	
	


Support in early childhood: Impulses given by the neurosciences

PD Dr. Kerstin Kipp, ZNL TransferCentre for Neurosciences and Learning, Ulm University

Meanwhile it is well known that the human brain keeps developing for the whole life.  The changes and the growth are especially great in the first years of life. First of all you see with babies and little children that their heads grow permanently. Parents notice that because they must buy their children new caps every winter, as one of last winter has become too small. What grows inside the head, are not muscles or cavities, but the brain. 

So on the one hand the brain grows. On the other hand mental and motoric abilities develop at a terrific speed in childhood. That makes us suspect that the developments have something to do with one another. 

Let’s first look at the brain. The brain volume increases. From birth to adulthood it multiplies by four (Niethard, Pfeil, & Biberthaler, 2009). You could think that more and more neurons come into existence with advancing age. But that is not true. At the birth of a human being almost all neurons do already exist. The number of neurons does hardly change in the course of our lives. What is it that makes our brains grow? There are several factors.

One reason for the increase of the brain volume is the growth of dendrites. Dendrites are processes of cells. They catch information from other neurons and lead them on like a cable to the cell nucleus. Already before, but still after birth the single neurons form more and more dendrites and link themselves up with other neurons more and more closely. And that increase of dendrites is one reason for the enlargement of the brain.

A second reason can be found with the axons. Every neuron owns exactly one axon. An axon is like a long cable which clings to the cell body. The transfer of information between the neurons works as follows: Information is transferred by means of dendrites to the cell body and from there passed on by means of the axon. At the end of the axon there are the synapses. Their function corresponds to transmitters. They pass on the information. These synapses increase in number in childhood and that, too, causes an enlargement of the brain. 

A third reason is the so-called myelinisation. As already said, axons are similar to cables. They are generally wrapped in a white fatlike substance. It is called myeline. That myeline constitutes a kind of isolating layer. A neuron with a strongly myelinised axon passes information on quickly. At a less isolated axon the information is passed on considerably more slowly. Myelinisation starts already before birth and continues after birth. 

By the increase of dendrites and synapses neurons are linked. That enables us to combine information more strongly and to pass it on to various places. Increasing myelinisation causes information to be passed on faster in the brain. Both factors – closer linking and increasing speed – are important for learning and for developing abilities in childhood.

I have not listed all factors influencing the growth of the brain. There are also qualitative changes, i.e. processes of maturing, which are also important for learning processes, but with which I will not deal here in detail. 

All the changes in the brain mentioned here go on during the whole life. With babies and little children, however, the changes are greater than with young grown-ups and senior citizens. That raises the question if the quick development of the brain in childhood is a reason for the fact that little children learn various skills very quickly.


From neuroscientific research a lot of people expect still more. They expect a statement on which changes in the brain take place at exactly which age. Following that they expect statements on the question at which age children are able to learn what and how you can support children in an optimal way. In that context they talk about learning-sensitive phases. A learning-sensitive phase is a phase in which “experiences at a given age have  a shaping effect for the whole further life and lead to irreversible changes of behaviour” (Pauen, 2004, p. 524).

I would like to show by a concrete example which results of neuroscientific research exist and which conclusions can be drawn from them, namely by the example of language acquisition. 
In the context of language acquisition, too, the term “learning-sensitive phase” shows up frequently. It is supposed, as it seems, that there is a period of time in the course of childhood development in which the child learns language skills more quickly and more efficiently than later in life. In order to develop these language skills in an optimal way, the child resp. its brain needs stimulations from its environment. If the time of the learning-sensitive phase is not used, it is comparatively difficult and only with a lot of effort possible later on to acquire the skills. That is to say that a child learns language skills without problems, if it gets the relevant stimulations from the environment during the learning-sensitive phase. 

That such learning-sensitive phases exist in language development, can be illustrated by the so-called “wild children”. A relatively well-known and well documented example is Genie. Genie had been held prisoner in fetters in a suburb of Los Angeles in a dark room from the age of 20 months onwards. In 1970, when she was 13 years old, she was found. She only spoke two phrases: “Stop it!” and “No more!” In other respects of development, too, she had not developed according to her age and showed e.g. motoric conspicuities and restricted performances of perception. Four years later Genie’s vocabulary had increased. But grammatical skills were still quite bad. Genie could combine words to a statement. But she could not form any grammatically correct sentence. She uttered sentences such as “I supermarket surprise Roy” or “applesauce buy store”.

That example already indicates that there is a learning-sensitive phase for the acquisition of grammatical competences in childhood and that grammar can hardly be learnt perfectly in youth and adulthood. In contrast to that it seems that vocabulary can still be acquired quite well in later life as well. 

That observation is confirmed by studies on second language acquisition. Besides grammar phonetics are also learnt very well, if a foreign language is acquired early in life. Vocabulary, however, can still be built up to a large extent in older age, too.

One example of such a study goes back to Barinaga (2000). That was a test how well immigrants coming from Korea and China to the USA had mastered the English grammar. If the immigrants had immigrated at the age of 3 to 7 years, their performance at a grammar test was as good as that of native speakers. If the immigrants were older at the time of immigration, their results in the grammar test were lower. The results became lower with advancing age.

Another study shows that learning phonology, i.e. pronunciation, already happens in very early childhood as well. Kuhl and colleagues (2006) tested in how far Japanese and American babies could distinguish the sounds /ra/ and /la/. /r/ and /l/ are elements distinguishing meaning (phonemes) only in American, not in Japanese. At the age of 6-8 months the babies of both language regions could distinguish the phonemes equally well. About 4 months later, i.e. after the children had lived in their respective mother tongue for 4 more months, it turned out that American children could discriminate /ra/ and /la/ even better. The Japanese children had become worse in their skill of discrimination. 

Following those results you can conclude that phonological skills, too, are developed relatively early. If you want to learn a new language in adulthood, an equal performance with respect to 

grammar and phonology can hardly be achieved. And learning possibly takes longer than for children. 

What is the reason for that? The reason can be found in the brain. Let us look a little more closely at a magnetic resonance imaging study. Magnetic resonance technology allows us to observe the brain as it were at work. We see during which tasks which brain region is especially active. And thus we can conclude which brain region is responsible for which function. 

Let us see how several languages are represented in the brain, resp. in which parts of the brain the languages are processed. In a magnetic resonance study it could be shown that the mother tongue and a second language, if it is learned in adulthood, are represented in different brain regions (Kim et al., 1997).  If, however, the second language is learnt in early childhood and the children grow up as it were bilingual, then the mother tongue and the second language are processed in the same brain region. Both languages are as it were mother tongues.

You could therefore put the question if that is advantageous, too, if you want to learn a third language later. That was tested by a team of researchers at Basel (Bloch et al., 2009). They compared two groups of people: (1) early multilingual ones (2) late multilingual ones. The early multilingual ones had grown up bilingual and had learnt a third language after the 9th year of their lives. The late multilingual ones had grown up monolingual and had learnt a second and a third language after their 9th year of life. 

Bloch and colleagues could show (2009) that with people who had grown up bilingual the third language additionally learnt later was linked into the neuronal network that already existed. With people who had grown up monolingual, who learn foreign languages later, a particular neuronal network was installed for each language. From that study you can conclude that a consequential bilingual education is advantageous as well, if a third language is learned after the acquisition of the first language has been finished. Brains of multilingual people work so to say “more effectively”, when they learn another language. There are indications that a brain can integrate a new language in the existing language network even up to the 5th year of life (cp. Kuhl, in: Breuer 2006)

According to the studies I have presented to you so far it looks as if you could only command a foreign language if you learn it very early in life. At the Max-Planck-Institute for neuropsychological research at Leipzig, however, it could be shown by the help of EEG studies that adults must make greater efforts, but can succeed in acquiring grammatical skills which hardly differ from native speakers‘ (cp. Friederici, Steinhauer  & Pfeifer, 2002; Rossi et al., 2006). 

Already in the late 90ies Perani and colleagues (1998) were of the opinion that the processing of the second language in the brain does not depend on when you have acquired the language, but on how well you command the language. Following that assumption, people who have learnt a second language only later should also be able on principle to process the foreign language in the same brain regions as their mother tongue. They must, however, command the foreign language very well.

I stated at the beginning that the brain grows. But it does not simply grow automatically according to a genetic design. How the brain develops, is also influenced by the environment. In addition to that it is influenced by what we learn. All learning leaves traces in the brain. That happens e.g. in the form of new synapses, that is to say new links between neurons are formed. Learning can also lead to fastening existing links between neurons. Other links which are no more needed are weakened and can even disappear. And also a reorganisation can happen. If you e.g. play the piano often, neurons in additional brain regions can be utilised to direct the fingers. That is called plasticity of the brain. That plasticity is higher in childhood that in adulthood, because the brain as a whole is still developing and growing. With advancing age the plasticity diminishes. As for learning changes in the brain are essential, learning is easier in childhood than in later life. You can therefore say on principle: the earlier we learn something, the better we succeed. But is that also true for foreign languages? Does not learning foreign languages impair other skills?

There were and still are a lot of myths with respect to being multilingual. Thus being multilingual is sometimes called an “exceptional case of cognition”. Being multilingual is said to hinder cognitive development and to ask too much of the brain. According to models of thresholds by Cummins (1976, 1979) it is said to be decisive how well you command your first mother tongue, before you learn a second language. If competences in the first language are not sufficient, the learning of a second language is said to lead to becoming “half-lingual”. That is to say that both languages, the mother tongue as well as the second language, are only mastered halfway through. If you observe multilingual children you frequently state code-switching, i.e. changing of languages e.g. in the middle of a sentence. That changing of languages is sometimes interpreted as a sign of poor command of the language. 

Meanwhile, however, it is seen as proven that children can learn two to three languages side by side and that it does not ask too much of them. In a study Rothweiler (2006) shows that multilingual children, e.g. Turkish children learning German from the 3rd year of life onward, first are a little retarded, but make up for that very quickly and achieve a language development normal for their age. Multilingual children even mostly show better verbal fluency and possess a larger vocabulary. In addition to that it is mostly easier for them to acquire further foreign languages. They already rather early have a “metalinguistic consciousness” at their disposal, thus they are aware of the different languages. Research on the general cognitive development of multilingual children even proves better executive performance, e.g. the suppression of stimuli. That ability helps the children for example with code-switching, that is to say the choice of the right language in the right situation and the suppression of the language not fitting at the moment.

I would like to give you some examples of the so-called code-switching, as it were examples of mixing languages by multilingual children:
2;6 years old: “Ich cover michself up“, „Kannst du move a bit?”
2;7 years old: “Sie haben gone away“
2;9 years old: “Cleanst du dein teeth?”
3;0 years old: “Aber I want some more balloons”
(Source: Tracy, 2006)

Today people are convinced that mixing languages is a normal step of language acquisition and no sign of disturbance of language development. It generally disappears again by itself. Correcting the children is normally not necessary. 

It’s astonishing that children are early able to choose the language adequate for the partner, that is to say already at an age of 2 – 3 years. Here is an example illustrating that well: 
Jens (2,2): looking at a picture which he looked at together with his French mother in the afternoon now together with his German father says: “Bat … Boot”
(Source: Kielhöfer & Jonekeit, 1983)

Multilingual children already early show high metalinguistic consciousness, too, i.e. they are conscious of the existence of different languages and of the question in which situation or with whom which language is used. Again an example:

Hannah: 2;7 years old
Hannah: Ich hab ein Zug gebaut in Kita. (= Kindertagesstätte)
Mother: And did they say ‘clever Hannah‘?
Hannah: Nein, ‘brave Hannah’, ´cause it‘s German.
(Source: Tracy & Gawlitzek-Maiwald, 2000)


For children to be able to learn a language well, be it the mother tongue or also a foreign language, the universal genetic equipment is not sufficient. Learning a language always happens in social interactions. Already at birth, partly even before, grown-ups and siblings speak with the babies. For that language input two things are important conditions for a good language acquisition: the quantity and the quality of the linguistic interactions. 

That direct interaction with human beings is essential is shown by an American study (Kuhl, Tsao, & Liu, 2003). In study A nine-month-old babies from English-speaking families were confronted with the Chinese language for 12 x 25 minutes during 4 weeks: for 10 minutes a Chinese children’s book was read to them and for 15 minutes there were games with various materials and Mandarin was spoken. A control group went through the same programme, but the language was English. In study B the children saw and heard the Chinese speaker by means of a screen or they only heard her without a picture. 

It was measured how well the children, after the four weeks, could discriminate Chinese sounds which do not distinguish meaning in English. And indeed, the babies had learnt to differentiate Chinese sounds. That effect was, however, only there if the children were really read to, and not if a film of the reading person was presented to them. Language learning is therefore dependent on interaction with other human beings.

That human interaction is important for language development is not only true for a foreign language but also for the mother tongue. In a study at Washington University, Seattle, children being younger than two years were tested by means of a vocabulary test. It could be shown that children who watched baby DVDs every day learnt fewer words per day than children of the same age who watched neither DVDs nor television (Zimmerman, Christakis, & Meltzoff, 2007). 

What do these results mean for practice?
For language acquisition in general it means firstly that a continuous input for the whole day and for years is necessary to achieve a high level of the language. But quantity alone is not sufficient. The interactions by which the children are stimulated linguistically must also be of good quality.

Secondly, it is important for language acquisition that the language is bound into a meaningful context. The child must realize that language is an important means of communication. That is especially relevant if younger children are stimulated to learn a foreign language. If the foreign language remains a subject matter without personal and contextual relations, learning will not progress well.

Thirdly, especially with younger children explaining the language or the foreign language as well as correcting is not necessary. That could possibly even lead to frustration of children. Mistakes the children make disappear in time anyway.

Concerning the acquisition of a second language there are some other aspects which should be taken into account in practice:
By an example the first aspect is illustrated. If a father coming from Sicily, who has been living in Germany for some years, forms sentences such as “Immer Sonntag ich gehen Luisenpark mit ganze Familie” (“Always Sunday I going Luisenpark with whole family”), he certainly is no optimal model for correct grammar. In general you can therefore say that it makes sense that people talk to children in their mother tongue. 

The second point is that immigrant children should also continue developing their first language, if possible its written form, too (see Kovelman et al., 2008). This aspect is partly made more difficult if children do not want to speak their mother tongue because that language lacks appreciation. In non-English-speaking countries English as a mother tongue is highly appreciated and is seen as important for a further career. Turkish as a mother tongue, however, is generally less appreciated. Here it is a task to live and to demonstrate the importance of the respective mother tongue and to cultivate the cultural bond and the contact to the mother country. 

A third aspect is the example of the parents. The parents ought to show their children that they learn German, for example by means of language courses, possibly even together with the children.

By means of the example of the language I have shown how acquisition happens and which role the development of the brain plays in it. If we now turn to other fields, such as e.g. motoric development, musical development etc., what can be said about that?

Firstly: In general it is true of all aspects of development: the earlier the better. But that does not mean that a time slot of development is suddenly closed and you cannot learn certain things any more. We learn our whole lives. On the other hand, it can also be too early for learning something, because certain basic skills must first be learnt, before some advanced skills can be learnt. Thus it makes little sense to teach e.g. a one-year-old child how to play the violin. 

Secondly: The idea that there are critical time slots for the development of various skills is rather simplified. Every skill consists of a lot a component parts. With respect to language development for example distinctions are made between understanding language, semantic-lexical skills, phonetic-phonologic skills, syntactic-morphologic skills, and communicative-pragmatic skills (Bunse & Hoffschildt, 2011). Each component part is developed at its own speed and at its own moment of time. And as already mentioned, some component parts can only be developed if certain basic skills have already been mastered, which partly belong to rather different spheres of functions. Thus learning to speak requires motoric abilities as well as a certain control of attention. You could say that the developing brain is similar to a large construction site. There are various sections of construction which all have something to do with one another. “Some floors can only come into existence, if others have been finished, some parts of the building grow together from different directions and others can be constructed not depending on one another. […] The idea of a critical time slot always remains a simplification.” (Pauen, 2004, p. 529)

Thirdly: Here I would like to give an example. We know that children aged between 5 and 9 months are very good at differentiating faces, in fact no matter whether faces of their home country or of foreigners. Even at differentiating monkey faces they are rather good. You could speak of a learning-sensitive phase here. Should we therefore regularly show the children foreign faces or monkey faces at that age, so that they don’t forget that ability? What would children profit from such training, if that competence is not needed later on? So you must consider well what to do with our knowledge about learning-sensitive phases. Not everything that can be learnt is sensible learning. As a rule, children adapt best to their environment and learn the things relevant for them, if the environment is the same as ever. It’s not always good to disperse competences. On the contrary, it’s important for learning to distinguish between what is important and what is unimportant. Only then you can concentrate your energy on the enlargement of the central competences. We should therefore choose very carefully, in which fields we want to offer the children additional support.

The question how to support the development of children can also be answered in some other way. First of all it is true that the brain is learning all the time, it cannot but receive and process information permanently and draw conclusions from it. And also children’s brains use stimuli from the environment for further development. Not every child develops in the same way and not every child has he same interests at the same time. What we can do, is offering the children an environment in which they themselves can select the things suiting them at that time. 

In the next part of the talk I would like to deal with what is important in that case. Neurosciences offer knowledge of how learning functions. Starting from that we can draw conclusions how we can support the development and learning of children.
A long time ago, in 1990, and that is really a long time ago in neurosciences, experiments were made with owl monkeys (Jenkins et al 1990). The brain regions responsible for the processing of tactile information coming from the fingertips were examined. The monkeys put their fingers on a disk vibrating in various ways. The monkeys were expected to learn to distinguish the frequencies from one another. That is about the same as wanting to notice the speed of your spin-dryer without looking at it: you put your fingers on the washing-machine and decide if it is spinning at 1000 or 1200 turns per minute. The monkeys were also expected to distinguish vibrations from one another. Whenever they were right, they got some reward to eat. At the beginning, that was just guessing. But after a training of 2 hours per day for several weeks the monkeys had learnt to distinguish between vibrations. Which traces had learning left in the brains? The brain regions processing tactile information from fingers two, three and four, had grown. Here we are again with the plasticity of the brain. The brain continuously adapts itself to its environment and is changed by learning.

The following results have already been presented by me. How well immigrants having immigrated to America commanded the English grammar depended on the age at which they had immigrated. The younger they were when they immigrated the better they commanded English grammar in adulthood.

In a rather different sphere similar results are found: If you lose your hand because of an accident, it can often be sown on again. The individual fibres of neurons, however, often cannot be combined correctly with one another. They must grow again and the brain must learn anew how to control the hand. How well that is achieved and how well fingers can feel again two years after the accident, depends on the age, at which the accident happened. If the accident happened before the 10th year of life, the sense of feeling in the hand is relatively good again after two years. If the accident happened to an adult, the new learning of the hand resp. the brain is not quite good.

That leads to the first truism about learning:  The plasticity of the brain diminishes with advancing age. Together with it the “speed” of learning diminishes as well, which is based on changes in the brain. 

We had seen that already earlier in the talk. But the point about plasticity implies still more. Let’s go back to the owl monkeys. The test was executed once more with one little change. The task was the same: the monkeys were expected to distinguish vibrations from one another. Just like in the first test they got a training of 2 hours a day for several weeks. There was only one difference to the earlier test: the monkeys got a reward every time, no matter if their answers were correct or wrong. What do you think are the results of that study?
1) There could have been even more changes in the brain, because the monkeys had got more rewards altogether.
2) There could have been the same amount of changes in the brain, because the monkeys had trained to the same extent, i.e. they received and processed the same amount of stimuli from their fingertips.
3) There could have been no changes at all in the brain. The brain regions processing the tactile information coming from the fingers did not change. 
What do you think? Which results were found by the study? It is answer 3: Nothing changed in the brain. The monkeys didn’t learn anything and therefore there were no changes in the brain regions processing the information coming from the fingers. Why should there be any? It was shown that it was not sufficient just to offer stimuli and to train the monkey like that. The reason can be found in the fact that learning only happens if the learning makes sense. In the first test of the monkey learning was connected with an aim and a meaning, namely: I want something to eat. That’s why the monkey succeeded in distinguishing the various vibrations from one another after two weeks. 

And that illustrates the next neuroscientific truism: only offering stimuli is not sufficient. The monkey got the same number of impulses from the fingertips into the brain as in the first test. But it did not mean anything to the monkey. What is to be learnt must be meaningful for the learner.
Let’s come to the next factor concerning good learning conditions. This factor is again illustrated by an experiment (Cahill & McGaugh, 1995). In this experiment two groups of people were presented a story in two different versions. Both versions had the same beginning: a mother leaves her house with her son in the morning in order to visit the father, who works in a hospital. In the middle part the two versions differ. In the story for group 1 the son is the victim of a traffic accident and is taken to the hospital. There several medical examinations are carried out. In the story for group 2 mother and son observe a harmless traffic accident. During the ensuing visit to the father in the hospital an emergency exercise takes place. The end of both stories was again the same: the mother calls the nursery school to tell them that she will soon fetch the other child. Thus group 1 heard a relatively emotional story full of suspense, group 2 a neutral and rather boring one. Two weeks later the participants in the study are asked what they still remember. It turns out that the group of the emotional story remembers more details of the middle part of the story than the group of the neutral story. How come? The difference between the two stories consists in the activation caused by the stories. And that different activation is the reason for the different performance. 

That is coherent with an old psychological law. The Yerkes-Dodson law describes the connection between activation and capacity. With lower activation your performance is less than you could achieve. With too high excitement, e.g. in situations of fear, you are blocked and cannot achieve what you would actually be able to achieve. The best performances are achieved at a medium level of activation. In the experiment just presented the first story was full of suspense, but did not cause fear and was combined with a low level of excitement. 

So we can derive the 3rd neuroscientific truism: Learning needs “activation”, e.g. emotional involvement.

“Activation” can, however, be caused by various emotions. That‘s why the question arises: Does it matter if I’m activated by negative or positive emotions? An answer is given by a study of the ZNL TransferCentre for Neurosciences and Learning at Ulm. Here testees were put into the magnetic resonance imaging scanner and were shown positive and negative pictures. After each picture a neutral word was inserted. After each testee had seen a lot of pictures and words, he was taken out of the MRI scanner and was asked to write down all the words he could remember. 

The results were as follows: The words presented after negative pictures and remembered later on showed activation of the amygdala. The amygdala is the brain region responsible for fear and flight. Words shown after positive pictures and later reported, however, showed activation of the hippocampus. The hippocampus is a sort of entrance door to memory. You could therefore say in a simplified way: if we learn neutral contents in negative situations, the centre for fear and flight is activated. If we learn in positive situations, the entrance door to memory is open. Let’s now look at the number of words remembered in both situations. There is an advantage for the words accompanied by positive pictures. 

Here follows the 4th truism: Learning needs “activation”, e.g. “emotional involvement” by means of positive emotions.
[bookmark: _GoBack]Due to a combination of the truisms stated good learning happens. I call the factors of good learning truisms, because they cannot really surprise anybody who is concerned with learning. But even if we know about that, we do not unconditionally act according to those truisms in everyday life. Therefore it is important to recall those factors to our memory again and again. If we take that into account and offer children an environment which makes offers in various fields, the children will select, will occupy themselves with, and learn what is meaningful, activating and connected with positive feelings at that moment of time for their development. And thus optimal conditions of learning have been created. 
St. Pölten                                                        Kipp 8                                                                              SIESC 2013

