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REPORTS   ON   EXPERIENCES

Introduction

Also here the experiences with calculators and computers are in the centre of many contributions. Problem solving activities will be discussed with highly sophisticated software packages like Derive, GrafPad, Java, and others, or we experience the use of software packages for discussing three dimensional geometry, graph theory, discrete mathematics, radiation and aggregation or computer algebra.

Another topic area is creative geometry. "Create your own patterns" and other challenging problems will be presented. We experience the nets of a cube by listening to Daddy Cube: He lives in a squareland and has many children, the nets, who always like to hide and to disguise.

There still is a variety of other ideas. We learn how mathematical competitions can further the development of creativity. Or how students can learn through "Mathematics Olympics", which are motivating, interesting, worthwhile, and challenging. Or pupils write their own math journals, "writing to learn" is a proper place to develop or express creativity. Or, of course, we also should study the classroom interactions and find out what affects the creativity of the children. Or which is the approach of gifted children to materials for pattern recognition in arithmetic. Or how do students grasp real life situations.

Mehmet ÇaGlar, Ülkü DoGancıoGlu, Yasar Ersoy, Ankara, Turkey

PUPILS’ MATH JOURNAL: 


DANCING WITH NUMBERS

Abstract: Pupils’ Math Journal, “Dancing with Numbers” is a proper place where pupils express their creativity related to various activities, solve word problems, and write about mathematics and themselves. Through writing, children can reflect upon and express feelings about math and the course that affect learning, both positive and negative. Thus pupils use the Dancing with Numbers as a vehicle to “write to learn”, by thinking on paper about mathematical concepts and processes.

1. INTRODUCTION

Creativity is a chief aim in (math), but we frequently withhold from the pupils a chance to show off their own creativity. When children and young people work in creative activities, they go further, and are encouraged to think of math as a interdisciplinary subject and a tool for communication. In this respect, we, a group of teachers and math educators, decided to guide a group of pupils from the school, namely METU Foundation of Development-Private School (FD-PS) design and publish a math journal a year ago. A school math journal, namely “Dancing with Numbers” is place where pupils write to and themself about math and solve problems, in particular word problems. Through writing, they can reflect upon and express feeling about math and the course that affect learning. The pupils can also use the Pupils’ Math Journal as a vehicle to “write to learn”, by thinking on paper about mathematical concept and processes.

In the present study, we will summarise and reflect our own experiences on pupils’ writing on math journal, constraints and issues, eg. pupils’ views on the journal and samples of math activities done while designing and developing articles for the Journal. 

2. BACKGROUND

Under the guidance and supervision each issue of the Journal is designed by a group of pupils from the METU FD-PS. The number of pupils and members engaged and involved in this activity vary. The number of pupils who participated in the preparation of the 2nd issue is 150, and their ages vary between 9 and 11.

Invited children from a lot of countries come together in Ankara and hosted by schools. This year, METU FD- PS hosted a group of children from the Republic of South Africa (RSA) that was among many participant countries in 23rd April Children’s Festival. The pupils from the FD-PS who had the opportunity to communicate with guest pupils felt a need to make a study about this country. Therefore the first page of the Pupils’ Math Journal was devoted for this goal. 

3. THEME AND SAMPLE OF PROBLEMS IN THE JOURNAL

Each issue of the Journal has a main and sub-themes. It is planed and worked out by the Committee and the Board of Journal. 

3.1.The Theme Chosen for the Journal

The theme chosen for the second issue of the Journal was “23rd April Children’s Festival”. Our sole intention in deciding on such a theme was to appeal to the pupils to investigate some of the problems they have in mathematical thinking at a pleasant occasion. It was decided upon that the Journal would consist of four pages each of which would contain different sub-themes related to 23rd April Children’s Festival. These themes have been mathematically examined, and a various study has been made on the sub-problems of related themes. Here it was our aim to highlight pupils’ creative thinking, explain how maths can be used in other school subjects, and help children develop their skills at arithmetic four operations, problem solving by means of estimation and approximation (NCTM,1989).

3.2. The Sub-Topic “Visitors to the School”:  First Page of the Journal

This year the METU FD-PSPS School hosted a group of children from the RSA. Before the arrival of our guests the MathsClub decided to gather data about the RSA and inform pupils in the METU FD-PS. 

A group of ten pupils from the 3rd, 4th and 5th grades and two teachers, who conducted the study, worked together in the MathsClub. The experienced teachers directed pupils various questions, and the pupils involved in activities to get data and reasonable answers. The first question was the distance between Ankara, the capital of Turkey and Cape-Town, the capital of the RSA, and how to measure it. End of the four previously set up groups was provided with a globe. Having failed to measure the distance with a ruler because of an uneven surface the pupils demanded a string of thread. Soon they were able to measure the distance with the piece of thread and work out the distance by measuring the length of thread between two capitals on the globe with ruler. They interpreted the slight differences in their measures as the results of the difference in the tension or the type of thread used in the process. Later on when the pupils wanted to compromise on a common figure they had to take all the figures found into consideration. The average distance was 8882 km. Their curiosity whether they had made a correct calculation or not was satisfied by one of their teachers. The teacher announced that the correct distance as 8859 km. Next, the pupils were asked to figure out how much error they had made., ie they were mistaken only 23 km. They were very happy and immediately found the percentage of their errors. They decided that they had made a very insignificant error when they calculated the percentage as 0,33 %. When the teacher asked them whether the plane which carried their guests was fast or not and the average speed it made, the pupils stated that they could figure it out since they had already known the values of distance and period as 8850 km in 12 hours. They calculated the average speed as 738 km/hr when they divided the value of distance by the value of period.

The teachers then asked the groups whether it would be possible to measure the distance between Cape Town and Ankara without a scale on an Atlas. One of the pupils in the group stated that the actual distance between two capitals could serve as a scale by making a comparison. When the teacher said they could use the distance between Ankara and Istanbul, they considered it as 50 km and used strings of thread to measure. They both measured the distance between Cape Town and Ankara, and Ankara and Istanbul with their strings of thread with particular attention to keep the thread stretched. They worked out how many folds it was. They concluded as 21 folds as the distances measured 1 cm and 21 cm. When they multiplied 21 by 450 they announced the estimated distance as 9450 km. They interpreted that this difference might be done to the difference of the tension of the strings of thread or the fact that the exact figure of distance between Ankara and Istanbul wasn’t known .

Following this, the teachers asked it the sizes of the countries could be calculated or not. One of the pupils said that a string of thread or a ruler could be used to measure the dimensions. On being asked what be could do with a ruler and a string of thread he said he could see the surface as a square after making necessary measurements.

4. DISCUSSION AND RECOMMENDATION

On account of the fact that this kind of studies in Turkey is brand new and different from traditional teaching methods (Çağlar & Ersoy, 1998). The main difficulty we come up against in this project was teachers’ cautious and reluctant attitudes towards it since the method was different from traditional teaching methods, which resulted in avoiding participation in these activities. Furthermore, eleven-year old pupils and their teachers had undeniable difficulty in participation as well, results from teachers lack of ability to leave behind the classical teaching methods and their lack of knowledge and sufficiency

What is crucial here is to understand the word problem, and to develop practical and estimated ways for its solutions before solving it. Briefly, the development of creative thinking should be emphasised. The difficulty of this method compared to problem solving is due to the fact that this subject has ever been neglected, and the sources to guide pupils to achieve this are quite limited. Provided that program are re-arranged with the insertion of such activities we will be able to include technological equipment such as electronic calculators which are commonly used in our daily lives in our schools and teaching activities.

5. CONCLUDING REMARKS

Our experiences in the MathsClub activities and the Pupils’ Math Journal let us aware of the importance of mathematical thinking and creativity to solve real world problems as well as the new role teachers should play. Therefore, we must to organise in-service training in order to have a sound participation. Besides this, teaching programs should be re-arranged so that such projects can be included. Realistic Mathematics would be wise to be included in the contents of teaching programs.

It has been observed in the activities and tasks related to the Math Journal that teachers were cautious about participating and involving in extra curricular activities in the school. Nevertheless, the same group of teachers has stated that they appreciated the results of the project. Therefore, it is thought that these teachers could be rendered more active in education and teaching providing an in-service training program is conducted.
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Larry COPES, Joan LEWIS, Augsburg, Minnesota, USA

CreatIng meanIng about dIscrete mathematIcs through InvestIgatIons

Background

Mathematics teachers in the United States are being asked to teach in more creative, investigative ways. The change was brought about primarily by the 1989 publication of standards by the National Council of Teachers of Mathematics, encouraging a more constructivist-based approach to mathematics education.

The State of Minnesota has recently adopted new requirements for high school graduation in all fields.  To graduate now, students must acquire not only mastery of basic skills in reading and arithmetic but also the abilities to learn independently, think critically, and carry out projects in a variety of academic areas.  In mathematics, they must demonstrate through performance an understanding of a range of ideas including discrete topics. Until now, discrete mathematics has not been studied by preparatory teachers.

The national standards led to a spate of new mathematics curricula, and the state requirements have generated a great deal of interest in using those materials.  These curricula call for a classroom atmosphere in which students can explore topics and create their own meaning.

A state organization called SciMath Minnesota has become concerned about the preparedness of teachers, both in discrete mathematics and in inquiry-based teaching.  They are especially concerned that teachers outside of the larger cities are not getting easy access to training workshops.  For these reasons, they have asked us to create electronic materials that support discrete mathematics courses in engaging teachers creatively.  The materials will be provided either over the Internet or on CD ROMs. 

What we’ve done

SciMath Minnesota contracted with us to develop materials meeting these goals for our teacher-tourists:

•
develop their skills at creating mathematical ideas

•
create their own meaning about concepts encountered in graph theory

•
learn results of others' work in graph theory

•
learn how mathematics can be taught in creative, investigative ways

To fulfil the contract, our team decided to create what we call tours of various topics in discrete mathematics.  Each tour consists of a sequence of hypertext pages that engage the touring teacher in creative and critical thinking.  Each page contains a mixture of text and prompts that ask the user to be active.  Responses to those prompts are typed into the page and recorded on a separate journaling page.

On each tour, these pages are organized according to the structure pictured here:

We begin with a “launch problem” that can lead to some rich mathematical investigation.  A sequence of hypertext pages encourages users to create a mathematical model for the problem and critique proposed models.  As tourists explore the model, trying to solve the problem, they encounter relevant graph-theoretic concepts.  In a Summary section tourists first compare and critique different solutions to the original problem.  Then they compile questions they have and pose more general problems.  In the later part of the structure, users move back and forth among three strands, exploring those general problems.  The Applications help investigation the general problem, “What other uses does this concept have?”  The Abstractions pages explore some of the mathematical concepts themselves.  And the Algorithms strand engages users in coming to understand algorithms for solving problems that use these concepts.  Following exploration of all of these strands, the user is asked to critique the work:  summarize questions that are still open and pose new problems.

The structure is intended to provide users with ideas about how to teach in an inquiry-based manner.  The launch problem would probably be posed to a full class, and perhaps the entire group would work together to find a mathematical model.  Often work on exploring that model would be done in cooperative groups, with the teacher introducing concepts as appropriate.  The smaller groups would come together to share different approaches and pose new problems.  Individuals or groups would pursue the more abstract ideas of the bottom part of the structure, with the full group engaged in the final critique.  

Enabling exploration of discrete ideas, we are creating at least three Java applets.  The GrafPad is a sketchpad on which the user can draw vertex-edge graphs or import graphs from the tours.  Among the many features of this software, the  vertices or edges of a graph can be moved to study isomorphism or planarity, or its vertices or edges can be colored to mark paths or trails for a variety of purposes.  The Torrick, still under construction, helps users make lists systematically and study patterns in those lists.  The Stepper allows experimentation with algorithms, as the user watches or predicts the effect of single steps on either graphs or lists.

Through October of 1999, a prototype of a tour of spanning trees is available on the World Wide Web at  http://sislands.com/joan/stree

Encouraging creative thinking

How have we prepared these materials to induce creative?  We are encouraging creativity in both a narrow and a broad sense.

In a narrow sense, our format is conducive to users’ creating, as they construct their own knowledge and understanding.  

In a broader sense of creativity, many of the prompts ask users to brainstorm about ideas.  Although we rely on the teacher using the materials to respond appropriately to these ideas, after the users move on in the tour we offer our own lists.  These encourage horizontal thinking by  indicating the wide range of perhaps unexpected ideas the users could have mentioned. We repeatedly request that users pose extension problems, and we provide a list of question openners to help them create interesting problems.    

Observations so far

We began with a pilot project in which we provided just three tours, each of which included many topics in graph theory.  Upon viewing it, our advisory board decided that it should be restructured into the shorter tours we are now preparing.  Each of these tours explores one topic but uses the approaches of all three prototype tours.

Response of teachers in February to one of the shorter tours was quite encouraging.  They became involved in the tours and found the navigation easy.  They did suggest more visual clues for whether they were on a tour or on supplementary pages; we changed the backgrounds accordingly.  Another criticism has been the amount of reading involved.  Because new secondary mathematics curricula typically require lots of reading by students, we have made few changes in that regard.

We are still testing the tours to see how well we are meeting the curricular goals for our teacher tourists. We shall appreciate all feedback from conference participants who explore the site.

FAN Liming, Hangzhou, China  
MULTIMEDIA TECHNOLOGY, MATHEMATICS PROBLEM SOLVING AND THE DEVELOPMENT OF STUDENTS' CREATIVITY 

Mathematics learning should become math’s activities include open-style research, mathematics games and really finding programs.  Mathematics classroom should become the place showing mathematics attraction and magic power, but let students stay at a respectful distance from it. Mathematics activities to students mean thoughts liberation (dare to create), expression encouragement (be good at exchanging ideas with mathematics language), hands freedom (be brave in practice), and enough time and place to develop themselves. Mathematics education will really become the sources and inner power of student creativity development.  

 1. Enlightening Students' Creation Consciousness 

  —— Learning Mathematics with Exploration and Creation Attitude 

For students creativity in math’s education the most important work is enlightening creation consciousness. It’s a basic work, and it’s also resources and inner power of creation.  We began it from following four works:

(1). Advocating Doubt and Query

The essence of creativity is change and renew. Creation consciousness is an important part of creativity. Finding problem is the first step of four stages of creation (1. Find; 2. Ideas and enlighten at once; 3. Try; 4. Examine.) Query and doubt means that in their study students used to find problems and think problems with their own brain, then create what is new. These are the basic consciousness creation and embryonic creativity. If our students only follow teachers’ direction and instruction, what we talk creativity! In our math’s education teachers do should consider enlightening students' creation consciousness much more instead of only teach math’s knowledge. 

(2). Train Radiation Ideas and Aggregation Ideas

     ——Radiation in Microcosmic and Aggregation in Macrocosm  

Radiation ideas and aggregation ideas are the two wings of creation. Generally creation result comes from radiation ideas—— aggregation ideas—— radiation ideas again——aggregation ideas again…..

In the progress of problem solving, radiated ideas with versatility often produce more thought products. If there is no radiated ideas, we may stay in stiff and conservative. Aggregation ideas made thought criterion and order. If there is no aggregation ideas we may stay in blindfold and fanciness and disordered dream. It will be difficult to get high quality thought result. American scientist Kuen said: Science development was pushed by the “tension” which radiation ideas and aggregation ideas drag each other.

In math’s course we train students pay more attention to problem’s character and main direction (predigest problem detail and identify basic model)——aggregation in macrocosm ; We encourage students support schemes as more as possible in problem solving and consider problems in different directions——radiation in microcosmic.

(3). Experience and Taste the Process of Mathematical Finding and Theory Form.

In our past math’s teaching we may stressed doing more exercise and support students few opportunities to experience and taste. For creativity cultivation of students, experience and taste by themselves may be more important. For this reason in our math’s education we should pay more attention to two aspects: (A) to show the progress of theory form and show how scientists worked and thought; (B) to support students opportunities taste, practice and deal with problem by themselves. Students learn and imitation scientists’ work style and thought methods.

(4). Learning “Conditional Knowledge”

In our math’s education we establish a new concept: learning combination with application and creation. This means it’s not enough to students only to learn the knowledge itself. They also know the knowledge’s using condition and suited range. For this what can we do? May be “conditional knowledge” is the best choice. It becomes a bridge between pure math’s thought and realization life. It’s helpful and useful to students to master complete and vivid math’s knowledge. In fact background is important either application or creation. “Condition knowledge” means learning knowledge with background.

2. Cultivating Students' Curiosity and Interests

  ——Learning Mathematics with Exploration and Creation Spirit 

The instinctive curiosity is the best teacher, especially to mathematics learning. “In a sense every one is a mathematician…..School education should let all students realize the truth”. from NCTM 1991.

Prompting learning should become one of features of mathematics learning. Prompting learning means arousing and evoking students’ curiosity and interests to mathematics. Teachers’ main role in class is not only “teach” but also “spirit up and power”. In fact to students, mathematics learning process is a re-created process. They explain what they learnt according to their own ideas, this means they create their own theory to understand mathematics. Generally they do not simply remember what teacher said. But correct the old opinion with new ideas. Piaget said: “ Students established their knowledge foundation by absorbing and permeating their original knowledge. This means students depend on inner create and exercise to master mathematics knowledge.” Teacher should encourage students to explore, to form their own understand system. So when they begin their own work they will know where and how to start to.

(1). Multimedia Technology in Mathematics Teaching: Showing Students Vivid, Colorful, Beautiful and Lifeful Mathematics

Multimedia technology brings education revolution. Especially it fresh our mathematics education. It becomes easy to show a great deal of information in class and it enlarges teaching capacity greatly. It brings tedious math’s class stimulation. It not only made abstract mathematics theory concrete but also made mathematics a vivid science, an attractive science. By means of words, pictures, cartoon and sound we show students colorful and lifeful mathematics. All stimulate students’ sense of hearing and vision, promote their interests and learning enthusiasm. Another side multimedia technology exchangeability encourages students to join in math’s activities more.

There are two examples of math’s course software. 

 Link to teaching software 1: A TRACK 


The software shows us a problem from practice. When a ladder slide along wall how the man on the ladder move? What’s the man’s moving track? Then teacher guides students to solve an abstract mathematical problem: a triangle when two points moved along two lines, what is the third one’s moving track? Following the cartoon we may find problems of track is not difficult to understand!

        Link to teaching software 2: Solid Geometry
This is a pure geometry problem. It shows us perspective solid pictures. From these we find relationship among various kinds of geometry solids and quickly master several general methods of assist lines to solve the problems.

(2). Open Approach and Problem Solving: Supporting Students a Wider Spaces of Imagination, Activities and Application

From 1996 we began to research problem solving entering mathematics classroom. We did the work from two directions: Open approached and open ended. 

Open approached problem solving means to a problem we consider solve it in different direction and in different methods. 
Open ended problem solving means result of problems is not sole. We may find lots of ways to solve problems. 

     Following are two typical examples :

· Problem of garage: a car liner 1 (unit), if no consider it’s width we abstract it a line segment. Design a garage for the car, the square should be as smaller as possible.  There are six schemes designed by students. 

      Link to Schemes of Garage Design 

· 
Problem of geometrical figures in moving: (A) Isosceles Rt  ACD and isosceles Rt  AOV have public point A.  L, T, S, R are separately the middle point of CD, DV, VO, OC. When Rt  AOV moves round point A, what is quadrilateral LTSR? Why? (B). Circle A and circle C intersect point H and K. GN passes H and JM passes K. When GN and JM in different places, are they parallel each other? Why?

      Link to Geometric Figures in Moving



 HYPERLINK "..\\WINDOWS\\Desktop\\画板03.gsp" 

 Link to Quadrilateral Shape ; 

      Link to Are They Parallel Lines 


3. Train Students in Scientific Work Methods

  ——Learning Mathematics with Exploration and Creation Method

In the exploration and creation, students often focus on following aspects: seek for problem solving methods but remember the process; explore a model but know formula; suppose something but only do exercises. In long run all of these are mathematical ability——a kind of very important capability in today’s society.  

(1). Learning Mathematics in Doing Mathematics 

——Show of Mathematics Teaching Software Designed By Students.

     Link to Exp. 1 Golden Division
     Link to Exp. 2 Interesting Mubiwus Belt


     Link to Exp. 3 Distribute Eight kg Oil with A Smart Method
     Link to Exp. 4 Arithmetic Series
(2). Little Invention Activities in Middle Schools.   

In our activities course, under the leadership of teachers students did a lot of  “little invention”, wrote many  “little papers”, “investigation reports”. As achievements the students’ work can not be regarded as in the same category with experts and researchers’ work. Essentially in method and ideas, two works are the same. Creativity from the creation activities—This means that the best way to develop students’ creativity is to encourage them to take part in creation activity

References:

Wen Yan (1999-2), Mathematics learning and Prompting Learning

                 Mathematics Journal, China               

UNESCO (1998), World Education Report 1998

Lu Tianchi (1999-3),  Multimedia technology and education practice , 

                Education Research

Qiao Jianzhong & Bao Xiaoman (1999-3), Invitational Education, 

                 Shanghai Education Research

Fan Liming(1998-5), Problem Solving and Classroom Culture,

                 Mathematics Education

Alena Hošpesová, Ceské Budejovice, Czech Republic 

Creativity  and  Classroom  Communication

1. What affects the creativity of the children?

Providing creativity as ”the ability to solve problems for development of thinking in structures, taking account of the peculiar logic-deductive nature of the discipline, and of the fitness of the generated concepts…”[1] it is certain that improvement of creativity is affected by many aspects. Is not possible to promote creativity of the children only by setting problems, open ended tasks, investigations, but it is influenced by the whole context of the process of learning. 

The curriculum almost describes the knowledge of the children. Level and ways they obtain the knowledge are not described. These are mostly influenced by experience of the teachers, tradition and teaching materials. These develop the curricular task into school problems and give them other special features picking up various ways of interpretation, visualisation, and order. The teacher`s classroom communication comes out of the curriculum tasks and tries to fulfil it through the solving of problems with children. This part could change the intent of the author of curriculum and textbooks considerably. On two examples of classroom dialogues dealing with addition and subtraction, we can guess the influence on the children`s reasoning and strategies of problem solving. 

2. Unintentional influence of classroom communication

First transcript of classroom communication shows that teacher by asking simple questions lowers the demandingness of the tasks [2]. The teacher posed the question 24th with a certain purpose. She was not satisfied with the child’s answer and clued the right answer.  

Step num. 
Dialogue
Activities

23.
Teacher: I have got 3 stones. I shield one. I put down 3 minus and leave a space. 
The teacher showed in one handbreadth 3 stones. She put off 1 stone and shielded it in a second handbreadth. The teacher wrote on the blackboard: 3 - ___.

24.
T: What should I write here?
She pointed to the space in the expression. 

25.
Pupils (aloud together): Two.


26.
T: How many do I shield?
She shows a finger.

27.
Pupils (aloud together): One.


28.
T: I put down 1. I have to write the sign ”=”. 
On the blackboard: 3 - __ = 1

The problems in communication were potentiated by the fact that the expression did not fit to the presented activity. In the 23rd step the teacher modelled taking off that which could be expressed as 3 – 1= ___. It is not clear what her intention was, but the expression used here could be described e. g. in these words: ”I had 3 stones, I have took off some of them and I 1 stone left. How many stone did I take off?” 

This example illustrates the fact that teachers usually have an idea about the child’s answer. Often they reject the right solution (in next dialog 90th step) or do not accept the lower strategy from the cognitive point of view (83rd step). In the dialogue another essential feature could be illustrated, the fact that in the classroom an in-language is created comprehensible only by the teacher and children in her classroom. Teacher’s question 81st ”How many animals are in the picture together?” could be answered .by counting one by one. There is no special reason for a addition/subtraction sentence.

Step num. 
Dialogue
Activities

77.
Teacher: How many cats are in the picture, Venda.
On the blackboard red the circle is with pictures of two cats inside. In the green circle are pictures of five dogs.

78.
Venda: Two.


79.
T. How many dogs?


80.
V: Five.


81.
T: How many animals are in the picture together?


82.
V: Three, four.. 


83.
T (vigoroso): No, we count one by one.


84.
V: One, two, three, four, five, six, seven. 


85.
T: Say the sentence.


86.
V: Two plus five is seven. 


87.
T: Now it will be difficult. I am curious who can tell me the sentence.
The teacher shows the children a domino card with 7 points on one half and an empty second half. .

88.
T: Try it, Romana. 
About one half of children raise their hands.

89.
Romana: Seven minus seven is zero.


90.
T: I am not satisfied. We still have not subtracted. Try it, Linda.


91.
Linda: Seven plus zero is seven.


92.
T: Excellent. 


3. Discussion

It is a question whether such misunderstandings in school dialogs influence the creativity of the children and the behaviour of the children as a whole. To answer this question is difficult. Practical establishment is entirely not possible for evident reasons. Some research results bring conclusions that could hold with the ”illness” of school communication. E. g. it has been proved that some children during school attendance lost their trust in the correctness of their own reasoning. The ability of independent work is not very good. The children are not able to read with understanding the text of the problems. The understanding is reduced to procedural knowledge (it is to use the procedure in concrete problem situation). Some of it is influenced by school communication, not promoting the understanding of concepts. 

To change this situation is not simple. It seems that the pre-service or in-service schooling of teachers does not lead to the cultivation of school communication. The ”accidents” described are typical for school dialogues [3]. The change demanded a new view of the pupil’s attitude in the process of education, greater respect for his independence, intuitive strategies and responsibility for his/her own work. 
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Rainer LÖFFLER, Dresden, Germany
Abstract
A DRAWING TEMPLATE FOR MATHEMATICS TEACHING

The drawing template that has been developed by us presents an ideal drawing tool for pupils by combining various function graphs, ruler, and a goniometer. The template offers 26 applications while coordinate systems and other aids guarantee for easy allocation and handling. By its many applications, the pupils´ creativity will be vitally fostered.

The report will be helt in german language. Further information is available in Chapter III: Tagungsbeiträge In Deutsch, Section 3: Erfahrungsberichte

Susanne Mueller-Philipp, Muenster, Germany

DADDY  CUBE  AND  HIS  KIDS

During a practical course with our teacher students we gave several lessons on geometry in a fourth grade class. The class had not had many experiences with geometry in school before, almost all they knew came from everyday life (rather typical for many german primary schools). One lesson of a student of mine was about cuboids and their nets. By rolling wooden cuboids (including cubes) on paper and marking the outlines made by the sides, the children discovered the typical net in the shape of a cross, and built several cuboids of cardboard. The lesson ended with an exercise requiring spatial abilities. Several different nets were fixed on the blackboard and the children were asked: Can you build a cuboid also from these? And: Change the given net so that you still can build a cuboid!

The last lesson I taught myself. The goal was to find all different nets for a cube. I initiated the search by the following Story of Daddy Cube and His Kids. While telling the story I fixed the nets
 you see on the right side on the blackboard and labeled them.


In Squareland there lives Daddy Cube. He has many children. Anna and her brother Bastian are four years old. 

But Daddy Cube has also children of the age of three - like Hannes.
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Hannes











As I hoped the children interrupted me: „Anna is a child of Daddy Cube because she can be folded to a cube.“ One child demonstrated it, other children folded Bastian and Hannes to cubes. „I know why Bastian is four and Hannes is only three.“


The children are a real gang. They like to hide and to disguise. When Anna made a head-stand that was not a problem. 

But recently Hannes looked like this:

First Daddy Cube thought a child of the neighbours had crept in, but then he recognized his son.



   Anna standing

   on her head




















































   The disguised 

   Hannes








Again I was interrupted. One child explained what Anna did, another child took the disguised Hannes from the blackboard, turned and rotated him, so that he looked exactly like the „first“ Hannes. The story went on.

Sometimes it happens that children of the neighbourhood would join the Cubes for dinner unnoticed. Some days ago this was the case with Viktor, a son of family Box living next door. Daddy Cube should have had a close look – Viktor would have been recognized at once.

It was more difficult with Nele, who is three years old too and goes to the same kindergarten as Hannes.
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  Nele, age 3,

  from Hannes´

 kindergarten





























Viktor caused amusement among the children. „Daddy Cube is stupid, Viktor has only five squares, he can never be a child of the Cubes.“ But for Nele some children needed some time folding the net to make sure that this was not the net of a cube, although there were six squares.


Today family Cube has been seeking for the baby, the two years old Karla, for hours. It is important that all children come together now because Daddy Cube wants to make a picture of all for the family album.
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Bastian thought he had seen Karla on the playing ground. But it wasn´t Karla but Wilma, the youngest of the Boxes and Karla´s best friend. 

Here the story ends with the invitation to the class: Please help Daddy Cube. How many children does he have and what do they look like? But be careful. They like to disguise themselves.

For the following phase each two children got six plastic squares, tape and a checked sheet of paper to portray new children of Daddy Cube. Some children didn´t need the material, they were able to imagine a net in their mind, but most of them taped the squares together and worked by building a cube. Some children worked rather systema​tically, others did not or, at least, not from the beginning. It was not intended that each pair would find all different nets, but they all found several new children.

During the last phase the children presented the nets they found. I first asked those pairs of whom I knew that they found only a few. The children fixed the plastic squares, held them up, turned and rotated them, the others checked whether they have found this net too. I fixed an identical one of cardboard on the blackboard and asked the next pair.

At the end of the lesson all eleven nets for a cube hung on the blackboard, the result of the class as a whole. And the children were very proud. As a farewell present I gave them a picture of a group of the Cube children
.

I invented this story in order to translate all the relevant mathematical questions into a language that children understand. Daddy Cube (solid) has different children (nets). These children like to masquerade (rotate, turn over) and to hide. The children of Daddy Cube are of different ages (may be classified e.g. according to the maximum number of squares in one row or column). And they (as examples) have friends in the neighbourhood (counterexamples), with whom they have things in common (being a net, consisting of six squares) and others not (being the net of a cube). Another reason for using this story was that a story like this may inspire the phantasy and creativity of the children. They can identify themselves with the actors, they are curious to find all different nets, and they are cautious because they are prepared for some kind of disguise. My experience was that the story worked in the way I had hoped. 

In addition, the children of family Box appearing in this story provide a good opportunity to examine the nets of an open box. Here we have, even at primary school level, the chance to verify that all nets of the box are found
. Starting with a square-twin (domino) we discover two different square-triplets (trominoes), which lead us to five different square-quadruplets (tetrominoes). Systematical adding of one more square and controlling the difference (spatial abilities!) allow children to find the twelve different pentominoes and be sure that they have all. The last step to family Box is perceiving which of these twelve can be folded to an open box, again a good exercise in training spatial abilities.

Tatyana OLEINIK, Oksana VOLKOVA, Kharkov, Ukraine
DEVELOPMENT OF CREATIVE ACTIVITY USING TECHNOLOGIES

This paper represents results of experience development of creative peculiarities in teaching and learning mathematics using technologies (computer algebra system DERIVE, microworlds Cabri-geometry and TRAGECAL). The main of these peculiarities are the ability to generate new ideas and put forward problems independently, flexibility and originality of thinking (the ability to perceive a well-known problem in new context), the ability to transpose knowledge and skills in a new situation (towards a new problem), etc. 

According to this matter the study of theoretical material (concepts, theorems, etc.) and the study of problem solving methods were the main direction of our research.

It is no doubt that computer explorations of geometrical models of mathematical concepts are very important and essential part of teaching and learning mathematics with technologies [4,5]. This process is oriented on mathematics activity (math process-skills). It means that students have to focus on processes of designing and carrying out an exploration to prove or disprove a hypothesis. Specific skills involved in this process include observing, hypothesizing, designing explorations, defining operationally, identifying and controlling variables, organizing and collecting data, graphing and generalizing. 

But often math knowledge is not expanded and extended by these activities as a teacher supposed. The main conclusion of this situation is that students need studying in special strategies of heuristic type that stimulate to finding solution of new problems, evaluating different ideas and choosing the best of them (optimum) for solving of problem, discovering new facts, understanding the essence of phenomena and problem. 

Namely, as the true acquisition of knowledge is impossible without an adequate level of thinking, the subject matter of knowledge determines the character and direction of thinking development. Therefore a teacher has to concentrate his efforts in development student's mental activity as analyzing, analogy, generalizing, classifying, abstracting, etc.

The researches in the psychology of learning [1-3] show that the generalizing, comparing and abstracting are corner stones that determine successful creative activity. According to this matter our main problem was how computer microworlds and computer algebra systems (CM & CAS) can help students to develop these abilities. 

Achievements of psychology and didactics, in particular, of the project on critical thinking (RWCT) [6] have shown us main lacks of realization of our ideas. 

In order to make the process successful it is necessary to fulfil a number of demands in the complex. These are some of them. Firstly, the students must be active in the process of learning. Secondly, they must understand the main stages of effective learning (metacognitive processes) and apply a number of different strategies of thinking. Thirdly, there must be able to apply acquired knowledge to real life problems. Fourthly, the classroom must become the place where one may exchange his thoughts without risk and there must be enough time for such learning.
It goes without saying that changing the teacher role in the classroom is very complicated process. A teacher have to engage students in a meaningful dialogue to cause students arguing with each other or in small groups (not only with teacher), to initiate further research of the discoveries by asking different questions or having students generate their own questions. 

Thus, while evaluating schoolchildren’s mathematical abilities, two basically different ways of acquiring mathematical material have been discovered. Along side with the way of gradual generalisation of mathematical material based on varying some particular cases. This way is a characteristic of most pupils. There is also another way: bright pupils neither compare "similar" cases nor make special exercises, nor perform teachers’ directions. They generalise mathematical objects independently, all of a sudden having analysed only one phenomenon (or principle) in a set of similar phenomena (or principles).

According to generalisation types, thinking is referred to either as empirical or theoretical. Empirical thinking is characterised by the reflection of external relations without penetrating into their essence. According to conclusions of psychologist, it characterised the average level of schoolchildren’s mathematical abilities.

Theoretical thinking reflects internal relations of objects and the laws of their development used in scientific research. Empirical thinking is characterised mostly by the inductive way of cognition, while theoretical thinking ( by the deductive one. The way of empirical thinking is ascending from the concrete up to the abstract, while theoretical thinking descends from the abstract down to the concrete. 

CM & CAS enable students to develop their theoretical thinking including acquisition of comparing skills (to see the thing that is instilled in images, i.e. to analyse visual information). The most interesting and significant aspect of this study is often more important the active attempt to resolve, to reconstruct and to construct the problems than getting a correct answer. 

We exhibit examples of technology support in teaching and learning models that stimulate and enhance growth of creativity. For example, Tangram (with CAS Derive) uses for study rectangular coordinates and plane transformations through; vectors (with CAS Derive) use for study complex numbers.

It goes without saying that CAS DERIVE possibilities of management of transformations are unique for teaching traditional school methods of equation solution: factorisation, reduction to a quadratic equation of one functions or homogeneous etc. Therefor it is very useful for generalisation methods of equation solving and discovery of algorithms.

We have distinguished four range levels of student's creative skill development.
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Ildar S. Safuanov, Naberezhnye Chelny, Russian Federation

MATHEMATICAL  FIGHTS AS  THE  WAY  OF  FOSTERING MATHEMATICAL  TALENTS

1. General description.

Mathematical fights have been conducted in Soviet mathematical schools for more than three decades. I. Ya. Verebeychik, a mathematics teacher of school No. 30 in Leningrad, invented and organized them in his school since 1965. They became popular all over Russia since the beginning of 70-s, when the report about the mathematical fight that took place in Chelyabinsk during the All-Union Mathematical Olympiad, appeared in the “Kvant” magazine (Fedotov, 1972). Almost two decades later, a more detailed account of the rules was published in the journal “Matematika v Shkole” (Deryagin et al., 1990).

A mathematical fight is a competition between two teams in solving non-standard difficult problems selected by the jury, in oral explaining the solutions, in checking the solutions of the other team. It consumes usually one day’s time (from the morning till the evening). Mathematical fights have well-developed and rather complicated rules.

2. The rules.

Two teams consisting of equal number of members (usually from 6 to 12), receive from the jury a set of problems (the number of problems is approximately the same as the number of members in a team) and try to solve them sitting in different rooms for some time (usually from 2 to 5 hours, sometimes much less). After the lunch, the main fight begins. First, two captains of the teams compete in answering a mathematical puzzle posed by the jury. The winner of the captains’ contest decides which team will make the first move. Then the chosen team makes the first move (moves in mathematical fights are called “challenges”), choosing one problem and challenging the second team to present a solution of it. Two cases are possible: 1) The second team accepts the challenge; 2) The second team rejects the challenge.

If the second team accepts the challenge, it must set one of its members to present the solution. In this case, the first team must set somebody to refute the solution found by the second team.

If the second team rejects the challenge, the teams exchange their roles, the first team must present the solution of the problem chosen, and the second can refute the solution. In this case, if the first team does not itself have a solution and so refuses to present it, the challenge of the first team is declared incorrect. However, if he first team presents the solution and the second team proves it to be false, the challenge is also declared incorrect.

Each problem “costs” 12 points (thus, the difficulty of the problems should not be indicated). During one turn, the challenged team gets all 12 points if the solution presented is correct and full. On the other hand, the challenging team gets 6 points for the full and correct refutation. Moreover, in this case the roles also (as in the case of the rejection of the challenge by the second team) become inverted, and the first team, presenting its own solution, can get up to 6 additional points for their solution (the second team becoming the opponent). If the first team can not present own solution, the jury gets the rest of points (or the part of the rest if the solution is partial). During one turn, the roles can be inverted only once (in cases of the rejection or false solution by the second team). 

After the first turn, if the challenge was admitted to be correct, the second team makes the move with another problem and everything is repeated in similar way.

In some moment, one of the teams may admit that it does not have solutions of the problems left. In this case, it may give up challenging. In case of such refusal, the other team has the right to present all other solutions it has got. The team that gave up challenging has the right only to refute. It gets 6 points if the other team refuses to present its solutions.

The fight finishes when there are no more undiscussed problems, or one of the teams gives up challenging in some moment and the other refuses to present the solutions of the rest of the problems.  The jury sums the points of each team and names the winner. If there is time left, the jury demonstrates the solutions of problems not solved by the participants.

3. Peculiarities.

1) The problems for mathematical fights should be “fruitful” for refutations. That is, they should contain logical difficulties in constructing full and correct solutions.

2) Each team should contain “experts” in unsolved problems, able to reveal obscure moments and hidden difficulties in these problems and to refute solutions. 

3) In order to win, a team should use not only skills in problem-solving, but also wise strategy. For example, it may be profitable to choose for the first challenge the most difficult or treacherous problem among those solved by the team.

4) Mathematical fights may be conducted between several teams (e.g., representing different towns) as tournaments.

4. Conclusions.

The experience of participating in mathematical fights will help participants in the future: they are acquiring the skills to present a scientific report, to listen to and understand the work of colleagues, to pose pertinent and clear questions – all these skills will be useful for participating in conferences and seminars, for reviewing articles and monographs, for joint scientific work (Deryagin et al., 1990, p. 56).

In our Pedagogical University, we have organized a tournament of mathematical fights between eight student groups (classes) of various years of study. Participants were extremely excited about this opportunity to test and train their abilities to solve difficult entertaining problems. The hidden talents of (mostly male) students, usually not getting good marks at the examinations in regular courses, have been revealed. After this tournament, our students, who are pre-service mathematics teachers, organized mathematical fights during their practice at schools. It is important because currently, there are very few school teachers able to conduct mathematical fights in particular and to promote creative mathematical thinking of their pupils in general.
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Heinz SCHUMANN, Weingarten, Germany 
 Abstract
COMPUTER AIDED SOLUTION OF OPEN ENDED PROBLEMS IN SPATIAL GEOMETRY

Two experiments using the computer tool SCHNITTE (Doorzien) designed for spatial geometry in school will be reported on.

1st experiment with 5th graders: to arbitrarily section a cube; to arbitrarily halve a cube; to shape “pleasant” solids from a cube by multiple sectioning. – Data collection on productivity of finding various sections; investigation about different variables (mode of work, sex, motivation, type of school, etc.) influencing productivity. 

2nd experiment with 8th, 9th graders: comparing media computer tool versus elastics when dis​covering the polygonal shapes on surface of a cube derived from plane sections (to be classified by number of vertices and symmetry). – Data collection on productivity, specific spatial ability etc. Investigation about different variables influencing productivity, spatial ability etc.

“Interface problem”: How to be sure of student’s tool competencies for efficient discovery? Mathematical goals: Open problem solving, training of spatial abilities, discovery and application of geometric shapes

Éva VÁSÁRHELYI, Budapest, Hungary 

COMBINATION OF TRADITIONAL AND COMPUTER BASED TOOLS AS A STRATEGY FOR PROBLEM SOLVING 

This paper deals with an experiment which took place under the project named SFB-Project at the University of Salzburg: Similarities and Differences in Pedagogical and Psychological Theories of Learning, Motivation and Interest (Herber, H.-J., Vásárhelyi, É., Fuchs, K.J., Parisot, K.J., Astleitner, H. & Kastner, M.) The experiments affected three age groups on three topics, namely, 10-11-years-olds: cube and box (manipulation in the plane and in 3D space, observation of computer animation with Cabri and CAD-3D), 15-16-years-olds: transformation of a circular motion into a linear motion using a self-made model and Cabri, preservice teacher training students: fundamental concepts and basic constructions of hyperbolic geometry using the Poincaré model on the Lénárt Sphere (transparent plastic ball) and on the screen. 

Goals and methods of the first situation: Cube and Box 

In didactics: The tools to be combined are the traditional teaching tools as enactive trial and error procedures, visualisation and computer-based tools, particularly animation. As examples of the general concept we consider 3 levels of representation in mathematics education: enactive representation, iconic representation and symbolic representation. In addition to this we use strategies of inner differentiation and individualisation. By these didactical means creativity in mathematical problem solving is to be fostered. Usage of ability for analogical mapping between different representations (between enactive and iconic encoding, like symbolic representation in the sense of Bruner 1966, between manipulation with bodies and nets as a physical experience and computer based visualisations and operations); inner differentiation and individualization (we tried to prepare different means to approach of problem solving in order to enhance free choice of representation. They also had free choice regarding the social form of work, such as working individually, in pairs, or in groups, etc., see Herber 1998). The didactical means of analogical mapping and inner differentiation develop and foster student’s creativity of in mathematical problem solving (see Herber, Vásárhelyi, Astleitner & Parisot 1997).

In mathematics: Connect and compare the (newly) learnt facts about  shapes and figures, comparing the square and the rectangle, the cube and the box, even the square and the cube, and so on. 

Organising the lesson and the documenting the process: The lesson took place in one of the first classes of Realgymnasium Hallein (10-11-year-olds), in a double period in the computer laboratory). Before the lesson everything was prepared for the students, including dice, cubes made of wood, plastic and cartoon,  with and without patterns on their surfaces, also the computer animation of these cubes, their respective nets in various forms, scissors, glue and worksheets. The lesson was held by Éva Vásárhelyi, while Karl Josef Fuchs the mathematics teacher of the class videorecorded the entire session and instructed parts of the computer animation. Naturally, the worksheets completed by the pupils are also important parts of the protocol.  

Worksheet: Usual and unusual nets of the cube (* means ‘optional’ problem, the pictures see at the german version) 

1. Paint the squares on the net in such a way that the opposite faces of the cube that you will make out of this net will be of the same colour. Where should you glue it? Draw the tags which should be glued. (Fig. 1, 3, 4, 5) 

2. Mark the dots on the squares in such a way that the sum of dots on the opposite faces of the cube will be the same. Where should you glue it? Draw the tags which should be glued. What is this sum? (Fig. 2, 3, 4, 5) 

3. Choose the cubes which CANNOT be made out of the network on the left. If  it is too difficult, make a cube first! (Fig. 6, 7, 8) 

......., because..............................   ......., because...................................

4. Is it possible to fold a unit cube out of a 1x7 rectangle? (Fig. 9)

5. With the help of CAD 3D we halve the cube. Draw the cutting lines in the lattice. Draw the net of the new bodies into the grid. (Fig. 10, 3, 4, 5)

6*. With the help of  CAD-3D we cut a corner of the cube along three diagonals.. Draw the cutting lines in the net. (Fig. 11, 3, 4, 5)

7*. Glue the coloured sheets in the net Make the body (Fig. 13). 

Didactical remarks: 

To 1: Analogy building (to recognise important, deep-structure identical features as contrasted with ‘misleading’ superficial properties. Connecting three levels of representation, namely, iconic (various projections and nets of the same cube), inactive (to paint, to glue ‘virtually’) and symbolic  (notion of ‘being opposite’). Creativity of the pupils is stimulated and strengthened by the necessity of restructuring and virtually reconstructing the projections and nets when comparing these 2-dimensional objects with the 3-dimensional solids (see Metzger 1971).

Ad 2: Analogy building (complementary correspondences as deep-structure). Connecting the iconic and inactive levels (to paint dots) with the symbolic representation (Sum).

Ad 3: Inner differentiation - phase of distinction (systematic reduction of possible ways of solution: ‘select cubes which CANNOT be made’) Analogy building: (‘similar’ cubes, which do or do not fit in). Analogy building: net and projection.

Ad 4: Creativity - restructuring - Analogy building (deep structure determined by the same diagonal, that halve the second and the last but one square: a square folded along its diagonal gives one half of a square  can be completed by another half square).

Ad 5: Analogy building (direct manipulative activity and computer simulation; transfer, abstraction from various enactive processes to iconic, semantic and enactive deep-representations: projection, nets, to grasp the concept of ‘halving’, ‘cube’, ‘draw in the net’, ‘draw a net’ and to transfer it onto the enactive level). Ad 6: Analogy building:: various iconic representations (projection - nets),  semantic representation (corner, vertex, diagonal, cutting line, net) and virtual actions with CAD-3D should be transferred into real actions (to cut the corner, ‘draw in the net’).

Ad 7: Analogy as in 4. We hold the new bodies together,  the tetrahedron is flexible. The orientation is possible with respect to the cube. 

References

Bruner, J.S. (1964). Some theorems on instruction illustrated with reference to mathematics. In Hilgard, E.R. (Ed.), Theories of learning and instruction. The sixty-third yearbook of the National Society for the Study of Education, Part I (306-335). Chicago: University of Chicago Press.

Herber, H.-J., Vásárhelyi, É., Astleitner, H. & Parisot, K.J. (1997). Analogisierende versus sequentielle Instruktion, situativ geänderte Aufgabenschwierigkeiten und Mathematikleistungen. In: Parisot, K.J. & Vásárhelyi, É. (Eds.), Integrativer Unterricht in Mathematik (25-40). Salzburg: Abakus Verlag.

Herber, H.-J. (1998). Innere Differenzierung. Pädagogisches Handeln. 2, 69-81.

Metzger, W. (1971). Psychologie in der Erziehung. Bochum: Kamp.

Vásárhelyi, É. (1994). In der Ebene oder im Raum? Schriftenreihe: Didaktik der Mathematik. 22, Klagenfurt.

� EINBETTEN Word.Picture.8  ���





Creativity and Mathematics Education





Proceedings of the International Conference


July 15-19, 1999 in Muenster, Germany


Part III, table of contents:





� EINBETTEN Word.Picture.8  ���








� yellow cardboard, already folded, fixed with magnets, so that one could easily remove them and fold them, turn them over and so on.


� The names of the nets have as initial letters the first 11 letters of the alphabet, and the children of family Box have names with the last letters of the alphabet.





� After the 11th net was found I told the class that they now know all children of Daddy Cube. This was the only justification that there are exactly 11 different nets for a cube.
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