
games. This suggests that the characterization of specific types of learning behavior on the 
basis of mouse behavior performances while playing the samenslim games serves as a good 
prediction of a child’s learning behavior during other tasks.

 Are the samenslim games able to improve learning behavior of impulsively 
 and unresponsively learning preschool children?

To evaluate whether learning behavior of ineffectively learning children can be improved 
(the intervention aspect of the samenslim games), we first applied a smoothing procedure 
to the averages of mouse clicks and trials per game (see Chapter 3). We expected that the 
number of mouse clicks as an effect variable would increase for unresponsive children. On 
the contrary, for impulsive children we expected that the number of clicks would decrease. 
For both impulsive and unresponsive children we expected a decrease in the number trials 
needed to finish a game over time.
 Considering the overall development of the three types of learners during the game 
sessions, and taking the increase in mouse clicks and no decrease in trials into account, it 
could be concluded that there was no learning effect for impulsive children and only a small 
learning effect for reflective children. Furthermore, the unresponsive children exhibited 
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an increase in the number of mouse clicks (during the first six games), which was even 
steeper increase than that of impulsive and reflective learners. The results demonstrated 
that unresponsive learners needed a relatively long warming up phase and showed a small 
learning effect after that phase (with a decreasing number of trials after four games). This 
implies that unresponsive children related their efforts to success and as a result they learned 
to complete a task more independently (Mercer & Pullen, 2005).
 The results demonstrated an overall increase in mouse clicks of impulsive learners, 
which might indicate that they were insufficiently stimulated to regulate their behavior and 
even behaved more uninhibited than during the first games. Except for the first four games, 
we also could not observe a decrease in trials during the sessions, in contrast to reflective 
children.
 Based on these findings, we concluded that for unresponsive children, the educational 
computer games resulted in increasing initiative and faster actions across the games. 
However, for impulsive children, the computer games were not adequate to improve their 
uninhibited behavior. They even showed increasingly uninhibited learning behavior across 
the games. Shaw & Lewis (2005) found that children with ADHD remained more uninhibited 
while playing a less-game like task as compared to more commercially designed computer 
games. This finding suggests that the uninhibited behavior is likely to be a result of under 
stimulation or low variation in the samenslim games, which probably caused decreased 
motivation and increased uninhibited behavior.

 Computer-assisted instruction, adult-assisted instruction, both or none?

In our previous paragraph we concluded that for impulsive children the samenslim games 
were not adequate. However, the effects of different types of instruction were not taken 
into account yet. In chapter 3 we evaluated what type of instruction was the most effective 
for unresponsive, reflective and impulsive learners. It was expected that for impulsive 
children, adult-assisted instruction will be necessary to improve their uninhibited behavior 
(Elias & Berk, 2002; Karpov, 2005; Rogoff, 1990). The outcomes in chapter 3 supported the 
hypothesis that adult-assisted instruction in combination with computer-assisted instruction 
is the best method to improve learning behavior in ineffectively as well as effectively 
learning children. In the instruction conditions without adult-assisted instruction, impulsive 
children showed the worst learning outcomes. This finding supports our expectation that 
for impulsive learners, adult-assisted instruction is the optimal instruction condition. These 
findings confirmed our hypothesis that supervision of an adult or peer is important to 
scaffold and regulate the children’s learning, which is also emphasized by Rogoff (1990). As 
a child’s competence increases, the scaffolder gradually withdraws support.
 Unresponsive children showed relatively good learning outcomes in the conditions with 
computer-assisted instruction only. It was striking that, even in the no instruction condition, 
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unresponsive children showed better learning outcomes than in the adult-assisted instruction 
condition. This indicated that adult-assisted instruction only might interrupt or inhibit 
these children from taking any action, while computer-assisted instruction (in combination 
with adult-assisted instruction) was more stimulating for unresponsive children to initiate 
and plan their actions. The results showed that, if not combined with computer-assisted 
instruction, adult-assisted instruction did not stimulate the unresponsive children’s actions. 
A probable explanation for this finding is that unresponsive children have problems with 
their social development, such as the tendency to withdraw from relatively unfamiliar adults 
and be wary (Kagan & Snidman, 1999; Sanson, 2004).
 Furthermore, the findings demonstrated that reflective children showed relatively 
constant performances during all instruction conditions. Even in the no instruction condition 
they showed relatively good learning behavior. This indicates that for effective learners, 
instruction is not as important as for ineffective learners. This is in line with the finding that 
off-task behavior of children with a high task orientation and adequate attention regulation 
capacities was not affected by the type of instruction (computer or teacher), in contrast to 
low task oriented children (Orth & Martin, 1994).
 Based on all findings, we concluded that while playing educational games focusing on 
improving ineffective learning behavior, adult-assisted instruction is crucial for impulsive 
children. For unresponsive children, we concluded that adult-assisted instruction only 
might interrupt them or even inhibit these children from taking action. Computer-assisted 
instruction only or computer-assisted instruction in combination with adult-assisted 
instruction resulted in the best performances of unresponsive children.

 What type of children does show gains during playing the samenslim games?

In chapter 4 we examined what type of children has a relatively high probability of showing 
gains while playing the samenslim games. In this chapter, learning trajectories of individual 
children (n=184) were clustered, based on seven mouse behavior characteristics related 
to (in)effective learning behavior, such as reaction time, errors, and trials. Multilevel latent 
class growth analysis revealed that six types of learners could be identified, from low to high 
performers, from slow, accurate to fast performers. From the six types of learners that were 
identified, 70% showed improvement in their learning behavior while playing the samenslim 
games. For example, these types of learners either showed decreasing reaction times across 
the games, in case of slow reaction times during the first game, or they showed a decreasing
number of clicks across games in case of a high number of clicks during the first game.
 However, 30% of the children did not improve and even showed impairment in their 
learning behavior. That is, these two types of learners, defined in this chapter as fast + high 
performers and standard performers, exhibited even more uninhibited learning behavior, 
with increasing number of clicks and no go’s. We suspected that this decline in performance 
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quality was caused by understimulation (e.g. levels that did not correspond to the Zone of 
Proximal Development (ZPD) of the individual learner and by decreasing motivation (e.g. 
too low challenge) (Shaw & Lewis, 2005; Van Geert & Steenbeek, 2006; Veenstra, Van Geert 
& Van der Meulen, 2011; Vygotsky, 1978).
 To investigate what type of child had a large probability of showing benefits while playing 
the samenslim games, we analyzed the relationship between individual characteristics and 
the six different types of learners. Four individual constructs were assessed in this study, 
which are considered to be risk factors for later learning delays, namely developmental 
age, prior knowledge, maternal educational level and regular learning type (unresponsive, 
impulsive or reflective children). Further, a task-specific construct was involved, namely type 
of instruction (computer- and/ or adult-assisted instruction. The results demonstrated that 
developmental age, prior knowledge and instruction conditions were significantly related 
to the six types of learners. Children at risk, such as children with low developmental age 
or low prior knowledge, had a high probability of being classified as a type of learner who 
showed improvement in ineffective learning behavior across games. Also children who 
received adult-assisted instruction (in combination with computer-assisted instruction) and 
children with high developmental age and high prior knowledge were classified as learners 
who showed improvement. However, children with moderate developmental age or prior 
knowledge had a high probability of being classified as a learner who did not show benefits 
while playing the games. Maternal educational level and learning type were not significantly
related to the six types of learners. Further, the results revealed that prior knowledge was 
the best predictor for the different types of learners. Instruction had a positive influence 
only on children with moderate and high prior knowledge (the result of the high prior 
knowledge group approached the significance level). Based on the results, we concluded 
that both children at risk (with low developmental age or low prior knowledge) and typically 
developing children (with high developmental age or high prior knowledge) have high 
probabilities of showing improvement in their learning behavior. However, we assumed 
that with more challenge, competition, more adaptive levels and variation in instruction, the 
children who showed impairment in their learning behavior might also show improvement 
in their increasingly uninhibited learning behavior (e.g. Shaw & Lewis, 2005).

 Do the samenslim games effectively distinguish executive function skills 
 of children with developmental learning disorders?

Chapter 5 focuses on the third objective of this dissertation. In this chapter we investigated 
whether the children’s performance in the samenslim games allow researchers to distinguish 
children with Attention-Deficit Hyperactivity Disorder (ADHD), Autistic Spectrum Disorders 
(ASD) and comorbid (with ADHD and ASD) children. In this study, we compared executive 
function profiles of officially diagnosed children with learning disorders with typically 
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developing (TD) children, according to their mouse behavior. We used the term Executive 
Function (EF) skills in this study, since both types of children diagnosed with ADHD and/ or 
ASD have difficulties with controlling and regulating their abilities and behavior, not only 
during educational tasks, but also in their daily behavior (e.g. Barkley, 1997; Happé, Booth, 
Charlton & Hughes, 2006; Sarkis, Sarkis, Marshall & Archer, 2005). Behavior control and 
regulation are based on the child’s executive function skills.
 To examine whether EF profiles could be distinguished based on mouse behavior 
trajectories of different types of children, each child played the samenslim games during 
two or three computer-game-sessions without adult-assisted instruction. We expected to 
observe uninhibited mouse behavior in children with ADHD, as defined by errors, no go’s, 
reaction times and missing go’s. For children with ASD we expected that they would show 
too inhibited learning behavior, with low initiative and perseverative behavior, defined by 
the number of repeats, no go’s and the reaction times. Additionally, we expected that we 
also could distinguish children with ADHD from children with ASD based on the degree of 
variability of their mouse behavior across the games. We hypothesized that children with 
ADHD would 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 rigid, perseverative and hyperfocused behavior) (Kagan, 1965; Kalff et al., 
2005; Mayes & Calhoun, 2007).
 Based on literature with regard to main impairments of EF skills in children with ASD 
and ADHD, we selected six mouse behavior characteristics that represented the specific EF 
skill which we expected to be impaired. Further, the coefficient of variability (CV) per mouse 
characteristic across the games was computed. All mouse characteristics were corrected 
for developmental age. Next, averages per game per type of child were computed to 
compare the similarities and differences of EF profiles between the four groups of children. 
The results demonstrated that relatively large, statistically significant, differences in the 
mouse behavior characteristics could be observed between the children with ADHD and 
the other three types of children (ASD, comorbid and TD children). The children with ADHD 
exhibited impairments across all six mouse behavior characteristics, which suggested that 
they showed deficits on multiple EF areas, mainly in inhibition (Berlin, Bohlin, Nyberg & 
Janolds, 2004). Although we expected a relatively high variability of children with ADHD 
across the games, the results indicated that there were no significant differences between 
children with ADHD and children with ASD. The findings showed that children with ADHD 
behave relatively constantly fast and uninhibited across time.
 The results showed a relatively high number of repeats in combination with a low number 
of clicks, long reaction times and the lowest variability in behavior of children with ASD 
across time. This indicated that children with ASD showed too inhibited and rigid behavior 
and had more difficulties with initiation compared to TD children. 
 In our study, the comorbid children exhibited more effective EF skills than children 
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with ADHD and ASD, with smaller impairments in inhibition than children with ADHD and 
smaller impairments in initiation than children with ASD. Furthermore, the children in the 
comorbid condition showed the highest variability on most mouse characteristics, with 
more fluctuations in inhibition and initiation than ASD, ADHD and TD children. As a result 
of these findings, we concluded that comorbid children can be distinguished from the other 
types of children on the variability of their mouse behavior processes.
 Overall, we concluded that the samenslim games are able to distinguish EF skills in ADHD, 
ASD and TD children, based on the different mouse behavior trajectories of these three 
groups. However, the results also indicate that distinguishing EF skills in comorbid children 
is relatively complex.

 Are the samenslim games effective to improve executive function skills of 
 children with early developmental learning disorders?

In chapter 5 we investigated the effectiveness of the samenslim games to improve ineffective 
learning behavior of ADHD, ASD, comorbid and TD children. Regarding the overall 
development of EF skills, improvement scores were computed to analyze differences in the 
progress of the different types of children across the games. 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 results indicated that all four types of children showed statistically different 
improvement patterns. ASD and TD children showed on average the least progress, which 
was not surprising, since they already showed more effective EF skills from the beginning 
as compared to the ADHD and comorbid children. Moreover, the findings demonstrated 
that the children with ASD showed impairments in their EF skills, namely more errors, 
repeats and no go’s over time. As a result of these findings, we concluded that the children 
with ASD learned to take action. However, the action was still ineffective, namely showing 
clicks at wrong moments and clicks on wrong objects. The findings in Chapter 5 suggested 
that for children with ADHD, the samenslim computer games might serve as an adequate 
instrument to improve EF skills during this task, mainly on inhibition. However, for ASD and 
comorbid children, the current samenslim games were less adequate to improve EF skills 
across the games, taking into account that the ASD children showed already relatively good 
performances from the beginning.

6.2 Strenghts, limitations and recommendations 
The samenslim games provide the opportunity for preschool children to develop adequate 
learning-to-learn skills in an enjoyable way. However, not all children showed benefits while 
playing the games. Unresponsive children are able to play the games independently, but 
impulsive children need adult-assisted instruction in combination with computer-assisted 
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instruction. Furthermore, the games might be useful for preschool teachers or educational 
psychologists to distinguish unresponsive, reflective and impulsive learners. In medical 
daycare centers, the games can also be used as a diagnostic instrument to distinguish 
between EF skills in young children. Moreover, the samenslim games can be used to improve 
ineffective EF skills in children with ADHD. Additionally, with the registered mouse behavior 
performances insight can be obtained in learning behavior at a microgenetic level. With 
using a microgenetic design, the same children are studied repeatedly over a short period of 
time, which provides insight at children’s behavior while it is changing (Fogel, 1990; Kuhn, 
1995; Siegler, 1995, Van Geert & Steenbeek, 2005).
 This studies reported in this dissertation have a number of limitations. For example, the 
ESEC checklist had a somewhat provisional character. We expect that further studies of 
powerful learning environments, especially in the context of digitally supported learning 
may help to extend and improve the current checklist.
 Most analyses had an exploratory character. For instance, the studies aimed at 
investigating the possibility to measure, distinguish and improve learning-to-learn skills 
based on registered mouse behavior (see Chapter 3 & 5) were, as known to us, the first 
studies that measure learning-to-learn skills based on children’s mouse behavior. Despite 
the exploratory character of the studies, we demonstrated that it is possible to differentiate 
children into specific learning types according to their mouse behavior trajectories. Although 
the samples of the studies were small, we examined at a microgenetic level how children 
behaved during a task. As a consequence, this resulted in many quantitative time serial 
data per child, which provided rich, detailed and reliable information concerning individual 
learning trajectories.
 However, the disadvantage of detailed information is that it is time-consuming and 
expensive to analyze the data. The ultimate goal of the designers of the samenslim games 
was to provide information to parents and teachers about the learning behavior of their 
individual children. Future research is necessary to investigate whether the mouse behavior 
trajectories can be analyzed automatically by means of inbuilt computer algorithms, in such 
a way that conclusions can be drawn by the computer itself, immediately after playing the 
games. We suggest to combine multiple relevant mouse behavior characteristics and to 
cluster them into profiles (see examples of classes in Chapter 4). These profiles characterize 
specific types of learners. However, more data have to be collected to obtain large classes 
and draw reliable conclusions about specific learning behavior types.
 The study with regard to the children with formally diagnosed learning disorders, such as 
ADHD, concerned preliminary results (see Chapter 5) as well. Only two children diagnosed 
with ADHD, participated in the study. Furthermore, the comorbid group was small and we 
had no further information about the degree of comorbidity. Lastly, the children in this 
group only received computer-assisted instruction. Future research should include more 
clinically diagnosed children and compare the effects of different instruction conditions on 
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improving learning behavior. We expect that adult-assisted instruction is a valuable addition 
for these children, since our study in chapter 3 confirmed that for impulsive children adult-
assisted instruction was necessary to show optimal performances. Furthermore, it should 
be taken into account that the EF profiles of the diagnosed children were measured during 
two or three weeks. Children who attend medical daycare centers often live in a turbulent 
context, e.g. with family and environmental problems. It might be that in this period of 
testing, they had a lower motivation than in more quiet periods. As a consequence, they 
might have exhibited more unstable EF skills, which probably influenced their learning 
behavior. We therefore conclude that the EF profiles we found are not as reliable as the 
profiles of TD children, who regularly behave more constantly over time.
 The findings showed that most children demonstrated a drop in quality of their learning 
behavior after the first games (see Chapter 3). We would like to stress the importance of 
variation in the settings and objects within the games, not only in difficulty of levels, but 
also in the specific assignments. Constructing more games, adapted to the developmental 
age of children, with more variation in settings and more adaptation in assignments, will 
almost certainly be more effective, especially for impulsive children, who need relatively 
more stimulation to remain highly motivated (Shaw & Lewis, 2005).
 Furthermore, the children in the studies only played the games for two or three weeks. 
This period might have been too short for some children to show improvement. For some 
children, it was the first time sitting in front of a computer and playing computer games 
independently. Furthermore, they played the games in a separate room at the preschool 
education premises, with a relatively unknown supervisor. This might have influenced the 
results. For our studies, it was necessary to standardize the research conditions. However, 
future research should also consider natural studies in the classroom itself, with a preschool 
teacher, with extra time to get used to playing games at a computer independently.
 Since the samenslim games currently consist of few games, levels, low variation in 
settings and instruction and no adapted starting level, we did not expect long term effects or 
generalization to other tasks as a result of playing the games. With more adaptive instruction, 
challenge, more variation in settings, tasks and instruction, the samenslim games might offer 
children the opportunity to play the games for a longer period, without losing motivation. 
However, it is expensive and difficult to develop such powerful educational computer games, 
which are not only educational, but also consist of vivid animations, sounds and graphics. 
However, it should be taken into account that, in spite of the current limitations, games 
such as samenslim can function as a powerful intervention to improve ineffective learning 
behavior in an enjoyable manner. Furthermore, we suggest that additional instruction 
for supervisors (e.g. teachers) of impulsive children concerning how to provide feedback 
while playing the samenslim games, makes the games a more powerful tool for this type of 
ineffectively learning children.
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 6.3 Implications for educational practice

Edutainment Software Evaluation Checklist 
With the ESEC, edutainment (online) games for children can be evaluated to obtain an 
overview of the potential of a specific game to serve as a powerful learning environment. 
Although the current list has still a provisional character, it provides the opportunity for 
teachers to be informed about the value of particular edutainment software as an educational 
environment. The list makes it possible to check whether software contains scientifically 
or heuristically based characteristics that contribute to learning or development of one or 
multiple skills in children.
 Furthermore, based on our conclusion that current Dutch edutainment software does 
not seem to meet the theoretical requirements in literature, software-designers might use 
the list to become informed about which criteria edutainment games should satisfy in order 
to count as powerful learning environments. 

Samenslim games
The finding that the samenslim games can improve (in)effective learning behavior, although 
in different ways for different types of children, indicates that interventions focused 
on improving learning-to-learn skills can already be integrated at preschool age. As a 
consequence, these interventions can function as a protective factor for children who are 
at risk of developing learning delays. This means that this intervention does not take away 
the risk factors, but can moderate the relation between risk factors and the child’s behavior 
(Rutter, 1987; Rutter et al., 2002).
 For unresponsive children, only computer-assisted instruction is often sufficient, 
although for impulsive children, adult-assisted instruction next to computer-assisted 
instruction is necessary. The results indicate that for the children with already diagnosed 
learning disorders, computer games focused on improving learning-to-learn behavior do 
not always work. ADHD children seem to profit, but ASD children showed very little, if any, 
improvement.
 Since this dissertation confirms the findings of previous studies which also indicated that 
improving learning-to-learn skills or executive function skills, is already possible at preschool 
age, interventions should be integrated into the preschool curriculum (Thorell, Lindqvist, 
Nutley, Bohlin & Klingberg, 2009; Diamond et al., 2007) to reduce the probability of later 
learning delays. However, (preschool) teachers, educational psychologists and policy makers 
should take into account that not all types of children show gains while playing educational 
computer games. Computers should therefore be adequately integrated in the curriculum, 
based on performances and interests of each individual child. They should be seen as an 
educational and enjoyable addition to the regular curriculum, instead of replacing other 
important powerful learning activities.
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 Furthermore, the samenslim games can eventually be used as a specific diagnostic 
instrument for teachers or educational psychologists. The games provide objective insight 
in the learning trajectories of individual children and the way children behave during an 
educational task. As a consequence, in case of observing ineffective learning behavior, 
teachers can focus their instruction more on improving the child’s learning skills, instead of 
mainly focusing on increasing declarative knowledge. 
 In short, our findings suggest that although computers should never be treated as 
replacements for socially and technologically rich learning environments. There is no 
doubt that they are a valuable addition to powerful learning environments, serving the 
developmental needs of typically developing children as well as children with developmental 
and learning problems.
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Educatieve computer spellen (edutainment spellen) zijn veelbelovende methoden om 
kinderen spelenderwijs specifieke vaardigheden aan te leren. Echter, niet alleen declaratieve 
kennis (kennis van feiten) is belangrijk voor een goede ontwikkeling van het kind, ook 
effectief leergedrag, ook wel adequaat executief functioneren genoemd, is cruciaal voor 
later schoolsucces (Diamond, Barnett, Thomas & Munro, 2007). Ineffectief leergedrag 
zou daarom zo vroeg mogelijk verbeterd moeten worden om de kans op eventuele 
leerachterstanden te verkleinen. Vroegsignalering en vroege aanpak van ineffectief 
leergedrag vormen de grondslag voor de ontwikkeling van de samenslim spellen. De 
samenslim spellen zijn educatieve computerspellen die niet alleen gericht zijn op het 
ontwikkelen van declaratieve kennis, maar ook op het ontwikkelen van vaardigheden om 
effectief te kunnen leren, dus om kinderen te leren-leren.
 In dit proefschrift is de hoofdvraag onderzocht of het mogelijk is om ineffectief 
leergedrag van kinderen in de voorschoolse leeftijd te verbeteren tijdens het spelen van 
educatieve computer spellen. Hiertoe is ten eerste de educatieve waarde van edutainment 
spellen in Nederland onderzocht, inclusief de samenslim spellen. Ten tweede is onderzocht 
of het mogelijk is om met behulp van de samenslim spellen afwachtende (ineffectieve), 
reflectieve (effectieve) en impulsieve (ineffectieve) leerders te onderscheiden en het 
ineffectieve leergedrag te verbeteren. Ten derde is onderzocht welk type kind, bijvoorbeeld 
met een lage of hoge ontwikkelingsleeftijd, een grote kans heeft om een verbetering 
in leergedrag te laten zien tijdens het spelen van de spellen. Ten vierde is onderzocht of 
de samenslim spellen als een effectief leermiddel kunnen dienen voor kinderen met een 
gediagnosticeerde leerstoornis (Attention-Deficit Hyperactivitiy Disorder (ADHD), Autisme 
Spectrum Stoornis (ASS) en comorbide kinderen (met zowel ADHD als ASS).
 De studies waren gebaseerd op steekproeven van 184 peuters (tussen 2.6 en 4.2 jaar) met 
een normale ontwikkeling (afkomstig van peuterspeelzalen of reguliere kinderdagopvangen) 
en 18 kinderen (tussen de 3.8 en 6.3 jaar) met een gediagnosticeerde leerstoornis (ADHD, 
ASS of zowel ADHD + ASS (comorbide groep)), afkomstig van medisch kinderdagverblijven. 
Alle kinderen hebben de samenslim spellen gedurende twee of drie sessies gespeeld, met 
gemiddeld 13 spellen per kind. Het muisgedrag van ieder kind werd tijdens het spelen van 
de samenslim spellen automatisch in detail geregistreerd. Voorbeelden hiervan zijn het 
aantal (in)correcte kliks per spel, reactietijden en het moment waarop geklikt is.

In hoofdstuk 2 onderzochten we of edutainment software als krachtige leeromgeving zou 
kunnen dienen. Om dit te kunnen onderzoeken, vond eerst een literatuurstudie plaats om 
na te gaan wat relevante kenmerken van krachtige leeromgevingen zijn. Hierbij kwamen 
zeven belangrijke kenmerken van naar voren: adaptieve feedback, scaffolding strategieën, 
verschillende niveaus van spellen, het geven van voorbeelden en demonstraties, het 
formuleren van een overkoepelend doel, adequate animaties en geluiden (interface), 
uitdagende, competitieve en discriminatievrije inhoud. Op basis van deze zeven kenmerken 
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is een checklist (Edutainment Software Evaluation Checklist, ESEC) ontwikkeld om te 
kunnen toetsen of edutainment spellen daadwerkelijk kunnen functioneren als krachtige 
leeromgeving.
 De discriminatieve validiteit van de ESEC is vastgesteld door de evaluatie van acht 
Nederlandse edutainment software programma’s. Met name de kenmerken niveaus 
van spellen, specifieke inhoud en leerdoelen en adequate instructie, scoorden de spellen 
onvoldoende. De interface daarentegen werd als voldoende of goed geëvalueerd. Adaptieve 
feedback werd als matig geëvalueerd. De meeste spellen zijn daarom als onvoldoende 
geëvalueerd om als krachtige leeromgeving te functioneren.
 Ook de samenslim spellen zijn geëvalueerd met de ESEC checklist. De samenslim spellen 
bevatten goede adaptieve feedback-condities en een goede interface. Leerdoelen, instructie-
condities, niveaus en inhoud zijn als voldoende geëvalueerd. Dit houdt in dat de samenslim 
spellen als krachtige leeromgeving zouden kunnen dienen, maar nog wel verbeterd moeten 
worden op enkele kenmerken. Adaptieve instapniveaus (aansluitend bij wat het kind al kan 
en weet), meer variatie en meer competitieve elementen in de spellen zouden bij kunnen 
dragen aan een krachtiger leeromgeving.
 Uitgebreid onderzoek zal nog moeten worden uitgevoerd om vast te stellen welke 
vaardigheden kinderen moeten bezitten om een spel adequaat te kunnen spelen of op 
welk niveau het zou moeten starten. Een suggestie is ook om bij het ontwerpen van nieuwe 
edutainment spellen het educatieve aspect meer te benadrukken, gezien een edutainment 
spel per definitie gericht is op het spelenderwijs aanleren van specifieke vaardigheden. De 
ESEC checklist kan hiervoor toegepast worden en kan hierbij dienen als instrument om 
edutainment software ook als krachtige leeromgeving te laten functioneren.

In hoofdstuk 3 is onderzocht of met de samenslim spellen verschillende typen leerders 
onderscheiden kunnen worden aan de hand van hun muisgedrag. In deze studie hebben 
184 peuters, zonder bekende ontwikkelingsproblemen, deelgenomen. Voordat zij de 
samenslim spellen mochten spelen, werd hun reguliere leertype geschat aan de hand van 
een vragenlijst voor leidsters, getrainde observatoren en ouders. Drie typen kinderen 
konden hierbij onderscheiden worden: afwachtende (ineffectieve), reflectieve (effectieve) 
en impulsieve (ineffectieve) leerders. Aan de hand van deze vooraf gecategoriseerde typen 
werden muisgedragingen gedurende het spelen van de samenslim spellen van deze drie 
groepen kinderen met elkaar vergeleken.
 Aan de hand van de resultaten kon geconcludeerd worden dat afwachtende kinderen, 
zoals verwacht, het laagste aantal muiskliks gedurende de spellen lieten zien. Ook maakten zij 
de minste fouten. De impulsieve kinderen daarentegen, lieten het hoogste aantal muiskliks, 
fouten en pogingen zien. Het verschil in muisgedrag tussen reflectieve en afwachtende 
kinderen was kleiner dan het verschil tussen reflectieve en impulsieve kinderen. Verder werd 
geconcludeerd dat het reguliere leergedrag van kinderen grotendeels overeenkomt met het 
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leergedrag dat de kinderen laten zien tijdens het spelen van de samenslim spellen. Dit houdt 
in dat de samenslim spellen als diagnostisch instrument ingezet zou kunnen worden om 
ineffectief of effectief leergedrag van kinderen tijdens andere taken te kunnen voorspellen.

In hoofdstuk 3 is ook de vraag gesteld of ineffectief leergedrag van impulsieve en afwachtende 
kinderen verbetert tijdens het spelen van de samenslim spellen. Om deze vraag te kunnen 
beantwoorden, is het proces van het muisgedrag over de spellen heen geanalyseerd. Op 
deze manier werd inzicht verkregen in de mogelijke verandering in het gedrag van de 
kinderen. Hierbij is gemeten hoeveel kliks de kinderen per spel lieten zien en de hoeveelheid 
pogingen ze nodig hadden om ieder spel op te lossen. Er kon geconcludeerd worden dat 
er geen leereffect zichtbaar was voor impulsieve kinderen. De impulsieve kinderen lieten 
zelfs verslechtering in hun ongeremde gedrag zien. Vermoed wordt dat dit te wijten is aan 
onderstimulerende spellen of te weinig variatie binnen de spellen. De reflectieve kinderen 
lieten een relatief klein leereffect zien. Echter, de afwachtende kinderen lieten een duidelijke 
toename in muiskliks zien. Hoewel hun warming up fase relatief lang was, lieten ze na zes 
spellen een duidelijke daling zien in de hoeveelheid pogingen die ze nodig hadden om de 
spellen af te ronden. We kunnen concluderen dat met name voor afwachtende kinderen 
de samenslim spellen als effectief leerinstrument kunnen dienen omdat zij hebben geleerd 
sneller dan voorheen en met meer actie de spellen te spelen.
 De vraag bleef echter of computer-instructie voor ieder kind het beste resultaat oplevert. 
Om dit te kunnen analyseren, zijn de 184 kinderen op toevalsbasis toegewezen aan één 
van vier instructie condities. De vier instructie-condities in deze studie waren: computer 
+ volwassene, alleen volwassene, alleen computer of geen instructie. De kinderen waren 
vooraf ingedeeld in typen regulier leergedrag. De reflectieve kinderen lieten over alle vier 
instructie-condities redelijk constant leergedrag zien. Voor impulsieve en afwachtende 
kinderen hadden de verschillende typen instructie meer invloed. Er kon geconcludeerd 
worden dat impulsieve kinderen gebaat zijn bij instructie van een volwassene. In de 
condities waarin geen volwassene betrokken was, was hun leergedrag ongeremder en 
dus ineffectiever dan in de condities waarin een volwassene wel duidelijke instructies of 
feedback gaf. De afwachtende kinderen waren juist gebaat bij alleen computer-instructie of 
computer-instructie in combinatie met instructie van een volwassene. Zodra de volwassene 
alleen instructie gaf, lieten de afwachtende kinderen relatief meer ineffectief leergedrag 
zien.

In hoofdstuk 4 is onderzocht welk type kind de grootste kans heeft om verbetering te laten 
zien tijdens het spelen van de samenslim spellen. Aan deze analyse namen de 184 kinderen 
genoemd in hoofdstuk 3 deel. Zeven muiskenmerken die typerend zijn voor verschillende 
leerders, zijn geclusterd op basis van het proces van het muisgedrag over de spellen heen. 
Een voorbeeld van een muiskenmerk is het aantal fouten dat een kind laat zien tijdens 



Nederlandse samenvatting

115

het eerste spel, maar ook het verloop (afname of toename) van de hoeveelheid fouten 
over de spellen heen. Op basis van de zeven muiskenmerken konden zes typen leerders 
onderscheiden worden, van snelle naar langzame leerders, van hoge naar lage presteerders.
 Zeventig procent van de leerders lieten verbetering zien in hun leergedrag over de 
spellen heen. Dit betekent dat bijvoorbeeld langzame leerders steeds snellere reactietijden 
lieten zien of een toename van muiskliks. Voor de snelle leerders betekende dit juist een 
afname in kliks en toenemende reactietijden. Echter, 30% van de leerders liet verslechtering 
zien, met name in hun toenemende ongeremde leergedrag.
 Om vervolgens te onderzoeken welk type kind de grootste kans heeft om verbetering 
in leergedrag te laten zien, zijn in deze studie vijf individuele kenmerken (gebaseerd op 
protectieve en risicofactoren voor leerachterstanden) gerelateerd aan de zes typen leerders. 
Deze kenmerken beïnvloeden doorgaans de mate van profijt van een leermethode. De 
vijf kenmerken waren ontwikkelingsleeftijd, opleidingsniveau van de moeder, niveau 
van voorkennis, leertype (impulsief, afwachtend of reflectief) en het type instructie 
(volwassene en/ of computer of geen instructie) dat een kind krijgt. De resultaten lieten 
zien dat ontwikkelingsleeftijd, voorkennis en instructietype gerelateerd waren aan 
de zes typen leerders. Dit betekent dat aan de hand van, bijvoorbeeld, een lage of hoge 
ontwikkelingsleeftijd, bepaald kan worden hoe groot de kans is dat een kind geclassificeerd 
wordt als een type leerder dat wel of geen verbetering in leergedrag laat zien. De zogenaamde 
‘risicokinderen’, namelijk de kinderen met een lage ontwikkelingsleeftijd of lage voorkennis, 
hadden een grote kans op verbetering in hun leergedrag tijdens het spelen van de samenslim 
spellen. De kinderen met een hoge ontwikkelingsleeftijd of hoge voorkennis en kinderen 
die instructie kregen van een volwassene, hadden ook een hoge kans dat zij verbetering 
in hun leergedrag laten zien. Echter, de kinderen met een gemiddelde voorkennis of 
ontwikkelingsleeftijd hadden een grote kans dat zij verslechtering in hun leergedrag zouden 
laten zien. Dat betekent dat voor dit type kinderen, de samenslim spellen minder geschikt 
zijn. Vermoed wordt dat deze kinderen niet voldoende stimulatie ondervinden van de 
samenslim spellen, waardoor hun motivatie steeds verder afnam.
 Uit de resultaten kwam ook naar voren dat voorkennis de beste predictor is voor het type 
leerder. Tevens kwam naar voren dat voor kinderen met een matige voorkennis, het krijgen 
van instructie (computer en/ of volwassene) een positief effect heeft op hun leergedrag. 
Aan de hand van de bevindingen vermoeden wij dat met meer variatie en meer stimulatie 
in de samenslim spellen de kinderen die in deze studie een verslechtering in hun leergedrag 
lieten zien, een grotere kans zullen hebben op verbetering van hun ineffectieve leergedrag.

Hoofdstuk 5 is gericht op de kinderen met een gediagnosticeerde leerstooornis. In de 
literatuur is bekend dat kinderen met ADHD en kinderen met ASS onderscheiden kunnen 
worden aan de hand van hun executief functioneren. ADHD kinderen hebben met name 
moeite met inhibitie, waarbij ze te veel ongeremd gedrag vertonen, terwijl ASS kinderen 
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juist meer moeite hebben met het nemen van initiatief, persevererend gedrag laten 
zien en regelmatig te inhiberend optreden. De vraag in deze studie was of de samenslim 
spellen die gericht zijn op het onderscheiden van typen leerders en het verbeteren van 
hun leergedrag, ook geschikt zijn voor kinderen met een leerstoornis. Om deze vraag te 
kunnen beantwoorden zijn verschillende muiskenmerken geselecteerd die het executief 
functioneren van deze verschillende typen representeren. Een voorbeeld hiervan is dat 
slechte inhibitiecontrole bij kinderen met ADHD vertaald kan worden naar veel onnodige 
muiskliks, fouten en kliks op de verkeerde momenten (tijdens instructie).
 In dit kleinschalige, maar gedetailleerde onderzoek, waarin 18 kinderen deelnamen, 
konden we voorzichtig concluderen dat de kinderen met ADHD duidelijk te onderscheiden 
zijn van de kinderen met ASS, de comorbide kinderen en de kinderen die zich normaal 
ontwikkelen (Typically Developing, TD kinderen). Op alle zes muisgedragskenmerken lieten 
de kinderen met ADHD problemen met inhibitiecontrole zien. Ook lieten zij gedurende de 
spellen voortdurend ongeremd gedrag zien. De variabiliteit in hun ongeremde gedrag was 
laag.
 De ASS kinderen lieten meer herhaling zien (ze klikten vaker op een zelfde onjuist object), 
langzamere reactietijden en een lage variabiliteit in hun rigide gedrag over de spellen heen. 
Daarom konden we concluderen dat de ASS kinderen meer rigide en te inhiberend gedrag 
lieten zien, met relatief minder of langzamer initiatief dan de TD kinderen. De comorbide 
kinderen, die slechts ter exploratie hebben deelgenomen aan het onderzoek, konden alleen 
onderscheiden worden van de andere drie groepen op basis van de variabiliteit in hun 
leergedrag over de spellen heen. Ze lieten veel fluctuatie zien in zowel inhibitie en initiatief 
over de spellen heen. Er werd daarom geconcludeerd dat comorbide kinderen relatief 
moeilijk te onderscheiden zijn van de andere kinderen.
 Om te onderzoeken of de vier typen kinderen verbetering in hun executief functioneren 
lieten zien, zijn verbeterscores over de spellen heen uitgerekend. Alle vier typen kinderen 
lieten verschillende verbeterpatronen zien. De ASS en TD kinderen lieten de minste 
verbetering zien. De ASS kinderen verslechterden zelfs in de hoeveelheid fouten, herhaling 
en kliks op de verkeerde momenten. Echter, ze hebben wel geleerd om sneller (in de loop 
van de spellen) initiatief te nemen. De kinderen met ADHD lieten de meeste verbetering 
zien, hun leergedrag werd steeds minder ongeremd, hoewel het leergedrag nog steeds niet 
zo effectief werd als van de TD kinderen. Voor de comorbide kinderen met zowel ADHD + 
ASS waren de samenlim spellen minder geschikt, omdat ook deze groep geen duidelijke 
verbetering op de meeste muisgedrag kenmerken liet zien.

In hoofdstuk 6 wordt een samenvatting en discussie van de resultaten van de verschillende 
studies gegeven.
 Samenvattend draagt dit proefschrift ten eerste bij aan een toegenomen inzicht in de 
kwaliteit van (huidige) edutainment spellen. Ten tweede zijn belangrijke criteria genoemd 
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voor educatieve computerspellen om deze als krachtige leeromgeving in het voorschoolse 
onderwijs te kunnen inzetten. Verder is uit de studies gebleken dat de samenslim spellen 
ineffectief leergedrag kunnen verbeteren, maar dat de spellen voor verschillende typen 
kinderen, verschillende effecten hebben. Voor afwachtende kinderen is alleen computer 
instructie voldoende. Echter, voor impulsieve kinderen is begeleiding van een volwassene 
cruciaal. Kinderen met gemiddelde voorkennis van de begrippen en concepten die gebruikt 
worden in de spellen hebben met name een grote kans op verbetering in leergedrag indien 
zij instructie krijgen van volwassene en/ of computer. Verder lijken kinderen met ADHD te 
profiteren van de spellen, maar kinderen met ASS lieten minder vooruitgang zien in hun 
ineffectieve leergedrag dan de kinderen met ADHD.
 Na de belangrijkste bevindingen worden de sterke en zwakke punten van de studies 
besproken, met name met betrekking tot het exploratieve karakter van de studies en 
aanbevelingen voor vervolgstudies. Tot slot wordt in het laatste hoofdstuk de praktische 
betekenis van de resultaten besproken. Hierin komt met name naar voren dat interventies 
zoals de samenslim spellen, geïntegreerd kunnen worden in het voorschoolse onderwijs 
en kunnen functioneren als protectieve factor voor kinderen die het risico lopen op 
leerachterstanden. Echter, om de interventie krachtig te maken, zullen er meer spellen 
moeten worden ontwikkeld, met meer variatie, meer uitdaging en stimulatie, meer 
adaptieve instructie en adaptieve (instap)niveaus. Uiteindelijk zouden de samenslim spellen 
dan kunnen functioneren als protectieve factor voor kinderen die hulp bij het leren-te-leren 
daadwerkelijk nodig hebben.
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Appendix I 

The Edutainment Software Evaluation Checklist (ESEC) 

Game name: 

User name: 

Date: 

Particularities: 

 

 

Evaluation 

Category Total score  

(write the total raw score per 

scale in this column) 

Conclusion  

(circle the appropriate category 

based on the column “total 

score”) 

1. Feedback  0-4: unsatisfactory 

5-8: satisfactory 

9-10: good 

2. Learning goals  0-3: unsatisfactory 

4-6: satisfactory 

7-8: good 

3. Instruction  0-2: unsatisfactory 

3-4: satisfactory 

5: good 

4. Interface  0-3: unsatisfactory 

4-5: satisfactory 

6-7: good 

5. Level  0-2: unsatisfactory 

3-7: satisfactory 

8-9: good 

6. Content  0-3: unsatisfactory 

4-5: satisfactory 

6-7: good 

   

Question 

number 

Question Correct/ most appropriate answer 

Category 1 Scaffolding/ feedback strategies  

 16 

1 Is there feedback in the game? 

 

 

 

1 - yes 

0 - no 

 

 If ‘no’, go to question 8  

2 After playing the whole game 1 - yes 

0 - no 

3 During playing 2 - yes, immediately after the child’s action 

1 - yes, with delay 

0 - no 

4 Automatically 2 - yes 

1 - only when the child asks for it 

0 - no  

5 Quality of feedback: value 2 - feedback is given mostly positively (stimulating) (e.g. no, 

that’s not correct, but look further!) 

1 - mostly neutral feedback is given 

0 - mostly negative feedback is given (only as a correction) 

(e.g., no that’s not correct) 

6 Quality of feedback: specificity 1 - specific (e.g. this (spec) is right) 

0 - global – (e.g. that’s right) 

7 Quality of feedback: clarity 1 - (mostly) clear and logical for children  

0 - (mostly) incomprehensible 

  Total score Feedback: 0-1-2-3-4-5-6-7-8-9-10  

(circle the total raw score of this category) 

Category 2 Clear (learning) goals in the manual or in the 

game 

 

8 Are there clear learning goals in the manual/ 

cover for parents and/or child (either paper or 

digital manual or in-game support)?  

(e.g. improves spatial insight or improves mouse 

skills) 

1 - yes 

0 - no 

 

 If ‘no’, go to question 11  

9 Information/ instruction about how to play the 

game to reach the goal  

(e.g. information how to find the golden coins: 

when all the golden coins have been found, 

spatial insight has been improved) 

1 - yes 

0 - no 

Appendix I
The Edutainment Software Evaluation Checklist (ESEC)
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Category 2 Clear (learning) goals in the manual or in the 

game 

 

8 Are there clear learning goals in the manual/ 

cover for parents and/or child (either paper or 

digital manual or in-game support)?  

(e.g. improves spatial insight or improves mouse 

skills) 

1 - yes 

0 - no 
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9 Information/ instruction about how to play the 

game to reach the goal  
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when all the golden coins have been found, 

spatial insight has been improved) 

1 - yes 

0 - no 

 17 

10 It is clear how the performances of the child are 

in comparison to the learning goal (e.g. 50% of 

the golden coins has been found) 

1 - yes 

0 - no 

11 Clear goal(s) in the game  

(e.g. “find the golden coins”) 

1 - yes 

0 - no 

12 There are skills that will be improved according 

to the game designers  

1 - yes 

0 - no 

 

 If ‘no’, go to question 15 

13 The improvement of skills is based on empirical 

studies and/ or theoretical foundations  

2 - yes, with information about theory and/ or empirical 

studies 

1 - yes, but only with references 

0 - no 

14 The improvement of skills through this specific  

game is scientifically founded  

1 - yes 

0 - no 

  Total score Learning goals: 0-1-2-3-4-5-6-7-8 

(circle the total raw score of this category) 

Category 3 Instruction in the game or in the manual  

15 Before the game starts, is there instruction for 

the child about how to play the game? 

1 - yes 

0 - no 

 

 If ‘no’, go to question 19  

16 Possibility to practice the game before the task 

will be carried out? 

1 - yes 

0 - no 

17 Examples or demonstration of the game before 

it starts or during the game 

1 - yes 

0 - no 

18 Supervision of an adult/ more capable peer 

necessary to play the game (with exception of 

technical support/ installation) 

2 - no 

2 - yes, with information that supervision is necessary, AND 

with instruction about how to assist the child  

1 - yes, with information that supervision is necessary OR with 

instruction about how to assist the child  

0 - yes, with no information that supervision is necessary AND 

no instruction about how to assist the child 

  Total score Instruction: 0-1-2-3-4-5 

(circle the total raw score of this category) 
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15 Before the game starts, is there instruction for 

the child about how to play the game? 

1 - yes 

0 - no 

 

 If ‘no’, go to question 19  

16 Possibility to practice the game before the task 

will be carried out? 

1 - yes 

0 - no 

17 Examples or demonstration of the game before 

it starts or during the game 

1 - yes 

0 - no 

18 Supervision of an adult/ more capable peer 

necessary to play the game (with exception of 
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(circle the total raw score of this category) 

 18 

Category 4 Interface  

19 Graphics/ color/ sound are appropriate, clear 

and attractive and not distractive (e.g. many 

splashy special effects) for the user group 

1 - yes 

0 - no 

20 Spoken language in the game is clear and 

understandable for the user group 

2 - yes 

1 - sometimes too difficult for the user group 

0 - no, mostly too difficult 

21 The navigation buttons are clear and consistent 

for the user group 

1 - yes 

0 - no 

22 The child can easily and independently operate 

the program (if the child is mouse skilled) 

1 - yes 

0 - no 

23 The game has a high level of interactivity 2 - yes, by non-verbal or verbal actions of figures in the game 

1 - yes, by feedback in general (e.g. only invisible but auditive 

feedback) 

0 - no 

  Total score Interface: 0-1-2-3-4-5-6-7 

(circle the total raw score of this category) 

Category 5 Level  

24 Are there levels in the game(s)? 1 - yes 

0 - no 

 

 If ‘no’, go to question 29  

25 Possibility in the game to start at the 

appropriate level and to skip unadaptive levels 

1 - yes 

0 - no 

26 Difficulty is adaptive to the performances of the 

child? 

2 - yes, automatically 

1 - yes, but not automatically  

0 - no 

27 Are there norms in the game that give insight 

for parents/ teachers in the development of the 

child? 

2 - yes, based on (empirical) research 

1 - yes, but not based on (empirical) research 

0 - no 

28 Is it clear what child-criteria are needed to play 

the levels adequately? 

 

(Information on cover/  in manual/ in game 

about minimal requirements age, cognitive and 

Calendar age:  

1 - yes 

0 - no 

 

Cognitive skills: 

 19 

motor skills of the child per level) 1 - yes 

0 - no 

 

Fine motor skills (mouse skills): 

1 - yes 

0 - no 

  Total score Level: 0-1-2-3-4-5-6-7-8-9 

(circle the total raw score of this category) 

Category 6 Content characteristics  

 Sex/ ethnicity  

29 Information on the cover or in the manual 

about sex and/ or ethnicity of the user group 

1 - yes 

0 - no 

30 The game is designed and appropriate for both 

sexes (boys and girls) 

1 - yes 

0 - no 

31 The game is arranged for all ethnicities 1 - yes 

0 - no 

 Engagement or flow  

32 The game contains variety, diversity or novelty 

(e.g. in setting, goal or task) to achieve curiosity  

1 - yes 

0 - no 

33 The game contains competitive elements  1 - yes 

0 - no 

34 The game stimulates cooperation with peers 1 - yes 

0 - no 

35 The child is challenged in the game 1 - yes 

0 - no 

  Total score Content: 0-1-2-3-4-5-6-7 

(circle the total raw score of this category) 
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Appendix II
Operationalizations of main definitions used in the checklist

 20 

Appendix II 

Operationalizations of main definitions used in the checklist 

 

1. Feedback: information presented in the program that allows comparison 

between an actual outcome and a desired outcome (Ramaprasad, 1983; Mory, 

2004).  

Examples of feedback-strategies in the context of this checklist 

• Assistance:  “You have to do this or this”.  

• Corrections: “No, that’s not the correct answer”.  

• Supportive feedback: “Go further” or “Well done!”. 

2. Learning goals: the general educational aims of the program. What will the child 

learn of playing the edutainment game?  

Learning goals focus on the child’s skills or attitudes. 

3. Instruction: a message (verbal or written) that is describing how the game 

should be played; instruction what the child has to do to play the game 

adequately. Instruction is given before the game starts (or during the start of the 

game) or is described in the manual. 

4. Calendar age: the chronological age that is determined by the date of birth of 

the child. 

5. Cognitive skills: are the basic mental abilities children use to think, study, and 

learn.  

Examples of cognitive skills are intellectual abilities such as logic reasoning, 

language comprehension or production, memory, writing, analyzing and 

prioritizing. 

6. Fine motor skills:  fine motor skills refer in this context to the small movements 

of the hands wrists and fingers to use the keys on the keyboard or to use the 

mouse adequately.  

In most types of edutainment software, the child has to be able to click and 

move the mouse to play the game adequately.   
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 21 

7. Ethnicity:  represents social groups with a shared history, sense of identity, 

geography and cultural roots which may occur despite racial difference. 

Examples are black and white children or low and high socio economic status.  

8. Variety/ diversity: the looks of the game (e.g. colours or game-setting), the task 

or learning goals vary.  

Examples of variety or diversity in edutainment software are  

• More kinds of games are available on the same cd-rom, website or 

(mini)laptop 

• Games vary in setting, task, goal, sounds or reinforcement 

9. Competitive elements: a ‘combat’ can take place in the game between two or 

more players or between the child and the figures in the game to strive for a goal 

which can not be shared.   

10. Cooperation with peers: the child is stimulated to play the game with another 

child or together with a figure in the game (e.g. “assisting” the figure in the 

game). 

11. Challenge: through verbal or non-verbal feedback in the game, the child is 

challenged to play more games, go further when the task is difficult or when the 

child doesn’t click or move the buttons or mouse (does nothing at all). 

Examples of challenge in edutainment software are 

• Supportive feedback (see point 1 in this appendix) or reinforcements. 

• Interactive elements in the game (e.g. “Go! Go! You can do this!” Or “Will 

you help me?” or “Click on the mouse button when you know the 

answer”) 

• (Adaptive) levels 

• A clear in-game goal (e.g. find ten golden coins, then you go a level 

higher) 
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Appendix III 
Preschoolers’ Learning Behavior Questionnaire
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Appendix III  

Preschoolers’ Learning Behavior Questionnaire 

 

 

The preschool child regularly works concentrated on a task. However, the child does 

start only with help or with a stimulus. The child waits until someone encourages or 

stimulates him or her to take action.  

 

Unresponsive 

 

The preschool child regularly works concentrated on a task and regularly completes a 

task. The preschool child takes initiative to start a (new) task and does what has been 

requested. 

 

Reflective/ 

normal 

 

The preschool child is easily distracted, stops relatively fast during a task and after that 

starts a new task. The child regularly gives up relatively fast and is very active. 

 

Impulsive 

 

 

 

 

Name child: 

Date of birth: 

Sex: 

Name rater: 

Date: 

Fill out the category (unresponsive, reflective or impulsive) 

that fits best with the preschool child’s learning behavior, 

according to the regular learning behavior during a task, such 

as making puzzles, building blocks or drawing.  

Read the definitions of the three concepts carefully in order to 

circle the best fitting category. 

Please circle only one category.  
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Appendix IV   

Samenslim game 

 

In the samenslim game of hide and seek (www.samenslim.nl), two children play the 

leads: ‘Sim’ and ‘Sanne’. The toddler 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 helpful pointers (adapted to the performances of the toddler) focused on the 

mouse behavior, e.g. “you first have to look, than to click” or “no, this was not the right 

object, look further”. 

The samenslim game (see the website) consists of five increasingly concept levels, each 

of which has nine games in three different settings (park, farm and living room) with 

three complexity levels (see chapter 1, section 1.4. for more detailed information). 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. 
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Mijn proefschrift is natuurlijk niet zonder hulp van vele mensen tot stand gekomen. Hiervoor 
wil ik iedereen die de afgelopen vier jaar een bijdrage aan het onderzoek heeft geleverd, 
hartelijk danken!
 Allereerst wil ik mijn promotoren Prof. dr. Paul van Geert en Prof. dr. Bieuwe van der 
Meulen bedanken. Onze maandelijkse gezamenlijke bijeenkomsten en de gesprekjes 
tussendoor, leidden altijd weer tot nieuwe ideeën, inzichten en mogelijkheden. Paul, jouw 
‘dynamische’ en creatieve ideeën en de vrijheid die je mij hebt gegeven tijdens het uitvoeren 
van mijn onderzoek en het schrijven van het proefschrift, heb ik zeer gewaardeerd. Je hulp 
bij de, voor mij meestal voorheen onbekende, analyses, waarin je altijd weer inventief te 
werk gaat in een razend tempo, hebben tot deze inzichten in dit proefschrift geleid. Ik hoop 
dat we, ook tijdens mijn nieuwe klus als post-doc, wederom inspirerende jaren tegemoet 
gaan! Bieuwe, jouw betrokkenheid en onze twee mooie buitenlandse congresbezoeken 
en ook je persoonlijke ‘touch’ die je de afgelopen vier jaar, ook als actieve ‘pensionado’ 
aan onze gesprekken hebt gegeven, heb ik zeer gewaardeerd. Ik hoop dat we elkaar in de 
wandelgangen nog vele malen tegen zullen tegen komen en onze samenwerking nog lang 
kunnen voortzetten.
 Ook wil ik dr. Marieke Timmerman heel hartelijk danken. Marieke, zonder jouw 
statistisch inzicht, was hoofdstuk 4 niet geworden wat we voor ogen hadden. Ik vond het 
heel prettig om met je te werken, mede door je snelle nakijken en je kritische en scherpe blik 
op de data.
 Verder wil ik graag Molendrift en Ordina, voorheen Vertis, bedanken voor het meedenken 
met de onderzoeksopzet, meedenken tijdens het uitvoeren van het onderzoek, bespreken 
van de resultaten en het aanpassen van de spellen. In het bijzonder wil ik graag Maarten 
Wetterauw bedanken voor het meedenken, met name met betrekking tot ideeën voor 
congresbezoeken en de mogelijkheden voor subsidieaanvragen. Gebleken is dat uitbreiding 
van de spellen niet kosteloos is en het helaas niet eenvoudig is om nieuwe investeerders te 
vinden. Hopelijk lukt het om in de toekomst alsnog hiermee verder te kunnen.
 Ook Ellen Loykens, Sheila Danhof, Christianne Frans, Bas Plaut, Jacco Struik en Tom 
Verhagen wil ik bedanken voor de input en bijdragen bij het opzetten van het onderzoek, 
zoals het registreren van de juiste muisdata, het opzetten van beslisregels, het aanpassen van 
de computerspellen, het delen van eerdere ervaringen van Molendrift tijdens het uitvoeren 
van pilot-onderzoeken en het zoeken van peuterspeelzalen.
 Om dit onderzoek te kunnen uitvoeren, heb ik veel hulp gehad van peuterspeelzalen, 
kinderdagverblijven en medisch kinderdagverblijven. Ik wil dan ook alle leidsters, 
coördinatoren, orthopedagogen, ouders en kinderen hartelijk danken voor hun inzet en 
medewerking. Alle kinderen die hebben meegewerkt, moesten het gehele onderzoekstraject 
doorlopen, van het spelen van de computerspellen tot het doorlopen van een 
ontwikkelingstest. Ook zijn vele computerspellen gespeeld en getoetst en zijn er behoorlijk 
wat video-opnames geobserveerd. Hiervoor wil ik alle bachelor- en masterstudenten 
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bedanken die ik heb begeleid: Annika, Cecelia, Ilona, Jeroen, Juul, Leonie, Lotte, Marcella, 
Mariska, Marleen, Merel, Nyncke, Rosanne, Semira, Shannon, Susanne, Trudy en Yin.
 Tijdens de afgelopen vier jaren heeft ook Diny van der Aalsvoort meegedacht in 
het publiceren van mijn onderzoek. Hartelijk dank hiervoor. Pieter Zandbergen, van de 
instrumentatiedienst Psychologie, wil ik ook dank zeggen voor het lenen van een grote 
collectie camera’s en het eindeloos overzetten van oude tapes naar digitale versies. 
 Het schrijfproces, het begeleiden van studenten, het geven van onderwijs, en het 
uitvoeren van onderzoek is met name motiverend en stimulerend, in een goede werksfeer 
met je (in)directe collega’s ‘op de gang’, maar tegenwoordig ook in het Munting en in de 
Heymansvleugel. Ondanks dat de afdelingen Klinische, Ontwikkelings- en Neuropsychologie 
nu opgesplitst zijn, wil ik toch al mijn collega’s van alle drie afdelingen bedanken voor alles. 
Jessica, mijn kamergenootje en paranimf, wil ik heel erg bedanken voor het delen van alle 
‘lief en leed’. Ondanks dat we wellicht straks, niet meer een geïntegreerd kamertje ‘N’ - ‘O’ 
delen, hoop ik dat we de integratie op dezelfde voet voort kunnen zetten! Ook wil ik graag 
Annemieke en Heidi bedanken voor jullie luisterend oor en de gezellige congrestrip naar 
Parijs, omdat het ook, buiten het congres, heel goed (en spectaculair…) met jullie vertoeven 
was. Annemieke, ook fijn dat je mijn paranimf wil zijn! Marijn en Marieke wil ik bedanken 
voor onze gezellige Litouwse ervaringen! Nooit geweten dat cocktails ook daar zo lekker 
smaken. Hopelijk gaan we in de toekomst weer eens met z’n allen (inter)nationaal!
 Naast mijn collega’s, wil ik heel graag al mijn vrienden, familie en kennissen bedanken die 
een luisterend oor boden, en zo regelmatig geüpdated zijn in al het wetenschappelijke reilen 
en zeilen. Jeannette, onze ‘passie’, namelijk zingen, hebben we vanaf het begin van onze 
studententijd gedeeld. Gelukkig delen we niet alleen het ‘zingen’, maar ook heel veel andere 
dingen, die minstens zo belangrijk zijn! Ik hoop nog veel dinsdagavond-etentjes met je te 
mogen meemaken! Ook DK-dames Beatrijs, Berdien en Maaike, dank voor jullie luisterend 
oor in alle opzichten, de gezellige kaasfondue-, stamppot- en Kerstbundel-jodel-winter-
wandel-avondjes achter de piano en als fanatieke stadjers in de Drentse natuur!
 Heit en mem, jullie wil ik bedanken voor jullie grote betrokkenheid en luisterend oor in 
alle opzichten. Mijn broers, zus en schoonzus daarbij niet te vergeten, Hendrik, Jan, Sytske 
en Sophie. Al wonen we tegenwoordig zowat aan beide ‘wereldeinden’, dank voor de 
support, (toekomstige) tripjes Down Under, de gezellige vakanties, lunches en thee-uurtjes 
@ Ebbingestraat en voor onze logopedisch verantwoorde gesprekken en drie-dubbele-
banden sprongen. Sophie, thanks for all your comments, I think you also deserve a golden 
star! Als laatste wil ik graag Matthijs heel erg bedanken, niet alleen voor je support in alle 
‘onderzoeks- en onderwijs-perikelen’ en het doornemen van m’n artikelen, maar vooral 
voor je steun en vertrouwen in alle opzichten!
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