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Introduction

Frédéric Gourdeau — Président, CMESG/GCEDM
Université Laval

Calgary marked the 30" anniversary of CMESG, counting ICME in 1992 as part of our
history. It was our first visit to Calgary and our hosts made sure it would be a success. A pre-
conference workshop for teachers on the Saturday started things for many, and some activities
were coordinated with the Canadian Mathematical Society. Through this and the vitality of
mathematics education graduate programs in Calgary as well as Edmonton and Vancouver,
attendance numbers soared above expectations, including a very large number of participants
who were at their first CMESG meeting. Our local hosts did wonders. Olive Chapman, who
liaised with the executive as humbers were rising, did an amazing job, and thanks are due to
her and her team.

And the spirit of CMESG strived once more. Our two plenary speakers, Barbara Jaworski and
Ed Doolittle, joined in and became part of the group, providing us with food for the intellect
and the spiritual, in their talks and in the conversation that ensued. Chris Breen, invited to co-
lead a working group entitled Developing Trust and Respect When Working with Teachers of
Mathematics with Julie Long and Cynthia Nichol, was also there with us, adding to our
collective reflection. | joined the working group on Secondary Mathematics Teacher
Development facilitated by Joyce Mgombelo, Morris Orzech, David Poole and Sophie René
de Cotret, listening as intently as I could, learning and reflecting with the other participants.

Pendant ce temps, Susan Gerofsky et Patrica Marchand exploraient Le corps, le sens et
I’apprentissage des maths dans leur groupe de travail, alors que Stewart Craven, Linda
Gattuso et Cynthia Nicolson unissaient leurs forces pour travailler sur les liens a développer
entre la pensée probabiliste et la pensée statistique dans I’enseignement des mathématiques. Je
ne pouvais y étre, ne pouvant étre partout a la fois, mais je peux lire et les Actes de la
rencontre me permettent donc de revivre une partie de ce qui s’est passé.

Il 'y a aussi eu plus d’une douzaine de séances ad hoc, impliquant directement plus d’une
vingtaine de présentateurs, en plus des cing présentations de theéses de doctorat récentes, des
deux séances thématiques, et du panel organisé conjointement avec la Société mathématique
du Canada a I’initiative de Peter Taylor.

Our celebration of the 30" anniversary will remain a high point for me and many. There was
true joy in our celebrations, a friendship so invigorating in our scholarly endeavours. As you
can see in these proceedings, the pursuit of our collective quest for the betterment of
mathematical education goes hand in hand with the quality and sincerity of our conversations,
both in our official sessions and in our less official ones, be they Ad hocs or bus rides, dinner
conversations or pizza and beer outings — these last few do not figure in the proceedings, but
they are part of our deliberations!

Travailler a la planification de cette rencontre en compagnie des membres de I’exécutif a été
un plaisir : je remercie sincerement France Caron, Sandy Dawson, Doug Franks, Florence
Glanfield et Leo Jonker. Je remercie aussi Peter Liljedahl, éditeur des Actes, pour son
magnifique travail. The best way to thank him, however, is to conclude here and encourage
you to read on.
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Developmental Research in Mathematics Teaching and Learning:
Developing Learning Communities Based on Inquiry and Design

Barbara Jaworski
Agder University College, Norway

This paper focuses on a developmental research project entitled Learning Communities in
Mathematics' which involves a collaboration between teachers and didacticians’ to create
communities of inquiry to explore development of mathematics teaching and learning. A
developmental aim is that students’ learning of mathematics will improve as teachers and
didacticians come to know more about learning processes and the tasks and tools that promote
learning.

The paper is in three parts: an introductory section whose purpose is to set the scene and
create some images on which to base the theory that follows; the central section which is a
theoretical account; a final section in which particular details of the project are given, together
with questions and issues emerging from it.

Setting the Scene: Mathematics in Learning and Teaching

In this section | give two examples from the project to set the scene for the sections which
follow. The first example is from video data recorded in a first year classroom with pupils of
age six years. The second is from input at a workshop from an upper secondary teacher and
the mathematical thinking that emerged.

In Egil's classroom

Egil is a teacher in Grade 1 at one of the primary schools in the project. He invited one of the
didacticians, Roy, to his classroom to film some activity on number. Together these two
discussed ideas for classroom tasks and Roy filmed one lesson. Subsequently, Egil, Roy and
Eli, another didactician, watched the video together and discussed aspects and issues related
to the pupils and the teaching. During this discussion, further ideas for tasks were offered;
Egil designed further activity for the classroom, based on this discussion and again Roy
filmed the lesson. The following account is taken from episodes in this lesson.

! The LCM Project is supported within the KUL Programme (Kunskap, Utdanning og Laering
— Knowledge, Education and Learning) of the Norwegian Research Council (Norges
Forskningsraad, NFR). Project number 157949/S20.

% The term didacticians means those professionals with responsibility for theorising teaching.
We avoid the term ‘educator’ since it is ambiguous — teachers are also educators — although
didacticians may also be teacher-educators; i.e., professionals with responsibility for teacher
education.
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In the classroom, children sit on low benches, forming three sides of a square with Egil sitting
beside a flipchart at the fourth side. He writes on the flipchart as follows:

+ = + = |3

Figure 1

He holds up the pen and a boy comes forward, writing 2 and 6 in the first two boxes.

2+6: + :8

Figure 2

He holds up the pen again and a girl comes forward, writing 4 and 4 in the next boxes.

21416 |=|4|4]|4|=18

Figure 3

Then Egil draws another set of boxes, as in Figure 1. This time however, he fills them in
himself — not with figurate numbers as in Figures 2 and 3 above, but with ‘dice numbers’ —
familiar patterns of spots to show 6+2=4+4=8

Figure 4

In the activity that follows, the camera shows several pupils working with sheets of paper in
which they fill in boxes either with figurate numbers or with dice numbers so that the sums
equal the given total. One girl is making 8 by inserting dice numbers. She starts confidently
entering five in the first box and then pauses, counting on her fingers before entering three
correctly in the second box. She repeated the process entering dice numbers four and four in
the third and fourth boxes. Viewing the video tape later, Roy and Eli were fascinated by the
finger counting and wondered about the girl’s thinking as she so carefully counted before
entering the number.

Errors in Algebra

In one of our workshops, focusing on algebra, Stefan, a teacher from an upper secondary
school offered input to a plenary session as feedback from a small group activity session. He
indicated that one of the problems he and his colleagues face at upper secondary level is that
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students make very basic algebraic mistakes which hinders their work on more advanced
topics. He gave several examples of which the following is just one:

Figure 5 Figure 6 Figure 7

Given the statement in Figure 5, students typically offered the solution given in Figure 6
which is incorrect because they cancelled the x top and bottom as shown in Figure 7.
According to Stefan, it was important that students should know that cancelling in this case is
inappropriate.

When didacticians discussed this later, it was recognised that students possibly confuse (x+4)
with x.4, or 4x, in which case it would be acceptable to cancel the fours. How can students
come to know that when the sign is multiplication it is acceptable to cancel, but when the sign
is addition, it is not acceptable? Perhaps just stating the rules and asking students to
remember the two cases is not a teaching strategy that works.

As a result of such thinking, didacticians devised a task, as in Figure 8, which was included in
a subsequent workshop focusing on algebra. The task was designed to encourage participants
in the workshop to try out values of x to see if it is possible to find a solution by trial and
error, ultimately to solve an equation x+4=4x, getting a solution of x=4/3. The task was
designed to promote discussion around the algebraic equation and its solution to open up the
nature of the algebraic object and its various meanings.

What does this mean? Is it true?
For what values of x?

Figure 8

In the two examples above, we see first a teacher designing classroom activity in response to
input from didacticians, and, second, didacticians designing workshop activity in response to
input from teachers. In both cases, design is for learning: in the first case learning of number
relationships for Year 1 pupils; in the second, learning about didactical treatment of algebraic
relationships for teachers at a variety of levels of experience. In both cases, teachers and
didacticians engaged fundamentally in inquiry as they explored the nature of activity that
could contribute to the desired learning. In designing activity for learning for others, they
learned themselves. The teacher reflected on outcomes in pupils’ activity and thinking,
together with didacticians, and became more knowledgeable about the possibilities afforded
by the tasks offered and pupils’ responses to them. Didacticians, in the first case, reflected on
the teacher’s activity and gained insights into their collaborative development of awareness
about the developmental process in classroom design. In the second case, didacticians learned
themselves from a design process in which there task was to design activity for focusing on
didactical thinking in algebraic teaching.
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Questions for the Project

A developmental aim in our work is that students’ learning of mathematics will improve as
teachers and didacticians come to know more about learning processes and the tasks and tools
that promote learning. We are interested in developing the teaching and learning of
mathematics so that pupils have better opportunities to learn mathematics with understanding
and fluency. We see this involving three layers of attention:

e How can teachers and pupils create a mathematical environment in their classrooms
with suitable opportunity for pupils to learn mathematics with understanding and
fluency?

e How can didacticians and teachers create a didactical environment in their
interactive space (in schools and college) with suitable opportunity for teachers to
develop mathematics teaching with understanding and fluency?

e How can xxxxxxx and didacticians create a (supra-didactical?) environment ... with
suitable opportunity for didacticians to learn (didacting?) with understanding and
fluency

The pattern in these layers is probably clear — we do not know who the xxxxxxx are who
work with didacticians, but perhaps we might consider it to be the Mathematics Education
Research Community.

The questions above talk about “creating” an environment. In order to do this, we all have to
learn about what is involved and how it can work out in practice. So we might recast these
questions in terms of the learning of all involved

e How can didacticians learn (about) effective ways of working with teachers to enable
teachers to conceptualise approaches to teaching that will result in principled
learning of mathematics for their pupils?

e How can teachers learn (about) effective ways of working with pupils to enable
pupils’ principled learning of mathematics

e How can pupils learn mathematics?

Hence the project is called Learning Communities in Mathematics, LCM. We seek to create
communities between teachers and didacticians that allow us to address questions about
improving pupils’ opportunity to learn mathematics. In doing so, we aim to learn ourselves
according to the questions above. We see ourselves working as co-learning partners as
pointed out by Wagner (1997) who writes

In a co-learning agreement, researchers and practitioners are both participants in
processes of education and systems of schooling. Both are engaged in action and
reflection. By working together, each might learn something about the world of the
other. Of equal importance, however, each may learn something more about his or
her own world and its connections to institutions and schooling. (Wagner, 1997, p
16 — my emphasis)

We would change the wording slightly to read

In a co-learning agreement, teachers and didacticians are both participants in
processes of education and systems of schooling. Both are engaged in action and
reflection. Both can be engaged in research. By working together, each might learn
something about the world of the other. Of equal importance, however, each may
learn something more about his or her own world and its connections to institutions
and schooling.

An important developmental aim for the project is that mathematics teachers and didacticians
work together, with joint responsibility and complementary knowledge, towards promoting
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growth of understanding of mathematics learning and teaching in classrooms. We can all
engage in research as | indicate below.

Theoretical Formulation

Theoretical aims of LCM

Two key theoretical ideas in our work are those of developmental research and inquiry
community. We seek to link developmental research and inquiry communities, based on

e aconsiderable literature on inquiry in mathematics learning and teaching,

e an extension of communities of practice to communities of inquiry,

e an emergent paradigm known as design research, and

e an elaboration of links between design, inquiry, reflection and research.
Community

The term ‘community’ designates a group of people identifiable by who they are in terms of
how they relate to each other, their common activities and ways of thinking, beliefs and
values. Activities are likely to be explicit, whereas ways of thinking, beliefs and values are
more implicit.  Wenger describes community as “a way of talking about the social
configurations in which our enterprises are defined as worth pursuing and our participation is
recognisable as competence” (1998, p. 5). Any community has common purposes and
activities and established norms of activity. According to Rogoff and colleagues, in a
learning community, “learning involves transformation of participation in collaborative
endeavour” (1996, p. 388).

We draw particularly on the work of Lave and Wenger (1991) who speak of situated learning
within communities of practice in which participants engage in well defined practice and
knowledge is in the practice. Wenger speaks of “modes of belonging” to a community of
practice including engagement, imagination and alignment (1998, 174, f.f.). We engage with
ideas through participation in communicative practice, develop those ideas through exercising
imagination and align ourselves “with respect to a broad and rich picture of the world”
(p.218). Alignment within a community of practice involves participants aligning themselves
with conditions or characteristics of the practice through their engagement. Through the
exercise of imagination during engagement, participants develop personal trajectories and
hence an identity related to their practice. However, alignment can result in perpetuation of
modes of practice that can be seen as unhelpful, unsuccessful or ineffective (Jaworski, 2006).

Alternatively, alignment can be a critical process in which the individual questions the
purposes and implications of aligning with norms of practice — critical alignment in which it
is possible for participants to align with aspects of practice while critically questioning roles
and purposes as a part of their participation for ongoing regeneration of the practice. Wenger
presents learning as “a process of becoming”. “It is in that formation of identity that learning
can become a source of meaningfulness and of personal and social energy” (1998, p. 215).
Concepts of critical alignment and a process of becoming are related to our central theoretical
idea of inquiry in practice.

Inquiry

To inquire means to ask a question, to make an investigation, to acquire information, or to
search for knowledge (Chambers’ dictionary). Wells (1999) describes dialogic inquiry as “a
willingness to wonder, to ask questions, and to seek to understand by collaborating with
others in the attempt to make answers to them” (p. 122).
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We have a long history of inquiry in mathematics learning and teaching, reflected in the
literature. For example, the problem solving movement, perhaps deriving from the work of
Polya (e.g., 1945) saw problem solving processes and heuristics as centrally important to
mathematics learning and teaching and the development of understandings in mathematic
(e.g., Mason, Burton and Stacy 1981; Schoenfeld, 1985). Problem solving, investigation and
inquiry in classroom mathematics were promoted in the United States through the NCTM
standards (NCTM, 1989) and the empirical work of many researchers (e.g., Confrey, 1991;
Lampert, 2001). In the UK, investigations offered a mode of inquiry in classroom
mathematics (e.g., Jaworski, 1994; Ruthven, 2001). In the Netherlands, The Freudental
Institute introduced the notion of Realistic Mathematics Education incorporating a strong
element of investigation and inquiry to make mathematics real for pupils (Gravemeijer,
1994). Developing from the earlier work in problem solving, Mason (2001) proposed a
Discipline of Noticing in which practitioners or researchers explored their own practice
through an overtly reflective and questioning approach to learning and teaching which can
lead to a deeper awareness of decisions in practice.

Community of Inquiry

Notions of community of practice and inquiry together lead to the formulation of a concept of
community of inquiry. A community of inquiry refers to a community of practice in which
inquiry is central to activity. So, for example, if the practice is mathematics teaching, a
community of inquiry in mathematics teaching develops the teaching of mathematics in
inquiry ways. In LCM, we think of inquiry communities as being more than communities of
practice. In a community of inquiry, inquiry is not the practice of a community of practice:
rather, we see inquiry both as a tool for developing practice, and as a way of being in practice
(Jaworski, 2004a).

According to Wells (1999), inquiry communities are a special form of communities of
practice. They are distinguished by forms of ‘metaknowing’ that develop from inquiry in
reflective and reflexive processes. | suggest that formation of a community of inquiry
requires “critical alignment” within a community of practice (Jaworski, 2006).

Design Research

In LCM we use inquiry overtly to design activity at a number of levels: for example
mathematical activity for pupils in classrooms, or activity in workshops where teachers and
didacticians can explore together aspects of mathematics and its learning and teaching. The
snapshots provided in the opening section above offered examples of such design processes.
A mode of research called design research has been described as

An emerging research dialect ... contrasting with dialects of confirmation or
description ... attempts to support arguments constructed around the results of active
innovation and intervention in classrooms. The operative grammar, which draws
upon models from design and engineering, is generative and transformative. It is
directed primarily at understanding learning and teaching processes when the
researcher is active as an educator. (Kelly, 2003. My emphasis)

Kelly’s brief description of design research fits very well the research we engage with in
LCM. Here we seek less to design a product than a process: our design is of ways of
approaching teaching in various modes. Wood and Berry (2003) speak of a design-based
research paradigm in teacher education which involves, or emphasizes the following points:

e The development of a physical or theoretical artifact. For the researcher/teacher
educator the product being developed and tested is the professional development
model itself.

e  Cycles of iterations
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e  The design and revision of products are rooted in multiple models and theories

e Contextual setting of the research and the need for shareable and generalizeable
results

e The role of the teacher educator/researcher -- acting both as a researcher and as a
didactician (adapted from Wood & Berry, 2003).

In our research, we include also teachers as potential researchers and partners in a
design/inquiry-based approach to teaching (Jaworski, 2004b).

In accordance with this characterization of design research, we link design, inquiry and
research to conceptualise four kinds of theory-based activity:

e  Creating Partnerships:

o Didacticians and teachers work together for mutual benefit and support —
both should be involved in design and implementation at conceptual levels
for the success of innovation. This is our community of inquiry.

e Designing Materials and Approaches:

0 Design of tasks for workshops and classrooms; design of approaches to
learning and teaching; design of research/inquiry to learn about
developmental processes and learning outcomes. This activity is
fundamentally inquiry-based.

o Reflective Action

o0 in the use of designed materials and approaches and (critically) reflective
questioning of outcomes. Our reflection is action oriented as in Dewey
(1933), Schén (1987), Mason (2001). See also Jaworski (1994 chapter 11).

¢ Research

o into all of the above in relation to research questions about the realization of
inquiry communities and their contribution to improved learning.

We interpret the above though an overt design cycle consisting of a cycle of stages:
Plan - Act->Observe—>Reflect>Feedback—>Plan ... .

So, for example, didacticians plan activity for workshops, organize and participate in the
workshops and bring back data (audio or video). Through study of the data and reflection on
the events, further workshops are designed. Despite its seemingly linear nature, the elements
of the design cycle are inter-linked with reflection being important at all stages and
observation being central to the research nature of the whole activity. We see such a cycle
being similar to the kind of cycle that is central to action research (e.g., McNiff, 1988; Elliott,
1991) and a basis for programme of lesson study (e.g. Stigler and Hiebert, 1999) and learning
study (Marton and Tsui, 2003).

However, we see both design and inquiry as tools and styles of activity, ways of being in
activity that have the purpose of promoting development in mathematics learning and
teaching. Thus, in LCM, we talk rather of a developmental paradigm in which the operative
grammar is “generative and transformative”, and ‘design’ is one factor in development. Thus,
we see “arguments constructed around the results of active innovation and intervention in
classrooms” (Kelly, 2003) as being fundamentally developmental since they are rooted in
emergent thinking in inquiry communities, and themselves promote development of thinking
and practice (Cestari, Daland, Eriksen & Jaworski, 2005). Such a process involves deep
reflexivity between research and development and it is the basis of the LCM project.
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The LCM Project

As mentioned earlier, a developmental aim of the project is that students’ learning of
mathematics will improve as teachers and didacticians come to know more about learning
processes and the tasks and tools that promote learning. In this section, | provide short details
of the project to indicate how the theoretical principles discussed above related to project
activity, and the issues that arose from relating theory and practice in the project.

The Project team

Within the LCM project, we are a team of 14 didacticians (including 5 doctoral students)
working with 8 schools (including primary, lower and upper secondary) with a minimum of
three teachers from each school. Schools volunteered to be part of the project as a result of an
invitation from the college. One condition of joining was that the school principal should be
committed to the aims and activity of the project; a second was that at least three teachers
from the school would participate in the project, forming a school team who would attend
project workshops and work together in school to design activity for the classroom. The
project budget included modest funding to cover schools’ expenses in participation.

Workshops

Central to activity in the project have been our workshops at the college. Workshops have
had an important community-building purpose bringing teachers and didacticians together
with opportunity to work on mathematics and develop joint thinking on how to create
opportunity for pupils to engage with mathematics fruitfully. We had six workshops per year
during the first two years, and have planned for four in our current year. This has involved
three phases of activity: In Year 1 we had a phase largely of community building; in Year 2,
Phase 2, we focused on planning for the classroom, bringing inquiry into planning and into
classroom teaching; in Year 3, Phase 3, where we are now, our focus is on schools setting
their own goals for activity and undertaking activity through an inquiry/design cycle.

Workshops have each been three and a half hours in length and have included both plenary
and small group activity. Plenary input has come from both didacticians and teachers in a
number of forms including introduction to mathematical topics or tasks (chiefly by
didacticians), reporting from classroom activity (mainly by teachers) and reporting from small
group activity (by all). Small group activity has included working on a mathematical task,
usually followed by didactical and pedagogic discussion (didacticians and teachers together).
Small groups have been formed sometimes with teachers across the educational levels (early
primary to upper secondary) and sometimes with those teaching at the same level of school.

Designing activity for the classroom

Design of the project suggested that teachers in a school team would work together in school
to design activity for the classroom. Teachers themselves would decide on the focus and
nature of activity, although didacticians would be available to discuss ideas and to observe
classroom activity. From the didactician team, three didacticians were associated with each
school to liaise with activity, provide support and collect data. Four of the doctoral students
in the project provided the first line of contact with schools and became an important part of a
school team. Typically, school activity built on workshop activity with workshop tasks being
redesigned for the classroom, or classroom activity being designed specially according to
teachers’ or school goals in liaison with didacticians. Pupils’ achievement was surveyed
periodically in a specially designed longitudinal study based on national and international
tests.
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Three layers of inquiry
In the project we engage in inquiry in three layers or levels:

e Inquiry in mathematics:
0 Teachers and didacticians exploring mathematics together in tasks and
problems in workshops;
0 Pupils in schools learning mathematics through exploration in tasks and
problems in classrooms.
e Inquiry in teaching mathematics:
0 Teachers using inquiry in the design and implementation of tasks, problems
and mathematical activity in classrooms in association with didacticians.
e Inquiry in developing the teaching of mathematics:
O Teachers and didacticians researching the processes of using inquiry in
mathematics and in the teaching and learning of mathematics.

Classroom innovation

An important aspect of inquiry in the project was an exploration of classroom innovation
relating to activity in workshops and of school teams in schools. The nature of innovation
depended on the level of school and the particular focuses and interests of the teacher team.
For example, one upper secondary school team designed a set of tasks relating to the learning
of linear functions, and trialled them in three classrooms; in one of the primary schools,
individual teachers modified workshop tasks directly for their own classroom and designed
further tasks as a result of dialogue with didacticians. In the first case, the teacher team
worked closely together and with didacticians; in the second, it was individual teachers who
planned and carried out classroom innovation with didacticians support. In Phases 1 and 2,
didacticians visited schools regularly, talked with teachers about classroom activity, joined
school team meetings and recorded classroom activity on video.

Research questions and associated data

Video recordings of classrooms were just one source of data in the project. Didacticians
recorded all meetings at the college, usually in audio format, with workshops recorded largely
in video format. In schools, data was collected largely in the form of classroom video
recordings, with audio recordings of meetings attended by didacticians. There were very few
recordings, in any format, of school meetings at which didacticians were not present. Data
and its analysis was largely owned by didacticians, with video data also providing a source for
teachers to review classroom activity and reflect on teaching. Didacticians obtained
permission for data collection from the national data protection agency and schools assisted in
collecting permissions from parents or students as appropriate.

The project was guided by a main set of research questions stated in the original project
proposal and modified and amplified during the life of the project. Doctoral students had
their own research questions related to the particular focus of their research. The data
collected was as comprehensive as possible to allow research questions to be addressed,
although rarely was data directly related to particular research questions. The project
produced a large quantity of data, and a data bank was carefully organized for security and
access by all didacticians. All data was available to all didacticians and didacticians linked to
a school provided access to data for teachers if this was desired. Analysis of data took place
at the university college and involved didacticians singly or in groups, sometimes involving
teachers, and related to specific research questions.

11
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Reflection in college, schools and in workshops

An important aspect of didacticians’ roles within the project was to provide opportunity for
reflection on developing thinking about classroom activity. This occurred both in school and
in workshop settings in different forms and in special meetings between didacticians and
teachers at the university college. Video data was an important resource in stimulating
reflection and providing a basis for discussion about a range of issues relating to planning for
the classroom and to classroom activity with pupils.

In workshops, both plenary and small group activity encouraged reflection around what was
being done and learned. Such reflection was an important part of community building,
providing opportunity for common ways of thinking to emerge and for developmental
concepts to grow within the community. The nature and focus of such reflective activity was
an important source of learning within the project, for both didacticians and teachers. The
issues it raised form important contributions to knowledge about possibilities and constraints
of such activity for learning and teaching development.

In summary

The project has brought together teachers and didacticians to create one or several
communities of inquiry to allow inquiry into processes of learning and teaching that can
promote pupils’ learning of mathematics. Inquiry has been a fundamental process in our work
together on mathematics and design of mathematical tasks for workshops and classrooms.
Teachers have worked with didacticians in workshops in the university college and
didacticians have worked with teachers in schools. An important aim of our work together
has been to generate inquiry as a way of being, such that inquiry comes to underpin our
activity and thinking at all levels. This allows development of “critical alignment” such that
while we work within our own community, system and culture we can do so with a critical
stance through which we ask questions about what we do and seek ways of understanding this
better and perceiving viable alternatives. Over time, we expect changed ways of thinking to
lead to changed modes of practice, but recognize the many issues that challenge this
expectation.

Areas of Issues

Theory within the LCM project has both guided activity and developed with activity. Notions
of inquiry and community led the project with references particularly to the work of Wagner,
Wenger and Wells. Research questions have particularly addressed the nature of community
and of inquiry within the project from their practical manifestations. What has it meant for us
to develop community? What community or communities do we see in the project? What
issues are recognizable in such communities? How has inquiry emerged in the project? What
do different groups see inquiry to mean for them?

Here | mention some of the issues that have emerged from the project, relating them to the
theoretical perspectives I have discussed.

Community and Partnership

The LCM project was initiated and designed by didacticians. We sought collaboration with
teachers and have succeeded in building a project community in which we all work together
with respect and trust. Our data has many examples to support this claim. As well as a
project community, we have separate communities of teachers in a school, didacticians in the
college with expectations from our own community, system and culture, ways of thinking,
roles and goals. We have tried to characterize our community of didacticians, recognizing
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many of the issues we have faced in the developing project (Cestari, et al, 2006). Within the
teachers’ community, each school has its own identity with specific features related to the
level of the school and to particular focus and emphasis in each school. For example, the
upper secondary schools are distinguished by a close emphasis on the higher secondary
mathematics curriculum and topics within a certain text book. One of the primary schools has
its own “Phase Model”, in which teachers at all levels within the school operate according to
certain defined phases of activity. Our data from schools is not rich enough to enable a deep
characterization of each school community as a whole. However, we gain special insights
into the activity of project teachers that provides glimpses of the special nature of particular
schools.

Teachers and didacticians bring different knowledge and expertise to the project. The project
draws fundamentally on this joint knowledge. Activity takes place both in college and in
schools. We all meet together in workshops. Teachers then work in their own schools and
didacticians visit schools. Development is supposed to take place in schools. There are clear
and unavoidable asymmetries in these roles and relationships. So an important question for
our project is what exactly this means for partnership.

The project has been largely controlled by didacticians, who set the pace of events, although
responding as much as possible to teachers’ input. We have talked about co-learning in
partnerships between teachers and didacticians, and we can provide evidence to show that
mutual understandings have grown through the time of the project. However, we are only just
beginning to be at a stage where teachers take leadership within the project (Jaworski, 2005).
Exploration of these issues takes us into a wide area of research into partnerships in
educational settings — something we can consider for the future.

Systems and culture

We all act and think within our own systems and culture as set out by Lave and Wenger, 1991
and Wenger, 1998. When we come together, we learn to see things from other perspectives to
some extent. Didacticians, guided by theory and the literature on pedagogic practice in
mathematics teaching and learning, have idealized notions of possibilities for promoting
pupils’ learning in classrooms. Teachers have established ways of being and doing within
their own schools that are resistant to change. These both constrain what is possible and give
structure to it. Didacticians, from a college perspective, seeing the school system from the
outside have to understand the power of the system. For example, many schools have a
horizontal structure in which teachers work together in year or grade teams. Each team may
have only one teacher who has expertise in or responsibility for mathematics. The project
team of teachers in mathematics is often a vertical group crossing the year teams. It is thus
extremely difficult for the school project team to find time to meet in the ordinary school day.
Also, planning for classroom activity across the year teams poses both curricular and
organizational problems. Many of the project teachers, with ideas for tasks or activity of
value for their classroom have designed activity for their own pupils. Often, such activity has
been related just to their one class, rather than design attempting to cross classroom and year
boundaries as didacticians have wished. Nevertheless, there are examples of the teacher team
in a school really working together, and with didacticians to organise and effect joint activity
(Fuglestad, Goodchild & Jaworski, in press; Hundeland, Erfjord, Grevholm & Breiteig, 2005).

We have worked hard in our joint activity to develop respect and trust between teachers and
didacticians and we can trace development through activity and contributions in workshops.
We work towards mutual understandings of the cultures that influence, constrain and make
possible the educational process in schools. As didacticians, we see our own growth of
knowledge and understanding where practices and possibilities for schools are concerned.
However, it is more difficult to gain access to such growth of knowledge for teachers.
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Ways of thinking about teaching and learning in mathematics

Working with schools across 13 years of schooling presents its own challenges, not least in
terms of the mathematical expectations of teachers at different levels. Although didacticians
have tried to foster cross-level discussions that enable understandings teachers, perhaps
unsurprisingly, prefer to work with their peers at the same level. One reason for this, for
which we have evidence, is to do with mathematical confidence and expectation. Some
teachers at higher secondary level want to be able to work with mathematics at their level and
are reluctant to spend time focusing on lower level mathematics, even though this focus might
provide insights to their students’ mathematical experience when they arrive at higher
secondary school. Some teachers at primary school feel unconfident with mathematics, and
threatened by the mathematical knowledge of their colleagues at higher levels. These two
positions have to be acknowledged, and worked with, if cross-level didactical/pedagogic
understandings are to develop. Although this is not a surprise for didacticians, we can see
more clearly how this divide manifests itself, and presents real challenges for community
development.

The didacticians’ roles have appeared different with respect to the two groups. With higher
secondary teachers an important role has been to suggest ways of opening up the traditional
mathematics as presented in their text book, to allow student more active participation with
mathematics. With primary teachers, who have often been the most innovative in the project
in introducing inquiry activity in the classroom, it is a case of finding respectful ways of
offering opportunity to develop mathematical knowledge, for example in the very challenging
domain of algebra. Didacticians, in their own inquiry community, are learning at deep levels
how to recognize issues for teachers and the serious challenges that such recognition brings
with it. We persevere, in our design of workshops, with generating practice that brings the
whole community together while respecting the differing needs of teachers at different levels.
This is an important area of inquiry for us.

Concluding Words

In this paper | have tried to present a view of didactic/pedagogic practice that spans school-
college communities and tries to build fruitfully on the diverse knowledge and experience that
teachers and didacticians bring to the developmental process. The snapshots at the beginning
were offered to set the scene for the discussion of theory and practice that followed. In many
ways typical of our activity as a whole, they took us into the classroom and collaborative
design of classroom tasks; they took us into the workshop where teachers at one level offered
important elements from their experience which led to further design of workshops tasks by
didacticians. The design/inquiry process has been central to our joint activity, manifested at
various levels. It has been an important aim that teachers should be centrally involved in
inquiry and design. So far this has been more implicit than explicit, but activity in Phase 3 is
making the design process for teachers more explicit with an overt focus on school goals and
the activity related to realising these goals. Other papers, some of them referred to here, take
us into different aspects of the project in more detail, articulating issues in greater depth than
has been possible here. Those interested might access our further work through the website
(http://fag.hia.no/lcm/)

I end with a quotation from one teacher, Agnes, translated from the Norwegian by one of my
colleagues (Daland, in press) which typifies an optimistic note for the project:

Agnes:  ...in the beginning | struggled, had a bit of a problem with this because
then | thought very much about you should come and tell us how we
should run the mathematics teaching. That was how | thought, you are
the great teachers ... but now | see that my view has gradually changed
because | see that you are participants in this as much as we are even
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though it is you that organize. Nevertheless | experience that you are
participating and are just as interested as we are to solve the tasks on our
level and find possibilities, find tasks that may be appropriate for the
pupils, and that | think is very nice. So | have changed my view during
this time. (FG_060313 my underlining) (Adapted from Daland, in press)
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Mathematics as Medicine

Edward Doolittle
University of Regina

I remember well my first visit to the Navajo reservation in Arizona. | was traveling with a
dear friend who had been a few times before. Driving through the desert in near total
darkness, | spotted some strange coloured lights flashing on the horizon near the place where
the town in the reservation should be, pulses which would stop and then start again in an
irregular pattern. “What’s that?” | asked. “I don’t know,” said my friend, clearly disturbed.
“I’ve never seen that before.” Thoughts of UFO abduction began to form in my mind.
“You’re pulling my leg,” | said. “No really,” she said, “I have no idea what those coloured
lights are!” We continued to drive through the darkness, perplexed and staring in wonder at
the coloured lights, for what seemed like ages. We were closer, but | still couldn’t make
sense of the experience. The lights disappeared behind a hill. As we climbed the hill I held
my breath, knowing that the truth was on the other side. We reached the top and it finally
unfolded clearly before me. The circus had come to the Navajo reservation.

I am an Indian. | am a mathematician. Those two aspects of my identity seem to be in
constant opposition, yet I cannot let go of either.

My father, the late Edward Lorne Doolittle, was a Mohawk Indian from the Six Nations
reservation in southern Ontario. My father’s mother, Belda Brant, attended residential school
where she lost her language and learned how to clean hotel rooms. My father’s father,
Clifford Doolittle, was Killed in a railroad construction accident when my father was five
years old. The settlement offered by the railroad company was $35 a month. My
grandfather’s spirit came to my grandmother to tell her that she should take the family off the
reserve to find work, which she did. Although that helped to keep the family fed, it had the
effect of further distancing them from their culture.

By the time | was a teenager, my father and mother, Eleanor Naylor, third generation English
in Canada, had managed to pull together comfortable middle class existence. | grew up in the
suburbs of Hamilton, Ontario, knowing almost nothing of my Indigenous culture. Aside from
occasional weekend visits with my aunts and uncles, | had no idea what it meant to be Indian.
| learned Latin instead of Mohawk, the Bible instead of Kayanerekowa and Karihwiyo, fairy
tales instead of Coyote tales. | also enjoyed solving puzzles.

Despite all the advantages and privileges and resources available to me, 1 still felt there was
something missing in my life. | tried to find what was missing in religion, but | stopped
attending Baptist church at the age of 14. My Sunday school teacher had used some twine to
tie my wrist to that of the other student in my age group, a sweet young woman whose name |
can’t recall, in order to illustrate some point about sin. | thought the problem might have been
more with the teacher than with me or the girl. Instead I read about Zen Buddhism and
searched for enlightenment. | studied religion instead of biology in high school, disappointing
those who wanted to be able to call me Dr. Doolittle. My religion teacher invited a friend of
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his who we only knew as Krishna to come and talk about Hinduism. “Ask him whatever you
want,” said the teacher. So I asked Krishna, “Is it possible to convert to Hinduism?”

“Yes,” said Krishna reluctantly, “But | discourage it.”
What?

“If you can’t find what you’re looking for in your own tradition, you won’t be able to find it
in ours.”

Enlightenment. | don’t even know what my tradition is, | wanted to say. How can | find
anything within my own tradition if | don’t even have a tradition? That was my problem,
though, not Krishna’s. He could not tell me where to find the something that was missing.

| was accepted to university, and my general intention was to study Artificial Intelligence at
the University of Toronto. My parents had not planned for my university education. Instead
they relied on the fact that status Indians received education funding from the federal
government. While there was no denying that | was a status Indian—I had the card to prove
it—I felt that the benefit was for real Indians, not privileged, pale, suburban half-Indians. At
first 1 balked at the suggestion that | should accept Indian Affairs funding for my education,
but that upset my parents greatly. | reconsidered, and (in a deal only with myself) accepted on
the condition that | would do my best to deserve the benefit offered to me. | resolved to
become an Indian.

At the University of Toronto | connected with the Indian Health Careers Program, a program
designed to help to increase the representation of Aboriginal people in medicine and other
health-related careers. Dianne Longboat, the director of the program, hosted gatherings with
traditional teachers and elders, and invited me to attend. The experience of hearing elders
speak turned me inside-out. For the first time I directly experienced a powerful tradition of
thought and experience which stood completely outside of the Western tradition in which |
had been educated. The power and wisdom of the words of the elders were like a streak of
lightning shooting through my brain.

It felt like my whole life had been a preparation for those moments, when | understood that
there really are different ways of thinking and being. Ways which were not only different, but
truly powerful; a tradition that stood on its own, entirely independent from European thought,
and had great gifts to offer. Even better, all this could somehow be mine. The search for that
which was missing had ended. That is when | really started to become an Indigenous person.
The work of bringing it in, filling myself with it had begun, continues to this day, and will not
end until my life is over.

I am unbelievably fortunate. Something | could do to satisfy my obligations became
something | could do for my own benefit. And not just a way to self-discovery and to fill a
hole, but a way to power and strength, a way to change the world. The opportunity to become
an Indigenous person is one of the greatest gifts | have ever been granted.

I am not wise, nor deeply knowledgeable about my culture, nor gifted in oratory like the
elders. How can I, with my lack of gifts of expression, convince you that our way is a
powerful way? | often think about three simple words spoken by Chief John Snow: “We
have survived.” Our ways must be powerful if they have helped people survive through one
of the greatest holocausts in human history: one hundred million dead of disease, starvation,
and warfare; loss of land, wealth, culture, and knowledge; injustice and wanton destruction all
around. Through it all, we (the survivors) have survived.

Back in the regular world, | abandoned the study of Artificial Intelligence, which seemed to
be reaching a dead end at the time, possibly because its mechanistic approach was just too
simpleminded to approach something as complex as the human mind, and took up
mathematics, which is what | seemed to do best and which always seemed fun and natural to
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me. | studied mathematics at the University of Toronto for twelve years, ultimately earning a
PhD in pure mathematics under Peter Greiner; my dissertation was on the topic of
hypoelliptic partial differential operators. Peter is like a father to me in a certain sense. He is
also a great mathematician, and wise in his own way and in his own tradition. He is my
mathematical father, connecting me to another strong lineage which includes Solomon
Lefschetz and Carl Neumann. My two fathers have never met.

One of my major life goals is to resolve the apparent incompatibility between the two aspects
of my identity, being a mathematician and being an Indigenous person.

To that end, | would like to explore various interfaces between mathematics and Indigenous
thought. At this point | am more interested in searching for possibilities than organizing my
thoughts in any particular way. | have tried to identify the main sources for my thinking, but |
have neglected making exact references to the literature. | hope that you will forgive my poor
scholarship, but the need for references is reduced because of the availability of such
information in this modern age. In any case, | don’t always remember things the way they
were said or written, but | remember the impression they made on me.

Perhaps the most common, most straightforward, and simplest interface between mathematics
and Indigenous people is the proposal that mathematics is a requirement for Indigenous
people to succeed in the job market. The problem is often stated in terms of the desperate
state of education of Aboriginal people in terms of math and science. Many researchers have
attempted to quantify or otherwise justify that assessment and then conclude that we must find
ways to improve outcomes and achievement indicators for the benefit of the students.

I am skeptical of that approach. For one thing, we have heard such talk before, in connection
with residential schooling for example. | don’t doubt the sincerity and desire to do good of
those who take that point of view, but the concern that I have, partly from history, partly from
personal experience, is that as something is gained, something might be lost too. We have
some idea of the benefit, but do we know anything at all about the cost?

The complexity of the situation seems to expand endlessly the more it is examined. It is
tempting to search for simple solutions to complex problems and to offer simple responses to
complex situations; that is what Western thought (mathematics included) teaches us to do.
However, such responses have not been adequate as we can see from the continuing nature of
the problem (whatever that problem really is).

As examples of the surprising and complex nature of Indigenous mathematics education, |
would like to offer some impressions taken from a paper by William Leap on the mathematics
education of the Ute Indians.

Q: If he gets four dollars a day, how many is he going to have in two days?

A: Six.

Q: Let’s imagine you have 72 pennies right here in a pile, and there’s one boy sitting
here, one boy there, one boy there, and one boy there. What would you do to make

certain everybody got the same number of pennies?
A: Pass them out until they are all gone.

Q: If your brother took his truck to Salt Lake City, how much would he have to
spend on gas?
A: My brother doesn’t have a truck.

Another approach to the apparent incompatibility between Indigenous thought and
mathematics is ethnomathematics. Roughly speaking, ethnomathematics expands the
meaning of “mathematics” to include very general notions of counting, measuring, locating,
designing, playing, and explaining. From the perspective of mathematics education, the task
is to identify examples of such activities within a culture and use those examples to teach
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mathematics. Many different examples of Native American ethnomathematics have been
discussed by authors such as Marcia Ascher, Michael Closs, and many others. For example,
the peach pit bowl game of my people is discussed in Ascher’s book Ethnomathematics.

Some of the most interesting examples of ethnomathematics in North America, in my opinion,
involve the idea of mapping in an extended sense. The feeling I get from Native American
maps and diagrams is that they are not static maps of locations and spatial relationships, but
maps of processes, like how to get from one place to another, how to make a caribou dinner
from scratch, how to give thanks and show respect to everything that’s good, or how to
mourn.

Ethnomathematics is far more reflective and respectful to Indigenous traditions of thought
than the simpler reflex to help Indians succeed at improving their outcomes on standardized
tests. However, the danger of oversimplification remains, perhaps more insidious because the
motives are put forward as purer. An example of such oversimplification which I have
encountered repeatedly in discussions with well-meaning people I call Cone on the Range.
“The tipi is a cone,” | have heard countless times. But that is surely wrong; the tipi is not a
cone. Just look at a tipi with open eyes. It bulges here, sinks in there, has holes for people
and smoke and bugs to pass, a floor made of dirt and grass, various smells and sounds and
textures. There is a body of tradition and ceremony attached to the tipi which is completely
different from and rivals that of the cone. Similarly, there is a ceremonial and spiritual
tradition connected with the peach pit bowl game that is completely lost in Ascher’s
treatment.

Aside from being wrong, oversimplifications such as calling a tipi a cone or analyzing the
peach pit bowl game only in terms of probabilities and odds may have other serious
implications in an educational context. My feeling is that Indigenous students who are
presented with such oversimplifications feel that their culture has been appropriated by a
powerful force for the purpose of leading them away from the culture. The starting point
(tipi, game) may be reasonable but the direction is away from the culture and toward some
strange and uncomfortable place. Students may, implicitly or explicitly, come to question the
motives of teachers who lead them away from the true complexities of their cultures.

There is a more pervasive and insidious example which | call Squaring the Circle. Of course,
Squaring the Circle is one of the unsolvable mathematical problems of antiquity, but the term
is also used by blues musicians such as Sterling “Satan” Magee for the process of reasoning
too much about something that one should be feeling; | believe the term “square” is meant in
a pejorative sense in that context.

In modern Indigenous thought, a tool called the medicine wheel is often used to divide
complex situations into four simpler categories. Many Indigenous people will staunchly
defend the process of dividing wholes into four aspects, such as the person into the physical,
emotional, spiritual, and mental. However, | feel, based on personal experience, that such
analyses square the circle; they are pale oversimplifications of complex and powerful
traditions which have gone underground. One revelatory experience for me took place at a
meeting with teachers, an elder, and a number of well-meaning researchers at the University
of Saskatchewan. After the presentation of a rather complicated example of the use of the
medicine wheel in the theory of science education, Elder Betty McKenna of Moose Jaw was
asked what she thought about it. Betty responded: “I have worked on a real medicine wheel.”

The implication, of course, is that a geometrical, abstract medicine wheel is not real. But
what then, is a real medicine wheel? It is an approximately circular arrangement of stones on
the ground, often with spokes radiating from a centre, sometimes with loops of stones
occurring at irregular intervals around the perimeter. There are many pictures available on the
Web of real medicine wheels such as the Bighorn Medicine Wheel. Note that they blend with
the landscape as it rises and falls; they are not regular. The stones used to mark them are of
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different sizes and shapes and colours; the number of spokes is not necessarily a multiple of
four and not clearly meaningful in any way at all. The purpose and meaning of such wheels is
to some extent lost, or more likely has gone underground. My belief is that they were used
not to divide and analyze, but as “maps” of processes of ceremony, thanksgiving,
timekeeping, and communication. Or maybe not.

Notwithstanding the concerns | have about ethnomathematics in math education, | feel that
ethnomathematics is a worthwhile pursuit. | would like to propose another example for the
body knowledge of the ethnomathematics of Native North America. However, before | do so,
I can’t resist telling a joke which | first heard from Eber Hampton at a barbecue sponsored by
Luther College on the occasion of the opening of First Nations University.

When the astronauts first landed on the moon, they saw a strange sight: a teepee
sitting right there on the lunar surface some distance from the landing craft. The
astronauts bounced over in their spacesuits to marvel at the sight. Finally, one of
them got the nerve to knock on the hide covering the entrance. An old man parted
the doorway and looked out, just as surprised to see the astronauts as they were to
see him. They stared at each other for a few moments, and then the old man noticed
the American flag planted some distance behind the astronauts. Seeing the flag, the
old man exclaimed, “Oh no! Not you guys again!”

The capture of Detroit is one of the highlights of Canadian military history. Near the
beginning of the War of 1812, the government of Canada and its wartime leader, Isaac Brock,
were concerned about its ability to fight a war on three fronts: the Detroit river, the Niagara
river, and the St. Lawrence River. Brock decided to try to neutralize the threat in Detroit
quickly by launching an immediate, overwhelming attack on the American forces stationed in
Fort Lernoult, Detroit. Short of manpower, he gathered as many militia as possible and
dressed them in red jackets to make them look like regulars, and recruited as many Indians as
he could to the cause. Key to those recruitment efforts was the great chief Tecumseh, who
was impressed with Brock and willing to support Brock’s fight against the Americans.

In the decisive tactic of the attack on Fort Lernoult, Tecumseh had his Indians march past a
point which the Americans could see, change their clothing somewhat, sneak back around to
their starting point, and march again and again through the Americans’ field of vision. “One
little, two little, three little Indians ... .” Several thousand non-existent Indians later the
Americans thought they were severely outhumbered and surrendered without firing a shot.

That, | would say, is a fine example of the Native American use of mathematics. It is
something which we own, something of which we can be proud. That is what is missing,
from most of the examples of ethnomathematics used in education. In ethnomathematics,
there is usually a sense that there is something larger behind the scene, let us call it “real
mathematics”, which is not ours. That perceived lack has the effect of making us feel
ashamed rather than proud.

Passion was a major key to Tecumseh’s success in the opinion of his biographer John Sugden.
In the Indigenous world view, perhaps feelings like passion and pride are more valuable than
the knowledge of facts, ideas, rules, regulations, and methods. We need to follow
Tecumseh’s example and instill a sense of pride and passion in our students, not shame and
apathy.

Apropos are historian William Wood’s words on the impact of the death of Brock at Niagara-
on-the-Lake shortly after the capture of Detroit: “Genius is a thing apart from mere addition
and subtraction.” Brock was just one man, but his life and death changed the course of
history. Arithmetic is not always the best tool to use.
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One good example notwithstanding, we are still left with the question of what we can do to
resolve the apparent incompatibilities between Indigenous thought and mathematics. | would
like to make two suggestions about how we might be able to proceed from here.

First, I would like to consider the question of how we might be able to pull mathematics into
Indigenous culture rather than how mathematics might be pushed onto Indigenous people or
how Indigenous culture might be pulled onto mathematics. What might be the difference
between thought which is authentic to the culture rather than a simulacrum of an idea from
elsewhere?

Let us consider how foreign words and concepts are introduced into the Mohawk. Some
words are simply borrowed, in a process familiar to English speakers, from a European
language as in Kabatsya = garbage, Ti = tea, and Takos = cat (probably from Dutch de poes,
i.e., the puss). There are obvious signs that those words are not originally Mohawk words: the
presence of strange sounds (the b sound in garbage), single syllable words, or words with
stress on the wrong syllable. Some borrowed words have the overall style of Mohawk (e.g.,
begin with “ra-") but lack the internal structure of Mohawk words, as in Rasanya = lasagna
which, if it were really a Mohawk word, would mean something like “he sanyaed”, whatever
sanyaing would be. A similar example is Rasohs = sauce, apparently from the French la
sauce. All of those examples lack the nuance, complexity, and internal structure that Mohawk
words typically have. If there is any connotation, it is ridiculous, as in “he sanyaed”.

On the other hand, there are new Mohawk words to describe new concepts, words which
developed within the Mohawk tradition. For example, we have kaya’tarha = television,
literally “it has bodies on its surface”; teyothyatatken = banana, literally “the fruit that has
bent itself”; kawennokwas = radio, literally “it throws out songs”; and kawennarha, literally
“it has words on its surface”, a word proposed, but not (yet?) generally accepted, for
describing a computer. Those words really mean something and are not just dry tokens the
way English nouns are. They are better because they ours, but it is not simply a matter of
pride. Since they are ours, they are consistent and coherent with the rest of the language; they
strengthen the language just as the language strengthens them; and they can be modified and
built upon to add further complexity and sophistication to the language.

New words are coined constantly within the Mohawk tradition. The spirit of the language is
inventive and playful, not acquisitive like the spirit of English. | myself have coined a few
new words, for example kahnekahontsi = cola drink, literally “black water” or “black drink”,
and Kwiskwis nikawahrasas = bacon bits, literally “little pig meats”. The latter made
Kahnekotsyentha kenha laugh and is now regularly used by a small group in Six Nations.
Some day it may come into general use.

Second, | would say we need to recognize that mathematics is an essentially simple (not
complex, although often complicated) way of thinking. Mathematics is all about simplifying,
clarifying, analyzing, and breaking down. On the other hand, Indigenous thought is all about
developing and building up sophisticated, complex responses to complex phenomena such as
the weather, animal migratory patterns, healing, and human behaviour. A colleague at First
Nations House at the University of Toronto told me about one occasion on which her
grandmother held a baby. “There’s something wrong with this baby,” said the grandmother.
It turned out that the child had a serious illness, but the child’s parents and doctor had all
missed the problem until the grandmother felt that something was wrong. We can weigh and
measure and test, but true complexity cannot be handled by simple means.

Time for another joke. This one | heard at the Sakewewak Storytelling Festival in Regina
several years ago. I’'m afraid | can’t remember the name of the storyteller; if anyone out there
knows, please tell me so | can credit him properly in the future.
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In a town in a certain reserve in Saskatchewan, some young boys were breaking into
houses. The RCMP investigated. They came into town and asked the first person
they see, an old man sitting in front of his house, whether he knew anything about
the break-ins. “Yup,” said the old man. “Do you know who’s been doing it?” asked
the police. “Yup,” said the old man, “those four boys.” “Would you be prepared to
testify in court?” asked the police. “Yup,” said the old man. So the RCMP arrested
the boys and charged them with break and enter.

Court day arrived, and the old man took the stand. The prosecutor asked him, “Do
you know who’s being doing those break-ins?” “Yes,” said the old man. The
prosecutor asked, “Can you point to the individuals in question?” “Yes,” said the
old man, “it’s those four boys sitting over there.” “Thank you,” said the prosecutor,
“those are all the questions | have.”

Then the defence lawyer began his cross-examination. “Have you actually seen
those boys breaking in to a house?” “No,” said the old man, “I haven’t actually seen
it myself.” “Then how do you know it’s them?” asked the defence lawyer. “I have
my ways of knowing,” said the old man. “I’m sorry, your evidence is hearsay. We
can’t accept it,” the defence lawyer said. The judge agreed, and dismissed the
witness.

Well, the old man was not too happy about being dismissed like that, so as he
walked past the judge on the way back to his seat, he let out a fart. A long, loud one.
A big one. The judge banged on his gavel and said, “I could have you charged with
contempt of court for that!”

The old man turned to face the judge and asked, “Did you see anything?”

Given the apparent incompatibilities between Indigenous thought and mathematics, | suggest
that instead of asking “What is Indigenous mathematics,” it may be helpful to start with the
following question instead: “What are the Indigenous analogues to mathematics?”

For example, we might ask what the role of mathematics is in non-Indigenous culture. |
believe that one function mathematics plays is as a source of power, which is one reason
people are so concerned about learning it or seeing that it is taught to their children. Power is
also an important concept in my culture. In fact, the core message of the Kayanerekowa, the
Great Good Way, is Skennen, Kahsha’sten’tshera, Ka’nikonhriyo = Peace, Power, and Good
Mind. (The word “righteousness” is often seen in place of “good mind”, but the latter is a
better translation.) Power is central to our understanding of following a good way.

Seeing me in my patched-up, faded shirt, my down-at-heels cowboy boots, the
hearing aid whistling in my ear, looking at the flimsy shack with its bad-smelling
outhouse—it all doesn't add up to a white man's idea of a holy man. You've seen me
drunk and broke. You've heard me curse and tell a sexy joke. You know I'm no better
or wiser than other men. But I've been up on the hilltop, got my vision and my
power, the rest is just trimmings. That vision never leaves me. —Lame Deer

All this talk about power tends to make some people nervous. However, kahsha’sten’tshera
in this context is not power in isolation, rather power within a strong ethical tradition, if
“ethical” is the right word. Another aspect of the tradition in which power sits is humility.
As Black Elk said,

I cured with the power that came through me. Of course, it was not | who cured, it
was the power from the Outer World, the visions and the ceremonies had only made
me like a hole through which the power could come to the two leggeds. If | thought
that 1 was doing it myself, the hole would close up and no power could come
through. Then everything | could do would be foolish.
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Black Elk’s reference to power coming through him reminds me of Ramanujan, a great
inspiration to me, one of the finest mathematical minds of the 20" century. Ramanujan could
not describe the source of his mathematical insight, but believed it did not come from him
personally; instead it came through him in dreams from his family goddess, Namakkal.
Ramanujan had a morning ritual of writing down the thoughts that came to him in dreams
shortly after awakening.

Indigenous spiritual traditions and mathematics are perhaps not really so far apart after all.
Perhaps. Perhaps we can think of mathematics as a kind of medicine, a healing power. But
can it make our lives better as a people, or are its benefits restricted to just a few fortunate
individuals?

I would like to finish with the Blackfoot horse creation story. This version of the story is
taken from Ted Chamberlin’s most recent book, Horse.

A long time ago there was a poor boy who tried to obtain secret power so that he
might be able to get some of the things he wanted but did not have. He went out
from his camp and slept alone on the mountains, near great rocks, beside rivers. He
wandered until he came to a large lake northeast of the Sweetgrass Hills. By the
side of that lake he broke down and cried. The powerful water spirit—an old man—
who lived in that lake heard him and told his son to go to the boy and find out why
he was crying. The son went to the sorrowing boy and told him that his father
wished to see him. ‘But how can | go to him?’ the lad asked. ‘Hold onto my
shoulders and close your eyes,” the son replied. ‘Don’t look until | tell you to do
s0.” They started into the water. As they moved along the son told the boy, ‘My
father will offer you your choice of animals in this lake. Be sure to choose the old
mallard and its little ones.’

When they reached his father’s lodge on the bottom of the lake, the son told the boy
to open his eyes. They entered the lodge, and the old man said, ‘Come sit over
here.” Then he asked, ‘My boy, what did you come for?’ The boy explained, ‘I
have been a very poor boy. | left my camp to look for secret power so that | may be
able to start out for myself.” The old man then said, ‘Now, son, you are going to
become the leader of your tribe. You will have plenty of everything. Do you see all
the animals in this lake? They are all mine.” The boy, remembering the son’s
advice, said, ‘I should thank you for giving me as many of them as you can.” Then
the old man offered him his choice. The boy asked for the mallard and its young.
The old man replied, ‘Don’t take that one. It is old and of no value.” But the boy
insisted. Four times he asked for the mallard. Then the old man said, “You are a
wise boy. When you leave my lodge my son will take you to the edge of the lake,
and there in the darkness, he will catch the mallard for you. When you leave the
lake don’t look back.’

The boy did as he was told. At the edge of the lake the water spirit’s son collected
some marsh grass and braided it into a rope. With the rope he caught the old
mallard and led it ashore. He placed the rope in the boy’s hand and told him to walk
on, but not to look back until daybreak. As the boy walked along he heard the
duck’s feathers flapping on the ground. Later he could no longer hear that sound.
As he proceeded he heard the sound of heavy feet behind him, and a strange noise,
the cry of an animal. The braided marsh grass turned into a rawhide rope in his hand.
but he did not look back until dawn.

At daybreak he turned and saw a strange animal at the end of the line—a horse. He
mounted it and, using the rawhide rope as a bridle, rode back to camp. Then he
found that many horses had followed him.

The people of the camp were afraid of the strange animals. But the boy signed to
them not to fear. He dismounted and tied a knot in the tail of his horse. Then he
gave everybody horses; there were plenty for everyone and he had quite a herd left
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over for himself. Five of the older men in camp gave their daughters to him in
return for the horses. They gave him a fine lodge also.

Until that time the people had had only dogs. But the boy told them how to handle
the strange horses. He showed them how to use them for packing, how to break
them for riding and for the travois, and he gave the horse its name, elk dog. One day
the men asked him, “These elk dogs, would they be of any use in hunting buffalo?’
‘They are fine for that,” the boy replied. ‘Let me show you.” Whereupon he taught
his people how to chase the buffalo on horseback. He also showed them how to
make whips and other gear for their horses. Once when they came to a river the
boy’s friends asked him, ‘These elk dogs, are they of any use to us in the water?’
He replied, ‘That is where they are best. | got them from the water.” So they
learned how to use horses in crossing streams.

The boy grew older and became a great chief, the leader of his people. Since that
time every chief has owned a lot of horses.

Given the frustrations and difficulties of the task facing us, it is reasonable to ask, “Do we
really need this stuff anyway?” As a response | offer the completion of the earlier quotation
by Chief John Snow: “We have survived, but survival by itself is not enough. A people must
also grow and flourish.”
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Description of the working group theme

This is what the working group leaders wrote in advance of the meeting as a description of the
working group theme:

The aim of this group is to generate a healthy and productive dialogue between
mathematicians and mathematics educators about secondary mathematics teacher
development. We hope that working group participants will contribute and take away
intellectual or physical resources of practical use in their work on the professional
development of pre-service and in-service secondary mathematics teachers. The topics below
focus on revealing or generating such practical resources.

e “Best-practice” examples of (pre-service and in-service) courses and programs for
secondary mathematics teachers; what they provide that less satisfactory models do
not.

e Some characteristics of potential and actual collaborations between mathematicians
and mathematics educators that enhance the effectiveness of their individual efforts
towards the professional development of secondary mathematics teachers.

e The extent to which high school curricula, and their formulation in terms of topics,
goals, or proficiencies, should affect the university experience of secondary
mathematics teachers.
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o Exploration of the idea that mathematics for secondary teaching is akin to an area of
applied mathematics® and examples of how this idea can influence course design
(activities, tasks, curricular choices, etc.).

We expect that curricular topics by themselves will not be the focus of the working group.
However, it seems inevitable that topics and courses will arise in illustrating how to bridge
between identifying desirable outcomes (be they teacher characteristics and teacher views of
mathematics, or interactions between teachers, mathematicians and mathematics educators)
and implementing tasks and activities that foster them.

Some concerns that may not affect classroom practice in the short run can be fundamental in
shaping our understanding of what we do. These include questions about societal goals
implicit or explicit in why we teach mathematics in high school, and how these goals affect
the high school curriculum. If participants wish the working group will engage with such
questions.

La formation des enseignants de mathématiques du secondaire

Le but de ce groupe de travail est de générer un dialogue riche et fécond entre mathématiciens
et didacticiens des mathématiques a propos de la formation des enseignants de mathématiques
du secondaire. Nous espérons que les participants au groupe de travail pourront échanger
diverses ressources (matérielles ou intellectuelles) qu’ils utilisent dans le cadre de la
formation initiale ou continue des enseignants de mathématiques du secondaire. Les themes
de travail suivants visent a mettre en évidence ou a générer de telles ressources.

e Examen de cours et programmes jugés « exemplaires » pour la formation initiale et
continue des enseignants de mathématiques du secondaire; qu’apportent-ils que des
d’autres moins satisfaisants n’apportent pas?

e  Caractéristiques de collaborations, potentielles ou effectives, entre mathématiciens et
didacticiens des mathématiques qui accroissent I’efficacité de leurs efforts
individuels pour la formation des enseignants de mathématiques du secondaire.

e Dans quelle mesure les curriculums du secondaire et leur formulation en termes de
contenus, objectifs ou compétences, devraient-ils avoir une incidence sur
I’expérience universitaire des enseignants de mathématiques du secondaire.

e Exploration de I'idée selon laquelle les mathématiques pour I’enseignement
secondaire seraient apparentées a un domaine des mathématiques appliquées’ et
présentation d’exemples de la fagon dont cette idée peut influencer la conception de
cours (activités, taches, choix curriculaires, etc.)

Nous ne souhaitions pas centrer nos discussions sur la définition de contenus du curriculum.
Toutefois, ces derniers entreront nécessairement en jeu lors du travail sur les themes
précédents, notamment pour la description de visées de formation (caractéristiques des
enseignants, interactions enseignants-mathématiciens-didacticiens) et de taches et activités qui
pourraient les alimenter.

Enfin, nous sommes conscients que certains facteurs qui ne semblent pas avoir une influence
directe sur les pratiques de classe jouent tout de méme un réle fondamental dans notre fagon
de les concevoir. On peut penser par exemple aux finalités sociales, implicites ou explicites,

3See in particular pp.13-15 of Usiskin, Z., 2001, Teachers’ Mathematics: A Collection of
Content Deserving To Be A Field, in National Summit on the Mathematical Education of
Teachers, Nov. 2-3, 2001.

(\Voir aussi http://www.cbmsweb.org/National Summit/WG_Speakers/usiskin.pdf)
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qui justifient I’enseignement des mathématiques au secondaire, et a leurs incidences sur les
curriculums du secondaire. Si les participants le souhaitent, le groupe de travail pourrait aussi
explorer ces questions.

Background/overview of participants’ Interests/ questions/ views

What drives the sense (implicit in the organization of this working group) that reform is
needed in how pre-service secondary mathematics teachers are prepared? Is it just part of a
“buzz” about reform of mathematics teaching, spurred, e.g., by widely publicized projects in
calculus reform? The evidence for that is far from convincing. It is true that there is
considerable interest in alternative models for teaching undergraduate mathematics, but there
is no sense of urgency or pronounced dissatisfaction driving change in curricula and teaching
methods for most math majors (including those not intending graduate work in mathematics)
— except for pre-service mathematics teachers. If this perception of more widespread and
more intense dissatisfaction in how we prepare secondary mathematics teachers is correct, it
is interesting to ask what drives it. Is it a feeling that in our math major programs the special
needs of teachers (say as compared to the special needs of students wanting to become
actuaries) are an afterthought? Has this feeling been in part generated by an emerging
awareness or belief that “mathematics for teaching” is an identifiable entity that can be given
substance through the mathematics curriculum? Some of the interest in reforming teacher
preparation likely comes from the U.S.-based sense of crisis about the mathematics and
science achievement of students. Both curriculum and teaching have become targets for
reform. Does the Canadian situation justify the same drive towards reform? Some insight into
these questions will be implicit in our description of the discussion in our Working Group.

Our opening roundtable, at which Working Group participants introduced themselves to the
group, revealed a wide range of practice and experience related to secondary mathematics
teaching. This included past experience as high school teachers; current school board work as
a resource person for teachers; university education of pre-service teachers in mathematics or
education departments; and graduate study and research related to the secondary mathematics
classroom. The motivations of participants for joining our group were correspondingly
diverse.

Some participants expressed interested in presenting mathematics to students in better ways.
What might better mean? It included characteristics such as being more engaging, more
meaningful, and less abstract. For some participants the expression of these desiderata was
not focused on courses for pre-service teachers. For others it was, including implicit or
explicit questions such as whether tying the mathematics to the students’ future work might
help generate engagement, and whether our goals and approaches in preparing teachers can be
separated from broad issues of how mathematics is taught and how it should be taught.

A number of participants had special responsibilities for teacher preparation, involving design
and instruction of courses in mathematics and/or mathematical methods and/or didactics of
mathematics. The frameworks in which this work is carried out vary considerably between
educational systems. Some models (typified by Ontario and British Columbia universities)
involve virtually no consultation, and often little contact, between instructors of mathematics
courses and instructors of methods courses for secondary mathematics teachers (to the point
where someone in one group may be unsure what the other is doing or how it fits in to the
overall teacher preparation). In Québec the mathematical formation and the math education
formation are usually done in their respective departments — except for UQAM where both
are done into a math department which includes didacticians — and each set of teachers seems
to have an understanding of the overall teacher preparation package. According to the
participants from Québec universities there is consultation between the mathematicians and
didacticians, and a few mathematical courses are even specially developed for pre-service
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teachers. As in UQAM, pre-service teachers at State University of New York colleges may
take their mathematics and mathematical methods courses in the same department, and from
some of the same teachers.

Of the three models mentioned above, that of Québec seemed the one in which people are
most comfortable with their role in the preparation of secondary mathematics teachers.
Although the SUNY approach might seem to offer maximum flexibility in designing and
delivering a program for teachers, the ferment mentioned in our opening paragraph creates
uncertainty as to what the design principles should be, and to what extent there should be
migration of items traditionally treated in “methods” courses into “curricular” courses, and
vice-versa. In both of these models prospective teachers share some of their mathematics
courses with the other math majors, but also take courses dedicated to their intended
profession. The Ontario examples we were able to sample shared the Québec and SUNY
characteristic that mathematics programs for prospective secondary teacher include courses
designed with an eye to professional goals. But the existence of these tailored mathematics
courses is tenuous, and the design principles behind the “tailoring,” as well as the connections
with mathematical methods courses, are often ad-hoc.

A common feature of our participants’ various contexts for mathematics teacher formation is
that mathematicians involved in the process do have an interest in the question of what they
can or should do to prepare teachers. In past decades the typical mathematician’s answer to
such questions would have centred around exposing pre-service teachers to more
mathematics, which would usually have meant more advanced and abstract mathematics. This
viewpoint is not prevalent in today’s discussions of the same questions. Most people
interested in the issue are aware that there has been no success in documenting that more
advanced mathematics courses contribute to the formation of better secondary teachers. With
this as background it is reasonable to question whether there is in fact much that mathematics
departments can contribute to what secondary mathematics teachers need to know. We heard
the view that what mathematics teachers need to know is “embedded in the moment of
teaching,” and is hence is something that cannot be taught in the university classroom. This
notion surfaced in a different form, through comments suggesting the efficacy of in-service
development that included mathematical as well as pedagogical components.

Given the structure of current programs, it is not obvious how instructors of pre-service
teachers might take into account that what teachers need to know comes through teaching. It
seems that mathematics departments have limited scope for systematic interaction with in-
service mathematics teachers. Pre-service teachers, except those in Québec or those in
concurrent education programs, do not bring classroom teaching experience into their upper-
division mathematics courses. Moreover, the interest of participants in “mathematics for
teaching” included questions that would not disappear even if one accepts that much of what
goes into shaping a teacher occurs in the practice of teaching. Examples of these questions
include: how to set a good foundation for ongoing professional development; how to lead pre-
service teachers to see themselves and their future students as having the potential to be
creative problem solvers and formulators of mathematics; how to convey interest in what
makes it possible for people to create, shape, and communicate mathematics, and what allows
mathematics to be doable by humans.

The questions raised in the last paragraph do not connect in an obvious way with the
traditional curriculum in either mathematics or mathematics education courses. To what
extent should fretting about that curriculum be part of our effort to “do the best we can” for
pre-service teachers? The Working Group co-leaders, respecting guidance from the meeting
organizers, had avoided plans for turning the discussion towards curricular specifics.
However, other participants were not hesitant to bring up curriculum-related issues. Three
views about desirable course content for prospective teachers were voiced in varying ways by
several participants (and were likely shared by quite a few others). One was the value of
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relating mathematics to historical and cultural perspectives. Another was the importance of
bringing students to see mathematics as having internal coherence, both within a subject and
between levels. A third was the benefit of having pre-service teachers see elementary
mathematics from a more advanced perspective.

Although clearly related to curriculum decisions, these suggestions were not always framed
that way. Some emerged as questions about what a curriculum would look like that blended
inquiry with traditional instruction. Some were presented as ideas for changing what we teach
so as to introduce a variety of instructional techniques in place of over-reliance on a lecture-
based approach. The desire we heard from participants for a more diversified font of
classroom instruction techniques had two aspects: personal professional enrichment, and
disciplinary improvement.

Curricular suggestions are likely to be perceived as directed to the mathematics rather than the
education component of the pre-service teacher’s program. However, in most cases this
intention would have had to be inferred from what was said, and drawing the inference that
everything is just fine in the Teacher’s College curriculum might lead us to overlook
opportunities for improving the overall preparation of pre-service teachers. For example, we
mentioned earlier the SUNY attempt to introduce more mathematical components into
methods courses. The Québec teacher formation program, which incorporates considerations
of mathematical coherence into the design of the mathematics education curriculum, might be
a source for philosophically agreeable and practically implementable ideas for those who
teach methods courses in other jurisdictions.

We should not leave the impression that mathematics departments did not come in for explicit
criticism. In the opening roundtable we heard of frustration, experienced by pre-service
teachers and their education program instructors, at how a mathematics degree had simply not
prepared its recipients for what they would need as a teacher. The background for this
criticism was the Ontario model where intending teachers obtain their B.Ed. degree following
aB.A. or B.Sc.

Participants raised other questions that bear on the interaction of mathematics instruction and
mathematics education instruction in the formation of secondary mathematics teachers. Can
research in mathematics education beneficially influence the mathematics classroom
experience of pre-service teachers? How can the mathematics and mathematics education
communities share insights each has into activities that engage students and help make sense
of mathematics? Does the seemingly common vocabulary that these communities use to talk
about mathematics teaching mean the same thing to each group? Are there significant
differences in the way each group perceives the transition from mathematics as a collection of
facts to something more, and do they have the same “something more” in view when they talk
about secondary teachers and their students?

Summary of the Working Group’s Quest for Insight

The group worked in an iterative way. Directly following our opening roundtable we
identified four large issues that seemed to emerge from participant interests. In the second part
of our first day we broke up into four groups, each assigned the task of identifying questions
relevant to one issue. These questions were brought back to the whole group for clustering
into themes to be analyzed in more depth. The initial four issues from which these themes
were to be distilled were:

e Pedagogy and content as a shared responsibility
e Ways of learning math — what do we want to achieve?
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e Interesting words: rigourous, meaningful, conceptual, deep, abstract, coherent,
contextual.
e  The “affect/attitudes” component of math education

The group distilled the following themes (each accompanied here by a synopsis of what
emerged when we discussed it).

Theme 1. Identifying desirable mathematics experiences
Synopsis of the discussion

What characteristics and goals should we keep in mind in the mathematical training and
education of prospective secondary mathematics teachers? We should try to foster a non-
constrained view of mathematics through:

e breadth of subject matter extending beyond traditional material in calculus, linear
algebra, and introductory statistics, to include experience in numerical methods,
modeling, and discrete mathematics;

e experience in doing mathematics, extending beyond solving template problems, to
include such things as formulating definitions and explanations, constructing and
using mathematical models, etc.;

e connecting mathematics taught at university to that taught in schools; helping
students to think about “where things come from, where they go;”

e exposure to topics that require non-routine perspectives, such as non-Euclidean
geometry;

¢ linking mathematics to historical and cultural phenomena.

Theme 2. Questioning assumptions
Synopsis of the discussion

Some conventional perceptions that influence the preparation of mathematics teachers can
restrict the educational vision of the pre-service teacher, and the experience of his or her
students. Designing training regimens for teachers should involve critical review of what
mathematics is, of the purpose of education, of how we conceptualize the learner, and of what
teaching is about. Some suggestions for fresh points of view include:

e Mathematics is a way of thinking and learning rather than a set of rules.

e The learner and the subject should be seen as evolving and contextualized.

e Teaching and learning should include elements that perturb comfort, mastery,
equilibrium.

e Learner autonomy and actualization should complement the layered view
mathematics.

Theme 3. Rich vehicles for mathematical development — what and where?
Synopsis of the discussion

A common model of pre-service teacher development involves first studying in a mathematics
department (often through courses common to all math majors), and then taking an education
degree, which includes exposure to pedagogically-oriented “rich” ways to understand and
teach mathematics. Do these components have to be separate? Could “rich experiences” of
value to a prospective teacher be part of her mathematics program? Some tension is
inevitable. Constraints of time and subject matter may not respect the interests of prospective
teachers in math major courses. However, non-traditional classroom activities that are good
for prospective teachers can also be good for prospective researchers. For example,
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mathematics history can be used to help develop appreciation and mastery of proof. So can
activity such as serious writing (e.g., producing “parts of textbooks” from which other
students could learn). The latter task, as well as others that involve reading mathematics, can
provide valuable modeling for continuing professional development, be it as teacher or
researcher. Technology can also be a vehicle for the rich mathematical activities we would
like students to experience. Knowledge of resources that support learning “mathematics for
teaching” would be a valuable addition to the professional toolkit of mathematicians
educating pre-service teachers, and to their students.

Theme 4. Affect in the mathematical education of teachers
Synopsis of the discussion

We would like secondary mathematics teachers to have passion and curiosity for mathematics
and its teaching: about the subject, about how people learn it, about pedagogical approaches
to teaching it. We would like teachers to develop lifelong learning habits, and to think of
themselves and their students as doers of math, rather than passive receivers trying to master
template problems.

Balanced use of disruption and reinforcement should be used as a counter to an algorithms-
and-templates view of mathematics that is too often a legacy of the overall mathematics
education that pre-service teachers experience. The disruption in outlook must be
accompanied by reinforcement of the pre-service teacher’s confidence in what he/she does
know, and in his/her command of materials and approaches supporting broadened conceptions
of mathematics.

The Denouement

For our first two days we divided our time between working in breakout groups and as a
whole group. The smaller groups were asked to consider specific questions, and their reports
became the basis for plenary discussion within the time available. Our closing whole-group
session was reserved for individual reflection on our Working Group experience. It was clear
that on the “physical” side we fell well short of our goal of having participants “take away
intellectual or physical resources of practical use in their work on the professional
development of pre-service and in-service secondary mathematics teachers.” On the other
hand, the reflective and cordial ways in which participants revealed this were probably
indicative that the Working Group had probably done better with respect to “intellectual”
resources, and in its aim to “generate a healthy and productive dialogue between
mathematicians and mathematics educators about secondary mathematics teacher
development.” In one form or another we heard that although what happened in the Working
Group was not what the person had expected, or not directly germane to his or her
professional situation, there was appreciation of the ideas and opinions encountered — of the
opportunity they presented for a broadened perspective, and of the sense they engendered of
kindred thoughts among people playing different roles towards the common mission of
broadening the appreciation of what mathematics is, and of improving the effectiveness of our
teaching work.

We will review some closing comments by participants not only to record some of the
interesting observations made, but because they provide insight into questions raised in the
previous section of this report. Although some of these remarks were voiced by only one or
two people, it was our sense that the sentiment behind them had considerable support from
others.
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Some of the observations we heard seemed linked to the organizers’ decision, for reasons
mentioned earlier, to shy away from curricular specifics. People who had hoped to leave the
Working Group with new tools and resources ready for classroom use did not fare well in
having this expectation met. This was particularly true for those whose focus as teachers was
on development of their ideas on how to teach math, rather than on “how to teach how to
teach math.” Although this “how to teach how to teach” motif was appropriate to the Working
Group’s theme, had there been less abstraction in its treatment there might have been more
benefit for those participants who do not teach mathematics or mathematics education courses
specifically intended for pre-service teachers. Another summary comment indicating a need
for concrete materials was the observation that there was a need for textbooks and similar
resources to support the rich experiences we want for our pre-service teachers, and ultimately
for their students.

Even if concrete classroom materials did not surface through our discussions, some applicable
perspectives did. One was that each of us can, as a teacher, have a role in defining what
mathematics is, without distancing ourselves entirely from community standards and
curriculum guidelines for the courses we teach. We heard various forms of an appreciation for
the polite exchange between people with different assumptions and curricular missions. We
were reminded of the need to think globally while acting locally. For some of us the discourse
in our Working Group was seen as something one could refer to later — as a source of
encouragement and as a model for civil disagreement — in dealing with tensions that can arise
when we depart from traditional teaching. One participant saw in our discussion an
illustration that in confronting assumed barriers the “monsters under the bed” might turn out
not to be where or what we thought they would be. One person likened our Working Group
discourse to The Life of Pi, reminding her of the novel’s presentation of different stories
accounting for the same reality.

The shared appreciation of our amicable and thought-provoking dialogue did not prevent
critical views from surfacing during our closing roundtable. The aforementioned dearth of
specific proposals made some of our discussion seem superficial to people already aware of
the problems — but not of solutions. Some participants sensed a quest for a “holy grail” in the
tone of our some discussion, or in the goals for it (such as the identification of “best practice”
models). This was seen as potentially leading to frustration and defeatism. Some of the
closing comments echoed opening remarks on a divide between the implicit perspectives of
mathematics departments and mathematics education departments on what pre-service
teachers (and by extension, on what mathematics students) need. In our closing session we
heard the view that mathematicians had “catching up” to do in learning about, developing,
and communicating a richer vision of mathematics teaching and learning.

Two perspectives that came up during our breakout and plenary sessions were referred to
during our closing debriefing as new considerations that would be food for future thought.
One was the view of the secondary teacher as a lifelong learner. The other was the possibility
of the teacher leading students to assume some of the responsibility for what transpired in a
classroom or learning community, hoping to make the student’s experience less like “hopping
on an elevator” (with no choice of destination and no opportunity to explore). The
mathematics student (in high school and in our pre-service classes) should be seen as a
potential artisan, not just a keeper of artifacts. The word “devolution” was proposed to capture
the idea of transferring scope for self-direction to students. It is clear that for this concept to
gain currency in our discourse we will need examples of what it can mean in practice. If
nothing else, many (perhaps most) of us have too little insight into teacher thinking and
development on which to build a principled approach to course and curriculum development
that includes “devolution,” or even more familiar ideas such as lifelong learning, or
scaffolding of mathematical understanding, or the use of disequilibrium to generate
engagement and to deepen understanding.
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Our final reflection on our closing roundtable is about an issue core to the CMESG.
Something the Working Group leaders had hoped for was a list of existing or potential ways
to bridge the separation between mathematics department people and mathematics education
people in the preparation of pre-service secondary teachers. No list emerged. Although during
our meetings we did hear occasional references to attempts at inter-faculty cooperation or
consultation or communication, most examples seemed too ad-hoc, or too new, or too locally
oriented, to be transferable models. It might be that other settings, such as the series of
Canada-wide forums initiated with the 1995 Québec City meeting, may be more appropriate
vehicles for dealing with the structural issues that limit ongoing cooperation and consultation
between mathematicians and mathematics educators in areas where they have shared
responsibility. On the other hand, even people who had hoped for the emergence of explicit
bridging models did not criticize that this did not happen. Rather, they felt that what did
happen through our Working Group discourse provided compensatory benefit that we could
each apply in our own sphere of work and influence.
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Report of Working Group B
Rapport du Groupe de travail B

Developing Links Between Statistical and Probabilistic Thinking
in School Mathematics Education / Le développement de liens
entre la pensée statistique et la pensée probabiliste dans
I'apprentissage des mathématiques a I’école

Stewart Craven, Toronto District School Board
Linda Gattuso, Université du Québec a Montréal
Cynthia Nicolson, University of British Columbia

Introduction

The value and significance of the discussions initiated in our working group might best be
illustrated by the following example of student learning.

The setting was a summer school classroom in which students in Grades 7 and 8 had been
enrolled to improve their skills in mathematics. The instruction was innovative—at least in
terms of summer school instruction. Students were engaged in an inquiry that required the use
of statistical methods to predict the likely distance a paper airplane would fly, based on the
results of tests of the prototype over a number of trials. One group of students presented its
findings by using a graph and by providing accurate figures for the mean, median, and mode
of the distances recorded for all of the trials. Although the students in this group found the
mean and median to be very close to 9m, they concluded that the airplane would fly 15m the
next time it was launched! Having completed their statistical analysis, the students’ prediction
was in no way influenced by the graphs and numbers they had generated. They had, instead,
based their prediction on hope, recording and calculating the statistics only to satisfy the
requirements of the teacher.

Comme on le voit dans cette anecdote, les connaissances acquises a I’école ne sont pas
toujours utilisées. Ce phénoméne est bien documenté dans la didactique des sciences en
particulier (Joshua S., Dupin J.J., 1993)4

Session One

Our working group comprised individuals who brought with them a multitude of perspectives.
Included in the group were statistics professors, mathematicians, faculty of education
professors, graduate students, high school and elementary school educators, and a
representative of Statistics Canada. Following introductions, we began the process of making
sense of the key issues affecting the teaching and learning of statistics and probability in

* Introduction & la didactique des sciences et des mathématiques, Joshua S., Dupin J.J., PUF,
1993, Paris.
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schools. We subdivided into small groups to consider the question, “What do we mean by
statistical thinking?”

Le groupe était formé de statisticiens, de mathématiciens, de professeurs des sciences de
I’éducation, de formateurs d’enseignants du primaire et du secondaire, ainsi que d’étudiants
gradués. De prime abord, le groupe divisé en petites équipes s’est posé la question:
“Qu’est-ce que la pensée statistique?”” et voici les réponses obtenues dans chaque équipe.

The first group generated the following ideas:
Statistical thinking occurs when one can;

understand poll results and margins of error;

analyze distributions by considering centres and spreads;

use statistical formulas appropriately; and

make connections to applications in areas such as economics, the environment,
sociology, the pure sciences, and political science.

The second group decided to use a schematic diagram to convey its ideas.

give clear explanations
make appropriae
assumpitions

consider different types of
data

visnalize data

SOCIAL RESPONSIBLITY

STATISTICAL THINKING
Allows/offers/affords/leads one
to:

use multiple approaches to

pose questions based on the
problem solving

statistics presented

pose questions about the data
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The remainder of the first session was devoted to identifying the “big ideas” in statistics and
probability. These ideas are summarized in the following table:

“Big ldeas” in Statistics

“Big ldeas” in Probability

Use statistics to seek patterns and make
predictions

Understand the applications of the
additive and multiplicative principals
when determining probabilities

Recognize the difference between
qualitative and quantitative data

Understand the difference between
dependent and independent events

Use and construct graphs appropriate to
the type of data

Understand expected value

Recognize the difference between a sample
and a population

Understand counting (combinations and
permutations)

Understand that a carefully designed
sample can be representative of a
population and can be used to make
predictions

In experimentation, understand the
relative predictive quality of doing a few
trials versus many trials

Understand notions of statistical
significance and sampling variability

Understand the difference between
theoretical and empirical probability

Use distributions to reveal
patterns/trends/central tendencies and
deviations from patterns/trends/central
tendencies

Understand relative frequency

Understand that statistics can be used to
deal with uncertainty and can answer
relevant and important questions

Understand randomness

Understand the uses of simulations

Understand variation

Understand sample space

The following table summarizes the processes of doing statistics or probability:

Think Critically Interpret Make Conclusions

(Decisions)
Confront/Address Compare Communicate
Pose Hypotheses Understand Fallacies

Session Two

Lors de la deuxiéme session, Cynthia Nicolson a proposé un jeu de dés appelé le « petit
cochon». Les participants aprés avoir joué a ce jeu, ont tenté de trouver une stratégie
gagnante et de voir si cette activité pouvait mettre en oeuvre la pensée probabiliste.

The second session on June 5 opened with a lively game of “PIG.” The rules of the game
require that participants make decisions based on strategies that may or may not be based on
probabilistic or statistical thinking. At first, all participants are standing as the dice roller
starts the game by rolling a pair of dice. Given that neither of the two dice roll a “one,” all
standing score the total on the dice. After each roll, the participants must decide whether to
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remain standing or sit down. If a participant sits down, his or her score is “locked in” for that
round, but if a participant remains standing, three consequences may occur:

e a“one” is not rolled, and the participant can accumulate the additional points for the
roll

e a “one”isrolled, and all points for that round are forfeited

e double “ones” are rolled and all points for all previous rounds are forfeited

A round comes to an end when all participants have decided to sit or when at least one “1” has
been rolled. The following chart shows a possible scoring scenario:

Participant #1 Participant #2 Participant #3

DiceRolls Round #1 | Round #2 | Round #1 | Round #2 | Round #1 | Round #2
(44) [ (63) | Smand 8 [Stand 9 [Stand § ['Stand 9  [S@nd & | Stand 9
25) | (23) |Smnd 7 |Stand 5 [Stand 7 | Stand /5 | Swgd( 7 | Stand 5
(5.6) | (2.3 | sit Stand 4 | Stand 11 | Stan 4 [Sfnd T [ Sit

(1.6) | 34) Sit Sit Sgnd N7 | Stand

(1D Atand ™,
Totals 15 18 0 =24 0 0 14

We asked participants to think about their own thoughts and feelings while they took part in
the activity, and we proposed the following three questions:

i.  How does this activity promote probabilistic thinking?
ii. What possible student misconceptions might arise?
iii. What prior understandings are required?

Some paraphrased responses follow:

One participant said that he would sit down after a given number of trials because it
was likely that a ““one”” was due to come up.

Another suggested that he had played this game a lot with students and wondered
whether this was truly a probability game.

In reply, another asked, “Is it not still probabilistic thinking, even though the ideas
may be misconceived?” In other words, students might be aware of the existence of
underlying probability ideas, even though they misapply them.

One participant mentioned the psychological aspect of the activity (e.g., everyone
will approach the activity differently depending upon how ““conservative” he or she
might be). In a similar vein, another person added, “There was a point at which we
had 34, and | could feel myself getting to 40, so | didn’t want to sit down.

Game Strategies

Participants discussed strategies and then played three or more rounds in pairs to test their
strategies. Strategies included: a) stop after a certain number of rolls, b) stop after a certain
number of points, or ¢) play according to one’s intuition. One participant noticed that some
students adopted a strategy based on their observation that winning scores were always
around 75 in a five-round game. In each round, they would quit once they reached 15, or, if
unsuccessful, compensate in the next round (e.g., quit when they reach 30). One individual
stated that the optimal score for any round is 18.

Reference was made to the “gambler’s fallacy” (i.e., a “one” has not been rolled for a while;
therefore, it is due to come up). Understanding that dice don’t have a memory is an example
of valuable probabilistic thinking. Another said, “It depended on who was rolling the dice.
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She was not a hot dice roller. She got ones repeatedly.” One might ask if this feeling is sound
probabilistic thinking or the idea that the dice themselves could be “lucky.”

At this point, we readdressed the central question based on the activity, “PIG.” Does this
activity demand statistical or probabilistic thinking? Certainly, this game is a simulation
where one accumulates data and uses this data to predict future results. Nevertheless, further
questions can be asked: Are games such as PIG valuable in helping students learn about
statistics? Will students who are engaged in such games realize that they can use statistical
analysis to predict future outcomes? Does it matter which comes first —computing a
theoretical result, or conducting experiments to collect data? If one were to draw a conclusion
at this point, one can see that this type of activity addresses both statistical and probabilistic
thinking and that statistical analysis appears to lead ideas in probability. Certainly, if
approached carefully, this activity does provide an excellent leaning activity for students
because it provides an environment where cognitive dissonance surely exists.

Aprés la pause, Stewart Craven a proposé aux équipes de préparer une activité et pour les
inspirer, il a distribué a chaque équipe un sac de croustilles.

After the break, we asked the members of the working group to rearrange themselves to
consider a different activity. Each small group was given a package of potato chips and were
asked to:

e use the bag of potato chips as an inspiration for a lesson,
e design such an activity for any grade level, and
e state clearly what the students would learn

This turned out to quite a challenging task as some groups became bogged down with possible
mathematical connections. Eventually, all of the groups completed the task.

The first group reported the following steps:

We dumped out the chips and sorted them into approximate sizes.

We made a display (a concrete graph).

We compared the heights of columns of chips.

We asked questions, “What if you went to a standard unit of measure to try to
measure chips?” “Where is probability in all of this?” “ What makes a good chip?

In response to this group, it was suggested that it was not necessary to force probability into
an activity where descriptive statistics might well be the focus of the learning.

Another group looked at the maximum diameter of the chips, using a grid. They asked, “What
questions does this answer?” They added, “We ate our outliers” much to the whole group’s
amusement.

The third group reported, “When a potato is cut into chips, the bigger ones come from the
centre...but the bigger ones are more likely to break. You can count how many are whole but
you can’t count the broken ones...if this is true, the distribution would drop off very quickly
at one end.” And they concluded, “We have a worthwhile question.” Other people chimed in
that this could lead to understanding of the concept “quality control” and that one might be
able to ascertain a “potato signature curve.”

At this point, a member of the group shared his experience with secondary classes that
completed an activity based on the use of bags of potato chips.

e All students were provided with identical bags of potato chips.

e Students used a very sensitive scale to find the mass of the full and empty bags of
potato chips.

e  Students sketched the distribution of the masses of all the bags of chips.
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e The students decided (in advance) on a tolerance level; (e.g., at least 80% of the bags
must have a net weight equal to or greater than the net weight signified on the
package).

o  Where the results were below the tolerance level, the students wrote to the potato
chip company to apprise it of their concerns.

e The students learned about distributions, variance, and probability.

e  The students discovered how mathematics could support consumer activism.

The last group reported that they also started with the idea of consumer awareness. Students
could:

e bring in bags of different brands

e examine each bag to see how many chips were whole, how many were bite sized,
and how many were not eatable

o do an analysis of the different brands

Certain unresolved issues arose with respect to this kind of analysis.

Again, we see that the statistical thinking appears to precede the probabilistic thinking.
Another significant observation from this activity was that teachers and professors found it
difficult to create and structure authentic learning situations in which statistical and
probabilistic thinking would be nurtured. It became apparent that a great deal of thought was
required to connect appropriate learning to meaningful contexts.

La plupart des équipes en sont restées a des activités élémentaires. Une d’entre elles, par
contre, est allée plus loin en proposant une activité initiant au contréle de qualité.

Session Three

La troisiéme session a commencé par une présentation trés intéressante du “Recensement a
I’école” et du logiciel « Thinker Plot » par Joél Z. Yan de Statistique Canada.

Our third session started with a presentation about “Census at School.” “Census at School” is
an online environment in which students in Grades 4 through 12 from around the world
engage in statistical inquiry. Students fill out anonymous surveys, download sample of data,
ask research questions, analyze their data, and draw conclusions. Schools from across Canada
complete the online surveys to build the database and then draw upon that database to answer
important questions.

The ensuing discussion opened with a comment that the data was “spawning” the questions.
This is a reversal of the common notion that researchers start with a question and then find
appropriate data to answer that question. In other words, it is like saying, “Here’s the data,
what questions do you want to ask?” Other individuals in the group responded quite positively
to this idea, “It makes math beautiful.” Another participant surmised that the students should
be generating the questions, but “most often, teachers generate the questions. It’s a huge
difference!”

In the example from the demonstration, the children were learning about the prevalence of
bullying in their school. This led to the comment, “ The children are learning so much more
than mathematics—about bullying, differences between boys and girls. It’s great!” Another
participant observed, “lI saw that the Grade 7 and 8 kids were interested in data about
themselves.”

What do children need to be able to engage in these kinds of statistical inquiries? Teachers
need permission to teach in this manner, they need to know how to use and teach with
technology (e.g., completing online surveys, downloading data, using spreadsheets, and using
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dynamic statistics software such as Tinkerplots and Fathom), and they must have appropriate
access to technology. To these ends, teachers must have access to professional development
that provides opportunities to learn in depth.

We then asked, “ What do you personally feel about teaching statistics? Is it done
appropriately? Why or why not?”

This conversation started with the comment, “I personally believe that no child should leave
our school system without statistical thinking experience. ...data is present in everyday life.”
If statistics is only for some students, then this builds the notion of the privileged or the not
privileged.

What are the key issues? The responses are organized under four subheadings.

Par la suite, une discussion s’est engagée et des questions fort pertinentes ont été traitées. Il
a été surtout question de I’enseignement des statistiques a I’école, pourquoi, quand et
comment les enseigner et les problemes auxquels on fait face relativement a cet enseignement.
Entre autres, le peu de place accordée dans la plupart des programmes scolaires des
provinces canadiennes sauf au Québec qui a inclus ces notions a partir du primaire.

Un probléme qui a également été soulevé est le manque de préparation et de soutien des
futurs enseignants. Ceci est di a la fois au peu de temps accordé a leur formation et aussi au
fait que les formateurs eux-mémes se sentent démunis face a I’enseignement des probabilités
et des statistiques.

Why Should Statistics Be Taught?

The general feeling of the group is summed up in this statement, “I agree that to be a
numerate citizen you need to think statistically. Should we be doing it? Of course we should.
Statistics certainly speaks to the utility side of math. | think everyone’s going to say, ‘of
course we should do it.”” Another participant provided an example to support the importance
of teaching children to think statistically. He described the problem where many citizens
could not make sense of the proposed changes to the provincial electoral system. This can in
part be attributed to our inability to engage and teach children how to think statistically. We
cannot allow students to graduate from our schools without such skills if we expect them to be
fully functioning citizens.

When Should Statistics Be Taught?

More than one participant stated that it was inappropriate to teach probability before Grade 5,
and that developmentally, ideas such as confidence levels should not be addressed until the
senior years of high school.

How Should Statistics Be Taught?

An example of a place where statistics is embedded in mathematics learning was drawn from
the development of the Applied curriculum in Western Canada. The intention was that the
data would be collected and an analysis would come out of the data. This shifted the focus of
the traditional mathematics lesson away from “I teach you something, you practice, and then
you apply it to something called problem solving.” Another participant stated that it is critical
that data analysis be based on authentic and interesting contexts, such as global warming,
obesity, polling results, or demographics. To quote yet another participant, “The real life
aspect is really an important part. [The context] isn’t just a cloak—a faking of reality.”

It was also noted that many curricula use statistical ideas and procedures to support the
teaching of other areas of mathematics, such as number sense and numeration.

45



CMESG/GCEDM Proceedings 2006 ® Working Group Report

The discussion moved to a very interesting notion. It started with statements like, “Students
need to learn statistics conceptually, not formally.” This led to the idea that there is a
developmental continuum for learning concepts in statistics and that perhaps there is a less
formal, “pre-statistical thinking” phase for elementary school students. One member of the
group wondered whether “pre-statistical thinking” is analogous to “pre-algebraic thinking.”
What does less formal mean? Does it mean a more descriptive approach to statistics? Is it
about encouraging data conversations among students with less concern about formal
analysis?

What are the Obstacles Encountered in Teaching Statistics Well?

The first concern related to pedagogical approaches that often lead to conceptions that must
be corrected at some point. Often, teachers’ background and/or knowledge in mathematics,
and in particular, statistics, is very weak or even non-existent at a university level. This point
was reiterated several times. Limited access to, and insufficient knowledge about the use of
technology was a clear concern. Teachers need good professional development to know how
to conduct a statistics lesson that takes advantage of the tremendous power found through
technology. While this problem is not insurmountable, solving it does take a concerted effort.

To draw our working group session to a close, we decided to break into two groups. We
proposed the following themes:

i.  Statistical and probabilistic thinking in the elementary school curriculum
ii. Statistical and probabilistic thinking in the secondary school curriculum
iii. Using technology to teach statistics and probability

iv. Teacher education

One group chose to meld the first two topics together, and the other group chose teacher
education for consideration. When we reviewed the notes from both groups, it was evident
that the deliberations had taken similar paths. The following synopsis is an amalgamation of
the ideas generated by the two groups.

What are the key elements of a rich program or curriculum in statistics and/or
probability?

Any curriculum in mathematics must be written so that the learning trajectory is
developmentally appropriate. The notion that writing a curriculum that begins with “pre-
statistical” thinking in early grades and builds towards more formal “statistical thinking” by
the end of secondary school was agreed upon.

Secondly, all concurred that appropriate/authentic contexts are essential when designing a rich
statistics program. Students are far more likely to engage if they “own” the question. There
was a suggestion that it might be possible to introduce a context in early elementary school
that could be revisited across the grades with increasing degrees of sophistication.

Also, students should be able to avail themselves of the power of technology to gather data
(e.g., Census at School), represent the data (e.g., spreadsheet programs), and analyze the data
(e.g., dynamic statistical software such as Tinkerplots™ or Fathom™).

What training and background do teachers bring to the statistics/probability
classroom?

Requirements to gain admission to faculties of education across Canada vary significantly.
For example, a teacher wishing to teach elementary school does not need a single university
course in mathematics to gain entrance to many Ontario faculties of education. In
Saskatchewan, however, all teacher candidates must have a math content course at the
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university level. In the province of Quebec, teacher certification is done over four years and
includes six half-year courses related to mathematics. Across Canada, most certified
secondary teachers teach statistics without ever having taken a single course in statistics at
university.

Generally, participants agreed that most teachers do not have sufficient background or
experience in statistics or probability before they start their teaching careers.

What support do teachers receive/require after they have been hired by a school
board?

Teachers need opportunities to deeply learn the content of statistics and probability. The
group identified some examples of the kinds of topics where they found teachers struggling.
Included in this list were concepts around the use of percentages; applications of
representations such as bar graphs, histograms, stem and leaf plots, and box and whisker
plots; uncertainty; and randomness.

Teachers need opportunities to learn about how children come to understand/learn statistics
and probability, and they need to be introduced to current research in this area. This
understanding must inform how teachers teach statistics and probability. Our group identified
some aspects of good teaching:

e using inquiry/problem-solving approaches to teach statistics and probability,

e engaging students by using tasks based on authentic contexts that are interesting to
the students,

e allowing students to pose their own questions,

e using technology and concrete materials appropriately, and

e using tasks that have multiple entry points and are open-middled (with multiple
solution routes) and/or open-ended

When professional development opportunities are provided for teachers, it is critical that
excellent methodologies be modelled; in other words, teachers should be taught as they are
expected to teach.

Teachers need opportunities to learn how to design good lessons and long-term plans. Many
in our group suggested that resources need to be provided to teachers—especially beginning
teachers. These might include specific lesson plans, rich statistics/probability tasks, and
exemplars of student performance for assessment and evaluation. There were concerns raised
that it is difficult for a teacher to implement someone else’s lesson plan because the
environment and audience for the developer may not align with the other teacher’s
circumstances. This is where a small group of teachers working together locally (ideally,
within a single school), possibly with the assistance of a “knowledgeable other,” could co-
develop lessons, tasks, and long-term trajectories.

Who is responsible for supporting professional learning? Some suggestions included
Board/District lead teachers, curriculum leaders, or consultants; outside experts from
organizations such Statistics Canada; university/college professors from mathematics,
statistics, or education departments; and provincial teacher associations or the NCTM
(National Council of Teachers of Mathematics).

Conclusions

This working group recognized, overwhelmingly, that teachers are critical to successful
student learning in statistics and probability. However, teachers must first be comfortable and
confident with their own statistical and probabilistic thinking. They must also understand that
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they should teach statistics and probability through the use of authentic tasks based on issues
of interest to their students. Teachers must feel that they have permission and support when
undertaking inquiries of this nature (e.g., statistics involving social issues). To this end,
provisions must be made by faculties of education across Canada to ensure that teacher
candidates graduate with an appropriate background in statistical and probabilistic thinking,
either through carefully defined entrance courses or through courses offered within the
faculty. Boards and Districts of Education have a responsibility to provide professional
learning at the system level as well as providing local, in-school opportunities. Teachers must
have access to journals (e.g., NCTM, provincial associations, and research publications), print
materials, websites (e.g., IASE (International Association for Statistical Education), The Math
Forum, or MathCentral, which gives teachers the chance to have their questions answered by
mathematicians), and other on-line resources. It was further proposed that there should be an
ongoing group/committee, organized (perhaps under the auspices of the CMS or CMESG) to
continue the investigation into the effective teaching of statistics and probability.
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In systems of trust, people are free to create the relationships they need. Trust
enables the system to open. The system expands to include those it had excluded.
More conversations—more diverse and diverging views—become important. People
decide to work with those from whom they had been separate (Wheatley & Kellner-
Rogers, 1996, p. 83).

Beginnings

In this working group we (the group facilitators and participants) explored the nature of trust
and respect with the goal of continuing and strengthening our understanding of relationships
with those we encounter in mathematics education. We began with the assumption that
perhaps the nature and importance of respect and trust differ across the situations that bring us
together in mathematics education: preservice teacher education, teacher professional
development, academic research, and graduate studies. Our three working group sessions
were organized around these different situations, and we asked ourselves: How do we, and
might we, create relationships that are respectful and trusting and what possibilities arise
when this happens?

The nature of respect and trust is not easily articulated. Nor is it easily explored. Respect
could be an expression of value, appreciation, or high regard of one to another. Trust on the
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other hand could depend on the extent to which we experience respect. As a group we used
our time together and our experiences as places to study, notice, and become more aware of
the nature of respect and trust—and in the process, perhaps, would become more respectful and
trustful ourselves.

There are multilayers of trust and respect. At the first night during CMESG working group
introductions we signal the likelihood that in this working group we will have to move from
our possible comfort zones and enact our own understandings of respect and trust when
dealing with each other. In a similar way the three facilitators are going to have to face the
same challenge in their interactions with each other.

Our three days together were organized around a series of activities designed to provide
experiences related to trust and respect. We began as a group by sitting in a circle, introducing
ourselves to one another, and sharing a word or phrase for trust and/or respect.

unconditional, opening space for possibility, safety to risk, challenge
power structures, discipline competence, can’t break faith, comfort,
honouring dignity, exposure, earned, valuing positions, acknowledging
other, valuing other, believe, ethic of care, openness to new ideas, dignity
of self/other, pedagogical relationships, safety, space for other, being
reliable/available, decentering self, learning to listen, confidence,
relational, deep listening, risk taking

We have coupled the words “trust™ and “respect” without
wondering why they are together. Perhaps there is value in
differentiating between the two words, perhaps even defining the
two words as separate concepts for consideration, so that we can
unpack why they are coupled together

The words are illusive and
murky ... but are dripping
with context and meaning

Sharing Secrets

We moved into small groups of three or four to learn more about each other. Given three
cards each, we were asked to select and secretly write something about ourselves on each
card-something that other group members would not likely know. Keeping the messages
hidden from others, the cards were collected and shuffled. Each group member selected a card
and read it out loud to the group. The task was to decide, as a group, who had written the
message.

| decided to write three secrets that reflected three levels of deepness, and to offer them in
order of deepness. My first secret was easy to offer even to a complete stranger-I felt no risk
in offering it. The second secret told more about myself, and certainly might influence how
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others perceived me—I felt a small risk in offering it to people | had just met. The third secret
was deep and personal; it was an admitting of weakness concerning my teaching practice—I
felt great risk in sharing it. I was surprised when the game did not allow me to control the
revealing of my secrets, but found comfort in the outward reactions of the other group
members when the most deepest of my secrets was revealed.

The activity was intended to be an introductory “get to know each other” kind of task. But it
also served to reveal the sometimes hidden assumptions and biases we hold. Some group
members mentioned being surprised and uncomfortable that they did not get to read their own
writing to the group. Others reflected on stereotypes, such as matching ‘I like fishing’ with a
male member of the group or ‘I have a cantankerous old cat’ to a female member. Many were
curious about their group members, having never met them before. Some took the exercise as
a game and tried to guess, through handwriting and process of elimination, which person
belonged to each slip. As we came together in a large group again, we discussed how we had
decided what to write and what the decision, as well as the process, had to do with respect and
trust.

e Deciding what to write depended on who was in the group and the possible value
judgments that might be made with what was shared. Offering a secret and publicly
owning it involves trusting the group members to receive it with care.

e Deciding who wrote the secret message revealed assumptions and biases that might
prevent us from really getting to know each other. Are we aware of the way in which
our own beliefs and life experiences influence our realities?

e Deciding what to do with what was offered varied among groups. Is it a chance to
learn more about each other or a task we need to complete?

Stories of Trust and Respect as Teacher Educators

We re-arranged the circle to chairs around small table groups, providing a space for us to
write and share stories of trust and respect in our work from or with pre-service teachers. At
the small table groups, we share stories and begin to wonder how to develop respect and trust
with preservice teachers. And, what is it about teaching and learning mathematics that makes
developing trust and respect challenging (or not)?

The whisperers
My classroom is similar to this conference space. There are seven hexagonal tables. The
pre-service teachers sit in groups for much of our ‘Communication through mathematics
education’ class. And there is one group of students, one table, that is a bit noisy. They
are the whisperers.

During whole group discussions, they elbow one another and speak in low voices. | know
that they are helping one another to understand and asking for clarification because I have
eavesdropped and know the expressions on their faces, the bend of their heads. But they
disturb other students who are trying to follow the larger conversation. Those other
students are vocal: asking them to quiet down and to show professional courtesy. All eyes
turn toward me and | see the hurt and flushed cheeks of the whisperers.

Circle talk—=Wisdom circle
| told the students (pre-service teachers) of how aboriginal peoples often used circle as a
means of building trust and making decisions. I related how I had used Circle in my work
with teachers across the Pacific. | laid out some ground rules for working in circle: (1)
only the person holding the talking stick was allowed to speak, all others had to listen, (2)
what was said in circle stayed in the circle, (3) when the stick was passed to you, the
option was to speak or to pass it along with no negative judgments being made if one
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chose not to speak, and (4) one was to speak from one’s own center, not trying to
challenge or correct or denigrate what had been said previously.

The Circle and the talking stick seemed to touch a chord in most class members. Very
personal items were shared, and the group grew in their appreciation and compassion for
each other. After the first session, I promised that we’d have circle at least twice more,
once in the middle of the term, and during the final class, and we did just that. The Circle
conveyed a sense of trust and respect for what students said by providing a non-
judgmental situation where student’s inner most thoughts and feelings could be revealed
to others. This approach—sharing in circle, along with sharing of course evaluation, and
sharing the students’ school experience—had a very powerful impact on the students. And
it turned my teaching around-it connected me to the students and them to me, and that
was good.

Trusting selves

Through an interactive activity in a small group setting, students concluded that a square
was also a rectangle. Despite having drawn the conclusions themselves, they were
reluctant to trust their own findings and concluded that the activity itself, as constructed
by instructor, may have drawn them to false conclusions. Students were asked to further
research the persisting question, is a square also a triangle, on the internet at which time
they concluded that indeed this was true. This story highlights the mistrust pre-service
teachers have of their own content knowledge, and potentially the content knowledge of
another. How do pre-service teachers come to trust their own and another’s content
knowledge?

Trusting others

The pre-service teachers in this story had a mindset that prevented them from
contemplating the potential of new and alternative methods of teaching being explored
within the pre-service methods course. The individual sharing this story felt that trust had
to be gained from the pre-service teachers in order to enable them to venture into
unfamiliar teaching and learning experiences. One factor that was important in gaining
the trust was the instructor’s authenticity as a classroom teacher, who had practiced
alternative ways of teaching and could draw from personal experience and success. How
do pre-service teachers come to trust unfamiliar pedagogy?

Intervening
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I hover around the tables, listening to snippets of conversation. The discussions are lively
and require little of me. It is in reflecting during this lull in the session that I realize that
the story | shared and the story | am living are about respect and trust in general, but
more particularly the two stories are about intervening.

Intervening has a number of definitions, but | think the meanings ‘getting involved’ and
‘interfering’ are the two that help me understand respect and trust. In the classroom as
well as in the working group, there are situations that seem to demand intervention or my
involvement. Action is expected of me (and | expect it of myself). Fulfilling expectations
(of teaching, of leading a session, of participating in a working group) is one way to
develop trust with another person, though | realize that living simply to fulfill another’s
desires would show a lack of respect for myself.

There are other times in my work with people that | feel a space open for intervening, but
I am careful and cautious. | do not want to interfere in a way that would break trust or
show disrespect. Instead, | choose to listen, but as | sit next to a table suddenly
surrounded with laughter and smiling faces glance in my direction, I wonder if I can find
respectful and trusting ways to interfere.



Breen, Long, & Nicol ® Developing Trust

Angst
I think the most common theme of the stories we told was angst. This is the emotion | felt
as people told their stories, even the ones with “happy endings.” Why do we experience
such uncertainty and angst? Do these stories suggest a lack of trust for the other? I really
appreciated the comment that you need not earn my respect, | respect you (my
interpretation—I respect you because you are human?) but you must earn my trust, | do
not trust you. | need to think about this more.

Silence

After everyone in our group had shared their writing, there was a sustained silence. |
imagine that the reason for remaining silent was different for each person, and yet there
was group consensus to remain silent for a short time. What assumptions might I make
about this silence, given that such a silence had not previously happened during the
working group? Was this silence an expression of a respect that had developed, much like
a minute every year at the 11™ minute of the11™ hour of the 11" day of the 11" month?
Was this silence a respect for, trust in, or coercion by words spoken by another? Had all
the people in the group who were usually quick to speak, like me, suddenly decided not
to speak?

Questions

The stories shared within our group are all different. The first story illuminated trust
issues around technology use in the classroom-a story that may well resonate with many
instructors as institutions increasingly move towards encouraging the use of laptops in
instructional settings. The second story brought attention to the issues of trust associated
with content knowledge, while the third story highlighted issues related pedagogical
knowledge. The final story brought voice to pre-service students. The stories, although
different, are likely reminiscent of similar stories from others in Faculties of Education.
In summary we conclude again with the three persistent questions arising from these
stories: How do we come to trust the use of technology in pre-service teacher education?
How do pre-service teachers come to trust unfamiliar pedagogy? How can pre-service
teacher educators come to trust the lived experiences of pre-service teachers?

Zoom: Trust and Respect in Working With Practing Teachers

Our second day begins with a request from a group leader to slow things down and hold the
space in such a way that we could each be aware of our assumptions through listening for
what disturbed or surprised us (Wheatley, 2005), and to really respect the contributions of
each person.

The next activity focused around excerpts from Istvan Banyai’s (1995) book titled Zoom.
This is a wordless picture book that tells a sequential story with pictures embedded within
pictures. Sitting in a large whole group circle each person received one page from the book
and was asked to study only that page and to keep their page hidden from the view of others.
The task for the group was to sequence the pictures to tell a story without revealing their
picture to others or looking at another’s picture.

It doesn’t take long for someone to make a suggestion as to how we might start and my
colleagues rise from their seats. | say something about a cruise ship and very quickly find
myself among a couple of people who also have a cruise ship featured in some way in their
picture. We are trying to make sense of how what appears to be an advertisement for a cruise
is related to other scenes that seem to be of a cruise ship.
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People group themselves with others whose pictures seem to be connected to their own. But it
is clear that some are not able to connect themselves and their pictures to any group. And
some are not as certain what their pictures are pictures of in order to decide which group to
join.

Someone in the larger group calls for our attention. We sit down and try to organize again.
There is some sense that at least some of us are satisfied with the progress we are beginning
to make but others express some frustration, or at least confusion. We once again look for
connections but this time we are opening up to find more connections. | personally feel as
though the task is going very well. There is a sense of something grander emerging among the
participants. The “story” is taking shape.

Someone calls for us to take our seats to reflect the order we have come to. I sit with the few
people who have pictures that fit with mine. I am very confident, dare | say certain?, that we
have worked out at least some local coherence and | believe that if everyone else in the room
has local coherence we will be very close to a resolution to the problem posed to us by the
working group leader. Indeed, | am so certain that if people have local coherence we will
have a solution that | say so out loud to the whole group. | think there are others in the group
who understand my argument: we are locally coherent then by transitivity we will have global
coherence. But there are others who do not seem to either understand or trust my reasoning.
“Trust me” | think to myself. “Just do it. You’ll see, it’ll work.”

The idea of zooming is offered. But there is disagreement whether the pictures are zooming in
or zooming out and where the story might start. The more people get involved in the activity
of trying to solve the problem correctly, the less they seemed to listen to each other.

Respecting task—Respecting relationship

It was not until the reflections from the group emerged that | found some things that
delighted me, bothered me, and interrupted what | take for granted. | was bothered by my
abrupt response to another who asked a question for more information before | was able
to take my turn in the story telling. 1 was not surprised that the story, more or less,
worked out. And | was delighted that the local coherence strategy worked. (Especially
because it is such a strong personal interpretation of how things generally work in the
world.) | was taken by the comment ab