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In this paper I want to present some results from a research about how congenitally blind children experience numbers, and also reflect these results in the light of experience from my work at Tambartun.

The research was carried out in a 
phenomenographic research framework; with the main focus on revealing how the pupils experience numbers and learn arithmetical skills. 

8 congenitally blind children with no apparent additional dysfunction, age 8 to 11, were videotaped and recorded while solving different arithmetical problems. Those 8 pupils were the whole Norwegian population in that age span in 1994. In connection with each problem, I interviewed the pupils about how they had figured out the answer. I gathered problems and questions from other phenomenographic researches. 

In the data-analysis to form a point of departure for describing the number experiences, I have interpreted:

· What is the focus during the solving process?

· What kind of calculating strategies does the pupil use? 

I have described seven different experiences of numbers, and all eight children are represented with more than one experience - depending on the problem-category and / or the number sizes. The result might show something about the connection between the different experiences and an evolution from “primitive” to more advanced ways of understanding numbers, but there are not enough pupils in the study to claim that for sure.

The seven ways of experiences can be collected into 3 groups, depending whether the cardinal- and ordinal aspects are prominent and also the connection between these aspects.  In this way, the three groups are different levels according to functionality for problem-solving. 

Group 1. Functional level: Here we have a simultaneous experience of the cardinal and ordinal aspects. 
The two experiences are labelled: Numbers as structures; Numbers as linear structures
Group 2. Less functional level: The pupils show a separate experience of the cardinal and ordinal aspects.

Three experiences are labelled: Numbers as countable; Numbers as extents; Numbers as model-quantity

Group 3. Not functional level: Certain aspects are held in focus in one case and other in another. This aspects are seldom the cardinality or the ordinality.

Two experiences are described and labelled: Numbers as adverb; Numbers as jingle-words

It is common for all the eight pupils to alternate between different ways of experiencing numbers, in the first place within levels, but to some extent between levels as well. This forms the basis of my teaching-theory: that knowledge about the different understandings is a model for how we ought to handle the teaching in every new theme about numbers and algorithm in math.  Having each experience in mind, when analysing a new theme for preparing the activities, -  and additional: “Decode the activities” into everyday language, spoken mathematical language and written symbol level. In this way the symbols can have a function, which is crucial in the development of a cognitive model of numbers.

Let me give some examples of experiences from the two “highest levels”.

First Berit. She has a functional way of understanding numbers. The first example shows how Berit experiences numbers when the quantities are small. 

If you have 5 coins in your pocket, and suddenly there are only 3. How many coins are missing?

She answers  - two –  immediately, and I continue the interview: 

Oliv: Do you imagine the coins?
Berit: No, I am only thinking of the numbers

Oliv: Yes?
Berit: in my head.

Oliv: So you don’t think of the coins?

Berit: No, I am thinking of the coins and the numbers, but I don’t imagine them, .. Because if I had to think about the coins, it is. … It isn’t difficult, but the task is so very easy.

But Berit is making model-quantities when the task is more complex. 

Example, “The book-problem”: There are 19 pupils in a class. One day the teacher gave each pupil 2 books in social studies and 1 book in math. How many books did the teacher hand out in all? 

Berit decoded the problem into a symbolic level. She said: 

-  That will be 3 times 19. …… I cannot figure out. ……. Let me see. There will be 12 books for 4 children, and 18 for 6, and …..

And in this way she continues until she has an answer – although this time the answer was wrong. 

Let me give two more examples with the same problem. First Hans, a boy. Hans, too decoded the problem into 3 times 19, and then he applies his knowledge about number-structures. He says: 

- 3 times 10 makes 30, and 3 times 9 makes 27, …… makes 57

Hans has a well developed “sense of  number-structures”, which he shows in this problem:

· If you have 16 books and get 8 more. How many books do you have all together?

· Ahh.. 4 times 4 is 16, OK. That will be 24 books. 

· How did you figure out?

· I multiplied. 

· How did you multiply?

· Eh, 4 times 4 is 16, and then I said 4 times 6 instead. That will be 24. 

As we can see, he is focusing the four-structures in both 16 and 8 – and he takes them together using a known-fact.

This way of experiencing numbers is labelled numbers as structures.  The difference between numbers as structures and numbers as linear structures is whether we structure both (all) or only one of the numbers. The latter way might be like this: 

Anne: Then I calculated 16 plus 2 is 18; plus 2 is 20, plus 4 is 24. 

In contrast to this I will give an example from the interview with a boy who mainly thinks of numbers as countable. This is what he says after I have asked him about how many books the teacher is handling out (“the book-problem”):

-  That is quite awfully much work. If my head had been very big. …. Oh no, that I am not able to do. My head does not have space for so many numbers. 

As in Dr. Emmy Csosán’s  research, I have examples with children who manage to “hear” more than ten number-words in their heads. But there are some distinct and important differences between those children who structure the numbers and those who don’t, with regard to 

· whether they decode the problems into a symbol level;

· variation of calculation-strategies;

· the way the pupils are able to describe the solving-process. 

I have also analysed differences in the interviews between the groups (re-reading the texts, watching the videos and listening to the records) and this accomplishment shows the difficulties I have during the conversation, to give the pupil adequate feedback when their statements were unfamiliar or confusing. I have labelled this problem: Math- words with uncommon contents.  In this case, the problem is mine, because - in contrast to traditional teaching, it is I who want to understand. 

In this perspective I agree with Emmy Csosán saying: “Today I am looking at teaching methods first to find out the reasons for the difficulties.” (Nordic Seminar in Helsingfors, May  2000) “Math-words with uncommon contents” or Emmy’s “a bilingual communication” (two languages) are two descriptions of the same challenge. 

There are many possible causal factors, and there are different fields of research to approach this challenge. On the one hand, a “contextual” science. Seeing mathematical notions as socio-cultural constructs, which the human mind apprehends through social functions in everyday interactions. How will this be for the children who are passive and don’t interact with the environment? How is the blind pupil’s behaviour within structured “community of practice” areas – such as the scholastic institution?

On the other hand, to get a wider knowledge about the consequences of the different diagnoses, – I am thinking of consequences exceeding loss of sight. I have noticed that descriptions about mathematical difficulties among pupils with syndrome of Nonverbal Learning Disabilities are much the same as the difficulties we know from teaching “our” pupils. For the NLD-children, there is a damage in the right hemisphere. A more nuance and detailed knowledge of the diagnosis, might bring to light more knowledge about how children acquire math in general, and give a better basis for how we are going to differentiate the teaching. 

Finally. The results from my research show that four of the eight pupils (one half) in all essential perceive the numbers with a fully integrated cardinal and ordinal aspect. As a counterbalance on the theory as  ”average” delayed development in mathematical among blind pupils compared to sighted children, we can notice that half of the group are managing the problems in the study quite well.  

The extraordinary findings compared to sighted children, is that among only 8 pupils, we have a wide range of experiences. This confirms the theory saying that blind children are an extremely heterogeneous group. But it is more appropriate to consider visual impairment a risk factor than a cause of children’s difficulties in learning numerical concepts.
� Phenomenography is a content-orientated educational approach aiming to describe and analyse how people experience, understand and conceptualise different phenomena in the word around them (Marton, 19981)





