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PROJECT PRESENTATIONS

Introduction

Kiril Bankov reports from the activities in "mathematical circles" in Bulgaria. There are many topics that foster mathematical thinking and creativity of the gifted students.

Lynda Colgan describes hands-on workshops in which teacher candidates are given opportunities to reconstruct their personal knowledge of mathematics while experiencing a new vision of mathematics teaching "through the eyes of a child".

Emanuila Gelfman will present different educational texts, which create con​ditions for development of students' creative initiative. The students must investigate, solve contradictions, interpret data, discuss "opposite" positions, and so on.

Noel Geoghegan, Anne Reynolds and Eileen Lillard explore activities from a project where children's creativity has become fundamental to the success and where children develop mathematical ideas in a playful way.

In her study-in-progress Andrea Peter-Koop investigates problem solving strategies with respect to open and non-routine real-world problems without numbers which call for planning or collecting data.

Monika Schindler and Emil Simeonov present pre-schoolers that develop concentration, simple abstractions, recognising, naming and constructing patterns. The variety of activities includes games, rhythmic activities, dancing, or the children lie quietly and listen to classical music.

Kiril BANKOV, Sofia, Bulgarien
    Abstract
Extracurricular Work & Mathematics Competitions

The project deals with the design, curriculum, teacher training, and students’ outcome of the extracurricular work on mathematics for 10-13 year-old pupils in Bulgaria.

For the last two decades the interest in the out-of-class activities on mathematics for 10-13 year-old pupils in Bulgaria has been permanently increasing. One of the reasons is that the ordinary classroom mathematics curriculum cannot go deep into the topics that are taught. Gifted students are not satisfied. They are tending to generalize, to ask themselves „what happens if … “, to create new problems and new ideas. 

To be equal to the requirements of these students, mathematicians have organized the so-called mathematical circles. This is a non-complicated organization of out-of class activity guided by a teacher. The pupils who decide to join a circle must realize that one of its objectives is to stimulate creative capacity not only by going deep into topics or to extend topics learned in the ordinary classroom but also by introducing topics not covered in the school curriculum.

There are many such topics that foster mathematical thinking and creativity of the gifted students. Some of them, namely: number theory, mathematical induction, pigeon-hole principle, polyminou, mathematical coloring, invariant, and other, have been practicing in the extracurricular work on mathematics with gifted 10-13 year-old students in Bulgaria.

A number of mathematicians from the Faculty of Mathematics and Informatics at the University of Sofia have scientifically guided the activities of some of the circles. They have presented to student some of the topics. One of their main objectives is to show the teachers how to teach these topics, and in general, to train them to work properly with gifted students by challenge their creativity.

The observations of the students’ outcome are based not only on the direct contact with students and teachers. Every year there are several national and regional mathematics competitions for gifted 10-13 year-old students. On each competition students have to solve at least one problem from the above topics that needs a lot of imagination and creativity. Every time the members of the jury are nicely surprised by the ingenuity of some students.

The organization of the mathematics competitions for 10-13 year-old pupils is also a part of the project. These competitions, which have been organized in Bulgaria for the last 15 years, propose to the participants 3 or 4 problems for 4 hours. Outstanding young students are willing and highly motivated to participate. They realize that competitions nor only foster their mathematical thinking and ability but provide them mathematical experience and social contact.

In 1998 some countries from the Balkan Peninsula took part in the first Balkan olympiad for young students (13-14 year-old). In 1999 Bulgaria will host the second Balkan olympiad for young students. This competition adds considerably to the interest of the region.

Dr. Lynda COLGAN, Kingston, Canada 

(Re)Learning  &  Teaching  through  the  Eyes  of  a Child:   Reflections  on  a  Pre-Service  Elementary Mathematics  Education  Course
Introduction

As an experienced classroom teacher, I operated from the assumption that I would start with what my students knew and build upon that knowledge in order to satisfy the curriculum expectations specified by Ministry of Education policy documents and local courses of study.  Sometimes I conducted an oral review.  On other occasions, I administered a pre-test.  Frequently, I referred to local curriculum documents with their lists of pre-requisite skills.  The strategy worked well for me throughout my 21 years in elementary and secondary classrooms.  

In September 1998, I joined the Faculty of Education at Queen’s University, Canada.  I continued to operate from my basic assumption – that I would start with what my students knew and build upon that knowledge, but I was puzzled about how I would accurately determine what my teacher candidates knew about mathematics and its teaching and learning. The first data-gathering exercise of the course was designed to enable me to put myself in my teacher candidate’s place by gathering accurate and extensive information about their mathematical background as well as their beliefs about and personal experiences with mathematics.  After collecting the data, my challenge would be to conduct a gap analysis between this initial position and the new vision of mathematics teaching and learning which has emerged across much of North America.    

In preparation for my new role, I had completed a lot of personal and professional reading about mathematics education.  I knew a lot of objective ‘facts’ about the knowledge and nature of my prospective students.  What I needed were new insights through new perspectives, and I believed that I could not obtain these through impersonal questionnaires.  

I decided to employ an unconventional data-gathering approach.  I began my first class by reading a children’s book.  This classic story, The Important Book by Weisgard (1949) points out the ‘important’ things about everyday objects and what makes them special.  The text establishes a word game which children enjoy extending.  

After reading the book, I led the students through a paper-folding exercise that culminated in the creation of a five-page ‘lotus-flower’ book .  I re-read The Important Book and asked my students to consider how they might use this book in a classroom.  The responses were predictable.  “To teach patterning.”  “To encourage children to observe their world.”  “To stimulate self-reflection.”   

Though they participated fully, it was clear that the students were puzzled.  Why were we reading children’s literature in mathematics class?  Why had we not done anything with numbers?  What did origami have to do with mathematics?  

I ignored the quizzical expressions.  “Great responses, “ I said.  “Now,  the challenge is for each of you to create your own version of The Important Book.  The purpose of this exercise is twofold.  It should be purposeful for you as a reflective exercise – a sort of personal mathography.   Second, I believe that it will be enormously helpful for me as a source of primary data to use as I structure and design your course for the rest of the year”.

What the teacher candidates said

Over 90% of the 140 responses reflected the popular trend that currently exists in textbooks and print resources, i.e., to place a very strong emphasis on the connections between mathematics and the world.  My students viewed mathematics from a purely utilitarian perspective, and emphasized that they saw mathematics as being ‘everywhere’ and used by ‘everyone’. They noted that they used mathematics daily when they interacted with an ATM, purchased potatoes, determined a discount on a purchase, or computed the number of tiles needed to cover their kitchen floor.  They were consistent in suggesting that everything mathematical is formulizable and that all mathematics is objective, analytical and rational.  

Some two-thirds of the teacher candidates voiced concerns that the most important thing about teaching mathematics is ‘knowing’ mathematics.  Clearly, the changes to curriculum made them feel inadequate and lacking in confidence with respect to content knowledge.  Almost 75% of the teacher candidates stated that teaching mathematics is important because it opens doors to the future for students with respect to technology and employment.   Mirroring their utilitarian view, nearly all of the teacher candidates reported that ‘the important thing to remember about teaching mathematics’ is to make it ‘relevant’. 

Almost all of the teacher candidates reported that it was crucial that students find learning mathematics to be ‘fun’. The teacher candidates’ voices were almost unanimous in stating that learning mathematics must be a better (i.e., more positive) experience for their students than it was for them. 

About 25% of the teacher candidates replied that their last official mathematics course was in the second year of secondary school – six or seven years ago and their memories of mathematics were foggy at best!  At least three-quarters said that mathematics was not their favourite subject, and of this group, half reported that their school experiences had been extremely negative. 

Applying what the teacher candidates said to design the course
As I read and re-read my students ‘lotus-flower’ books, I gained not only objective information about my teacher candidates, but also a general sense of the lasting impact of their personal experiences and belief systems.  First, I learned that my teacher candidates ‘got’ mathematics in classrooms where the teacher went page by page through a textbook and told them how to do ‘it’.  Next, I learned that they believed that there is always only one right answer to any mathematics problem and that there is no room for personal interpretation or individual actions in mathematical problem solving.  They believed that mathematics was a ‘dead’ subject.  Some of their other beliefs were complex and interrelated, but can be summarized by saying that the teacher candidates believed that everything in mathematics is linear, logical and impersonal.  Lastly, they believed that mathematics was numerical and incapable of communication with domains other than science or statistics.

As learners of elementary mathematics, they had never used manipulative materials.  They were not experienced problem-solvers.  Their definition of mathematics was narrow and limiting, their memories of learning it, negative.

How would they ever be able to ‘teach’ the ‘new’ mathematics – the one dominated by phrases such as ‘teaching for understanding’, ‘facilitating the construction of mathematical concepts’,  and ‘student-centred learning’ if they had never experienced it?   If they had never listened to one another, worked collaboratively and participated in mathematical inquiry as learners, how could they orchestrate these complex and context-dependent events in a classroom?  

The Course
The course was designed to enable my teacher candidates to re-experience and thus re-learn the entire elementary mathematics curriculum through the eyes of a child.  The teacher candidates were encouraged to discard their old ideas and to call upon their flexibility and creativity by doing the same problems, using the same materials and hopefully, constructing the same rich set of conceptual links as the children in Kindergarten to Grade 6 classrooms.  

The classes were product-oriented and performance-based.  Teacher candidates left every class with a bag full of artifacts with which they could continue to explore the mathematics they had begun to see through a new lens – tangrams, pentominoes, Napier’s Rods, fraction strips, nets, angles, to name but a few.   My students created rectangular prisms using origami to explore mathematical modelling and the principles of algebraic thought.  They stood on desktops to conduct visual tests for similarity on geometric figures.  They proudly displayed their tessellated artwork in an impromptu art gallery.     

In each session my students worked collaboratively, posing problems, formulating conjectures, and discussing the validity of various solutions while I guided and scaffolded them, framed appropriate contexts, facilitated discussion of the important emergent mathematical ideas and steered them towards conceptual connections. It had been my objective to provide my students with an opportunity to build a positive emotional relationship with mathematics and to help them to broaden their often very limited perception of the discipline by re-learning the elementary mathematics curriculum.

The goal of the classes was not lost on the students.   As one teacher candidate wrote at the end of the course, “I soon realized after the beginning of the year, that in your classes I was engaging in mathematics; each of us in your classroom was responsible for acting as both the learner and the teacher.  I will be thinking of this regularly when I begin to set up my own classroom in August.”

The Impact
By the time the course was over, I was confident that my goal had been attained.  More than 80% of the major term assignments completed by the teacher candidates were highly innovative and creative curriculum units that explored mathematics through bridge-building, animal tracking, elections, historical connections, quilting, brass rubbing, chess, musical instruments, and music composition to name but a few.  

The units were windows into many worlds.  Through these materials, I was able to assess the personal mathematical growth of my teacher candidates.  One explored the classic Tower of Hanoi problem.  She approached the problem not only from a hands-on perspective, but extended and connected the ‘big ideas’ of the implicit mathematics through related investigations of Pascal’s triangle, Hanoi graphs, and the Sierpinski gasket.  Another generated a mathematical meta-analysis of quilting beginning with her own Mennonite roots and ending with computer-based design packages.   Since part of the assignment involved reflection and a personalization of the research, I also gained enormous insights into my teacher candidates developing mathematical epistemology.  Their personal statements of classroom philosophy and commitment to accountability through participatory learning were powerful testaments to the impact of the course design.

Concluding Comments
This course was an attempt to develop a new approach to professional transformation by supporting beginning teachers as they constructed their own new visions by reflecting on creative, arts-based mathematics classroom practices and processes.  The course was predicated on two beliefs shared by many mathematics educators, i.e., (1) that powerful, early professional development experiences will strongly impact the mathematical knowledge and disposition of beginning teachers; and, (2) that by making detailed exemplars of classroom events available to beginning teachers, the number of images of possibility in their personal repertoire will be greatly multiplied.

In conclusion, I believe that the application of thoughtfully selected hands-on activities used in conjunction with open-ended problems and rich learning tasks can stimulate beginning teachers to re-think their own attitudes to and knowledge of mathematics and its teaching and learning.  I believe that it is possible, even in a short period of time to dramatically change not only one’s perception of mathematics but also one’s emotional relationship to mathematics.   And, perhaps most importantly, I believe that aesthetic approaches to fundamental mathematics concepts are key to the mathematics learning experiences of beginning teachers as well as the reconstruction of their professional identities.
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Emanuila GELFMAN, Ljudmila DEMIDOVA, Tomsk, Russia

THE ROLE OF SCHOOL-TEXTS IN DEVELOPING STUDENTS' CREATIVE INITIATIVE

For more than 20 years there exists Russian Project "Mathematics. Psychology. Intelligence" (MPI-project). The basic goal of MPI-project is the intellectual upbringing of schoolchildren.

Intellectual upbringing is such a form of school or out-of-school students' activity, within the frames of which every child is given individualized help with the aim of development of his/her intellectual abilities. According to our approach, the enrichment of student's mental experience serves the psychological basis of intellectual upbringing.

The word "enrichment", in this case, means, first of all, forming basic structures of mental experience, which lay at the basis of productive intellectual behaviour and, secondly, development of individual features of human cast of mind.

Within the frames of the given "enrichment model of education" we pay special attention to the development of creative initiative of students. We work with notions: intellectual initiative, creativity.

Intellectual initiative is the desire of a student to work independently, on his/her own will, to look for new information, to put forward some ideas, to master other fields of activity.

Intellectual creativity of children is a process of creation of something subjectively new. This process is based on the ability to give birth to original ideas and non-standard ways of activity.

We would like to present some educational texts, which create conditions for development of students' creative initiative. Here are some types of such texts. 

1. Texts which presuppose productive school activity: tasks in which students feel the necessity of investigation: tasks where there is no one-way decision; not all the conditions necessary for the solution are given; to make perfect, if there is a possibility, the ways of solution of the tasks which have been solved; tasks where the aims are defined in rather a broad way; tasks which develop the necessity of solving contradictions: tasks, in which there is the collision of different forms of students' experience; tasks with contradictory data; investigation of border cases and so on; tasks which develop the necessity of searching for the truth: tasks where students are suggested looking for some mathematical factors independently, to make "transfer' ("use") of well-known ways of activity to a new situation; to put forward a hypothesis and to substantiate it; to modify some problem into a task or a series of tasks and so on.
Let us give some examples. We suggest students such tasks the answers to which require much time (the so-called "extended tasks").

Students have the possibility to search for the answer for some days or even a week.

For example, regarding the problem of divisibility by a set of integers, students get the definition of a devisor of a number and we give such a task: "Find the way of determination of all the divisors of a given natural number." Students may work independently, in groups, in class with a teacher. They make use of school texts which are written in dialogical form. The interlocutors are popular with children characters such as Sherlock Holmes, Dr. Watson and Miss Multyplick (she is concerned with multiplication of a set of integers). There are also some additional tasks which help to find the solution of a problem. Students are suggested carrying out investigation and presenting in a form of an account: "A case of divisibility".

Children get one and the same task but the way of fulfillment is different. Some students give practical answers, for example: "Number, which is a whole number of hundreds, that is a number in the form …00, is divisible by 100, 50, 20, 10, 5, 2"; "Number, which has 3 zeroes at the end, that is a number in the form …000, is divisible by 500, 200, 125, 100, 50, 40, 25, 20, 10, 8, 5, 4, 2"; "Number 2520 is divisible by all, without exception, natural numbers from 1 to 10"; "Numbers in the form 

 are divisible by 7, 11, 13" and the like.

Other children included in their accounts some general facts from theory of divisibility: "Sum of any consequent odd numbers is divisible by 4"; "Odd number is not divisible by even number" and so on.

Some children are interested, for example, in such tasks: "In what of the following number systems: seven-digit, eight-digit, eleven-digit number 12153 will be odd?"; "Is 25 always divisible by 5?"; 

"The 1st hundred of natural numbers are usually recorded in the form of a table. There appear patterns of numbers. For example:
Investigate other numerical patterns in a square with hundred cells and write the text under the pictures".

By means our school texts we try to involve children into investigation, to show examples of a search for ideas. Let us give examples from different textbooks: "Holmes opened his notebook on a clear sheet and asked Dr. Watson: — What do you see? — Nothing, — answered Watson eagerly. Holmes turned back the corner of the sheet and asked: — And now? And Watson saw a null. That was, in all probability, the last figure of any number. — So, I don't remember myself what is written down there, but I am sure that it is divisible by 10, 5, 2. Holmes turned the corner back further and one more null became visible …"

Work with a number of the form …00 and then of the form …000 is begun. Children substantiate their guesses, devise criteria for divisibility of product. They look upon criterion for divisibility from different sides as a model for reasoning.

What is further in Mr. Holmes notebook? Here is his new sheet:

300 ( 4;  …  360 ( 4;  3?? ( 4;  …

Another investigation. Children think of criteria for divisibility of sum. They substantiate different criteria for divisibility by 4.

Many students tried to find themselves the criteria for divisibility. Here is the work of one of the students: "I found criterion for divisibility by 7. It is necessary to multiply all the figures, but the last one, by three and then add the last figure to the sum. If the final result is divisible by 7, then the initial number is also divisible by 7. For example, number 217. 21 ( 3 = 63;  63 + 7 = 70;  70 ( 7, then 217 ( 7.

Children of 13-15 are given tasks of constructing school texts themselves, making new theoretical conclusions: 

"We know how to multiply and divide roots with identical exponents. Now we turn to more general case, when exponents of roots are different. For example, how to find the product of  

.  Or, how to divide  

  by  

? Have you any ideas as to this task? If you have no any hypothesis so far, do the following tasks … ";  "Make up a story of any natural number";  "Write a thesis on the problem …";  "Try to devise domino, lotto, labyrinth in which you may use the identities: (a ( b)3 = a3 ( 3a2b + 3ab2 ( b3."

2. Texts which help students to overcome psychological inertia (rigidity) of thinking: tasks in which many variants of initial data and ways of their interpretation are given;  tasks in which critical analysis of the supposed ways of problem solving is given; tasks which develop ability to admit and discuss "the opposite" cognitive position;  tasks which prepare students to understanding unusual information;  tasks which form the readiness to consider one and the same mathematical object from different points of view, to use different — including alternative — forms of analysis.
Here is an example of such a task: 

"Someone came up to a cage in which there were pheasants and rabbits. At first he counted the heads. There are 15 of them. Then he counted legs. There are 42 of them. How many rabbits and pheasants are in the cage?" 

How may this problem be solved by a sober-minded man who knows mathematics? Imagine that the task of pheasants and rabbits is treated by a person who can solve problems with the help of equations? How the solution of the problem will change if there are 12 heads and 40 legs? Let's assume, there are 30 heads and 50 legs in the cage. Can such a combination of heads & legs exist in reality? Is number of 15 heads and 55 legs real? "In an open-air cage of extracelestial menagerie there are together dragons of 2 kinds: three-headed with four legs and five-headed with six legs. A curious visitor counted in this cage a heads and b legs. How many dragons of each kind in the cage? Find general solution of the problem. Which should be the values of a and b for the problem to be sensible?"

3.
Texts in which students acquire metacognitive awareness. 

Texts are presented in the form of psychological games and a psychologist's commentaries: students learn such mental operations as analysis, analogy, comparison; they get to know different cognitive styles and so on.

So, for example, students of 12-13 get to know the rule which is useful for a researcher: "Try to keep in mind the fact of inertia of your own thinking, , learn to ask questions; formulate and substantiate hypothesis , use heuristic methods".

Here is an extract of the text: "Try to remember about the inertia of your own thinking".

The First Rule:  Try to keep in mind the fact of inertia of your own thinking
What’s the inertia of thinking? It’s inclination to follow the beaten track, to use habitual ways of activity. Inertia of thinking is readiness to act habitually, without deliberate efforts. Inertia of thinking is characteristic of any person to this or that degree, though many of them don’t take notice of it.

Try to solve 10 arithmetic problems, which have the same conditions and which differ only by some numeric data given in the table.

“There are three barrels, each of them has a definite capacity. How, while pouring water from one barrel to another, measure the exact amount of water which is required (the barrels may be, according to our wish, either empty or full)?”

No.
Capacities of three barrels (litres)
Required to get (litres)

1

2

3

4

5

6

7

8

9

10
37

37

39

38

29

28

41

26

28

29
21

24

22

25

14

14

13

10

7

9
3

2

2

4

2

2

7

3

5

8
10

9

13

5

11

10

14

10

12

1

Let’s do the 1st problem. To get 10 litres we have to fill the largest barrel, then pour out of it some water to the barrel of capacity of 21 litres, then again to pour out some water from this large barrel into a small barrel of capacity of 3 litres, once more pour out into the small barrel and we shall get 10 litres. The answer may be recorded:  37 ‑ 21 ‑ 3 ‑ 3.

You must do problems from the first to the last, without distracting and obligatory in the order in which they are given in the table. The answer should be recorded in your copy-book.

Now let’s analyze the ways which have been used by you while solving the problems. Problems from the 1st to the 5th may be solved by one and the same way (for example, problem 2:  37 ‑ 24 ‑ 2 ‑ 2;  problem 3:   39 ‑ 22 ‑ 2 ‑ 2  and so on). Problem 6 may be solved in a new shorter way:  14 ‑ 2 ‑ 2,  though the old way of solution may be also used. Problem 7 may be easily solved by a simple way:  7 + 7,  though the old, more cumbersome way of solution may be also made use of. Problem 8 doesn’t require any actions. Problems 9 and 10 may be solved only by a new way as the old one can’t be helpful.

Now you can evaluate yourself in scores the inclination of your own thinking to psychological inertia:

No. 1 — 0 scores (for prompting);

No. 2, 3, 4, 5, — 1 score for each problem (if the solution is correct);

No. 6 — 3 scores (if the solution is: 14 ‑ 2 ‑ 2),



 0 scores (old way of solution);

No. 7 — 3 scores (if the solution is: 7 + 7),



 0 scores (old way of solution);

No. 8 — 2 scores ( if the answer is got without calculations),



 0 scores (old way of solution);

No. 9, 10 — 2 scores for each of the problems (if you have found 
the right way of solution).

Maximum result — 16 scores.

If you got 16 scores, your thinking is characterized by a high degree of flexibility, you can easily change a stereotype way of thinking for an easy, more expedient one.

If you got 4‑8 scores, you have to attach your attention to inclination of your own thinking “to stick”  to habitual, formerly mastered things."

We try to create for our students comfortable regime of work with the help of our texts. Students are given the possibility to use the way of information coding which is more convenient for them (Gelfman & Kholodnaya, 1998). They may express their guesses, to give intuitive evaluation; to use previous knowledge and schemes of activity; not to be in the conditions of constant evaluation; to choose more preferable for them forms of school intellectual behaviour, etc (Gelfman & Kholodnaya, 1996, 1997).

The given project is being experimentally tested in many schools of Russia. The current results show the growth of creativity from the view-point of increased number of alternative ideas (methods of "ways of using a subject", "ways of perfection of a subject"). We observe that students work willingly and with enthusiasm with our texts.
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A Grade-Two  Teacher’s  Incorporation  of Children’s  Creativity  to  Effectuate  Problem-Centered  Learning  with  Constructivist  and Systems  Theories  in  Mathematics  Education

Introduction

Contemporary mathematics educators are finding themselves caught between paradigms - one of linear positivistic traditions currently entrenched in educational pedagogy (qua modernism), and another implicit in current reform agendas (qua post-modernism). Post-modernism posits a quite different social, personal, and intellectual vision from the prevailing positivist modern paradigm. Its intellectual vision is predicated not on scientific and objective certainty but on adaptive and dynamic relationships. Understanding relationships as the key determiner of social, political, economic and scientific knowledge has become the exigent preoccupation of post-modern thought. 

Research in mathematics education is beginning to explore the idea of relationships as foundational to teaching and learning mathematics (Geoghegan, Reynolds, & Lillard, 1997; Cobb and Bauersfeld, 1995). There are clear indications that an emphasis on relationships heralds a new sense of educational order between teachers and students that will culminate in a new concept of curriculum constituted by drastic changes in classroom relations (Elkind, 1998; Fleener & Laird, 1997; Csikszentmihalyi, 1995; Doll, 1993). 

Design and Description

The project described in this paper highlights relationships within a Grade-Two teacher’s mathematics classroom incorporating problem-centered learning (Wheatley, 1991), constructivist philosophy (von Glasersfeld, 1996), and a positive ethic of discipline (Noddings, 1992). By adopting a systems theory approach, the project gained insight into the dynamic interconnectedness of relationships within a classroom where children’s creativity was liberated. 

The project involved a two-year study of a grade-two classroom. The teacher had twenty years teaching experience, was a whole-language specialist and began using current mathematics reform approaches at the commencement of the project. Two grade-two cohorts were observed over two consecutive years. The author/researcher attended the classroom for hour-long math lessons three days a week, for seven consecutive ten-week terms over the two-year period. Immediately following each day's hour-long math lesson, the author/researcher and the teacher spent an hour of the teacher's release time in reflective discourse analysing lessons and relevant issues. Field notes, written observations, samples of children's work, the teacher's personal notes, and audio- and videotape recordings formed the basis of the data collection. Daily math lessons consisted of an initial fifteen minutes of whole-class imaging and visualisation experiences followed by thirty minutes where children worked with math partners to solve a math problem or series of problems. For the final fifteen minutes, children participated in a whole-class sharing time where math partners presented and justified their mathematical propositions (solutions) to the class. Their classmates, in turn, challenged, clarified, rejected, and/or validated the various mathematical ideas proposed. Children’s responsibility for determining what was or was not viable mathematically was a major goal of the lesson. 

In order to gauge the quality of the project six key informants each year were monitored in order to reveal the type of mathematics being developed in the classroom. The key informants were interviewed and video-recorded at the beginning of each school year, in the middle and at the end on key mathematical concepts relevant to their grade level. Through reflective analysis from a hermeneutical perspective, all the data were carefully examined and re-examined. As this process continued, discernible relationships emerged. Using constant comparison to compare segments within and across categories, and reflective analysis involving personal intuition and personal judgment to analyse the data, a final set of categories was derived to exemplify teaching and learning mathematics as (a) social emancipation, (b) active referencing, and (c) creative heuristics. 

Data and Results

Through developing ownership of their learning and responsibility for their  thinking, rather than from having prescriptive adult perspectives and conventional procedures imposed upon them, the children in the grade-two class blossomed in their confidence and ability to be creative mathematical thinkers.

In a classroom that replaced competition with cooperation, fostered collaborative problem solving, established respect for each individual’s attempt to present an opinion (personal agency), and decried coercion as well as the logic of adult domination, salient relationships were identified. For example, a reflexive relationship between constructivist perspectives and a positive ethic of discipline emerged as derivative as well as constitutive of the liberation of each individual's locus of control, in students as well as the teacher. The teacher commented on her efforts to replace traditional pedagogy with contemporary approaches: "It's all about control...the children have developed a sense of ownership about their own learning...I knew there had to be more to learning mathematics...now that I've used this approach I can never go back to the [traditional] way I used to teach...it seems so unjust on the children...Now they seem so much more empowered...there is more dignity in their learning. They are in control." 

Also, a reflexive relationship between creativity, constructivist perspectives and problem-centered learning emerged through the children’s aspirations to make sense of each other’s ideas: Dan: "I saw a video camera." (in reference to a prism-shaped Quickdraw - c.f. Reynolds & Wheatley, 1997) Kisha: "Oh yeah. I know. It's like a video monitor." Jim: "Yeah, I know. I get it. (and turns to Don beside him to explain). Catia: "I saw a race car. The middle line is the top." Jack: "I saw an envelope, if you turn it."

Conclusions

From the data it became apparent that relationships imbued in teaching and learning from a post-modern perspective could be metaphorically portrayed as a “SEARCH” - that each individual (learner and teacher) searches for meaning, not in positivist manner looking for an objective reality, but as transformers of their own worlds. While the child searches to make meaning the teacher searches to understand the child's meaning making. Accordingly, teaching and learning becomes a seamless phenomenon. Relationships in the project classroom were translated through a synergistic coalescence of teaching and learning mathematics. The works of Dewey and Whitehead find empathy in such a “SEARCH.” Notions of ecological and systemic relationship were elaborated in the idea of a “SEARCH” for meaning by using the acronym: SE=social emancipation, AR=active referencing, and CH=creative heuristics. 

Children and the teacher, within a dialogical community which honoured each person's attempt to make meaning, learned together. Here lies the basis for dialogue, and it is through dialogue within a caring and critical community that methods, procedures, and values are developed from life experiences (Doll, 1993). Social emancipation, active referencing and creative heuristics coalesced in systemic relationships to personify the transformative process of an emergent mathematics program.

Through the idea of relationships mathematics education embraces post-modern perspectives of interconnectedness and interdependence. In order to implement the current mathematics reform agendas, perspectives reflecting a new awareness and sensitivity to the relationships between learning and teaching need to be articulated. Traditional approaches are no longer adequate. “SEARCH” perspectives provide a basis for teachers to make a paradigm shift – one that emphasises creativity as a central tenet of the learning experience. 
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