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Abstract: How to promote the creativity of our children? How to stimulate our teachers? How to enrich mathematics education with creative activities? There will be an overview and examples on how creativity in the classroom might be developed and furthered. Video clips with classroom activities will enrich the presentation.

1. Creativity 

How can we describe or define "creativity"? Many experts from different disciplines give various descriptions, but there is no standardized answer. "Creativity" is a highly complex phenomenon, and for some people it seems to be somehow incompatible with mathematics teaching. The traditional style of working in the mathematics classroom seems not to allow many creative ideas. Thus creativity is far too less developed in the mathematics classroom teaching. It is a tremendous problem for the whole community of mathematics educators when we realize how the enthusiasm of young children for mathematics disappears step by step when they get older.

Again, how can we characterize "creativity"? We will not provoke the impression that creativity can be described by a long list of isolated items nor that such a list may help to identify or to develop creative ideas. But the flavor of such lists may help teachers and text book writers when they prepare classroom lessons. To develop and further creativity in mathematics education teachers and students need more than a correct and solid mathematical knowledge. 

Ren Zizhao (1999) demands independence ("instead of simply repeating other's old tricks") and relative originality. For Karl kiesswetter (1983) flexible thinking is one of the most important abilities. For Alan Bishop (1981) two complementary modes of thinking are necessary, a logical, one-dimensional, language orientated aspect and a visual, more-dimensional, intuitive view. Werner Krause et al. (in Zimmermann 99, p. 129ff) even distinguish four basic components for creative thinking, finding analogies, double representations (visual-perceptual / formal-logical), multiple classifications and reducing complexity. When David Tall, Eddie Gray and others refer to "procepts" or "encapsulation of a process" they also describe abilities necessary for being creative (see Gray 91, Tall 99). Again, there are various aspects, but there is no standardized description of "creativity".

A creative mathematics teaching needs specific environments. In our research group in Muenster we try to concentrate on three aspects. First, we must further individual and social components, like motivation, curiosity, self-confidence, flexibility, engagement, humor, imagination, happiness, acceptance of self and others, satisfaction, success, ... We need a competitive atmosphere which still allows spontaneous actions and reactions, we need responsibility combined with voluntariness, ...

Second, the children must develop important abilities. They must learn to explore and to visualize a problem, to invent own or to modify given techniques, to listen and argue, to define goals, to cooperate in teams, ... We need children who are active, who discover and experience, who enjoy and have fun, who guess and test, who can laugh on own mistakes, ... 

And third, we need "challenging problems". They must be fascinating, interesting, exciting, thrilling, important, provoking, ... Often open ended problems are welcome or challenging problems with surprising contexts and results, ... We must connect the problems with the individual daily life experiences of the students, we must meet their fields of experiences and their interest areas. The students must be able to identify themselves with the problem and its possible solution(s).

2. Individual and social components 

It is quite clear, none of the keywords of the above list is related specifically to mathematics and almost none of them will be found in a mathematics syllabus. Also this list is not a list to learn as an additional subject. But are there general goals of education related to these keywords? The answer strongly depends on the (national) cultural background and on traditions how to teach and to learn. In contradiction to many teaching modes in many countries this list is a demand for a partnership, a partnership between the learner(s), the teacher and the objectives. To enhance creative thinking we need more "discoverer" and not only brave "followers", we need more "WHY"-asking and less "YES"-answering teachers and students. At least in Germany we need a change in teaching approaches. This is a problem of teacher preservice and inservice education.

3. Important abilities
When we start mathematics "teaching" we should be aware of the natural curiosity of young children. We must let the children discover their environment. They themselves must describe and order or classify their observations, their activities, their questions, and their results. The teacher is only the guide through the jungle "mathematics". We must meet the interest fields of the children and interweave these fields with relevant mathematical content. We must guide the intuitive, unconscious, global, spontaneous and visual approaches smoothly into team work discussions to further arguing and local logical thinking. On this path guess and test procedures not even are allowed, they are necessary intermediate steps to gain a more conscious and systematic overview for the given problem. And again, this also is a problem of teacher preservice and inservice education.

Generations of teachers and educators knew and still know how to teach successfully, at least this is what they are convinced of. On the base of these believes changes are very difficult to realize. Thus it may be more helpful to describe an example outside from school. Klaus Spiess, (with more than 170 industrial patents or patent announcements, 30 of them worldwide) describes as a industrial manager (in Zimmermann 99, p. 159ff) how he tries to further the process of inventing new ideas. There are three steps for this process, 

· a systematic research in all fields which might be relevant,

· a conscious restructuring and combining, and

· a brainstorming in small groups.

His collaborators collect and gather systematically all possible data and bits of information which might be of any interest. In his projects Spiess got about 3000 to 5000 possibly relevant pieces of information, technology bricks as well as operational ideas. By classifying and structuring this collection he gets about 80 to 120 main pieces which then will be put on a big wall to get a carefully structured exhibition. In front of this wall teams discuss aloud their upcoming ideas. To further mutual stimulation it is forbidden to criticize, to give critical comments or negative issues, or to answer with objections or doubts.

I think it might not be impossible that teachers in the class room may learn a similar technique to help children inventing creative ideas in mathematics education and to help them finding good solutions of challenging mathematical problems.

4. Challenges
Challenging problems are the base for a non-conformal behavior and a threat for routines. Challenging problems are provoking to children (or boring when there is no interest in the content or if they are too demanding). They also are challenges for the teachers, nothing in the class room remains predictable. At the conference on "Creativity in Mathematics Education" in 1999 in Muenster, Germany we had a specific strand on challenges. More than 25 challenging questions or problems were put on display and the conference participants were asked to find solutions (see  Meissner 99). Basically there was the opinion not to discuss or to publish the solutions of  these challenges: A challenge no longer will be a challenge if the solution already is known. 

At the conference we also tried to find characteristics of a "challenge" and what the role of a challenge in mathematics teaching could be. There was a general agreement that the value of a challenge not only is a question of the content and the question itself but also of the abilities of the person who is confronted with this problem or question. "Challenges" in mathematics education seem to stimulate or to promote creativity. 

Another strand of the conference concentrated on "Activity Displays" which were much more than presentations of  posters or written texts only. These displays centered around the necessity of "doing" something, they were fascinating all our senses, provoking curiosity already by a distant view, encouraging visitors to play, to manipulate, to discover, ... Interaction with a display is, similar as in workshops, a process of "seeding" ideas. Investing energy and social forces are important. In the discussion it was pointed out that children in the classroom more often should develop their own "Activity Displays". In the presentation in Tokyo we will present some examples of challenges and activity displays.

5. Experiences in the class room
There are creative ideas in many countries. Already in 1978 I met Frederique Papy in St. Louis, USA. She had developed colored news papers
 for children with stories from numbers or figures or other mathematical objects. The children could identify themselves with the problems of these objects, with their relatives, their wishes etc. -  With great pleasure I still remember a class room visit in Japan in 1986. At that time Kiyoshi Yokochi already used computers in primary school classes and I could watch the creativity of children inventing colorful pictures on the screen. -  In 1988 Kiyoshi Yokochi, Hirokazu Okamori, and Shoichiro Machida visited Muenster with a group of Japanese colleagues. Our teacher students were fascinated by the origami techniques and a big Japanese-German paper folding party started. Some years later I received a marvelous book (Yokochi 95) with children's activities in paper folding.  - Around 1990 the Cognition and Technology Group at Vanderbilt University in Nashville, USA developed the so-called Jasper Series. Here a teaching session was started with a video spot of an "Adventure of Jasper Wordbury". Each video clip stopes with an open ended problem situation which now the class mates were confronted to solve. 

Also in Muenster we have developed several teaching units. In "Project Jumbo" the children discover a lot of new facts and relations around that big airplane. Does a row of seats of the Jumbo fit into the classroom? How many seats are in the classroom, how many in a Jumbo? What happens when you are hungry or thirsty in a Jumbo? Are there spicy recipes for the food? How to prepare the food for all passengers? Does the Jumbo fit onto the school yard? Can you imagine the speed of a Jumbo? We study a flight from Muenster to Bangkok, which countries do we cross, which landscapes? How much fuel is necessary for that flight, does that fuel fit into our class room?

Our project "We build a village" concentrates on Geometry to further geometry concepts of both plane and 3-dimensional geometry in primary schools. In this module for primary grades (age about 8-10 years) the children work with about 35 different solids, made of styrofoam, wood, paper-nets, or plastic. There is not much language involved in the teaching process. The activities for the children are diverse and consist of: sorting and classifying, folding, drawing, cutting, constructing nets, using plasticine, and building solids and houses with these models. At the end of the module (of about 7 lessons) the children build their own village with a grocery store, a church, a school, and other houses, as well as a creek, streets and parking areas.

Or in the use of calculators and computers we stress guess and test procedures. We have developed the specific method "One-Way-Principle" which allows the students to discover intuitively mathematical properties and relations. Without the schooling of syntactical routines for these machines the students are very creative in guessing and testing and they themselves decide how and when to learn consciously more about rules, formulae or procedures (percentage teaching, linear and quadratic functions, ..., see Meissner 93).  - In the presentation in Tokyo we will present some more details.

References

1. Bishop, A.: Visuelle Mathematik. In: Steiner, H.-G., Winkelmann, B. (Eds.): Fragen des Geometrieunterrichts (Untersuchungen zum Mathematikunterricht, IDM, 1), pp. 166-184, Aulis Verlag, Koeln, Germany 1981

2. Cognition and Technology Group at Vanderbilt University: The Jasper Series as an Example of Anchored Instruction: Theory, Program Description, and Assessment Data. In: Educational Psychologist, vol. 27, no. 3, pp. 291-315, Lawrence Erlbaum Associates Inc., New York, USA 1992
3. Enzensberger, H. M.: The Number Devil. Metropolitan Books Henry Holt and Company Inc., New York, USA 1998

4. Erichson, Ch.: Von Lichtjahren, Pyramiden und einem regen Wurm. Erstaunliche Geschichten, mit denen man rechnen muß. Verlag für pädagogische Medien, Hamburg, Germany 1993²
5. Gray, E., Tall, D.: Duality, Ambiguity and Flexibility in Successful Mathematical Thinking. In: Furinghetti, F. (Ed.): Proceedings of PME XIII, vol. 2, pp. 72-79, Assisi, Italy 1991

6. Herget, W., Scholz, D.: Die etwas andere Aufgabe - aus der Zeitung. Kallmeyersche Verlagsbuchhandlung, Seelze, Germany 1998
7. Hollenstein, A., Eggenberg. F.: mosima. Orell Fuessli Verlag, Zuerich, Switzerland 1998
8. Kiesswetter, K.: Modellierung von Problemloeseprozessen. In: Mathematikunterricht 29, vol. 3, pp. 71-101, Friedrich Verlag, Seelze, Germany 1983
9. Meissner, H.: Ein Jumbo auf dem Schulhof. In: "Mathematische Unterrichtspraxis", no. 3, pp.19-26, Verlag Ludwig Auer, Donauwörth, Germany1992
10. Meissner, H.: Geometry: We build a village. In: Weinzweig, A. I. (Ed.): „The Student Confronted by Mathematics“. Proceedings of ICSIMT 44, pp. 241-252, University of Illinois, Chicago, USA 1992 
11. Meissner, H., Mueller- Philipp, S.: Teaching Functions. In: „Proceedings of the Seventeenth International Conference for the Psychology of Mathematics Education“, vol. II, pp. 89-96, Tsukuba, Japan 1993
12. Meissner, H., Grassmann, M., Mueller- Philipp, S. (Eds.): Proceedings of the International Conference „Creativity and Mathematics Education“. Westfaelische Wilhelms-Universitaet Muenster, Germany 1999

13. Pehkonen, E.: Fostering of Mathematical Creativity. In: Zentralblatt fuer Didaktik der Mathematik, vol. 3, pp. 63-67, Karlsruhe, Germany 1997
14. Tall, D. et al.: What is the object of the encapsulation of a process? 1999, to appear in Journal of Mathematical Behavior, Champaign, Illinois USA
15. Upitis, R., Phillips, E., Higginson, W.: Creative Mathematics. Routledge, London, GB 1997

16. Weth, T.: Begriffsbildung als kreatives Tun im Mathematikunterricht. Wuerzburg, Germany 1997

17. Yokochi, K., Fukuda, S., Nagamine, F.: Children’s Activities. Iwasaki Shoten, Japan 1995 

18. Zimmermann, B. et al. (Eds.): Kreatives Denken und Innovationen in mathematischen Wissenschaften. Tagungsband zum interdisziplinaeren Symposium an der Friedrich-Schiller-Universitaet Jena, Germany 1999

19. Zizhao, Ren: Thoughts on Examination of Creativity in China’s College Entrance Examination. Beijing, China (1999, unpublished)
� Internet address today: � HYPERLINK http://www.mcrel.org/products/csmp/frederique.asp ��http://www.mcrel.org/products/csmp/frederique.asp�





Yokochi 3 - Vortrag Tokyo 2000
5
08.06.00

