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The late professor of education, Magne Nyborg, was employed in mechanics when he broke out and started a new course of education, that of becoming a teacher. Like so many of us, he realised that, in spite of his genuine concern for the students, some of them did not seem to learn what he tried to teach them. Instead of trying to find reasons for this within the students, he turned the headlights back on to himself and his own teaching. The essential question emerging from this process was this: Is there anything common to and general in learning that, if possible to detect, can facilitate learning for all students? The rest of his life was dedicated to this project. He succeeded in increasing our understanding of learning processes.

The French Catholic philosopher of education, Jacques Maritain, stated that an inner vital principle in what he called the art of teaching is “imitating the ways of the intellectual nature in its own operations”. (Maritain, 1979, p 31). We could say that what Magne Nyborg did was to uncover some of the operations of our intellectual nature, and then to develop learning programmes based on his findings.
In brief, Nyborg’s findings point to the process of abstraction as fundamental to and involved in every kind of learning. The word abstraction has a number of meanings; here it labels the process of dividing a whole into its parts, also in respect of directing attention to one aspect or one property of the whole, disregarding for the moment any other properties
. 
A chain of abstractions, for example, could be the multiple classification of a cup, like this: “This cup consists of two parts; the bowl and the handle. The top and the bottom have round shapes, and we can run a finger along the edge, round and round. The handle has a curved shape. The cup is made of stoneware; it has a blue colour, and a dotted pattern. It has a large size compared to an eggcup, and a small size compared to a mug. It has a large weight compared to a ball of wool, and a small weight compared to a plumb. We use it for drinking, often for drinking something hot. When we use it, it has its place on a table, and when stored it has its place in a cupboard”. Abstractions of this kind require analyses, or we could say that they are analyses. 
Another central issue in Nyborg’s thinking is the primacy of the sense experience. The world around us is our source of perception, of experience, of learning. This is where it all starts. Something catches our interest, we focus and we perceive, through a number of sensations. These sensations activate our prior knowledge; through a process of mediation they contribute to coding - the secondary process of experience. By means of the coding process, we are able to classify, to know what we perceive, and to label it with linguistic utterances of different kinds. 
It is of some interest to draw lines far back in history. Even Aristotle, in ancient times, was interested in classification and in how we perceive and understand the world around us. Let us take a look at his semantic triangle (fig.1), a modern-day drawing based on the text in his book On Interpretation (Aristotle 2004).
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The clock face has  a round  shape.    

Aristotle describes the relation between things in the real world and the “passions of the soul” as “likenesses” (O’Callaghan, 2003, p 16). He uses a different term about the relation between symbols and the “passions of the soul”. 
This figure sheds light on three dimensions of language. When we use a word, it may be with reference to something perceptible that we have experienced previously. The recipient of our utterance may have had the same previous experience. However, it is often not like this; we often do not share the same experiences as the people talking to us. Still, we understand what they say. We have knowledge connected to the words we hear, and what we hear activates what we know. This knowledge may be in the form of concepts, networks of concepts, or skills of different kinds. Our knowledge ties in with our motives and emotions; whenever our prior knowledge is activated by an experience, emotions and motivation also appear on the stage. The labels used in the upper corner of the triangle incorporate the three elements: knowledge, emotion and motivation.

The phrase ”passions of the soul”, is used by some translators of Aristotle. Aristotle also uses the word “soul” in his work De Anima, in English On the Soul. The word ”passion” more frequently appears in other contexts. Here, we speak of the passions of knowing, as described by Aristotle; anyone who has “seen the light” after struggling to understand something will nod in recognition. Some translators prefer to use the expression “mental experiences”, in the sense of mental representations of a person’s experiences. There are a number of works dealing with this issue, and it comes as no surprise that cognitive theories are frequently discussed in them. 

O’Callaghan considers this issue from a modern Thomistic
 point of view (Callaghan, 2003). His address is theories of knowledge based on linguistics. Robert Sternberg has edited several books containing articles where the authors explore different aspects of understanding in the light of cognitive psychology (Sternberg, ed. 1994). Anna Sfard is one example of an author who applies socio-cognitive learning theories to mathematics (Sfard, 2004). Umberto Eco refuses to draw conclusions about what he calls ”the black box”, but he still offers a weighty contribution to understanding what is going on inside it. He also includes perspectives from the field of semiotics, referring to Charles Saunders Peirce (Eco, 2000). 

Magne Nyborg labels the structural content of the “black box” Long Term Memory. He distinguishes between the structures and the processes in our memory, and demonstrates the correlations between them in his model of the interaction between a person and the situation he or she is a part of when learning takes place (Nyborg 1993, 1994 p77). In Nyborg’s approach, Long Term Memory Structures include knowledge, skills and a learnt basis which forms a potentiality for emotions and motivation. 

The authors mentioned above, possibly excluding Sfard, share a starting point in the real world. As regards Aristotle, the artist Rafael emphasises this in his famous fresco painting “The School of Athens”. On a wall in the Vatican Museum in Rome, Rafael has painted all the best-known Greek philosophers as contemporaries. While Plato points upwards to the world of ideas, Aristotle spreads out his arms with his hands open, to grasp or point to the world around us, the perceptible. 
In Aristotle’s semantic triangle, we find the real world, the source of our perception, represented in the right hand corner. This corner is labelled “things” by several authors. The use of this word can obscure the fact that we perceive not only things, but also our own and other people’s feelings, acts, relations, properties, people, animals, plants etc. We can include all this in the term “phenomena”, allowing for each and every category found in the world around us. While concepts are a part of our knowledge, and are found in the upper corner, categories belong to reality. Categories are found in the real world, while concepts are our knowledge of these categories
. 
In the third corner, down on the left, we find words and other signs. Aristotle quoted the spoken word as primary relative to the written word, and thus the written words as representations of the spoken. Language contributes to classification, to thinking, and to communication. When we consider learning processes, it makes sense to emphasise the role of language in organising a person’s knowledge. Language contributes to a hierarchy of knowledge in our long term memory. If you think of words like “furniture”, “fruits”, or “food”, you will find that they represent more comprehensive knowledge than words like “chair”, “apple” or “bread”. How children experience language in use in their everyday-life, can either contribute to or prevent such organisation of knowledge. This will influence the activation of knowledge, as well as processes like short time memory and working memory. Most children in Norway will easily categorise apples, pears, bananas, oranges and kiwis as “fruits”, as they usually share a ”fruit meal” every day in kindergarten. They will even have helped to cut the fruit into pieces in preparation for the meal. Children will easily identify jackets, jumpsuits, mittens, caps and scarves as “outdoor clothing” if this is a term frequently used in their surroundings. We will find that it is less easy for them to label sofas, tables, chairs and beds as “furniture”, or hairdresser, teacher, engineer and pharmacist as “professions”. 

Aristotle’s semantic triangle is a figure that facilitates some analyses of language. Again I will focus on the three elements symbolised in the three corners, and stress the importance of our consciousness of such a partitioning. Before a word has been learnt, it cannot give access either to knowledge in a person’s long term memory, or to phenomena in the real world. The word itself, in most cases, does not carry any comprehension, whether we read it or hear it. Please try to read the word ”ragazzo”, silently and aloud. Unless you know Italian, I can hardly believe that it tells you anything at all. It does not make you imagine either this or that, nor can it make you point to something and state; “There it is!” If I say ”boy”, you would most probably know what it is, and you can even imagine boys you know. 
If children have not learnt the words we use, they will not understand what we say. Unfortunately, I am afraid teachers have numerous sins to answer for on this point. We use words that children do not understand, and in this way, we push them “out of” the context. 
Nor can we, when we hear children use a word, assume that they use it with the same meaning that we do. ”I do not want to…” pupils can say when faced with difficulties. We get annoyed and think they are lazy. The child could really be saying that he or she does not understand. 
Communication also requires that words have the same meaning for the participants. In Norway, brus is something we drink, while a Dane will take a shower in his brusebad. It is purely logical that Danes visiting Norway will appear with a towel on their arm when someone offers them brus, only to find their Norwegian hosts waiting with a bottle of sparkling lemonade and clean glasses. Again, the words’ meanings are not hidden within them, but are cultural entities that one must learn in order to understand. That such learning in many cases occurs unconsciously, just from living in a cultural context, is another matter, as mentioned earlier. 
In mathematics we often talk about means for making concepts concrete. We need do so only if we consider math to be something coming from “the world of ideas”. This could be a question of approach to math didactics, coming from the source of theories of ideas designed by Plato. In the semantic triangle, reality is not a means for rendering “abstract thought” concrete. Reality is that which really is, that which Aristotle and Aquinas consider “being”. If we look at the field of math, we order in groups containing different numbers of items, and we use number words and digits to symbolise these numbers. We measure lengths, surface areas and volume. For this purpose, we need a number of units of different kinds, either of a private character, or as common units used within a language culture or society. We separate wholes of different kinds into a diversity of parts, still using words and digits to symbolise them, but again in need of a diversity of symbols. Parts of different kinds need labels, for instance the fraction line and the denominator placed beneath it. We name decimals tenths, hundredths, thousandths etc. Our number system designates these by distinguishing wholes from parts by means of the decimal comma, and by giving each of them its particular place to the right of the comma. 

Here, we have considered processes involved in learning language and pointed to the primary role of reality. If we, for a minute, take a look at language in use, this is different. Once we have learnt words to a certain level of understanding, the elements in the three corners will mutually activate each other. A word, heard or read, will activate knowledge, giving access to a particular belonging to the category labelled by the word, as either a particular in the real world or a particular representation in the person’s mind. 

When I hear the word ”snake”, it will activate my knowledge of snakes, and I can recall a mental image of a snake, similar to one I have seen, real or in a picture. When a snake is present in the vicinity, I will immediate identify it as such, again based on my prior knowledge of snakes. When I hear the word ”five”, my prior knowledge connected to this word will be activated, and I can put five things on the table, point to a group where the number of something is five, or anything else that would be relevant to the situation.

I also have the option of applying the utterance while thinking of something I have experienced, which is somehow stored in my long term memory. In literature, there have been discussions about the relationship between thought and speech. This may be different from person to person, but my own experience is that the languages I speak influence my thinking. From day to day, this happens at a subconscious level, but when I have been abroad, speaking English for some days, it strikes me that I am thinking in English. I know other people with similar experiences. This does not exclude other ways of thinking, e.g. in images. 
When observing a phenomenon, what we recognise in it activates knowledge as well as verbal expressions of our knowledge. When we use language, our basis will move between the elements in the three corners of the triangle, and talk between people in general involves continuous shifts of “starting points” for the words and utterances used. This could lead us astray if we do not distinguish between language learning, and language in use after we have learnt it well. It is wise to pay attention to how Aristotle, Aquinas, Peirce and Nyborg all point to the perception of real phenomena as a basis for a person’s primary language learning. 

I invite readers to have in mind some little child that they know, as I tell a little of the language story of Mathias, 17 months old. From the age of 8-9 months he was interested in watches. Grown-ups often spontaneously play with children when we notice their interest in something, adding words to the game at the same time. This was also the case with Mathias and his adults. As he played with the other person’s watch, he or she would often say “klokke” 
. This happened a number of times - no one knows how many. These experiences of watches together with the utterance “klokke” lead to a link in the child’s mind between the actual watch and the verbal expression “klokke”. One day Mathias hears the same utterance, but now in connection with another watch, and again in connection with a clock hanging on the wall. These experiences cause new associations in Mathias’ mind between the new watch and the clock and the verbal utterance “klokke”. This brings about the start of generalisation. These watches and clocks have some similarities. At a certain point in time, Mathias starts imitating the sounds he hears connected to the watches and clocks, and you bet he gets his reward. Grandma runs out of cheers the day he visits her and looks at the clock on the kitchen wall, saying ”koko”. The exultation is no smaller the day he applies the same label to a digital clock on the hi-fi. It seems that Mathias has generalised his knowledge of watches and clocks. He no longer knows just a couple of watches and clocks, but is able to identify watches and clocks he sees, and label them ”koko”.

The basis for Mathias was watches that he could handle. Helen Keller, born blind and deaf, tells in her autobiography about the same kind of experiences when language “occurred to her”, as she says. She learned how to communicate by means of signs made in her palm. Things that she could perceive were given names, and it is fascinating to read about a tough process towards generalisation. She explains a breathtaking flood of good feelings and motivation for further learning when she realised that a word labels a category, not only a particular. 
Both these examples show the progress from the particular – the singular being given a name – to the general, the discovery of what the different things belonging to the same category have in common. Such a detection of partial similarities, as well as dissimilarities, implies a general knowledge that will constitute the meaning of a word.

We also should notice that this change from the particular to the general also implies a shift from the private meaning of a word to a common meaning within a language culture. When I connect the word ”five” to the fingers of my hand, this is my private meaning with the word. It is only when I have abstracted the number of fingers, and connected the word five to this number, that I can also connect the same word to other groups where the number is five, and draw inferences about similarities between these groups. Hence, the word no longer expresses just a private notion, but a concept, and my use of the word can serve as a tool for meaningful communication in our common language culture. A person will, little by little, acquire a greater vocabulary, and other learning processes will supply those just described. We will subsequently learn language also in other ways, released from immediate perception. From a didactic point of view, these primary processes are still worth some attention. As we will see, these processes are precisely those which Nyborg utilises in his Concept Teaching Model.

Jacques Maritain, a French-Canadian philosopher of education in the middle of the twentieth century, states: This inner vital principle the teacher must respect above all; his art consists in imitating the ways of the intellectual nature in its own operations. 
Maritain, 1934, p 31. 

Maybe we will find that this is something that Nyborg also has contributed to reveal to us?

Most people like to have control. We like to know what we see, and we are quick to label any phenomena we notice. As grown ups, we usually have enough experience to recognise elements of most of what we can observe, in such a way that we have the clues we need to put it into a category. Eco refers to the classification problems for the Aztec Indians when the Spanish conquistadors arrived on horseback with weapons in hand. Such an animal they had never seen, nor had they words available to name it. He frames further theoretical investigations in the issue of classification with the question of how to categorise the platypus, an animal with a beak like a duck, feet with five long toes with claws, and a tail like a beaver, which stays in the water long enough to seem like a fish or an amphibian, lays eggs, and nurses its offspring – but without having nipples? 
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This figure has a  round shape.    

When I for the first time visited a zoo and saw a giraffe, I had no problem knowing what I was looking at. After all, I had seen pictures of giraffes. But I was very surprised at how big they were, and how far they could reach over a fence with their long necks. This was something the pictures had not shown me. A teacher who attended one of our workshops told us about her niece, Emma. Emma was two years old, and had two words for animals: piip-piip and woof-woof. Animals which flew in the air were piip-piips, and animals which walked on the ground were woof-woofs. Emma went with her family to ”the lion park” - Givskud Zoo in Denmark, and they reached the area where the giraffes were kept. Emma’s eyes grew big. She pointed up into the air and said ”piip-piip”, then down near the ground and said ”woof-woof”. Again she looked up: ”piip-piip” and down: ”woof-woof”, before she screamed: MAMMA! The experience was frightening – partly due to the size of the animal, but also because this was something she was unable to categorise. 

When we interpret or code the things we sense in categories, this often happens unconsciously. When we analyse these prosesses, we will often see that we classify based on a series of characteristics or qualities of the thing we sense. Concepts or networks of concepts for categories av these characteristics or qualities are termed fundamental by Nyborg. Here, the word fundamental means that they form a foundation for analysis, abstraction, coding, and thus categorising. It seems that Aquinas is speaking of the same things in his discussion of what he terms simple substances. 

Now some substances are simple and some are composite, and essence is in both, though in the simple substances in a truer and more noble way……..indeed the simpler substances are the cause of the composite ones…. But because the essence of these substances are more hidden from us, we ought to begin with the essence of composite substances, as learning is easier when we begin with the easier things.










Aquinas, 2003 s. 2

Starting with composite substances, or wholes, appears to happen automatically (av seg sjølv), because it is just such wholes small children are interested in. Only later do they become aware of the characteristics or qualities of the things. 

We will now take a look at a list of fundamental conceptual networks or systems, and show examples of how each of them represents a conceptual system. Further, we will look at examples of how they relate to learning math. 
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The dart    ga me has  a round  sha pe.    


Nyborg never thought of a list like this as final – he always sought to supplement it with other concepts with similar functions. The way this list is set up, it can easily be supplemented and organised in other ways. 
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The edge of the lid  has a round shape.    

To the left we see one way of setting up a conceptual system for shapes. 

Shaped lines are found in letters and numbers, as sides of most of the things we are surrounded by, we use them to measure length etc. Concepts like these line shapes form knowledge of how they are similar and how they are different, allowing us to categorise them in sub-groups, and how line shapes are different from other shapes. Concepts like these are not learnt by children when we define or explain, but when they experience a variety of line shapes in contexts where they occur, attaching language to them as they learn to name them. Language also functions as a tool; allowing abstraction of line shapes, while other qualities are ignored. 
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Can you point to  the figure  ha ving   that has  a   round   shape?  round  shape.    

When we look at the number 3, for instance, we can state that it is made out of two curved shapes, placed one on top of the other, and both with their opening facing left. In this way we can direct our attention toward or extracted the parts, the shapes of the parts, how the parts are placed relative to each other, and the direction of the opening in the curve. We could also have focussed on the number of parts, what the number itself symbolises, its colour, its size relative to the number 3 in this line, etc. 

In the process of learning the concept of the curved shape, for instance, the first step is to connect the spoken expression curved shape to objects with a curved shape, or which have one or more parts with a curved shape. For each new thing we get more knowledge of the particular shape of a curve, and this allows us to draw conclusions about what these curved shapes have in common. In order to limit the generalisation one must distinguish curved shapes from other lines, and curved shapes from round shapes. By showing objects with differing degrees of curve during this phase, we can ensure that a variety of curved shapes will be included within the concept. Finally, the learner must be encouraged to express what these objects are similar in; that they have a curved shape or one or more parts with a curved shape. 

It is obvious that two- and three-dimensional shapes have something to do with math. He we will merely look at how concepts of two-dimensional shapes affect the way a person will perceive and describe a pattern. There is also reason to mention a common misunderstanding, regarding square shapes. The word square is often only used for a quadrilateral shape with four identical sides. (In Norwegian the word firkant – usually translated as square – is used for any shape with four straight sides.) These shapes are often drawn in a book, with one of the sides placed parallel to a visible or imagined base line, leading many children to identify only the first of the square shapes on the following line as a square, when in fact they all belong in the Norwegian concept firkant:
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Can you point to  the letter  having   that has  a  part with a round shape ?     

[image: image8.emf]Can you fin d a   r o und    shape  on the back of     the ladybird ? ?   h a r   r u n d   s h a p e .  
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Can you point to  the figure  ha ving   that has  a   round  shape?    
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Can you point to  the figu re     having  which has  a four - sided shape?      


In the same way we find that both children and adults may have a ”round-shape-concept” which is limited to the true circle. If we adhere strictly to the mathematical definition of a circle, we will lack a suitable concept for the round shape we use when we write zero or the letters o, a, d etc. In order to establish more versatile and flexible concepts for two-dimensional shapes it is important to introduce a variety of different round shapes, quadrilateral- and other polygons during the first phase, when the word used to symbolise a category is linked to the various shapes which belong to the category. 
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  -   Can you see any similarities between these figures?     -  They are similar in  that they both have  a  r o und  shape .     -  It is good that you no ticed that, and told it so well.    

The concept of place is crucial if we are to understand place value as a part of our numerical system.

Olav Lunde has shown that precision is an area which can cause mathematical difficulties. It should not be difficult to imagine that precision has something to do with understanding the relative places of numbers. Later we will see how other begrepsforankringar also affect precision. Here we will only mention the concept of place on the line. We frequently see that when children have learnt this concept, in such a way that it is easy to state, it affects their precision with regard to other characteristics qualities of the numbers. 
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Lena has learning difficulties. Ho likes to work in her math book, but the numbers ”floated around” without relation to the lines. The drawing of the house she lives in, showing steps, a path and more steps leading down to the garage in the bottom right corner, indicates that she conceptualises place well. It was clear that she was not extending her concept of place to include awareness of correct place on the line, neither when she wrote letters or numbers. 

The teacher’s intention was to work on this concept, and an overview of this session is shown above in the series of pictures. The teacher wrote the name Lena twice, once on the line, the other placed at random on the page. It was not difficult for Lena to point to the name that was placed correctly on the line. Then the number 5, one placed on the line, the other not. Neither the 5 or the letter m were difficult, and Lena easily pointed out the one that was placed on the line. Then it was her turn to create a task for the teacher. She wrote the name Gunvor twice, the first time placing it slightly over the line, the second time slightly below. As the reader will see, her next ”move” - putting a new line under one of the names - didn’t work well, and the 700 is also placed incorrectly in relation to the line. The teacher’s next strategy proved to work better – and is well founded in learning theory. By writing a number 2 slightly above the line in the way Lena seemed to interpret the concept of ”place on the line”, alongside a number 2 that was placed correctly, she was able to “force” Lena to discriminate the two positions, and based on what she had already learnt it was again easy for her to point out the correct one. The moment of truth came when it was her turn again to create a task, and we see that when she wrote the letter L on the line and off the line, she did it correctly. It was equally exciting to see if she would transfer this process to include the numbers in her work book. 
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If the picture is clear enough, the reader can judge the result for himself. Lena’s writing was also affected, as shown in the class dictation she participated in later that term. 

Similar examples to this can be found relating to any conceptual system. 

Nyborgs model of education for conceptual learning has been presented in different ways so far in the text. We will now look at an overview over the various processes we that we need to allow for to ensure that all children learn basic concepts for analysis and abstraction. 

1 Selective Association.

In this phase, children learn to associate the phrase naming the category with one after another of the phenomena belonging to the category. At this stage, we provide particular associations, hence the label Selective Associations.
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These are examples of objects we could use to provide good conditions for children to learn the concept of round shapes. As a reader, you must be satisfied with pictures. Children need to experience real objects in a learning situation like this. 

Each child must be given the opportunity to manipulate the round shape, let his or her finger run round and round the edge, and express in words: “It has a round shape”. This means that we will have to use a lot more objects than those presented here. In addition, the children could make round shapes using pipe cleaners, paper cutting, drawing and painting; make round shapes with their bodies, or use anything else we can think of. Notice that we try to find objects familiar and attractive to the child, to gain power from his or her motivation. 

2 Selective Discrimination or Discovering Difference.

In this phase, children learn to distinguish between objects that belong to a category and objects that do not. 
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We present two objects, and the child’s task is to point out which of the two belongs to the category we are working on. The child must verbalise; “I choose this one, because this has a round shape”. The first task is simple, as the figures do not have other features that the child must disregard. For the task with the ladybird, the discrimination is to discern between the round shapes and the rest of the entity. Like in the association phase, it is important that each child is given opportunities to pick out the item which belongs to the category and verbally express his or her choice. 

It is important during this phase to prepare tasks where children are required to discriminate between items that are easily confused. This will help them discriminate and disregard features they could believe should belong to the category, and vice versa, to include what they could easily exclude. There are good reasons to present items which we know will often lead to misunderstandings. The next task illustrates this for the concept of the square or “four-sided shape”. Many children would not recognise a four-sided shape in this position as a four-sided shape. By presenting the task in this way, children are compelled to include this figure in the category “four-sided shapes”. Notice that this task belongs to different concept from the examples above. It is shown here to illustrate the process of differentiation, but for children we apply this task when we are working with the concept of four-sided shapes, or when we meet a child who has this particular misconception. 



3 Verbally Conscious Selective Generalisation or Discovering Similarity.

During the third phase, we aim to set up tasks which allow children to verbalise the partial similarities which they already started to discover during the first phase of association. 
When we start to apply the Concept Teaching Model with a new group of children, it is wise, at this stage, to include a task where identical items are presented, in order to demonstrate the difference between identical and partially similar. This is shown below. Again, we offer only pictures here, while reminding each other of the importance of providing concrete experiences for the children. In this case, the concrete objects could be two identical plastic shapes.


When we have observed and verbalised the total similarity, we continue with two identical shapes which have different colours. 



This small dialogue shows how children will often answer such a question, and how we can guide them a step forward towards the verbal consciousness implicit in the expression ”they are similar in that…” 

A more complicated process underlies the discovery of similarities between the next figures. 



An additional task could be to find similarities between the next figures. Each box gives a new task:


Each one of the children in the group should verbalise the similarities they have discovered.
The verbal consciousness implied in the ability to say ”they are similar in that...” was shown in Nyborg’s research to be a crucial aspect of the learning processes. This same expression sounds very odd in the ears of many adult persons. When we are responsible for another person’s learning we must make our own decisions about the priority of considerations. Our advice is to let go of preconceptions and allow children to acquire the learning strategy implicated in the ability to verbalise similarity using precise language. In our experience utterances like this have not influenced children’s language in an artificial way, but have instead contributed to enhanced and increased verbal activity. 

Those who are familiar with Vygotsky may associate this model of concept education with what Vygotsky terms children’s proximal zone of development. During the first phases of association and discrimination we establish a proximal zone of development with regard to the category we are working on. As we go through the process of linguistically activated discoveries of similarities, awareness of categories becomes ”consolidated” and is integrated as a part of children’s active knowledge, which they can then use in order to understand when they experience items belonging to various categories. Awareness of superordinate categories like shape, colour, size etc play a role in many situations in abstracting, or directing attention towards, elements which belong to the various categories. 

· The term which names a category is associated with items belonging to the category step by step, as the items are presented to and experienced by the children.
· The method is based on concrete sense experience connected to language.
· Children can be encouraged to make things which belong to the category.
· The adult "models" language in order to ensure the use of superordinate names of concepts
· The children receive positive responses to the things they say and do.
�


Fig. 1, Aristotle’ s semantic triangle











Fundamental conceptual systems –


prerequisites for abstraction.








Shape				Temperature


Colour				Weight


Position 				Taste


Size/ length/ height 		Smell


Place					Alive/not alive


Function 


Number				Movement/direction/speed


Whole/part of whole		Change


Sound				Time 


Stoff-art				


Stoffeigenskapar			Value


Pattern 
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Do you see that these two figures are identical?








- These figures are not identical. Maybe you Ccan you see some similarity? 


- This is round, and tthat is round. 


- It is good that you could see noticed that.  WThen we can tell say that they are similar in having that they have a round shape.  Can you say that? They are similar in having that they have a round shape.


 - They are similar in having that they have a round shape. 


AkkuratWell done. Det sa you fintYou said that very well.
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� This would be the same definition of the word abstraction as quoted by J.S. Peirce, in his work ”On a new list of categories”: The terms “precision” and “abstraction”, which were formerly applied to every kind of separation, are now limited, not merely to mental separation, but to that which arises from attention to one element and neglect of the other. (Peirce, 1868)


� Philosophy drawn from the thinking of the medieval scholar Thomas Aquinas.


� An analysis of the knowledge of categories shows that it is the knowledge of similarities and dissimilarities. Phenomena belonging to the same category have certain similarities. These may be visual features, or features conceivable only by knowledge. 


� The Norwegian word ”klokke” labels both a watch and a clock. 





