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1. Child development in modern societies

In the first seven years of their life, human beings undergo tremendous changes in their physical appearance, their behaviour and their cognitive competencies. Their body size increases by approximately factor 2.5, on average, and changes in motor behaviour and social interaction, though not quantifiable in the same way, are even more dramatic. Within the first year of life, the helpless creature in the cradle becomes an explorative toddler who needs permanent observation in order to protect him or her from injury (and, sometimes, to protect the environment from him or her). During the following years, progress in body control allows children to run around without falling down and to use their arms and legs for goal-directed movements, for instance when doing sports. Even newborn babies interact with their environment, sometimes through crying when being hungry or when feeling uncomfortable, and sometimes through extensive looking. A few weeks after birth, they already show affection for their parents and caregivers by smiling, and the production of sounds and gestures emerges in the following months. Although children´s active language skills remain limited in many ways during their first years of life, they are sensible for verbal communication even before their birth. Due to this particular sensibility for language, the babbling infant is changing, within a few years, into a communicative child who is able to produce correct sentences based on a remarkably rich vocabulary. During this period the child not only has learned to verbalize her feelings, desires, beliefs, and intentions but has also learned that other people have feelings, desires, beliefs, and intentions which may either correspond to or differ from her own ones. In many countries, children start school as late as at age 6 or 7. Nonetheless, also in these countries, most children have acquired basic academic knowledge long before they go to school. Even if they have not learnt to read and write, they have concepts of script and written material. Moreover, many of them are extensive painters, and they have learnt to count and to run numerical operations in the small number space without professional instruction. 

Yet, children are not alike, and differences among them become apparent from the very beginning. Some children play with objects or look at them for prolonged periods of time, while others shift from activity to activity. Children of the same age can differ tremendously in their verbal abilities and their style of communication. While some of them are shy and feel uncomfortable with strangers, others are outgoing from the very beginning. Some children are easily frustrated when they do not get what they want while others cope with frustration and stick to activities for which reinforcement is to be had only in the long run.

Intellectual differences between children become most obvious when they are expected to acquire cultural tools, such as script or mathematics, and knowledge about science that goes beyond their experience. Such kinds of competencies do not just emerge as a result of biological brain development, but rather require a cultural environment that provides certain learning opportunities. Cultural environments have not only undergone tremendous changes during history, but they also differ markedly during the same period of time. It is culture that makes human beings a unique species. While the genes that guide brain development in humans have remained essentially unchanged during the past 50.000 years, the environments humans live in have changed considerably. We nowadays live in houses with electricity and warm water rather than in caves, and we travel by cars and planes rather than by pack animals. Moreover, our social lives are regulated not only by the social network of relatives and neighbours, but by the many institutions which make up a society, as there are parliaments, courts, or schools. To participate in such societies, and to take advantage of the affordances they provide, one has to acquire sophisticated skills such as reading, writing, mathematical reasoning, or driving a car. These so-called secondary skills (see Geary, 1996) are not acquired spontaneously, as is the case for primary skills like walking upright or speaking, but rather need professional support in order to be mastered. Script was invented only about 5.000 years ago, and since then there have been different ways of representing language in visual form. There is no natural way of writing, and the human brain is not equipped with start-up programs for becoming literate as a by-product of development. The invention of script, wherever it occurred, was a time-consuming and effortful process for those who were involved in it. Nonetheless, once script was developed, the following generations learned to read and write quite easily, provided they got support by professional teachers. The same is true for mathematics. Numbers are used as counting instruments in their integer function in every known human culture, and there is evidence that evolution has equipped human brains with a number sense (Dehaene, 1997). However, no such natural sense seems to exist for mathematical concepts such as the base-ten system, fractions, decimals or percentages, which only emerged some centuries ago. Nonetheless, within a few years of exposure to mathematics instruction, the majority of students learn to use these concepts for various kinds of calculation. Schools play a key role in cultural transformations: They allow normally gifted persons to acquire, within a few years, knowledge which has taken generations of geniuses in recent history to develop. 

There is agreement among scientists that the key to the extraordinary success of human beings is their capacity for symbolization. The ability to use symbols liberates humans from the constraints of time and space and enables them to acquire information on all kinds of aspects of the world without directly experiencing them. In all human societies, whether literate or not, children, in growing up, have to acquire some knowledge of symbol systems. Wherever they grow up, children are faced with symbolic objects besides language, such as models, signs for marking locations, or pictures, and do not need systematic instruction to learn to make use of the information they carry. For mastering complex symbol systems such as script, mathematics, and visual-graphical representations, however, professional instruction, as provided in schools, is required. Although for the vast majority of children, intellectual capacities are improved as a result of schooling (Christian, Bachnan & Morrison, 2001), all modern societies are concerned with questions of how to optimise classroom instruction and curricula. A major reason for this are the tremendous differences between students of the same age in exploiting their learning environments. Some children are able to read books within a few months of having learnt the alphabet, while others need years to become fluent readers. Some students start to write letters and stories with clear messages already in their first years of elementary school, while others will hardly be able to produce written sentences conforming to grammatical rules even afters years of exposure to literacy classes. Some students know how to apply a newly learnt strategy in mathematics after brief instruction, while others remain unsure even after weeks of intensive practice. Some students acquire a deep understanding of abstract scientific concepts, such as force, gravity, evolution, or equilibrium, which becomes apparent by their being able to explain certain outcomes in their environment. Others have only learnt a few new words which are not integrated into a rich and well organized knowledge structure, and are therefore unable to cope with new situations. 

Scientists nowadays agree that part of these differences in cognitive capabilities have their roots in genetics. Although psychologists still have not agreed upon a unified definition of intelligence, it is widely accepted that humans differ in their efficiency of cognitive processing as a result of genetically determined brain functioning. All over the world there are now large data sets available which allow researchers to proceed to comparisons between identical and fraternal twins, as well comparisons between adopted children and their family members. Both lines of research suggest that about half of the variance found in IQ tests can be traced back to genetic differences (Plomin & Spinath, 2002, 2004). Measures of intelligence already applicable to toddlers show substantial correlations with later IQ scores. From the very beginning, differences in cognitive capabilities affect children’s ways of selecting and exploiting their learning environments, and educational support and cognitive stimulation highlight individual differences rather than compensate for them. As a result of successful learning experiences, all children improve, but to a different extent, due to the “rich-become-richer” effect. The challenge of modern societies is to give every child the opportunity to optimise his or her cognitive functioning on the basis of their partly genetically determined preconditions. Research on child development can contribute to this challenge by addressing questions concerning the underlying mental preconditions for cultural learning, such as 

1) What kind of biological and environmental factors influence developmental changes within the individual child as well as developmental differences among children? This question will be addressed by discussing major scientific views on child development in section 2.   

2) What kind of cognitive, emotional, and social functions must have been developed in order to gain from instruction? Preconditions for cultural learning are discussed in section 3.

3) What kind of support do children need in their first years of life in order to enable them to fully participate in modern societies in later years? The final section 4 deals with questions of early education.  

2. Major scientific views on developmental change within the individual child as well as developmental differences among children 

There has been empirical research on child development for more than 100 years, and because almost everybody is fascinated by children and interested in the impact of childhood on later life, this kind of research has always attracted broad attention. This has been the case for Jean Piaget’s theory on cognitive development in childhood, and this is currently the case for research on brain development. From both research perspectives, however, quite contradictory inferences have been drawn concerning the cognitive as well as the educational potential of toddlers, preschool children and elementary school children.

Particularly in Western countries, reception of Piaget’s work emphasized the limits of children´s cognitive competencies. Infants were assumed to come to know the world through their senses and their actions rather than through mental representation. Toddlers and preschool children were perceived as being unable to perform mental operations and to think in a consistent, logical way. Elementary school children were seen as concrete thinkers who are unable to deal with abstract concepts and to systematically combine complex information. As a consequence, in many Western countries no curricula for children younger than six had been worked out, and the elementary school curricula were not very ambitious, either. This kind of policy, however, was seriously called into question after international studies such as TIMSS and PISA had shown achievement in core academic fields such as literacy, mathematics and science to be amazingly poor in several Western countries (Mullis, Martin,  Beaton, Gonzales, Kelly, & Smith, 1997). Since then, neglect of early education has been seen as a major reason for the poor outcome of schooling. This was a starting point for the early-years education debate, and it was also a starting point for a brain-centred perspective of schooling and education. 

Concerns about early education became a political issue in 1996, when Hillary Clinton held a conference on early child development (for further details see Blakemore & Frith, 2005), where she claimed that “we know much more now than we did even a few years ago about how the human brain develops and what children need from their environments to develop character, empathy, and intelligence…..Experience [between birth and three years] can determine whether children will grow up to be peaceful or violent citizens, focused or undisciplined workers, attentive or detached parents.” Clinton - and many others in the 1990s – claimed that early experience provided by the environment is the architect of the child’s brain and therefore determines his or her further cognitive, emotional and social development. As a consequence, there was a strong demand for larger investments in education for children under the age of three. Childcare centres in the USA and in Western European countries have offered special training programs which are supposed to stimulate “key areas” of children’s brains. But is there really sufficient scientific evidence to support the promotion of such activities? 

2.1 The developing brain

In the past decade, considerable progress has been made in discovering how the brain works, and a lot has been learnt about the developing brain in young animals as well as in human beings (for a very readable overview see Blakemore and Frith, 2005). Human babies are born with almost 100 billion neurons, i.e. cells that are specialized in sending and receiving electrical messages within the brain as well as between the brain and all parts of the body. A human baby is born with almost all the brain cells he or she will ever have, except for the cerebellum (the “little brain” located at the back of the brain and involved in motor coordination, balancing, and learning) and the hippocampus (part of the limbic system, located in the inner part of the brain, and involved in the storage and retrieval of memories and in spatial navigation) where the number of cells increases considerably after birth. Tremendous changes after birth, however, occur with respect to the connections between the neurons. Information between the neurons travels through specialized junctions, called synapses. In a process called synaptogenesis or synaptic proliferation new synapses are formed, which means that the number of interconnected cells – i.e. synaptic density - increases. In fact, a widely recognized research by Huttenlocher and Dabholkar (1997) revealed a sharp increase in synaptic density during the first two years of life in brain regions involved in processing visual information. This, however, was followed by a re-decrease of synaptic junctions, and here concerns set in. At the age of four, the synaptic density already had decreased to the level observed in the brains of children at the age of six months. Did the elimination of synapses occur because the brain was not sufficiently stimulated? Did children’s brains miss out on the critical periods during which specific kinds of external stimulation are needed for certain sensory and motor functions to develop? At first glance, this interpretation seemed obvious and suggested a serious need for thought in view of systematic training programs for infants and toddlers. However, with progressing insight into the functioning of the developing brain, it became clear that the elimination of synapses, the so-called pruning, was caused by a gene-based programme which operates almost independently of environmental input. Only under conditions of extreme environmental deprivation, such biological programs will stop operating. No sophisticated extra stimulation, on the other hand, is necessary or supportive for them to keep going. The first major wave of synaptic pruning comes right after synaptogenesis in early infancy. A second major wave of synaptic pruning takes place during puberty.


Beside synaptogenesis and pruning, the so-called myelinization is another characteristic process in the developing brain. Myelin is a substance composed of fat and protein that covers each axon (the long stem endings of the neurons, which enable communication over a long distance in the brain) and serves as an isolator, guaranteeing fast and faultless transmission of electrical impulses between neurons. Myelinization works according to biological programs but is affected by nutrition. Negative effects of malnutrition on intelligence development, are likely to be due to insufficient myelinization. On the other hand, the higher intelligence found in children who had been fed with mother’s milk during infancy (Oddy et al., 2003) could be traced back to a higher degree of myelinization. 


Different regions of the brain undergo the processes of synaptogenesis, pruning and myelinization in different periods of development. The so-called visual cortex is among the first regions to reach adult level, while the processes of neuronal development in the so-called frontal lobe take much longer and continue throughout adolescence. There is agreement among neuroscientists that it is the particularly large frontal lobe which enables human beings to acquire their unique cognitive competencies. Brain damages in the frontal lobe go along with serious impairments of high-level cognition such are planning, integrating information, controlling emotions, and decision making. Children’s well known deficits in high-level cognition can be partly traced back to their immature frontal lobe, as will be discussed in a later section. In the frontal lobe, the synaptic density increases until the age around four, and afterwards it decreases continuously until adolescence. As will be discussed in detail later, it is also around the age of four that children have undergone tremendous changes in their cognitive capabilities.   

Young children’s immature brain development was demonstrated in a study by DeLoache, Uttal and Rosengren (2004). Normally developed children aged between 18 and 30 months will make so-called scale errors, which means that they fail to use information about object size. This becomes apparent when they make serious attempts to sit in dollhouse chairs or to get into a matchbox car having the size of their feet. These activities can be reliably distinguished from pretend play and they particularly occur after children have dealt with larger functional objects, for instance by sitting on a real chair or by riding a larger toy car. The reason for this error is that, in young children, the perception of objects and the organization of actions are not yet integrated. Due to a lack of inhibitory control, an action appropriate for a certain situation is inappropriately transferred to another situation. Moreover, the scale error in young children supports models of brain functioning which hold that the perceptual systems underlying object identification and the formation of actions are functionally distinct from perceptual systems that control the body movements involved in the execution of such plans (Glover, 2002). In older children and adults, both systems, while operating separately, are interrelated, which is not the case in the immature brain of the toddler. 

In the light of these findings on brain development, researchers such as Bjorklund and Bering (2002), Bruer (1999), and Hirsh-Pasek and Golinkoff (2004) warned against exaggerated expectations from educational investments in infancy. These scientists did by no means call into question the importance of a comfortable and emotionally satisfying environment for infants’ development. There is no doubt that early neglect and abuse can cause permanent damage, which may even resist any kind of treatment, in the child’s brain. This, however, does by no means warrant the reverse conclusion that brain stimulation (whatever this means) in infancy will improve brain functioning to an extent that can never again be reached in later life. There is no doubt that human beings, like all living beings, are able to learn from early on (and even before birth). There is, however, not the slightest scientific evidence suggesting that young children are, in general, better learners than older children and adults. Rather, from what we know about brain development, the opposite seems to be true for most areas. There is no reason for us to be afraid of any damage caused by missing out on the so-called critical periods in children’s development as long as children who grow up in emotionally and physically satisfactory homes get access to natural environmental input, even though they are not exposed to more sophisticated stimulation. On the other hand, since young children are able to learn from early on, it is legitimate to demand that opportunities be provided for them to learn what is important for them. Given the complexity of modern societies, there is a lot to learn during the entire lifespan, so no time should be wasted in childhood. The crucial question, however, is what children should learn and how appropriate learning environments should be laid out. Should caregivers be responsive to children´s activities – (e.g. by patiently picking up and handing back the toys repeatedly thrown about by children obviously enjoying the fun), or should they take the lead by directing children´s attention to new objects in their environment? Should children just be given the opportunity to meet other children to play with, or should they follow professional learning programs based on well structured curricula? In order to address such questions we have to know more about the affordances and constraints of young children’s minds and brains. In the past decades, developmental psychology has made large progress in understanding children’s cognitive and behavioural functioning, going far beyond Piaget’s famous framework. 

2.2 Jean Piaget’s classical theory of child development: what is still in, and what is out? 

Piaget´s theory is characterized by a child-centred perspective according to which children actively contribute to their own development through knowledge construction guided by the processes of assimilation, accommodation and equilibration. Assimilation means simplifying information so that it can be understood. If children have learnt that birds can fly, they categorize every butterfly they encounter as a bird. Only when they are confronted with serious inconsistencies between their experience and mental representations and the feedback they get from their environment, e.g. if they are told that all birds have beaks while butterflies have not, they are willing to adapt their knowledge structure to their experience. This process is called accommodation. The balance between accommodation and assimilation results in equilibration, which characterizes stable understanding. However, in early childhood, the process of equilibration does not result in knowledge structures similar to those of educated adults. If adults were asked to rate the similarity between birds, dogs, and butterflies, they would probably say that birds and dogs resemble each other more than birds and butterflies. This, however, presupposes the abstract concept of vertebrates. Since children focus on visible features such as “moves by flying”, birds and butterflies still are similar to them. Piaget claims that their mental structure has to undergone certain general changes before they aree able to understand abstract concepts and to draw inferences on the basis of these concepts.


According to Piaget, all children progress through three stages of development before, at about 12 years of age, they reach the fourth stage of formal operations, which provides the precondition for acquiring abstract concepts and hypothetical models in different content areas, among them science and mathematics. Piaget’s own answer to the key question of developmental psychology - “What develops?” - would probably have been: “the capability for abstract thinking”. It is, however, this very assumption that has been seriously called into question by research on cognitive development in infants, toddlers, and young children. Moreover, the idea of sudden developmental changes, which underlies the assumption of four stages, did not hold true because it could be shown that children’s competencies grow continuously. How recent research has been dealing with the weaknesses of Piaget’s theory will be discussed in the following.  

2.2.1 More than sensory and motor abilities: core knowledge in infancy


The lack of object permanence (the knowledge that objects out of sight continue to exist) in infants younger than 8 months led Piaget to conclude that children in the first months of their lives are unable to perform even fundamental abstraction tasks. This can be demonstrated by showing that an infant who grabs an object placed within reaching distance will cease to do so when the object, with the child looking on, has been covered with a cloth. Piagets interpretation was that for the infant, only such things exist as he or she can perceive. Only in the 1980s, this interpretation was only called into question by researchers who combined the violation-of-expectancy paradigm with the preferential-looking technique. Baillargeon (1987) ran one of the landmark experiments in infancy research: In the first phase, infants aged 4 ½ months are habituated to a screen doing a 180° rotation (Figure 2). When the children become bored, a box is placed in front of them. In the next step, this box is hidden by a screen. Under the expected-outcome condition, the rotating screen stops when touching the top of the box, which means that it performs a rotation of approximately 110°. Under the unexpected-outcome condition, the screen does a 180° rotation which, of course, is possible only because the box was secretly removed. The infants looked much longer at the unexpected outcome than at the expected outcome. These findings are not in line with Piaget’s assumption that infants do not know that objects hidden from sight continue to exist. The results rather show that young babies already possess more knowledge about the physical world than previously assumed. This was for instance demonstrated in a series of studies using the violation-of-expectancy looking time technique by Elizabeth Spelke (for a summary, see Spelke, 2000). Figure 3 demonstrates the procedure: after a habituation phase, children are presented with a possible outcome (a small ball being dropped through a hole) or an impossible event (a large ball apparently being dropped through a hole smaller than itself). Children younger than 6 months who certainly had no experience with playing ball looked longer at the impossible event. Additional studies suggest that infants also realize when the law of gravity and other natural laws are violated. That young children are also equipped with basic knowledge, also referred to as core knowledge, about numerosity and mathematics was shown in a widely recognized study by Wynn (1992): She showed that six-month-old infants realize when the rules of addition and subtraction are violated during the manipulation of objects in small sets. Xu (2003) presented data which suggest that even infants possess different systems for processing large and small numbers.  
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Human beings are not only born with some core knowledge about their environment, they are also equipped with cognitive operations that allow them to connect single units to form coherent wholes. The ability for causal as well as analogical reasoning is available already in infants, as studies using the preferential-looking technique show. In a paper entitled “Thought before language”, Mandler (2004) summarizes findings on typical human cognitive competencies in the first year of life. However, as is the case for human beings at all age levels, for these mechanisms to be put into use, knowledge of where they can be applied is required. Because infants only possess the core knowledge they were equipped with by nature, they have had fewer opportunities for reasoning than children who are older and, therefore, have already had more opportunities for knowledge acquisition. 

More than a decade ago, Mandler (1993) wrote an influential article entitled: “How to build a baby?”. Given the numerous studies on infants’ competencies, which have since then been conducted, we can now answer this question more precisely. Humans are equipped with core knowledge about living and non-living things in their environment as well as with knowledge about social interaction. Moreover, cognitive operations such as classification or drawing inferences on the basis of analogies and causality are part of their genetic endowment. Through learning, these operations are applied to more and more content areas and thus contribute to the development of an elaborated knowledge network within the culture the individual lives in.  

Given all the competencies that are already available to infants, one will of course wonder why infants, while they well know that an object that was hidden from sight will continue to exist, nevertheless do not reach for the object beneath the sheet; in other words, why they fail in the classic Piagetian task on object permanence. As a matter of fact, more and more findings suggest that the reason for this is their disability, due to the immaturity of their frontal cortex, to coordinate plans of action, as will be discussed later. 

 2.2.2 Not always stuck in egocentrism and centration: cognitive capabilities between age 2 and 7 

Between age 2 and 7, children make considerable progress in their cognitive competencies, which is most obvious in their language skills. At the age of 2, children communicate in two-word sentences while, three years later, they tell stories composed of combined sentences constructed according to the grammar rules of their mother tongue. Nonetheless, Piaget referred to children aged 2-7 as pre-operational children and designed a large number of well-known tasks in an effort to demonstrate their limitations. Children are characterized as egocentric because they have problems distinguishing between their own perceptions and the perceptions of others. In the well-known three-mountain task, children are asked to find out which of the mountains can be seen by the doll. Children younger than six years choose the mountain they themselves can see. 
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Figure 3: The three-mountain task (from Kail & Pellegrino, 1985) 

Pre-operational children’s rigid thinking becomes particularly apparent in so-called conservation tasks which refer to either numbers, liquids or solids. In the number conservation task, children have to understand that the set size will not increase when the distances between objects that are arranged in a line are widened, nor decrease when these distances are narrowed down. For the liquid conservation experiment, water is poured from a lower container with a large diameter into a higher container with small diameter. Children usually say that the amount of liquid increases when it is poured into the second container. They only focus on the height of the container rather than on both the height and the width when determining whether there is more volume to one of them. Similar answers are obtained when the forms of solids are changed. Such mistakes also reflect children’s deficit in recognizing reversibility: they do not realize that they could restore the initial situation by reversing the respective action. 

However, in the past decades numerous studies have shown that children’s rigid thinking style in the Piagetian tasks is often due to the sparse wording of the problem, the unfamiliar situation, or children’s lack of domain-specific knowledge. For instance, egocentrism in the three-mountain problem may be due to the fact that the children did not recognize the different shapes of the mountains and therefore did not realize that different people saw different things. No egocentrism was observed if instead of the unfamiliar mountain landscape more familiar material was used, such as a box with different colours on each side,  or a turtle presented from the front or from the backside. Flavell, Miller & Miller (1993) summarize studies which showed a considerable increase in solution rates when Piaget’s tasks were reformulated and embedded into contexts the children were familiar with. In a nutshell, children’s limitations in reasoning are often due to a lack of domain-specific knowledge rather than to a principal deficit in cognitive operations. 

2.2.3 How change occurs: overlapping waves instead of stages

Developmental psychologists were never happy with Piaget’s model of stages. Stages reflect a post-hoc view of cognitive development and do not model change. Nobody, for instance, has ever observed the transition from the concrete operational to the formal operational stage. Nonetheless, from time to time qualitative changes in certain cognitive competencies can be observed: Children do not only become more efficient in their thinking and problem solving, but they also change their ways of doing so. At the same time, however, qualitative changes in thinking and reasoning rarely come about as sudden behavioural changes. In other words, while children’s cognitive growth, on the one hand, manifests itself continuously, there also are, on the other hand, certain mental leaps. The developmental psychologist Robert Siegler developed a model of change that integrated both aspects: the Overlapping Wave Model. Siegler himself had found, in his work on mathematical problem solving, that over a longer period of time, children used different strategies to solve the same type of problem. Some of these strategies were quite advanced while others were not. According to Siegler (1996), the assumption that cognitive development will progress by qualitative leaps is inadequate for many domains. In case of the invariance tasks, Siegler (1995) revealed substantial intra-individual variations in the use of problem solving strategies. The very same children who had used a demanding strategy for solving one of the tasks fell back on a less demanding, but more familiar strategy when confronted with the next task of the same type. Cognitive development, therefore, does not manifest itself by old strategies being abruptly abandoned for new ones, but by the fact that more and more strategies are available while old strategies are less frequently resorted to. An appropriate way of describing strategy change is the Overlapping Waves Model, which is illustrated in figure 2. This model proposes that children at any age use multiple strategies for solving a certain type of problem. With age and experience, however, children use more advanced strategies (the ones with the higher numbers). The coexistence of different strategies is in fact functional, since only individuals who have a wide range of strategies at their disposal can show adaptive behaviour. Children not only use a variety of different strategies for solving particular problems over a longer period of time, but they also give explanations that are quite contradictory, and they often fail to draw any conclusions from the feedback they get in case of mistakes. These reactions are deficient from an adult point of view, but they are not necessarily maladaptive in the perspective of the child. The term “strategy” is used in a broad sense by Siegler: it implies procedural (“knowing how”) as well as conceptual (“knowing why”) knowledge. Producing an explanation can also be understood as a strategy. 

Siegler’s findings are particularly important for research in teaching and learning since they provide an explanation for a phenomenon well known to all teachers: it takes a long time even for good students to reliably absorb new knowledge. Knowing that this is not necessarily a cognitive dysfunction but, on the contrary, may be a sign of adaptive behaviour, should help teachers and parents to develop a more relaxed attitude towards mistakes.

[image: image4.emf]Strategieentwicklung als 

Verschiebung der Nutzungshäufigkeiten:

Modell der „überlappenden Wellen“

(Siegler, 1996)

Percent

use

Age

Strategy 1

Strategy 2

Strategy 4

Strategy 3

Strategy 5

Figure 2


Figure 4

2.3 Post-Piagetian theories on cognitive development: two major trends

After many studies run in the 1970s and 1980s had shown that Piaget’s idea of a step-by-step qualitative change of a central general cognitive mechanism did not hold true, the theories on cognitive development worked out in the following years narrowed down their focus. The assumption of a stepwise qualitative change and the assumption of a single central cognitive mechanism could not be unified into a single theory of mental development. During the 1980s, two major lines of theories on cognitive development emerged: Information processing theories, sometimes also referred to as Neo-Piagetian theories, came to the rescue of the idea of a central cognitive function which guides all kinds of information processing in any content area. Theories of conceptual development, in contrast, by focussing on research results concerning core knowledge in infancy, emphasize the importance of domain-specific knowledge which is subject to change by profound qualitative transformations rather than by steady quantitative growth. Both theoretical approaches emphasize different aspects of the changes children undergo, and they do not necessarily exclude each other. 

2.3.1 The development of central cognitive functions: working memory and executive control

Complex cognition, such as sentence processing, mental arithmetic, or reasoning crucially relies on the performance of the executive functions. These are a set of interrelated abilities responsible for working memory, inhibitory control, and planning, that are located in the frontal lobes of our brain. Unique human competencies manifest themselves in planning future-oriented actions and in controlling their execution. Remember that infants’ failure to perform the classical Piagetian object permanence task described in the previous section still calls for an explanation. Why do infants younger than eight months not lift the cloth in order to get back the desired object? Contrary to what Piaget assumed, these children in fact know that objects concealed from view continue to exist. In the so-called A-Not-B task, children’s true deficits become apparent: After infants have successfully reached for a hidden object at location A, this object is hidden at location B while the children look on. Infants aged 8-12 months failed to search for the object at location B but rather continued to look for the object at location A. Interestingly, the infants quite often looked at the right location (B) but nonetheless grabbed the wrong cloth at location B (Diamond & Gilbert, 1989). This finding suggests that children younger than one year have difficulties with the coordination of their plans and their actions. They know where to find the desired objects and they know how to lift the cloth, but they are still unable to combine these two units of knowledge. Difficulties with inhibiting previous behaviour seem to be responsible for this inability in children. As you may remember, this was also the case for the scaling error (DeLoache, Uttal and Rosengren, 2004) discussed earlier. 

Contrary to what many laypersons believe, children are not at all better in memorizing information than adults are. Rather, the opposite is true: There is overwhelming evidence for a limited working memory capacity in children. The span of numbers, letters, and words humans can remember increases with age, as experiments on the speed of information processing and the number span show (Demetriou, Christou, Spanoudis & Platsidou, 2002; Halford, Andrews, Dalton, Boad & Zielinski, 2002). In addition to these limitations of processing capacities, the attention of developmental psychologists has in the past years been drawn to another executive function: inhibitory control. This function plays a significant role in determining how various mental processes work together for the successful performance of a task. 

Children’s deficits in inhibitory control were revealed in the Dimensional Change Card Sort task. In this task, children have to sort test cards showing, for example, a blue rabbit or a red ship first by one dimension, e.g. the colour (if it is blue, it goes here, if it is red, it goes there), and then by the other dimension, which is the shape (if it is a rabbit, it goes here, if it is a ship, it goes there). Regardless of which dimension is presented first, 3-4-year-olds typically persevere in sorting cards by the first dimension. While children under 4 years of age typically exhibit inflexibility on this task, children at age 5 usually perform well. Zelazo, Müller, Frye and Marcovitch (2004) ran several experiments with preschool children in order to investigate further circumstances of these difficulties. By introducing four rules which were, however, not in conflict with each other, they were able to rule out that children’s poor performance was due to limitations of their memory capacity. Children’s poor performance on the cart-sorting task can be traced back to their difficulties in inhibiting rules that had previously been activated and conflicted with the new rules. In a later section it will be further discussed that a major key to children’s difficulties with inhibiting actions may be their inability to understand other peoples’ intentions. 

There is, however, an ongoing debate on the underlying mechanisms that influence young children’s achievement in the Dimensional Change Card Sorting task. Kloo and Perner (2005) present data which suggest that young children still have difficulties in thinking about one and the same object in different ways, and that this inability is due to children’s difficulties with understanding other people’s intentions. This aspect will be further emphasized later in this text. 


To sum up, there is clear evidence that young children are generally impeded in their cognitive performance because of their immature executive functioning due to underdeveloped brain development. However, there is more to cognitive growth than general structures, as will be seen in the next section. 

2.3.2 Acquisition and restructuring of content-specific knowledge as a motor of cognitive development 

During the time Piaget’s theory dominated developmental psychology, the focus was more on the general mechanism of knowledge construction than on the specific knowledge domain. There was no special focus on content – rather, content served as an example. During the past decades, however, this has changed considerably. Numerous studies on memorizing information (Ericsson & Kintsch, 1995) as well as on transfer (Barnett & Ceci, 2002) emphasize the role of domain-specific knowledge for cognitive functioning during the entire lifespan. Through learning and experience, expert knowledge is organized in highly integrated concepts and, moreover, it is readily accessible when needed because it contains information about when it will be useful. Experts not only have more categories and concepts than novices, their concepts are also richer and they are based on deeper principles, while novices rely on surface similarities. Among other domains, the emergence of expertise has been researched in the area of chess (Simon & Gilmartin, 1973). When chess pieces are placed randomly on a board, the chess master is no better than the novice at remembering configurations that are briefly shown. This is because the configuration is not meaningful. After tens of thousands of hours of playing chess, the master has hundreds of patterns stored in his memory. When he sees a configuration of pieces, he breaks it down into meaningful elements that are related by an underlying strategy. Thus, while the novice would have to remember every single piece and its position on the board, the master only has to remember a few “chunks”. The master can do this because he has a highly organized structure of knowledge relating to this domain. It is worth noting that expertise is highly domain-specific: a chess master will be no better than anyone else at remembering material from other content areas. 

In those rare cases where children have had the opportunity to acquire an elaborated domain-specific knowledge by learning and experience, they show considerable cognitive capabilities. Child experts in areas like chess (Schneider, Gruber, Gold & Opwis, 1993) or dinosaurs (Chi & Koeske, 1983) outperform adult novices (not to be confounded with laypersons: novices are persons who dispose of some basic knowledge in the domain in question). These findings are consistent with the assumption that the reason why in many domains younger children will perform less well than older children is their lack of a well structured knowledge base rather than any deficit in fundamental cognitive competences. Given their age, children just have not had the time to acquire the knowledge necessary for mastering certain demands. For this reason children often are characterized as universal novices. 

By carefully observing young children’s conversation, it becomes apparent that for them, certain words may not have the same meaning as for older children and adults. For young children, birds are flying animals like butterflies, while for adults birds are vertebrates like dogs. For Carey (1985), cognitive development consists in the radical restructuring of conceptual knowledge: former key features become peripheral, and vice versa. Younger children, for instance, associate the concept of “parents” with “caring for young children”, whereas older children focus on “having offspring”. Six year olds will agree that a pile of rice has weight, but deny that an individual grain of rice has weight as well. This seemingly implausible answer turns out to be highly plausible if one realises that for younger children, “weight” and “being heavy” are still equivalent. Keil (1989) argues that a shift is taking place in the course of development, with reasoning progressively focussing on defining rather than on characteristic features. This transition was studied for a great variety of concepts from different domains, revealing large variations in terms of age. In some domains, even pre-school children will refer to the defining features of concepts while in others, older students and even adults will fall back on characteristic features. Even if adults and children use the same words, they often refer to completely different meanings. When faced with conflicting situations such as: “Your mother has a brother who is younger than yourself, is he your uncle?”, young children answered: “No, an uncle has to be old.” 


Karmiloff-Smith (1992) came up with a very stimulating theory of her own by transferring Piaget’s ideas of qualitative cognitive change to modelling the development of domain-specific conceptual knowledge. According to her theory, the implicitly available core knowledge undergoes a process of qualitative re-presentation by which it is transformed into explicit conceptual knowledge that can be verbally addressed. Children as well as adults often master problems although they cannot verbalize the underlying knowledge. For instance, children’s organization of the world is based on concepts they are not aware of. According to Karmiloff-Smith, explicitly and consciously accessible concepts emerge through activation in different contexts and through communication with other people. Through co-activation, quite different kinds of knowledge can melt together,  e.g., by building analogies. Karmiloff-Smith emphasizes that humans from the very beginning tend to represent information in different modalities and manners – she calls this mechanism “representational re-description”. By investigating children suffering from the Williams syndrome, she shows that some humans just lack the mechanism of representational re-description and, therefore, are severely impaired in their cognitive development (Karmiloff-Smith,1998). Representational re-description is a general mechanism which, however, operates in a domain-specific manner.

2.3.3 The development of broadly applicable competencies 

 Of course, since information processing theories and theories of conceptual change do not necessary exclude each other, it is thoroughly plausible to assume that cognitive growth during childhood is the result of both, the development of central executive functioning and knowledge re-structuring. The interaction of both components becomes particularly interesting when broadly applicable knowledge such as proportional reasoning, scientific thinking, or metacognitive competencies are considered. Proportional reasoning is required for understanding quantitative concepts composed of two dimensions, such as speed, density, price per piece, the law of levers, or the degree of concentration of mixed liquids. Once the mathematical principles of proportional reasoning have been understood, a broad variety of formal content domains can be accessed, resulting in a sudden extension of the cognitive horizon. Understanding proportions means to understand the relations between relations, i.e. to know that a mixture of 2 glasses of juice and 4 glasses of water tastes different from a mixture of 4 glasses of juice and 6 glasses of water, but rather tastes the same as a mixture of 4 glasses of juice and 8 glasses of water. Many children older than 12 years who master division problems even with very large numbers are often overtaxed by decisions based on proportional comparisons (Keating & Clark, 1980). However, contrary to what Piaget assumed, already 4-5-year-old children are able to consider two dimensions if they are reasoning in familiar content areas. Siegler (1986) modelled increasing proportional competencies between age 4 and 16. 

Understanding the principles of scientific experimentation is a another broadly applicable competence: once one has understood that in order to find out whether a particular variable has an impact on a certain outcome one has to compare two situations which are identical in all respects except for the variable one is interested in, one can evaluate the evidence for statements in various content areas. From Piaget’s work on formal operations we know that children younger than age 12 may have profound difficulties with hypothetical reasoning, which includes the ability to think about all potential outcomes of a situation. However, although even adolescents may have difficulties with designing scientific experiments, already children at age 5 know how to find out whether a small or a fat mouse is steeling the cheese at night (Sodian, Zaitchik & Carey, 1991). Moreover, Bullock and Ziegler (1999) showed that children who were overtaxed by designing an experiment were nonetheless able to evaluate whether a planned design was appropriate for testing a certain hypothesis. 

A third kind of broadly applicable competencies concerns metacognition, which covers all kinds of knowledge about human cognitive activities. Learning and memory strategies, concepts about the human mind (e.g., consciousness, memory) as well as self-monitoring strategies during learning (“At which point did I loose the thread while I was reading this text?”) are part of metacognition, which is the precondition for cognitive functioning in academic domains (for a summary, see Pressley, Borkowski & Schneider, 1990). Intercultural comparison reveals that metacognition is for the most part a by-product of schooling. People who had not had an opportunity to go to school were shown to lack even very basic memory strategies such as rehearsal (Sharp, Cole & Lave, 1979). The development of metacognition is similar to that of the competencies previously discussed: basic elements of strategic knowledge are already observed in children as young as age 4 (for more details, see section 3.1), while elementary school children still lack learning and memory strategies which are taken for granted in adults.  

In a nutshell, the three broadly applicable competencies that have been discussed, i.e. proportional reasoning, scientific reasoning, and metacognition, show similar patterns of development. They are secondary abilities sensu Geary (1996), which means that they need a culturally developed academic environment to emerge. On the other hand, although they are learnt through schooling, they can hardly be taught by direct instruction. They rather are a by-product of the study of intellectually stimulating topics and problems. However, while these competencies are rooted in basic knowledge already available to children as young as 4 years, even intelligent and well educated children rarely have full command of them before adolescence. Only the combination of theories of knowledge restructuring and theories of information processing can account for the emergence of broadly applicable competencies. Dealing with new and challenging academic problems, such as the mathematical modelling of a complex situation or text processing in an unfamiliar content area, are challenging mainly because for them, the inhibition of irrelevant information is required. If humans are faced with a problem for which they cannot retrieve a well developed solution strategy, they have to construct new strategies on the basis of their existing knowledge. Hence only learners who possess knowledge that can serve as the basis for new solution strategies have a chance to solve the problem. However, when faced with a new problem, humans will activate a broad variety of existing knowledge only part of which will prove to be useful. Deactivating useless knowledge is a most decisive process for successfully solving a new problem. This activation and deactivation of knowledge is monitored in the working memory by mechanisms of executive control that, due to an immature frontal lobe, do not reach their optimum before adolescence. In section 4, questions concerning early education will be discussed in detail, but to take stock provisionally, we can say that in order to prepare children for the demands of a knowledge society, they should be confronted with problems that allow them to acquire the knowledge needed for accessing broadly applicable competencies. As the acquisition and restructuring of knowledge is a long-term process, children should get the opportunity to acquire the necessary knowledge as early as possible, even though this effort cannot be expected to pay off fully before adolescence.

3. Learning to participate in one’s society: the development of central human resources 

Humans show unique ways of social interaction. Many animal species live together in groups, cooperate in search of food, and protect each other from enemies. However, only humans engage in long-term complex collaborative actions such as producing tools, building settlements, developing symbol systems, and creating social institutions and norms. Schools were invented as a social institution which helps young members of the social community to acquire, through guided participation by more knowledgeable people, the knowledge, skills, and values of their culture. Culture is made possible by the ability of human beings to establish intersubjectivity with other people. This ability, which develops gradually during the first years of life, is both the precondition for and the target of formal education and schooling. In order to benefit from instruction one has to understand that there is a gap between the learner’s and the teacher’s mind. The process in which more competent people provide a temporary framework that supports children’s thinking at a higher level than they could have reached on their own is referred to as “social scaffolding”. Cognitive psychologists become increasingly aware of the fact that the unique human mental capacity is rooted in social interaction, or more precisely joint attention. This is the process in which infants and their social partners intentionally focus on a common aspect of their external environment. The emergence of joint attention becomes evident during the first two years of life (for an overview, see Tomasello, Carpenter, Calll, Behne & Moll, in press). At about the age of 9 months, infants increasingly look at the same objects as their partners do, indicating that they become interested in other peoples’ goals and intentions. About three months later, children are no longer confined to passive joint engagement, but rather try to steer the attention of the people around them. By about 15 months of age, adults and children show a “coordinated joint engagement” when focussing on external entities, which means that they can engage in the “negotiation of meaning” by either requesting clarification from their partners when needed or by producing communicative repairs in case of misunderstandings. Children increasingly use linguistic symbols for communication and, in the following years, learn to use language for expressing their own intentions and to coordinate these with the intentions and goals of other people. In recent years, developmental psychology has worked out new insights in how children, from the cradle to the playpen, learn to participate in their cultural environment.

3.1 The development of mind reading and communication 

In order to achieve their goals, human beings have to deal with the question of what others perceive, know, believe, feel, desire and intend. Therefore, an important step in children’s cognitive development is the acquisition of a theory of mind, i.e., of a basic understanding of how the mind works and how it influences behaviour. Preschool children’s theory of mind includes, for instance, that desires and beliefs produce actions and that actions can change these desires and beliefs. However, their understanding of the relation between other people’s beliefs and their own beliefs is limited in important ways. These limitations become evident when children are confronted with false-belief problems, which test their understanding of the fact that other people will act according to their own beliefs even when the child knows those beliefs to be incorrect. In one famous experiment, children are shown a box that appears to contain a type of candy called Smarties, with a picture of the candy on it. When they are asked what is inside the box, they answer “Smarties”. Afterwards, the experimenter opens the box, revealing that it actually contains pencils. Most five-year-old children admit their surprise. When they are asked what another child would say if shown the box and instructed to guess its contents, they answer the child would say “Smarties”, just as they had. In contrast, a large majority of three-year-old children say they always knew what the box contained, and predict that another child, when shown the box, would also believe that it contained pencils (Gopnik & Astington, 1988; Wimmer & Perner, 1983). This shows that in situations in which children know that their belief is true and that an alternative belief is false, three-year-old children have difficulties in understanding that other persons might have the false belief.

Studies on autistic peoples’ inability to solve the false-belief task (Frith, 1993), among others, led to the conclusion that this mode of adopting other peoples’ perspective is based on modularised knowledge that, given regular development, is activated at a certain age level. This assumption was also supported by cross-cultural studies which showed that children living in traditional cultures in Africa solved the false-belief task at a about the same age level as children in modern societies (Harris, 1992). 

Reasoning about beliefs and desires begins very early in infancy and preschool age. Recent evidence suggests that children even younger than three years solve false-belief tasks if non-verbal measures are used. Since belief and desire are among the most abstract entities we ever think about, these findings challenge entrenched assumptions about the nature of the mind and the origin of representation. According to Leslie, German, & Polozzi (2005) our ability to understand the thoughts and feelings of other people does not initially develop as a theory but as a mechanism. The authors showed that even children aged 6 have difficulties solving the false-belief task (a sick kitten is in one box, while the other box is empty. A piece of fish should be placed into the empty box because the fish is bad for the sick kitten. However, without the actor’s knowledge, the kitten has moved to the other box. Where does a stranger expect the fish to be?) if the situation becomes more complex because this task requires them to inhibit an initially planned action. The ‘theory of mind mechanism’ (ToMM) is regarded as part of the core architecture of the human brain, and it is specialized in learning about mental states. The fundamental problem for a young brain that learns about invisible, intangible, abstract states like belief is to be able to attend to such states in the first place, because if the brain would not notice these states, it could not learn about them. The key function of ToMM is to permit, promote and direct attention to these states in order to enable learning about them.

3.1.1 Understanding the concept of schooling

For people socialized in modern societies, attending formal learning environments is taken for granted. They know that they have to learn things they do not yet master and that they can do this most efficiently if they direct their attention to more competent members of the group who serve as teachers. However, understanding concepts of schooling and teaching is based on knowledge about the human mind. Children are exposed to teaching before they themselves engage in it, and they may develop some sensitivity to teaching at a rather early age. Ashley and Tomasello (1998) studied teaching and cooperative problem solving among younger children. They found that 2-year-olds could not teach; 2.5-year-olds might not have been aware of the learner’s lack of knowledge; 3-year-olds showed that they were somewhat more sensitive to learners when teaching them than the 2.5-year-olds; and 3.5-year-olds were more adapted to the learner than the children in the other age groups. In accordance with these results, other studies also found initial attempts at teaching at about the age of 3.5 years (Wood, Wood, Ainsworth & O’Malley, 1995; Astington & Pelletier, 1996).

Strauss, Ziv, and Stein (2002) ran a study in which they directly examined the conceptual prerequisites for an understanding of teaching. In particular, they focused on the relations between children’s developing theory of mind and their actual teaching behaviour. Children at the age of three and five years, respectively, were presented with new theory-of-mind tasks about teaching and were then observed while teaching peers a game they had just learned. The authors found a strong correspondence between children’s performance on teaching and their understanding of the theory of mind. 


According to Strauss, Ziv, and Stein, teaching is an intentional activity that is pursued in order to increase the knowledge or understanding of another person who lacks that knowledge, has only partial knowledge or has a false belief. Recognizing the need for teaching thus requires individuals to appreciate the knowledge gap between a knowledgeable person and a person with less knowledge. Furthermore, understanding the intent of teaching relies on appreciating its goal, i.e., to induce learning or to enhance the learner’s knowledge. In addition, a more complete understanding of teaching involves an understanding of how teaching affects other peoples’ minds. Hence, in order to test preschoolers’ understanding of teaching, the children were given six tasks, two for testing their theory of mind via classical false-belief tasks (a doll knows where an object is; then the location of the object is changed without the doll being aware of it, and the children are asked where the doll would look for the object), two for testing their understanding of the knowledge gap (a teacher who knows how to read has two students, one who knows and one who does not know how to read, and the children are asked which student the teacher should teach), and two for testing their theory of mind via false-belief tasks about teaching (for instance, a teacher thinks that a child knows how to read, which actually is not the case, and the children are asked if they think the teacher would teach the child who does not know how to read).


The main findings of the study were significant age differences in each of the measures of children’s understanding of and engaging in teaching, and significant correlations among children’s performance on the different measures. It was found that solution rates for the classical false-belief tasks were significantly higher in the older than in the younger age group. However, no significant difference was found between the three- and the five-year-olds’ performance on the knowledge difference tasks. Virtually all the children in both age groups realized that a knowledgeable teacher would teach a certain skill to a child who lacks knowledge and not to the child who already has that specific knowledge. But there was a significant difference in children’s understanding of teachers’ false beliefs between the three- and the five-year-olds. Three-year-old children who performed poorly in the classical false-belief tasks performed at chance level in the tasks about teachers’ false beliefs. Hence, three-year-olds have some understanding of teaching, but they do not seem to realize that it is teachers’ belief about learners’ knowledge that will determine whether or not they will teach. In contrast, five-year-olds, in line with their better performance in the traditional false-belief tasks, said that a teacher who thought that a child did not know how to read would teach this child even though in reality the child knew how to read. This study shows the gradual development of the concept of formal learning and schooling. 
3.2 Tools for thought: learning the use of symbol systems 

A symbol is something intended to represent something other than itself. Although in some cases, symbols and their referents resemble each other (e.g., pictures, certain characters of morpho-syllabic scripts, spoken words based on onomatopoeia), symbols are not merely associated with their referents. This is in fact the particular cognitive potential of symbols: They liberate us from perceptual input and from the present, and they make analytical thinking possible. The strength of symbols is that they focus on a detail of the world rather than on the whole. This is even the case when single words are used to refer to a person: Calling a particular child “Betty”, “the girl” “Peter’s daughter”, or “the toddler” emphasizes different relations between this girl and her environment. Moreover, symbol systems, be it language, pictures, graphical representations, or mathematical notations, not only serve as signifiers, which means that they stand for something in the real world, but can become signified themselves. In other words, symbol systems can become objects of reasoning and manipulation and, thereby, provide individuals with opportunities for constructing hypothetical situations and ideas. This aspect will be discussed in the section on mathematical development. 


Preissler and Carey (2005) showed that children younger than 2 years already have an understanding of symbols that goes beyond a mere association between the object and the symbol. Children repeatedly heard the unfamiliar word “whisk” and were presented with a line drawing of a whisk. Afterwards they were presented with a real whisk and the already familiar picture of the whisk, and they were asked which of the two was the whisk. They almost always chose the real whisk, which indicates that they interpreted the picture and the word symbolically. 


Nonetheless, interpreting symbols remains a challenge during the first three years of life, particularly if the symbol and the referent resemble each other. Judy de Loache and her colleagues (De Loache, 2000) ran several seminal studies on children’s problems with dual representation. Young children are provided with information about the location of a hidden toy via a symbolic object which is a miniature model of the room in which the child herself is with the experimenter. In this so-called scale model, the furniture is arranged in the same way as in the larger room. The experimenter hides a miniature toy somewhere in the scale model and tells the child that the real toy is hidden at the same place in the real room. If the child understands the relation between the model and the room, finding the toy should be easy. Several studies revealed large differences in performance between two- and three-year-old children. However, if two-year-old children were presented with a video of the room, they were much better in searching for the toy at the right place. 


The challenge involved in the interpretation symbols is that of dealing with their dual nature. A symbolic artefact is both, a concrete object and a representation of something other than itself. Symbolic competencies require the individual, on the one hand, to have a representation of the concrete object itself and, on the other hand, to be aware of the abstract relationship to the referent. Interpreting symbols means to find out which aspect of the referent the symbol stands for. The results by deLoache suggest that the ability to achieve dual representations of symbolic objects gradually improves over a span of several years. Cumulative experience with a variety of symbols presumably plays a major role in the development of children’s competencies in symbol use. 

By using symbols, humans express their intentions: they denote a particular aspect of the external world. This is already understood by children as young as two years: Gelman and Ebeling (1998) showed that they refuse to accept a piece of paper with a pattern on it as a picture if they were told, that the pattern had been produced accidentally by someone who had spilled some paint. The same piece of paper, however, was accepted as a picture of something when they were told that someone had worked hard to create it. Bloom and Markson (1998) asked 3- and 4-year-old children to draw four pictures: a balloon, a lollipop, the experimenter and themselves. Figure 5 shows that they were not very skilled painters, the balloon and the lollipop, as well as the two persons, being indistinguishable for external observers. Nonetheless, the children insisted that the drawings were what they had originally intended them to be: the drawing of the experimenter showed the experimenter, even if it looked the same as the drawing they did of themselves. 
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----- Figure 5 ---

Further evidence that even very young children understand that symbols express intentions comes from Callahan (1999) who showed that three-year-old children produced better drawings if they were told that their products would be used for communication. 

3.2.1 Language acquisition as a construction process: the role of grammar 

We now know that learning the mother tongue within a few years is possible because of children’s reduced working memory capacity. Even if adults use very elaborate sentences in their communication with young children, the children themselves only construct sentences of limited complexity. In the beginning, they just use one noun to express what they want to have. Later on they use a noun and a verb to describe perceived or intended actions. Adjectives are added and empty words such as articles and prepositions are only considered when the child feels confident enough in her use of verbs, nouns, and articles. Bounded brain capacity is useful because it protects children from verbal chaos.

In learning new words, young children pay attention to the social context in which language is used, exploiting a variety of pragmatic cues for word learning. For example, they use the linguistic context in which novel words appear to help them infer their meaning. In an early study on language acquisition, Roger Brown (1957) found that the grammatical form of a new word influences children’s interpretation of it. Preschoolers were shown a picture of a pair of hands kneading a mass of material in a container. To one group of children the picture was described as “sibbing”, to another as “a sib”, and to a third as “some sib”. Subsequently the children interpreted the novel word “sib” as referring to the action, the container, or the material, depending on which grammatical form (verb, count noun, or mass noun) of the word they had heard. In addition, they also use the grammatical structure of whole sentences to figure out meaning – a strategy which is called “syntactic bootstrapping”. In one study, two-year-olds were shown a videotape of a duck using his left hand to push a rabbit down into a squatting position while both animals waved their right arms in circles (Naigles, 1990). Some children were told: “The duck is kradding the rabbit”; the others were told: “The rabbit and the duck are kradding”. Afterwards, the children saw two videos side by side, one showing the duck pushing the rabbit down and the other showing both animals waving their arms. Then the children were instructed to “find kradding”. Each group looked at the event that matched the syntax they had heard while watching the initial video. Those infants who had heard the first sentence had taken “kradding” to mean what the duck had been doing to the rabbit, whereas those who had heard the second sentence thought it meant what both animals had been doing. This shows that the children had formed different interpretations for a new verb depending on the structure of the sentence in which it was embedded.


There is evidence that already children around the age of three use grammar information for the construction of meaning from the so-called linguistic relativity approach. Differences in grammar rules between languages have been proven to affect the construction of meaning not only in adults but also in children (for a summary, see Gentner & Goldin-Meadow, 2005). 


Grammar is the essence of language. In all languages, there are rules on how words have to be put together in order to express meaning, which are quite complicated and moreover go along with many exceptions. Nonetheless, within a few years, children master the rules of their mother tongue. It was the famous linguist Noam Chomsky who in the 1950s emphasized that grammar is much too complicated to be learnt by trial and error, but must be based on innate unconscious rules, called universal grammar. During language acquisition the child has to learn to apply these rules to the language spoken in his or her respective environment. Pinker (1994) presents a modern version of Chomsky’s universal grammar by proposing the existence of a language module, i.e., an innate specialized brain structure separate from other aspects of cognitive functioning. 


However, although nobody calls into question that language acquisition in humans has a genetic basis, the assumption of a separate language structure is being increasingly challenged, particularly because Chomsky and his successors ignored the communicative aspect of language. Tomasello (1996) argues that it is not grammar that is innate, but rather a tendency for joint attention and reading other peoples’ intentions. Equipped with these resources, young children are eager to communicate with other people, adopting their ways of expressing ideas. In a recent paper, Tomasello (in press) discusses why the assumption of a universal grammar cannot account for the large differences between languages as well as for the changes over time within languages. Sequences of words often become one word, whole phrases take on a new kind of organization. Loosely knit discourse sequences become more tightly organized syntactic constructions. As Tomasello summarizes: “Today's syntax is yesterday's discourse.” 

The origins of human language are still under debate among scientists, and the interactive view worked out by Tomasello still goes along with many questions that need to be clarified, but even so, it has particular implications for early education, as will be discussed in section 4. 

3.2.2 From number sense to the manipulation of symbols: the culture of mathematics 


As discussed in section 2, children are born with some core knowledge about quantities, which guides their acquisition of numerical knowledge. Children’s easy ways of learning to count in the low-number range and to model changing sets sharply contrasts with the huge difficulties they may encounter, as research has revealed, when learning mathematics in school. Results of infant research have meanwhile abundantly shown the modularised bases of mathematical competencies. Transfer of mathematical language to situations in the perceivable world is facilitated by intuitive mathematical knowledge that is universally existent (for an overview, see Baroody, Lai & Mix, in press). A set of objects or events may be quantified by counting them, and the increase or decrease of sets can be modelled by addition and subtraction. Without systematic instruction, most children start counting at about the age of 3. Although in the beginning, children make mistakes when counting by mixing up number words, they almost never violate the five core principles of counting (Gelman & Galistel, 1978), as there are: 
· One-to-one correspondence: Each object should be labeled by a single number word.

· Stable order: The numbers should always be recited in the same order.

· Cardinality: The number of objects in the set corresponds to the last number stated.

· Order irrelevance: Objects can be counted left to right, right to left, or in any other order.

· Abstraction: Any set of discrete objects or events can be counted.

In the course of cultural development, complex mathematical concepts that, since, have become crucial for technological and scientific progress were elaborated from simple mathematical symbols, particularly when combined with certain means of visual-graphical representation. But in spite of the overwhelming importance of mathematics in modern industrial societies, only a minority of people will not find it difficult to acquire mathematical competencies. Even for many of those who have graduated from the upper tracks of secondary school, mathematical knowledge does not go beyond percentage calculation. Deficits in mathematical understanding are particularly evident when complex embedded problems are concerned, the solutions of which cannot be readily retrieved. There is evidence that difficulties with mathematics classes in secondary school can be traced back to the early roots of extending the function of numbers (Stern & Mevarech, 1996, Staub & Stern, 1997). While the human brain seems to be designed for understanding numbers as tools for denominating set sizes, cultural mathematics goes beyond the counting function of numbers. To understand rational numbers, for instance, one must learn that they are not used for counting but rather for describing the relations between sets. This requires learners to give up several principles that guide the understanding of natural numbers. While every natural number has a successor, this is not true for rational numbers. While there is a referent for “the next number after one”, there is no referent for “the next number after one half”. There is a smallest natural number but no smallest rational number, and while all natural numbers that lie between two numbers can be enumerated, this does not hold for all rational numbers. Natural numbers get their meaning by denominating sets of objects, while rational numbers get their meaning by pure symbolic manipulations. Therefore, one must be aware of the dual function of mathematical language: Mathematical symbols can be used as an instrument of reasoning for describing real-world situations (signifier function), and they can be used as an object of reasoning because they possess a meaning in themselves (signified function). Without systematic instruction, children only learn the signifier function but not the signified function. 

Longitudinal data suggest that children’s difficulties with secondary school mathematics are due to their limited understanding of mathematics. This becomes particularly apparent when they have to solve arithmetic word problems. While about 90% of six-year-old children solved exchange problems such as: “Mary had 8 marbles. Then she gave John 3 marbles. How many marbles does Mary have now?”, only 20% of the same children were able to solve the comparison problem: “Mary has 8 marbles. She has three more marbles than John. How many marbles does John have?” (Stern & Lehrndorfer, 1992). The discrepancy between the solution rates for problems with an isomorphic structure is highlighted by the following example. If the wording of the problem is: “5 birds are hungry. They find 3 worms. How many birds won’t get a worm?”, it is solved by 80% of pre-school subjects. If, however, the problem ends with the question: “How many more birds than worms are there?”, solution rates drop below 30% even for children in grade 3.

Children’s inability to solve problems dealing with comparisons is due to deficits in their conceptual mathematical understanding. Comparison problems require a more sophisticated understanding of numbers, which goes beyond their counting function (Stern, 1993, Stern & Lehndorfer, 1992). In the sentence: “John has 5 more marbles than Peter,” the information does not refer to a concrete and existing set but describes the relation between two sets. In order to find the answer, children have to construct a mental model - i.e., a mental representation that abstracts from the concrete objects – of the situation thus described. If they are unable to associate the number “5” with anything but 5 objects, they will fail to understand the sentence. If, on the contrary, they can see “5” as a section of the number beam representing the relation between two other numbers – e.g. between “2” and “7” or between “4” und “9” –, they will be able to understand comparison tasks. Embedded mathematical problems addressing quantitative comparison are a good indicator for sophisticated mathematical understanding in elementary school (Stern, 2005). What kinds of mathematical games could help young children to extend their mathematical understanding beyond the counting function of numbers is currently under debate (Baroody et al., in press). 

3.3 Emotional development and regulation

Emotions are central aspects of our mental life which are guiding our behavior from early on. What develops, however, with growing age, is conceptional understanding of what emotions are, as well as the ability to regulate one’s their emotions and the behaviour associated with them. Formal education often goes along with a delay of gratification, and therefore presupposes appropriate control of one’ emotions.  

3.3.1 The importance of emotional intelligence

In order to study preschoolers’ and young school-age children’s ability to delay immediate gratification, Walter Mischel and his colleagues used the following experiment in several studies (Mischel, 1981; Rodriguez, Mischel & Shoda, 1989): A young child is taken to a room where an experimenter shows him some tasty treats such as candies or chocolate. Then the experimenter tells the child that he is going to leave the room for a while and that the child has two choices. If he waits until he returns to the room, he can have two of the treats. Or if he wishes, he can ring a bell and the experimenter will return instantly, but in this case it will get only one treat. After these instructions, the child is left alone for a certain period of time, for instance 15 to 20 minutes, or until it rings the bell. Mischel and his colleagues videotaped the children during the time they were alone with the treats, and they found that children used different strategies. Whereas some distracted themselves by talking to themselves, singing, trying to sleep, or making up games to play, others kept looking at the rewards. It turned out that those children were most successful at suppressing their desire for the treat and holding out for the larger reward who distracted themselves. Furthermore, it is important to note that the amount of time children were able to delay requesting the treat proved to be a reliable predictor of their social and cognitive competence and their coping skills at an older age. Ten years after the experiment, the children were rated by their parents with regard to their academic and social competence. The result was that those who had waited the longest in the experiment were rated higher on these dimensions than were those who had called the experimenter back after short periods of time (Mischel, Shoda & Peake, 1988; Peake, Hebl & Mischel, 2002). Moreover, in their late twenties, they were found to be more socially competent, planful, self-regulated, and had higher self-esteem. Hence, the fact that children’s ability to delay gratification in one situation in preschool predicted their social, emotional, and academic competence so many years later shows the importance of what has been called “emotional intelligence”. This concept refers to a set of abilities that are relevant for competent social functioning including the ability to motivate oneself and persist in the face of frustration, control impulses and delay gratification, identify and understand one’s own and other’s feelings, regulate one’s moods, regulate the expression of emotion in social interaction, and empathize with other’s emotions. The importance of emotional intelligence is emphasized by the fact that, more than IQ, it predicts how well people do in their social lives.

3.3.2 The development of emotions in infancy and childhood

Emotions are essential for much of human functioning and undergo change in the early months and years of life. For instance, although young infants smile from their earliest days, the meaning of their smiles appears to change with age. Whereas smiles in the first two months of life seem to be merely reflexive and evoked by some biological state rather than by social interaction, babies exhibit what has been called “social smiles”, that means, smiles directed toward people, not earlier than during the second and third month of life. Later, at about seven months of age, infants start to smile primarily at familiar people, rather than at people in general. Probably, the function of these selective smiles is to motivate parents to continue interacting with the infant. During the second year of life children develop the desire to share positive emotions and activities with their parent. The emergence and development of negative emotions in infancy other than general distress caused by hunger, pain or overstimulation is more difficult to identify. It is not clear, for example, that infants´ fear and surprise reactions are different from other emotional responses. In order to find out whether infants show fear more often than other emotions such as surprise in fear-inducing situations, ten to twelve months old children were put in six situations designed to induce happiness, fear, or surprise (Hiatt, Campos & Emde, 1979). In the fear contexts, infants generally showed no more fear than other negative reactions. In surprising situations, however, surprise reactions occurred more frequently than happiness or fear. But surprise was shown as frequently in the fear and happiness situations as in the situations expected to give rise to surprise. Thus, there is little evidence of distinct fear reactions during the first months of life. Not earlier than around the age of six or seven months infants show clear signs of fear, most notably the fear of strangers. This fear of strangers intensifies and lasts until about the age of two. Another important kind of fear is separation anxiety which generally increases from eight to thirteen of fifteen months of age, and then begins to decline. In the second year of life, it is no longer difficult to distinguish between children’s anger and other negative emotions like sadness. One year old children, for instance, are able to express anger toward other people. They also often exhibit sadness in the same types of situations in which they show anger, such as when they cannot control outcomes in their environment, although displays of sadness appear to be somewhat less frequent than displays of anger or distress. 


In the second year of life, the self-conscious emotions – embarrassment, pride, shame, and guilt – are developed. These emotions are related to our sense of self and our consciousness of other persons’ reactions to us. Self-conscious emotions thus presuppose the development of a rudimentary sense of self and the understanding of other persons´ reactions to oneself. Since these self-conscious emotions depend on infants´ understanding that they themselves are beings distinct from other people, an understanding that is gradually developed in the first years of life, they do not emerge until the second year. 

A good example of the important influence of parental practice is the fact that children are more likely to experience guilt than shame if, when they have done something wrong, their parents emphasize the badness of the behaviour rather than of the child. Children are also more likely to feel guilt rather than shame if their parents support them to appreciate the consequences their actions have for others, teach them the need to repair the harm they have done, avoid publicly humiliating them, and communicate respect and love of their children even in disciplinary situations. The development of these social emotions in the second and third year of life depends not only on the emergence of self-awareness but also on children’s growing understanding of adults´ reactions and expectations. When the child understands what behaviours are likely to elicit adult approval or condemnation, especially pride and shame are likely to be stronger. 

3.3.3 Emotional self-regulation

Being able to regulate one’s emotions is essential to achieving one’s aims. Emotional self-regulation is a complex process that involves initiating, inhibiting, or modulating several components in the service of accomplishing one’s goals. These components include internal feeling states, emotion-related physiological processes like the heart rate, emotion-related cognitions like thoughts about one’s aims or about one’s interpretation of a certain situation, and emotion-related behaviour like facial expressions. The development of emotional self-regulation in childhood is a long and slow process. In the first years of live, infants are not very good at controlling their emotional reactions, since they are easily overwhelmed by loud noises, hunger or pain and must rely on their parents to settle them down. Even older children have still difficulty dealing with intense emotions such as fear of strangers or being left alone. For children it takes years to develop the abilities to regulate their emotions and control the behaviour associated with them.


The following three aspects of the development of emotional regulation should be distinguished: (1) The first aspect concerns the transition from infants’ relying almost entirely on other persons to help them regulate their emotions to their increasing ability to self-regulate their emotions during early childhood. At the age of six months, for example, infants can reduce their distress by averting their gaze in arousing or uncertain situations. During the second year of live infants start to avert their attention to nondistressing objects or persons to distract themselves from distressing stimuli. With age they improve their ability to distract themselves when distressed, and with the acquisition of language they also begin to discuss upsetting emotional situations with their parents rather than simply cry. In addition, their ability to regulate their expression of negative emotions also improves, and they start to manage their negative emotional arousal by talking to others and negotiating ways to resolve situations that at least partially meet their own needs. However, children’s improving self-regulation may be due not only to increases in their control of their attention and movements but also to changes in what adults expect of children. Around nine to twelve months of age, infants start to show awareness of adults’ demands and begin to regulate themselves accordingly. The ability to act according to adults’ expectations improves considerably in the fourth year of life and further improves in the school years.


(2) The second aspect concerns the use of cognitive strategies to control negative emotions. In contrast to younger children who most often regulate negative emotions by using behavioural strategies, such as distracting themselves with play, older children are also able to use cognitive strategies such as mentally distracting themselves from negative or stressful events or trying to see things in a positive light. In the above mentioned delay-of-gratification studies, for instance, Mischel found that five year old children were more aware than preschool children that focussing their attention away from the desired food would help them to delay gratification and obtain an extra treat. Sixth-graders even recognized that thinking about desirable treats in an abstract manner unrelated to their desirability helps in resisting temptation (Mischel & Mischel, 1983). In addition, with increasing age children are also better able to use cognitive strategies to adjust to emotionally difficult situations which helps them avoid acting in ways that might be counterproductive.


(3) The third aspect is about the selection of appropriate regulating strategies. Over time, children are increasingly able to select cognitive or behavioural strategies that are adequate for the particular situation, because they become more aware that whether or not a certain coping behaviour is adequate depends on the individual’s specific needs and aims, as well as on the nature of the problem. The improving ability to select appropriate strategies for dealing with negative situations is also supported by children’s increasing ability to distinguish between stressors that can be controlled (such as homework) and those that cannot be (such as painful medical procedures), as well as choosing the most effective strategies for managing their reactions to these stressors. With increasing age children appreciate that in situations they cannot control it is easier to manage their emotion by adapting to the situation rather than trying to change it. Since children who are better able to inhibit inappropriate behaviours, delay gratification, and use cognitive methods of controlling their emotion and behaviour tend to be socially more competent in general, the development of emotional self-regulation has important consequences with regard to children’s social competence.

3.3.4 The role of the family for children’s emotional development

Children’s emotional development can be influenced in several ways by the quality of their relationships to their parents, because the quality of these relationships seems to influence children’s sense of security and how they feel about themselves and other people, and these feelings, in turn, affect their emotionality. Children who have secure relationships with their parents, for instance, generally show more positive emotion and less social anxiety than do children who are insecurely attached to their parents. Furthermore, children with a secure relationship tend to be more advanced in their understanding of emotion, because their parents discuss feelings with them more than do parents of less securely attached children. Their enhanced understanding of emotion probably helps these children to recognize when and how to regulate their emotion. In addition, the quality of children’s early relationships with parents provides them with cognitive prototypes of how relationships are conducted and thus influences their emotional responses to people. In particular, the emotional development of children is influenced by their parents through their expression of emotion with their children and other people, their reactions to their children’s expressions of emotion, and the discussions they have about emotion and emotional regulation.


Children’s emotional development may be affected by the expression of emotions by their parents in several ways. For example, the children’s views about themselves and others may be influenced by the emotions expressed in the home. Generally, children exposed to a lot of anger and hostility may come to view themselves as individuals who anger people and may come to believe that most people are hostile. Furthermore, parental expression of emotion provides children with a model of when and how to express emotion and may also affect children’s understanding of what types of emotional expression are appropriate and effective in interpersonal relations. Several studies show that when positive emotion is prevalent in the home, children not only tend to express positive emotion themselves, but also are socially skilled, able to understand other’s emotions, low in aggression, well-adjusted, and tend to have high self-esteem (Halberstadt, Crisp & Eaton, 1999). In accordance with these findings, there is an increased probability that children will develop behaviour problems and deficits in social competence, even when the conflict and anger in the home involve the adults and not the children directly.


In addition, children’s emotional expressivity as well as their social competence seems to be affected by parents’ reactions to their negative emotions. Children whose parents respond to their sadness and anxiety by dismissing or criticizing their feelings tend to be less emotionally and socially competent than children whose parents are emotionally supportive. In particular, they tend to be lower in sympathy for others, less skilled at coping with stress, and more prone to negative emotions and problem behaviours. In contrast, children whose parents react in a supportive way when they are upset and help them to regulate their arousal, generally find ways to express their emotions constructively.


It is also very helpful for children if parents discuss emotions with them and teach them about the meanings of emotions, the circumstances in which they should and should not be expressed, and the consequences of expressing or not expressing them. This is supported by a longitudinal study by Judy Dunn and her colleagues who found that the degree to which children are exposed to, and participate in, discussions of emotions with family members at ages two and three predicts their understanding of other’s emotions seven months later and at the age of six (Brown & Dunn, 1996).


Parents can also help their children learn to regulate their own emotions. A good illustration is the following study in which children were told that they will get a prize at the end of the experiment (see Hish-Pasek & Golinkoff, 2003). In fact, they were even given a chance to look at ten potential prizes and to rank them from the best prize to the worst prize – from a truck or doll to a broken pair of sunglasses, to a pair of socks. Then they were promised that they will get the prize they liked best. However, after the children performed their activity the researchers said they have made a mistake and they have to give the children the prize that they ranked as dead last – a pair of brown socks. It turned out that parents’ best strategies to help their child cope with her disappointment were shifting the child’s attention away from the disappointing prize and cognitively reframing the situation by putting the socks on the hands and thereby making them into a puppet, for instance. These children were learning to make the best of their situation. In contrast, children who were encouraged to change the situation by talking to the experimenter had more anger and sadness than those in the other conditions. In this way, parents can teach their children strategies to regulate their own emotions as they respond to disappointing or frustrating events.

3.3.5 Understanding emotion

Children’s understanding of emotion, e.g. their understanding of how to identify emotions, what they mean, and their social functions, is essential for their development of emotional reactions and emotional self-regulation. Since the understanding of emotion affects social behaviour, it is also critical to the development of social competence.  Emotional knowledge emerges around four to seven months of age, since at this age infants become able to distinguish emotional expressions, such as happiness and surprise. However, infants do not begin to perceive others’ emotional expressions as meaningful until they are about seven months of age. This is supported, for example, by the following evidence: if infants at this age watch a videotape in which a person’s facial expression and voice are consistent in their emotional expression and a videotape in which a person’s facial expression and voice are emotionally discrepant, they will attend more to the matching presentation (Walker-Andrews & Dickson, 1997). However, infants much younger than seven months do not seem to notice the difference between these two presentations. Around the age of eight to twelve months, children begin to show the ability to relate facial expressions of emotion and emotional tones of voice to events in the environment. This ability is evident in their use of a parent’s facial or vocal cues to decide on how to deal with novel, ambigous, or possibly threatening situations. At the approach of an unfamiliar animal, for instance, a young child may read the expression on the parent’s face in order to see if the parent thinks the animal is friendly or dangerous. Another study has demonstrated twelve-months-old’s ability to read their mother’s tone of voice: when infants who were prevented from seeing their mother’s face were presented with novel toys, they were more cautious and exhibited more fear when the mother’s voice was fearful than when it was neutral (Mumme, Fernald & Herrera, 1996). By the end of the first year of life, children are thus able to use parents’ emotional expressions to guide their interpretation of, and reactions to, events and objects. 

At about three years of age, children are able to identify a rather narrow range of emotional expressions displayed in pictures or on puppets’ faces like happiness, anger, fear, and sadness. However, most children cannot identify self-conscious emotions such as pride, shame, and guilt until around age eight to nine. Since the ability to identify and discriminate emotions helps children to respond adequately to their own and others’ emotions, children who are more skilled than their peers at interpreting others’ displays of emotion are also higher in social competence.


It is also important for understanding one’s own and others’ behaviour to have knowledge of the causes of emotions. One way to assess the understanding of the causes of emotions is to record how children explain other persons’ behaviour. In one study, for instance, three to five year old children were told stories about children who experience a negative event and then see reminders of that event. It turned out that on such stories , 39 % of three-year-olds, 83 % of four-year-olds, and 100 % of five-year-olds understood that the story characters were sad because a memory cue had made them think about a previous unhappy event (Lagattuta, Wellman & Flavell, 1997). Hence, the knowledge that memory cues can give rise to emotions associated with past events enables children to explain their own and others’ emotional reactions in situations that in themselves seem emotionally neutral.

4. Being prepared for participating in modern knowledge societies: Implications for early education 

How can we prepare our children who are equipped with a brain that was designed by evolution some 50.000 years ago, for the demands of a 21st century modern society?  Extensive research on young children’s development has shown that humans start storing information in their memory and learning even before birth. Moreover, like other living beings, humans are equipped with genetically programmed skills that help them to structure input and enable fast-track learning of particular skills. Distinguishing between members of the same species, predicting what will happen to objects that are manipulated in their physical environment, distinguishing sounds of the language spoken by the people in their environment from others sounds, and recognizing specific features of visual objects function so well in humans because these are skills their brain is prepared for. Such kinds of competencies, however, should not lead to misconceptions about the limits of young children’s cognition. Due to the immaturity of their brain particularly in the frontal lobe, competencies that are unique in humans, as there are executive control, reading other people’s minds, creating meaning on the basis of symbols, and emotional regulation, are still underdeveloped. From all we know, there is no reason to hope for positive effects of  so called hothousing, which means teaching young infants academic skills such as language, logic, and mathematics by using flashcards or audiovisual. Hirsh-Pasek and Golinkoff (1994) emphasize that such activities may even have detrimental effects because they may destroy children’s learning motivation in the long run. Yet infants and toddlers, although they are not systematically instructed, make considerable progress in numerous areas during their first years, provided they get opportunities for informal learning and for playing. Primary abilities such as verbal and nonverbal communication, upright walking or reaching out for objects are learned in all kinds of environments children feel comfortable in. They need space for moving, objects they can manipulate, and other human beings who talk to them and respond to their physical and emotional needs. From the current state of the art we can conclude being responsive to infant’s activities is better for their intellectual development than sophisticated stimulation. Rose, Feldman, Jankowski & Caro (2002) showed hat the style of early interaction between primary caregivers and children does matter: Children whose caregivers showed interest in the objects they were exploring during their first year of life, rather than directing the baby’s attention to new objects, later on showed higher cognitive competencies. Learning within reach by presenting children with problems that draw upon their experience seems to be the key for optimising cognitive development. This is also particularly true for language acquisition.

4.1 It’s the language, stupid: placing emphasis on communication with youngsters 

In order to acquire and improve their language skills, young children do not need a teacher who tells them the rules of grammar, corrects their mistakes, or practices certain linguistic constructions with them. What children rather need are partners for communication who are interested in the messages the youngsters want to express. Because of their lack of language command, children often express complex events, even if they have a deep emotional impact, in sparse language. “In zoo big elephant,” may be the verbal essence of what a toddler experienced during an exciting visit to the zoo. Such sentences provide a variety of opportunities for caregivers to foster informal language learning. Reactions such as: “I know, yesterday afternoon you went to the zoo after your dad and you had picked up your sister from school,” make children aware of how to frame events in time schedules. Questions like: “What animal did you like most?” or: “Were you afraid of the big elephant?” encourage children to verbally express feelings and preferences. Asking: “Was there an animal which was almost as big as the elephant?” opens ways for children to organize their knowledge according to certain criteria. From early on, children, whether they grow up in their families or go to a day-care centre, need thousands and thousands of this kind of informal communications in order to become competent language users. The topic of language development in general, as well as ways of providing informal learning opportunities for improving young children’s language skills through communication should be a major issue in the education of professional caregivers. Given the fact that already toddlers construct meaning of the basis of grammatical  input, it becomes obvious that professional caregivers must have perfect command of the language in which they communicate with the children they are in charge of.  


Recent research by Dedre Gentner, who is well known for her fundamental contribution to understanding analogical reasoning, demonstrated how children’s cognitive capabilities can be fostered by deliberate choice of words (for summary, see Gentner & Kutz, in press). By using so called relational categories rather than taxonomic categories, already children aged 3-4 get the chance to acquire abstract principles that can be transferred to new situations (Kontovsky & Gentner, 1996). Taxonomic categories are those which refer to features of the respective object rather than to its relations to other objects. Referring to the same person as “boy” or as “her brother” highlights different aspects related to this person and therefore will lead to different kinds of cognitive processing. There is good reason to assume that appropriate communication with children in the long run will support their shift from focussing on characteristic features of objects to its defining features, as described in section 3.2.3. Effects of child-directed language games appropriate for application in  kindergarten and day care centres on children’s cognitive development clearly deserve further scientific consideration. 


To sum up, during the first 3-4 years of their life children, beyond satisfying their physical and emotional needs, request verbal and non-verbal interactions with the people around them. Children need stimulating environments, no matter whether they stay at home with a parent or go to day care (Hirsh-Pasek & Golnikoff, 2004). The most comprehensive child care longitudinal study conducted to date is the so-called NICHD study on early day care. Initiated in 1991 by The National Institute of Child Health and Human Development (NICHD), the goal of the study was to determine how variations in child care are related to children's development and to answer the many questions concerning the relationship between child care experiences and characteristics and children's developmental outcomes. In the meantime, numerous publications (for an overview, see http://secc.rti.org/publications.cfm#presentation) address differences between children with and without child care experience, as well as aspects of high qualitative day care. Altogether, results revealed not the slightest evidence for suboptimal development of children who attend high-quality day care, as compared to parental care (NICHD Early Child Care Research Network, 1997). Moreover, the study helped to find out criteria for high quality day care: such as low child-staff ratios, established routines rather than allowing free-for-alls, and responsive reactions to children’s queries (NICHD Early Child Care Research Network, 2000). High quality day care allows children to extend their social and emotional networks as a valuable by-product. Altogether, there are various ways of providing young children with sensitive and responsive environments that help them to grow and to increasingly participate in their environment. What, however, are the needs of children when growing older? Should their focus be directed to aspects which would not have spontaneously attracted their attention? What do we know about the appropriate balance between formal and informal learning, and unstructured play?   

4.2  Formal learning after the fourth birthday: what is promising and what is excessive? 

Brain research and psychological research correspond concerning their findings on age related development: Around the age of four the frontal lobe has undergone major changes with respect to pruning and myelinzation, and the children have made considerable progress in several aspects of cognitive and behavioural functioning. Competencies such as reading other’s minds, showing emotional control, and symbolic reasoning are important steps for participating in the cultural life. Children have developed a concept of schooling and teaching, they have experienced the advantage of approaching goals through cooperation, they have enjoyed learning from children’s books, and they have had fun with structuring their environment with the help of basic mathematical concepts. Has the time come for starting with formal learning? Should children be enrolled in institutions which offer a schedule of structured learning environments? 

The start of compulsory education varies among different countries between age 4 and 7. There is evidence from so called school cutoff investigation that an early start of formal education can have a positive impact on cognitive capabilities. These studies take advantage of the fact that public institutions in charge of education set arbitrary cutoff dates for school entry. This fact allows the comparison between children who are very close in chronological age because they are either born shortly before or after this cutoff date, but who experienced one year more or less of schooling. In fact, schooling effects have been found not only for skills related to reading, writing, and mathematics, but also for also for general cognitive skills such as verbal memory, visuospatial abilities, and analogical reasoning (Christian, Bachmann & Morrisson, 2001). A longitudinal study with careful control for social selection effects run in Germany revealed long lasting positive effects of early school entry on the non-verbal IQ (Stelzl, Merz, Ehlers & Remer, 1995).  Siraj-Blatchford and Sylva (2004)  found strong effects of the number of years spent in the preschool on later school achievement for children in Great Britain. 

In a longitudinal study with German children headed by Franz Weinert from 1985-1994 at the Max-Planck-Institute for Psychological Research in Munich (Weinert & Schneider, 1999) it was shown that prior knowledge was a better predictor for learning gains during a school year than general intelligence was. Phonological awareness (for details, see next section) was a better predictor of later reading and writing ability than general intelligence was (Schneider & Näslund, 1999). For mathematics, data revealed that preschool achievement in number conservation and the estimation of quantities were better predictors of later mathematical achievement than intelligence tests were (Stern, 1999).


Altogether, there is evidence from studies run in different countries that cognitive stimulation in the age of 4-7 may be advantageous for the children in the long run. The findings, however, do not necessarily suggest an earlier start with compulsory formal education. Countries which performed successfully in international large-scale studies such as PISA and IGLU, as there are Finland, The Netherlands, and East Asian countries like Taiwan and Japan resemble each other with respect to their developmental support for young children: Children attend institutions which are framed as schools, but which mainly provide informal learning opportunities rather than a strictly regulated curriculum. There are countries such as France and Great Britain, which rely on more formal early education with an attention to seat work and the training of academic skills, but nonetheless only score average in international school studies. This is also the case for Germany, where official institutions only feel responsible for children’s cognitive growth when they enter school around the age of 7.

4.2.1 Preparation for academic skills 

A major argument for early education is that we have to prepare young children as early as possible for the needs of their culture. Although our brain is not directly designed for secondary competencies such as reading, writing, mathematical modelling, and scientific reasoning, we are ready to learn them with instructional support. This is the case because we are equipped with genetically determined primary cognitive resources which can be co-opted, extended and restructured for building up complex cognitive competencies. Secondary competencies such as mathematical and scientific concepts or cultural skills such as reading and writing emerge from primary abilities. For instance, humans are privileged in visual pattern recognition, in fine-tuned movements of their hands, and in differentiating between tones in a certain spectrum. Start-up mechanisms help them to perfect these individual competencies quite efficiently. Combining these competencies allows them to read and to write – of course only if the society to which they belong provides a well established writing system. Higher mathematics such as trigonometry or calculus are based on a number system which allows for operations that are independent of real-world events, as well as on visual-spatial representations numbers can be mapped on. Scientific reasoning requires a well established network of very specific knowledge for each domain. The specific knowledge necessary to understand the reproduction of genes has little overlap with the knowledge necessary to understand what forces are involved when an object is accelerated. Nonetheless, there is overlapping meta-knowledge in different scientific content domains. Understanding principles of scientific reasoning – e.g., systematic testing of hypotheses, seeking for counterevidence, distinguishing between observation and explanation – facilitates the access to any content area in science. 

In the following it will be discussed, for the three academic areas literacy, mathematics, and science, how early foundations can be laid in child-appropriate ways. 

Given the pervasiveness of print in modern societies, children, who are by nature pattern seekers, children around age of three have developed a basic concept of script. understanding of learn to distinguish between pictures and letters. If their environments are rich in print, they figure out many things about books, letters, and writing before they receive formal instruction at school. Does this mean, that systematic literacy instruction should start earlier as it is the case in many countries? Is it a waste of time, if children are read out stories, although they could have learnt to identify the letters themselves? There is agreement among developmental psychologists that just pushing forward school instruction is an inappropriate, if not harmful way. Although the ability of letter identification has been proven to be crucial for meaningful reading, literacy is more than letter-mapping. For learning to read and write, phonological awareness is the most important basic skill. Literate persons have no difficulties in understanding the phonological composition of meaningful words such as “blind” as well as of meaningless words such as “blicket”. However, for illiterate children it is difficult to identify single sounds in a word, such as the “l” in either word. There is, however, overwhelming evidence that such skills are the necessary precondition for reading and writing. In order to foster reading skills and to prevent dyslexia, children should practice their phonological awareness by producing rhymes, clapping syllables, and singing (Goswami, 2004). There are, however, tremendous differences between languages in the regularity of the grapheme-phoneme correspondence: English, for instance has a large number of irregularities while Italian, for instance, is highly regular. As a consequence, dyslexia is more common in English-speaking countries than in Italian-speaking countries. In a book edited by Harris and Hatano (1999), a broad variety of languages is compared with respect to the difficulties children may encounter when learning to read and to write, and different kinds of language games are discussed as tools for preparing young children for the acquisition of script. 

In a nutshell, in order to foster literacy in young children, they have to appreciate the value of printed material, rather than being drilled in letter learning. By creating an environment that is rich with literacy material, children are induced to take for granted that reading is part of life in the society they live in. Reading aloud to children should become part of their daily experience and has to be supplemented by so called dialogic reading, which means engaging children in conversations about the content. Asking children to think about alternative outcomes of the content, or encourage them to relate the content of the story to their own experience helps them to understand to what extent written material enables them to access new experiences. 

And what about mathematics? Recall the results on children’s core knowledge described in section 2.3.2: young children are born with an intuitive mathematics which guides their understanding of natural numbers and counting. To extend the view of mathematics means to understand that numbers cannot only be used for counting, computing, and retrieving number facts, but that mathematics can make invisible structures visible. Mapping numbers on space is a first source of a more advanced understanding of mathematics. Experiencing the inverse relationship of the words “less” and “more” by comparing small sets of objects, or discovering symmetry can be expected to help young children in establishing a “number sense” which may help them to understand mathematics as tools for reasoning rather than as meaningless routines, as currently is often the case in mathematics classes. By encouraging young children to use mathematics for planning activities (how to make sure that there are enough candies for the picnic) they learn to appreciate the value of mathematics. Ginsburg, Klein, and Starkey (1997) have developed a program called “Big Math for Little People” which helps 4-5-year-old children to discover the beauties and usefulness of mathematics. 

Scientific reasoning probably requires the most fundamental changes in thinking. As already discussed earlier, fostering scientific reasoning often requires some fundamental knowledge restructuring because spontaneous explanations of the world do not hold true in scientific terms. For instance, young children tend to personify non-human objects such as animals, plants, or stones, i.e. to attribute them properties of humans. However, all children are fascinated by living things, particularly by animals, and therefore are eager to learn about nature and biological processes. Even in cities, there are uncountable opportunities for discovering basic natural laws with children and to discuss why certain things are the way they are. For instance, the question of why dogs like to be petted while squirrels do not may provide a starting point for discussions about domestication. If children from early on learn to think about alternative explanations for things happening in their concrete environment, and if they learn to think about evidence and counterevidence for the explanations they construct, this will provide an excellent scaffold for scientific reasoning later on.           

4.2.2 Second language learning: becoming competent for free? 

 Millions of people in the world get for free what others only learn by investing a vast amount of time and effort: command of a second language. Young children can easily cope with communication in two languages in their natural environment. In numerous studies, the developmental psychologist Ellen Bialystok compared monolingual and bilingual children of equal social and educational backgrounds concerning various cognitive capabilities. Superiority of bilingual children was particularly found in meta-knowledge about language and script. This was particularly apparent in their advanced understanding of the arbitrary mapping of linguistic features to content. For instance, bilingual children were earlier to understand that there is no relationship between the size of an object and the length the denominating word (Bialystok, 2000). Thus, from all we know, growing up in a bi- or multilingual environment has language-specific as well as general effects on cognitive functioning. This, of course, raises the question of whether early second language instruction should be encouraged. There are convincing data using methods of neuroimaging as well as achievement measures, which revealed differences in sensitive measures of language processing for those who had started with learning a second language from birth as compared to those who had started in late childhood. Learning two languages under the same constraints of information processing, as described in section 3.2 of this paper, may be the key to bilingualism. If one has already command of the first language in terms of grammar and vocabulary, the second language becomes subordinate, and mistakes occur because of negative transfer effects from the first language on the second one. Second language learning is among the few competencies that may suffer from a closing window of opportunities. There surely is a sensitive period for second language learning, and this is particularly true for pronunciation. Even very competent users of a foreign language learnt at school have an accent which is the result from their use of the mother tongue. On conferences held in English, the mother tongues of speakers can in most cases easily be traced: The English of German, Chinese, French or Italian speakers sounds quite different, and very typical for each language. The development of sound categorization is well researched. We know that human beings are born with the ability to distinguish between approximately 200 phonemes. However, each human language only uses about 30-40 of these sounds. For instance, the Chinese language does not make use of the “r”, and the German language does not know the “th” so common in English. Sensitivity for the sounds of the language spoken in the environment has been proven already before birth. In the first year of life children make considerable progress in distinguishing the sounds used in the language of the environment from the those not used. If children are exposed to more than one language in their natural environment, they preserve a sensitivity for entire sets of sounds in these languages. 

      The advantageous effects of early second language learning raises the question of whether one should start with second language instruction as early as possible. All over the world, kindergartens are offering English classes in order to prepare the youngsters for the demands of a global world. However, there is as yet no evidence that such efforts really pay off. Rather, from all we know about language learning, there could even be detrimental effects from exposing young children to artificial instructional situations. Why not play tapes with speech of different languages to infants during their first year of life? Wouldn’t this help them to keep the ability to distinguish the 200 sounds? Perhaps it would, but probably only at the expense of the ability to communicate. It is hardly possible to acquire active language skills if one has not specialized in the critical sounds before. Active language acquisition is delayed for bilingual children, which of course does not matter in the long run. However, hearing ten rather than two or three languages during the first years of life would be entirely confusing for children.  Developmental loss is the precondition for specialization and cognitive functioning. Moreover, there is evidence that language learning in young children only occurs through direct interaction with other persons, while speech coming from tape recorders or videos has no effect (Kuhl, Tsao & Liu, 2003). In a nutshell, second language learning should be encouraged for children who live in bilingual environments, either because there are family members with different language backgrounds, or because they live in a multilingual neighbourhood. Fostering the exchange between children in a common kindergarten, for instance, would give them an opportunity to acquire a language for free. Formal language instruction in young children, however, does not work.

4.2.3 Does early music education really make children smarter?

The idea that music makes children smarter has recently received considerable attention from scholars and the media. The so-called Mozart effect refers to the finding that passive listening to music composed by Mozart produces temporary increases in spatial abilities (Hetland, 2000). However, subsequent studies indicate that the Mozart effect is difficult to replicate. When evident, it can be attributed to differences in arousal and mood generated by the different testing conditions (Schellenberg, 2004). Compared with sitting in silence for ten minutes, listening to Mozart induces more positive moods and relatively optimal levels of arousal, which lead to higher levels of performance.


Several findings are consistent with the hypothesis that music lessons promote intellectual development. For instance, musical aptitude is associated with literacy and general intelligence. Correlational and quasi-experimental studies reveal that music lessons have positive associations with verbal memory, spatial ability, reading ability, selective attention, and mathematics achievement. To conclude that music lessons have a causal association with these abilities that is specific to music, one must rule out potentially confounding factors such as prior IQ, socioeconomic status, and education and demonstrate that non-musical, extracurricular activities (e.g., sports, drama) do not have comparable effects on these abilities. However, since experimental studies have typically compared children taking music lessons with children taking no additional lessons of any kind, it is unclear whether the observed associations stemmed from musical training or just from structured, extracurricular activities (Schellenberg, 2003). Recently, E. Glenn Schellenberg (Schellenberg, 2004) has demonstrated that the IQ is slightly enhanced in those children who have participated in musical lessons for about a year. Although the IQ enhancing effect is small and within the normal variability range of IQ values (6 IQ points), this finding is of special importance because it is the first report published in an accepted scientific journal demonstrating a direct positive transfer between different cognitive functions in musicians in the context of a longitudinal study. Contrary to some popular beliefs, there is as yet no reason to expect extraordinary cognitive advancement from early music education. Nonetheless, however, offering the opportunity for child-appropriate music activities is unquestionable a useful offer  in child care centres. 

4.3 Final conclusions: balance between structured activities and play is the key 

The goal of this paper was to show that young children, despite their tremendous learning capacity, differ in many aspects of their intellectual functioning from older children and adults. In general, human beings differ from other species in their prolonged childhood and youth, and it is this prolonged period of development which allows our species to adapt to a broad variety of environments and helps us to maintain this tremendous flexibility during our entire life-span. Given this background, educational approaches which explicitly or implicitly see childhood as an intellectually premature period which has to be overcome as quickly as possible by starting with formal education as early as possible, can be expected to be least adequate ? Bjorklung and Bering (2002) discuss many examples which show that certain kinds of behaviour, which one would agree upon to be maladaptive for older children and adults, are clearly beneficial for children.  For instance, young children’s poor self-knowledge often results in a tremendous overestimation of their own abilities. Many older individuals also may, from time to time, have an overly optimistic view of their own competencies, but rarely to the extent that can be found in young children. However, there is evidence that this overestimation of their own abilities is just what helps children to persist at tasks rather than to give up because they are discouraged by their less-than-perfect performance.   
There is no childhood without play. Developmental psychologists agree upon the deferred as well as the immediate value of play for children’ cognitive, emotional, and social growth. Making sure that children can engage in all kinds of sociodramatic play with other children is crucial for their development. Modern societies, however, do not automatically provide opportunities for this simple kind of activities. Given the migration of young people in rural areas, as well as the isolation associated with living in multi-storey houses in cities, children often simply do not find enough playmates for this kind of activities. Providing an infrastructure which allows children of different age levels to come together, on a regular basis, for unstructured play would already be a valid contribution to children’s welfare.    

 
Formal learning and professional specialization are central for modern societies, and already young children should become aware of this aspect. Being open for learning all kinds of new things during the entire lifespan is the challenge of modern societies. This is the case for the current generation, and probably will be even more so for future generations. The learning experiences made in early childhood can be expected to affect children’s subsequent attitudes towards learning as well as their learning behaviour. Discovering the fun, but also the effort of learning complex competencies already in young age can help children to establish an optimistic and realistic attitude towards learning and, in the long run, to approach goals which are ambitious as well as in their reach.  
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