13

[image: image2.wmf]E. Csocsán  2000

Development of “acoustic” number-line

Double counting: counting on

two number-lines

Leaving the second line out

Grouping the number words

„symphony“ effect: hearing the

parts and whole at the same

time


44221 Dortmund

Emil-Figge-Str. 50

Tel.: 0231/755 4560

Mail Csocsán@nvl1.fb13.uni-dortmund.de

Tel.  Sek. 755 4556


Fachbereich 13
Blinden- und Sehbehindertenpädagogik

in Sondererziehung und Rehabilitation

     Univ.-Prof. Dr. Emmy Csocsán

Universität Dortmund 44221 Dortmund

ICEVI European Conference

Cracow, Poland 

9-13 July 2000

Emmy Csocsán

University of Dortmund

The origin of mathematical competence of children who are blind

Outline 

1. Introduction

2. Questions and goals

3. Some results of former research

4. Hypothesis

5. Pilot study in hearing

6. Results of the pilot study

7. Consequences

8. Discussion

1. Introduction

In my short presentation I would like to speak about some of the results of research concerning the roles of haptic and acoustic inputs and sensory organization by blind children. I shall give you a short overview of previous studies. And I shall introduce our empirical pilot study at the University of Dortmund which compares strategies in coping with acoustic patterns by blind and sighted children. On the basis of these results, I would like to give you some ideas for developing awareness of numbers by blind children at the elementary level through the process of connecting acoustic inputs to the other sensory channels .

The theme is a very acute topic in the education of children with blindness. There are more and more children who have great difficulties in haptic perception and these children cannot be taught using the classical methods of didactics for the blind which has always been primarily based on haptic exploration.

2. Questions and goals

Teaching mathematics at the elementary level means first of all helping children to order and use their experiences which they gain from actions and interactions with the world around them. The main goal of mathematics education is to develop awareness of number and coping with different relations and dimensions of persons and objects. To follow the principle of "active discovery learning" the teacher´s duty and responsibility is to organize the most appropriate conditions of learning for the pupils in the class. (Müller, Wittmann, 1997). In order to do this, knowledge about the way the child thinks is the most important prerequisite. According to Ahlberg and others, every child has his or her own way of developing arithmetical competence, in spite of some common characteristics. The child’s individual way of developing the parts to whole relation in numbers depends on his or her sensory experiences. Some blind children have difficulties at primary level in experiencing countable and uncountable quantities and the relation of the parts to the whole in numbers through touch.

(transparency: Questions)

Since 1999 my students at the University of Dortmund and I have been trying to find the right research methodology to obtain answers to the following questions:

Firstly: How do children with blindness organise their acoustic experiences?

Secondly: How could maths education use these experiences?

Thirdly: How is it possible to connect the tactile and acoustic inputs in the best way? 

3. Some results of former research

Our project - together with the researchers at the University of Göteborg - provides an opportunity to deepen knowledge about the development of children’s mathematical understanding by describing how children with and without impairment experience numbers and learn arithmetic skills. Our work is of an explorative nature and the theoretical standpoint is taken from the phenomenographic research approach. Phenomenography is a content-orientated educational approach aiming to describe and analyse how people experience, understand, and conceptualise different phenomena in the world around them (Marton & Booth 1997).

In this project the children were given different verbal problems in mathematics which involved simple addition and subtraction and also included missing addend problems. The children had the opportunity to pick up real objects and handle them if they wanted to.

 (transparency: results)

The most important results of my observations and our research are the following:

- There was not a single blind child who claimed that he/she had used mentally tactile models for solving mathematical problems. 

- The tactile experiences of young blind children have an arbitrary character and the conditions of touch influence the quality of the experience of quantity. This involved the number and size of the elements, qualitative properties of the objects, position of the elements, size of the touching field, etc.:

- We found many different sorts of spontaneous tactile strategies and those children who developed effective touching methods of their own, e.g. using both hands at the same time, had a higher level of number understanding than those who grasped the elements of a quantity one by one. Thus, the simultaneous sensory experience is one of the most important elements in the development of parts to whole relation - including through touch.

- Many observations in the research proved that the blind child did not use his/her fingers to do calculations. There were many of them who had been taught to show numbers with fingers and they did it well but these children did not actually use this natural tool for counting. 

Generally there is no one single ideal way but many individual ways in developing mathematical skills in blind children. This is especially relevant to developing basic arithmetical competence. In the study written by Ahlberg and myself, we differentiated between the ways of handling numbers and the meaning and understanding of numbers Ahlberg & Csocsán 1997, 1999). 

Our study proved that it is evident that children do not pass through these different stages of understanding in a graduated, ordered and compulsory manner. On the contrary, their experiences are intertwined and children shift between the different methods according to their interpretations and to the structure of the content. 

I interviewed 25 blind children in Budapest. The average age of the subjects was 7 years and 4 months. The 25 children used counting and hearing ways with the various tasks as follows: 8 with every day problems, 15 with contextual problems and 9 with decomposition problems.

Not only blind children use the counting through listening to solve problems. But blind children prefer this way of handling numbers compared to sighted ones. Ahlberg (1997) collected data with the same methodology among sighted children and found that in 520 cases of problem-solving, there were 62 in which the children used the method of "hearing number words".

4. Hypothesis

My hypothesis is that most of the blind children experience parts to whole relation through an "interiorized simultaneous acoustic number line". In this case, the number words in the short-term memory are identical to the elements of a "hearable"  set. Through training, the range of the elements becomes wider.

If we teachers know more about the organisation of a child´s auditory experiences in daily life, we can help him or her to link these experiences to mathematical competence.

The results of the Göteborg project supported my former experience that there is no typical method used by blind children doing mathematical tasks but there are some preferred methods used more often than others.

One of them is the so-called double counting. When children calculate by way of this method they use two number lines at once.

The next transparency shows three examples for double counting procedure.

(transparency: double counting)

The results of our research show that double counting is a useful way of getting the feeling of quantity of number words. With 7 year-old blind children, counting through hearing was the most often-used way of solving mathematical problems (Ahlberg & Csocsán 1999).

(transparency: hypothesis)

This algorithm is a procedure for keeping track and for obtaining the outcome. With practice the children develop the ability to leave out the second line. Through hearing they acquire the number of the number words (spoken in short-term memory). Through a lot of practice of grouping the number words in twos and threes, the children reach a level where they are able to hear the complete process as a whole and the parts of the whole in a string of number words. The number words exist like a structured pattern in their ears. I call this effect the ”symphony effect” because in this sort of counting something similar happens as when we enjoy music. At one moment we hear an immediate complex sound but at the same time we can still remember the former couple of seconds of the melody. At the same time at the very temporary present moment, we also have some expectations about how the melody will continue. This very complex auditory experience means listening to music, becoming aware of music. 

I suggest that we could consider this sort of experience of number as a sort of "acoustic" number line. The essential point about my theory is the simultaneous experience of an acoustic pattern. The children can hear the whole melody ( the series of the number words) and can cope with it in many different ways. 

5. Pilot study in hearing

Every teacher of children with blindness knows that blind children are able to copy, compare and remember complicated patterns of rhythms and pitches. It is very common for blind children to be able to identify the sequences of sounds of digital telephones. 

Millar (1992) gave an overview of 20 studies dealing with models for auditory compensation attending visual loss. He assumed that, of the 39 formal group comparisons, 22 found superior performance by blind persons. In 11 studies there were no reliable differences and 6 suggested that the sighted performed better. He wrote that the auditory short-term memory more reliably favours totally blind persons over those with very low vision. 

In spite of the great number of studies concerning auditory performance by blind persons, there are no data collections aimed at finding out the relation between auditory and number experience by blind children (Warren, 1994).

Our pilot study aimed to get data about the range of short-term memory dealing with structured patterns of rhythms by children aged 7 to 10.

We used the method of the structured interview. The experimenter collected data from the children individually.

Four groups of children took part in the experiment:

1. sighted children in the elementary school (N=14)

2. sighted children in the elementary school who are studying music (N=15)

3. children in the elementary school for the blind (N=4)

4. children in the elementary school for the blind who are studying music (N=7)

The children had to solve the following tasks:

A. Identify hidden acoustic patterns

B. Copy the given pattern

C. Verbalize the given pattern (The child had to say how many items the pattern had)

In task A, the child had the job of finding a given pattern among three variations of the patterns with the same number of beats. 

In the tasks A, B & C, we used 10 patterns. 

The patterns are numbered 1 to 10 and have 3-12 beats. The beats were produced by two wooden sticks used in music classes.

Now I would like to show you patterns No 5. and No 10. as illustrations.

(Illustration on the tape)

6. Results of the pilot study

We do not have time now to analyse all of the results of the study but I shall try to point out some interesting aspects to you.

(transparency: results of the study).

The numbers in the grey field show the best performance.

Some remarks concerning data:

1. In the group of tasks A-C,  task A was the easiest for all groups of children. Task C - to verbalize the pattern - was the most difficult one.

2. Children with music study performed in the task A and B better.

3. On average, the blind children  gave better performance. 

4. There are more individual differences among blind children than among sighted peers.

5. There were two groups of children (in every class): one is those who are very interested in coping with rhythm and structured patterns and the other is those who are not motivated by them. 

The data collection raised many questions for future research; for example:

- Which sort of structured pattern is easier to keep in the short-term memory?

- Which conditions are necessary to help to develop "hearing strategies"?

- How far is it possible to give support in coping with number through hearing?

7. Consequences

So, here are the three provisional consequences which we have found in the pilot study:

1. There are many blind children who have difficulties in haptic perception and have a great interest in acoustic experiences. For these children, the best way is to develop the part to whole relations of number with help of a "hearable" number line.

2. Acoustic short-term memory is trainable. This spontaneous training occurs more often with blind children. The effectiveness in number-experience has a very close relation to the capacity of short-term memory.

3. Structured auditory inputs connected with movement, verbal impulses and haptic experience are very important elements in elementary mathematics for helping children who are blind. They help them to find the links and relations among objects, persons and events around them.

I learned of a very nice example of these exercises in the Swedish school for the blind in Helsinki in this May. The children were singing a song, showing the numerosity the spoken number words and were moving to the rhythm of the song at the same time.

I have now arrived at the end of my presentation in which I was only able to give you a brief report on our research project at the University of Dortmund. We intend to continue with our collection of data concerning the organisation of auditory perception and awareness by children who are blind. We plan to collect ideas for teachers teaching blind children to provide appropriate learning materials to develop the part to whole relation in numbers. 

8. Discussion

Thank you for your attention. Please feel free to raise any points or discuss any aspects of my presentation.
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The most important results of former research

· There was not a single blind child who claimed that he/she had used mentally tactile models for solving mathematical problems.

· The tactile experiences of young blind children have an arbitrary character. 

· The conditions of touch influence the quality of the experience of quantity. 

· Many different sorts of spontaneous tactile strategies have been found 

· Children who developed effective touching methods had a higher level of number understanding than those who grasped the elements of a quantity one by one. 

· The simultaneous sensory experience is one of the most important elements in the development of parts to whole relation - including through touch.

· Many observations in the research proved that the blind child did not use his/her fingers to do calculations. 
· There is no one single ideal way but many individual ways in developing mathematical skills in blind children. 
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New questions in research

· How do children with blindness organise their acoustic experiences?

· How could maths education use these experiences?

· How is it possible to connect the tactile and acoustic inputs in the best way?
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Tasks of the pilot study

A. Identify hidden acoustic patterns

B. Copy the given pattern

C. Verbalize the given pattern (The child had to say how many 

     items the pattern had)

· In the tasks A, B & C, we used 10 patterns. 

· The patterns are numbered 1 to 10 and have 3-12 beats.
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Results of pilot study

Sighted children





Children who are blind

(N=29)






(N=11)
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