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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 



Introduction

Chapter 1

9

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.



Introduction

Chapter 1

11

 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.
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 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.
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