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CLASSROOM BUSINESS AS USUAL? (WHAT) DO
POLICYMAKERS AND RESEARCHERS LEARN FROM
CLASSROOM RESEARCH?

Kirsti Klette, University of Oslo, Institute of Educational Research
I have called this contribution:

“Classroom Business same as usual? (What) Do Policymakers and Researchers
Learn from Classroom Research?”

I would like to use this opportunity to address a recurring problem in educational
research:

The problem of change within educational change — or more precisely — the
denial of change within educational change.

This is often framed as a problem for the practitioners. The problem of change — the
lack of change — is a problem that belongs to the professionals and the practitioners:
to schools and teachers, to the pupils and their parents. In this contribution I will
discuss this as a problem — and a challenge — for researchers and policy makers. How
come researchers (and policy makers) continue to reproduce schools, teaching and
learning in terms of status quo? The research literature tells us that despite a huge
amount of reform efforts teachers, students and parents continue to reproduce a rather
stable and familiar pattern of interaction and repertoires in schools and classrooms
which could be summed up by the following phrase: Classroom business as usual.

In Norwegian a saying goes:
“Reformer kommer og gdr — klasserommet bestdr”

This might of course be an empirical fact — in the sense that established patterns of
activities, communication and interactions in schools — the “grammar of schooling” —
are so strong that they continue to set their regime through — despite all sorts of
reform efforts.

But it might also reflect an embedded problem in how educational research practices
grasp, analyse, document and envision dimensions of change within the same
practices.

The epistemologist I. Wallerstein has been occupied with the denial of change within
social sciences, which he links to the absence of a critical examinations and analyses
of concepts, theories and methodological practices within the social sciences.
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Wallerstein states for example that concepts, theories and analytical framework
developed throughout the 19™ century no longer are adequate for defining and
describing political and social changes, movements and activities in today’s rapidly
changing society. As a consequence social sciences are locked up with “...the denial
of change in theories of change” (Wallerstein 1991).

The American educationalist Tom Popkewitz claims that policy studies in education
(and he actually uses Norway as an example) tend to reproduce their own common
sense understanding because analytical concepts, categories and practices are not
critically examined and analysed. This has as one of its consequences the ... denial
of change within educational change .. and where the “... knowledge system of
policy and research denies change in the process of change.” (Popkewitz 2000: 25)

In this paper I will address the denial of change within educational change by
focusing on three factors relevant for how the educational research community
frames and approaches the process of change within educational practices.

e Theoretical perspectives underlying the different studies

e Types of data and methodological practices that establish the bases for
analyses and conclusions

e Conceptual and analytical framework for analysing the situation.

I will use later empirical research from Norway, Sweden, UK and US to discuss these
issues. Especially I will lean on later classrooms studies from elementary and lower
secondary schools in Norway. These studies were conducted during a period of large
reform efforts in Norway. In the 90’s Norway — as a lot of other Western countries —
experienced educational restructuring in education implying new ways of funding
and steering the educational sector as well as new professional roles for educational
stakeholders. A new national curriculum was introduced in 1997 putting new
professional demands on the teachers as well as requiring new forms of classroom
practices. The comprehensive school system was extended from 9 to 10 years of
schooling (meaning that children start at school at six instead of seven).

Along with the reform efforts in Norway a large research program was initiated on
the basis of the reform trying to grasp some of the effects and impact the reform had
on the daily practices of teachers and schools and on their forms of interaction. This
research and evaluation program, Reform 97 (implemented by the Research Council
of Norway), had a twofold ambition. Firstly, the program wanted to focus on how the
reform functioned and developed and what measures might be taken to make
improvements. Secondly, the evaluation program also intended to provide general
knowledge and information about the compulsory school. The program would
combine the evaluation ambitions with research ambitions.
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The program funded 25 different research groups or projects varying from subject
specific investigations in school subjects such as written Norwegian, maths, science
and the use of drama to the role of textbook as curriculum facilitators, assessing
different types of curriculum policy instruments, new challenges for the
municipalities a.0. The program implied the most extensive support for school based
research in Norway with a price tag of 6 mill. Euro, extending for a period of 4 years
(Haug 2003).

The problem of status quo in education
How come educational research tends to arrive at status quo as a way of describing
how reform efforts interplay with educational practices?

A vast research literature seems to sum up the relation between policy (such as
educational reforms) and practice (in terms of school practices) as the following
research titles suggest:

= The persistence of recitation (Hoetker and Ahlbrand 1969)

= The more you change the more it will remain the same (Sarason 1982)
= Teaching Practice: Plus que ¢a change (Cohen 1988)

= Reforming Again, Again and Again (Cuban 1990)

= The Grammar of Schooling (Tyack and Hanson 1990)

= The predictable failure of educational change (Sarason 1991)

= No news on the reform front (Monsen 1998)

Decades of reforming the curriculum (and school practices) again and again had
obviously not brought about the changes that the reform authorities had hoped for.
The research on the impact of the new curricula supports this impression even
further:

e Most teachers reported that the curriculum guidelines had no or little impact on
their lesson planning, teaching, their students’ involvement, student
achievement, etc.

e The format, size, level of detail, etc. of the guidelines had no or very little
impact on how students and teachers cope.

e Higher stakes, added content, etc. led to almost nothing, or rather the opposite.

e The main effect of the external process evaluation tools seemed to be
legitimation and the distribution of new argument around the curriculum,
neither innovation nor quality enhancement. (Hopmann 2003; 127)

The impact of educational reforms such as curricular reforms on educational practices
points to a complicated and complex discussion which I will not go deep into here.
David Cohen, Deborah Ball and their colleagues have for example underpinned how:
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“... Schools and teachers simply cannot meet the expectations of the center
(reforms), because they do not have the fiscal and human resources that are
required, teachers do not have the skills that are asked of them, and/or they are not
given the training and education required to develop those skills.” (Cohen,
Raudenbusch, & Ball 2002)

In this presentation I will take a slightly different perspective on how educational and
curricular reforms have an impact on educational practices in schools and classrooms
and discuss the lack of change — or the denial of change to quote Tom Popkewitz —
as an interior or embedded part of research design and research methodology.

This I will do by getting more deeply into three different — but slightly interrelated —
arguments:

i) Theoretical perspectives underlying the different studies (reform
perspectives /reform fidelity vs reform hybrids/looking for large scale
change)

ii)  Methodological tools and types of data that establish the bases of analyses
and conclusions

iii)  Analytical framework and established concepts for analyses.

But first I will give a brief description of how educational literature describes
educational practices in classrooms.

Classroom business as usual? An overview

What defines/constitutes educational practices in the classrooms? According to a vast
research literature there are some inhibited patterns of schooling and teaching that
seem to continue to define interaction, roles and repertoires in classrooms — the so
called “grammar of schooling” (Tyack and Hanson 1990).

The persistence of plenary teaching - Plenary teaching dominates

Teachers dominate, regulate, define and evaluate communication and activities. This
communication can be described by the rule of the 2/3 which means that for
approximately

75 % of the time teachers talk and/or regulate all official classroom conversation.

The dominant pattern of interaction follows a predefined IRF (E) pattern of
communication.
The pupils are left with small possibilities for participation and influence.

If we examine the impact of reform and curriculum on schools and classrooms the
picture becomes even more grimy, or, as stated earlier from different studies, teachers
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report that the curriculum guidelines had little or only limited impact on their lesson
planning, teaching, their students’ involvement etc. The bottom line could be
summed up by one the titles quoted earlier: “Reforming Again, Again and Again” or
“The Predictable Failure of Educational Change”

The different studies identify different mechanisms for explaining this situation such
as:

School structure and school organisation

Epistemological traditions of schooling and teaching

Teachers’ and students’ competences and repertoires

Power relations

Schools as certificates for social reproduction.

O O O O O

I will not go deep into the different explanations here. My point is that despite
reform efforts during different periods researchers continue to report that principal
modes of instruction (lecturing, recitation, demonstration, seat work) continue to
dominate despite the increased range of possibilities.

In my further argumentation I will penetrate these findings and conclusions by
carefully examining how our theoretical, conceptual and methodological framework
might lead us to scrutiny of conservatism and status quo.

i) Theoretical perspectives underlying the different studies

The way analytical and theoretical perspectives inform and shape your analyses and
conclusions is not a controversial issue and argument in research today. To some
degree we all find what we look for in the sense that our theoretical perspectives
inform and impregnate our interpretation of the world. (A certain degree of curiosity
or astonishment should however guide our research practices — taking the Bourdieu
argument on epistemological ruptures seriously.)

For the case of educational reforms we can at least distinguish between two analytical
traditions in evaluation approaches. The first tradition, a structural — instrumental —
tradition, focuses on structures, implementation tools, legitimacy, etc. Who were
involved in the process, central means of the reforms, types of implementation
processes etc. A structural/instrumental approach focuses on rational and cognitive
structures, tools and implementation processes.

A cultural — institutional — tradition takes a slightly different stand. Instead of
focusing on intentions and implementation mechanisms and tools the focus will be on
how institutions and their agents meet and interact with the different reform policies.
In this approach the focus is neither on the programmatic or the intentional part of the
reform nor on how the institutions neglect and counteract towards the reform efforts
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but rather how institutions and agents selectively negotiate, ignore and adapt to the
reform.

In this last perspective rather than seeing how reforms change the schools one is
interested in how schools change the reforms.

Larry Cuban is among those who speaks for the value of such a perspective if we
want to know more about how reforms impact on schools and teaching and learning.
Rather than looking for what is being described as a fidelity or efficiency approach to
how reforms impact on schools and teaching and learning he speaks for the value of
perspectives that enable us to grasp how schools change reforms such as a popularity
perspective or a diffusion perspective. Such a perspective enables us to locate how
educational practitioners adapt to innovations to the ongoing lives of their schools
and seek coherence where it counts the most — in classroom instruction. Cuban finds
it useful viewing reform plans “... not as clearly mandated policies but as concepts to
be evaluated on their practical effects, positive or negative, and then reframed
accordingly” (Cuban 2004). In his work together with historian David Tyack
(1995;64), Cuban argues how reforms should be deliberately designed to be
hybridized, to be able to fit local circumstances.

In his overview on how reforms impact on teachers, instruction and learning (based
on American experience) Cuban states that over time teachers ignore, combine and
adapt different reform strategies. Educational reforms do affect educational practices
if they

i) are built on and reflect teachers’ expertise
i)  acknowledge the realities of the school as a workplace
iif)  accept the wisdom of those teacher adaptations that improve the intended

policy

Let me take an example from the Reform 97 evaluation program. One of the projects
identifying a fairly high degree of reform success in relation to the new curriculum
reform is within written Norwegian in lower secondary schooling. The scholars
Evensen et al. underpin a robust and vital picture of Norwegian writing skills based
on in depth analyses of National tests in written Norwegian. In their study Evensen et
al. highlight two central findings. First of all it has become more difficult to achieve
good marks as well as bad marks after the new grading system was introduced.
Despite the intention of the new grading system, one is now more likely to achieve an
average learning result (and get a mark in the middle) than with the earlier grading
system. This is what the scholars call an unintended consequence of the reform. But
the second and more important finding is as follows. The writing culture in lower
secondary schools in Norway can be described in terms of vitality and pluralism. This
vitality can be identified in the way the students write their texts (use of textual tools,
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approaches, etc.) as well as within established norms for good writing among the
evaluators (sensorer). Textual pluralism, trust and confidence impregnate both the
students’” way of writing and the established norms for good writing within the
evaluators’ corpus. Evensen et al. underpin how this situation reflects a sensus
communis in first language writing skills between literacy teachers’ established
norms for good writing in upper secondary classes and the way the national
curriculum defines textual competence. Process writing has become a national
standard for good writing, recognised by both teachers, students, evaluators and
curriculum designers. Process writing has been spread and made popular through a
systematic and deliberate use of developmental teachers’ pioneer work in this respect
and is today recognised as the good way of writing among professionals, students and
national evaluators and in curriculum texts.

ii) Methodological tools

How methodological tools interplay with conclusions arrived at.

Another way to understand the denial of change within educational change is linked
to methods of measurements used in the different studies.

If we look at later studies — and especially the studies identifying some aspects or
traces of change — they are all relying on some sort of in depth studies and how data.
If we use the Reform 97 evaluation as an example, the studies identifying new forms
of practices are all based on some sort of qualitative data or a combination of survey
data and qualitative data. To put it another way: Studies leaning solely on survey
information tend to be good at grasping established forms of educational practices in
terms of the what aspect, but seem to be less able to identify ongoing changes and
especially changes related to the sow aspect. Survey studies enable us to see patterns
of distribution and variation across groups, individuals and contexts on a large scale.
Survey studies are however less fitted for identifying substantial and detailed
variances. Maybe ongoing changes in educational practices are related to substantial
rather than structural elements and are better envisaged by in depth and how related
data.

Misunderstand me right. I do not mean to speak for a methodological program — in
terms of observation data/discourse analysis data or the like. What I want to address
is how our methodological tools interplay with, and define, the conclusion we arrive
at. Once again although frontal teaching and teacher centered instructions — and
especially the IRF pattern — still define central aspects of classroom organisation in
Norwegian classrooms they are differently played out today than those defined by
Bellack, Mehan and other well recommended studies. One of the big differences
compared to earlier studies is related to the role of the students and their possibility
for participation and contribution. In that sense the IRF patterns of today are much
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more “student centered” in terms of students’ possibilities for initiation, negotiation
and involvement.

What data might bring you to the wrong conclusions. The persistence of an activity
over time does not mean that we are describing the same activity and phenomenon. If
we use how data we see that teacher centered questions — recitation patterns of today
to paraphrase Hoetker and Ahlbrand — give much more room for student
participation and student latitude. Let me give you an example from a recitation
sequence in a math classroom at the 9" grade:

Pursuing an interest in details

In English there is a saying: The devil is in the details. In a sense, educational
research should play along with the devil and endeavour to go beyond everyday
language and search for the epistemological ruptures (the Bourdieu argument). For
those of us interested in educational practices and how to cope with change there
might be strong arguments for detailed in depth studies (alongside with more
comprehensive studies) in education. Carefully designed and clearly focused in depth
studies enable us to see how classroom activities interact with ongoing societal
changes. The changes in classroom activities and interaction themselves (from
plenary activities to seatwork in pairs or groups) ask for in depth studies as well as
detail studies, simply because the most common practices in Norwegian classrooms
today are desk interaction and not plenary teaching.

Context vs Content

So far I have been arguing for qualitative studies — or to be precise the need of both
comprehensive data and in depth data — as a way of grasping ongoing changes in
educational practices. But in depth data or contextual data could be grasped in
different ways — or more precisely context means different things during different
periods and from different perspectives. The shift from studying teaching to studying
interaction can illustrate one such shift in perspective. Another aspect of what defines
context can be recognised in how a mathematician versus an educationalist interprets
and explains classroom interaction.

iii) Analytical and conceptual language

A third road to understand “the denial of change within educational change” can be
linked to the established analytical and conceptual language offered for analysing
teaching and learning in educational practices. Within the field of education we have
a lot of concepts established for analysing educational practices such as:

— teacher centered vs student centered
— traditional vs progressive
— mimetic vs transformative
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— monological vs dialogical
— process vs content
— control vs autonomy.

Based on the data played out throughout the qualitative and quantitative descriptions
of Norwegian classrooms after the new Curriculum Reform our teachers and students
cut through these dualistic and polarised concepts. If we use teacher style as an
example our teachers combine and merge aspects of teacher centered methods with
student centered methods in a rich, nuanced and flavoured fashion.

Dualistic concepts such as teacher centered vs. student centered or traditional vs.
progressive do not offer an empirical, sensitive and synthesizing way of describing
the observed classroom practices. In most classrooms the teachers combined aspects
of teacher centered organised activities with more student centered and activity
organised pattern of organisations. For a lot of classrooms (and especially at the
higher levels (grade 6 and grade 9)) the work plan (arbeidsplan) or work schedule
seems to be the driving force for the activities during the school day. Rather than
describing the classrooms as teacher vs student centered they seem to be activity and
work schedule centered. This implies an indirect and written ruling of the classrooms
and where the teachers use a lot of the plenary activities to secure, direct and
metacommunicate around the predescribed activities. In their comparison of Swedish
classrooms from the 70’s and the 90’s, Lindblad and Sahlstrom state that although
plenary sessions are less frequent in the classrooms of the 90°s (where seat work at
desks dominates), the teacher as a master and conductor of the activities seems to be
more central in the classrooms of the 90’s. They state for example:

“What we also find when comparing the materials (1970 classrooms and 1990
classrooms — speaker’s comment) is that there are substantially longer
sequences of instruction of zow to perform in the 90°s material, often with a
high level of detail.”

And they continue:

“The introduction of desk work thus seems not only to have introduced a new
way of working, but it also affects the organisations of the seemingly plenary
teaching.” (Lindblad & Sahlstrom 2004)

Available established concepts and analytical framework might contribute to a
prolongation of established practices and an inscription of status quo also during
periods impregnated with changes.

Concluding remarks
In this essay I have discussed how educational research relates to, frames and
identifies educational change. As the scientific epistemologist Wallerstein has
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underpinned, concepts and analytical framework (and we could add methodological
tools and theoretical perspectives) need critical examination and analyses so they can
fulfil their potential as tools for describing social changes, movements, and activities.
Without examining the common sense of its own analytical understanding, research
can preserve the very systems that are to be interpreted and engaged in critical
conversations.
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COMMENTS TO KIRSTI KLETTE:

CLASSROOM BUSINESS SAME AS USUAL? WHAT DO
POLICYMAKERS AND RESEARCHERS LEARN FROM
CLASSROOM RESEARCH?

Inger Wistedt
Department of Education, Stockholm University

Kirsti Klette offers an interesting shift of perspectives on the problem of a ‘denial of
change’ i.e. the problem that classroom practices seem to stay more or less the same
despite decades of reform efforts. Her suggestion is that this problem, often attributed
to teachers’ reluctance to implement new modes of teaching, may instead be due to
inadequacies in the researchers’ analytical frameworks, which she urges us to re-
examine. I propose that in our scrutiny of current research practices we take into
account not only how theories and methods frame aspects of the implementation
process but also how we, as educational researchers, relate to reform ideas.

INTRODUCTION

In her plenary talk Kirsti Klette invites us to reflect upon a seemingly obvious fact:
despite decades of curriculum reform in Norway and elsewhere there is little evidence
of real change in teaching practices. This ‘denial of change’ is often viewed as a
problem that rests upon the practitioners. Klette cites David Cohen and his colleagues
who state that schools and teachers often lack the “fiscal and human resources”
needed to meet the demands of the policymakers. Teachers may not have the
knowledge and skills necessary to implement the changes that the policymakers and
agencies hoped for or are not offered the appropriate in-service training required to
improve their skills.

In her talk Klette contests this way of framing the problem of a ‘denial of change’.
Instead she invites us, as educational researchers, to re-examine critically how we
frame and identify educational change. She argues that the problem of a ‘denial of
change’ may well be an artefact of our own research practices; scrutinising
conservatism and the status quo may be an interior or embedded part of the theoretical
and methodological perspectives used to analyse how institutions and agents adapt to
the reforms. If our analyses are based on superficial or incomplete accounts of what is
going on in the classrooms we may not be able to identify reform success, or worse,
we may ourselves be instrumental in reproducing a traditional ‘grammar of schooling’
(Tyack & Hansot 1990)

Klette argues that in-depth studies are needed to evaluate the impact of educational
reforms on classroom practice. She emphasizes that we need to look more closely at
the lives and work of teachers and students in order to understand how the
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policymakers’ guiding principles are transformed into classroom practice. I agree with
her. An activity such as ‘recitation’ may easily be identified as such if we describe it
solely in terms of what is going on in a classroom, but may turn out to be a varied and
nuanced activity, maybe not even ‘recitation’ at all, if we view it in terms of sow it is
done and how it is interpreted by the participants.

I deeply sympathise with Klette’s call for self-scrutiny amongst researchers engaged
in studies of social change. I would even like to bring her argument a bit further by
addressing a question that is not elaborated in her talk: How do we as researchers
relate to educational reform, in particular to the reform ideas of today? Is there not a
need for greater self-reflection in regard to our own roles and responsibilities when it
comes to the relation between policy setting and classroom practice?

TEACHERS’ RESPONSES TO CURRICULUM REFORM.

Let us assume, for the sake of argument, that there exists such a phenomenon as a
‘denial of change’ in teachers’ responses to curriculum reform. Following Klette we
need to ask ourselves how we should interpret such responses. In a recent article
Klette (2002) points out that there are two ways of viewing current educational
reforms in the Nordic countries: we may either regard them as efforts of
empowerment and professionalisation for schools and teachers, or as tools for
trivialising the teachers’ work and subjecting education to economic regulations (p.
266). Under the former interpretation we can view teachers’ reluctance to implement
the required changes in their teaching practice as a manifestation of inertia or even
conservatism (or as Klette suggests even as an artefact of the researchers’ analytical
frameworks). Under the latter interpretation we may view professional resistance to
change as both rational and well-founded.

Are there reasons to believe that current school reforms may be detrimental to the
quality of teaching and learning? Thematic approaches to curriculum delivery, active,
meaningful, cooperative learning, and pupil autonomy are guiding concepts in the
official rhetoric behind Nordic efforts to restructure compulsory education
(Broadhead 2001). How could such seemingly positive efforts possibly cause concern
among practitioners?

WHAT CAN POLICYMAKERS AND RESEARCHERS LEARN FROM
CLASSROOM STUDIES?

Klette would like to see more in-depth studies of the interplay between reform efforts
and educational practices. Such studies already exist, studies that address issues
highly relevant to the debate over current reforms and their practical meaning (e.g.
Bergqvist & Siljo in press; Siegler & Hiebert 1999, Siegler 2004). I will refer to
some of these studies below, since they shed light on the reasons why teachers may
be reluctant to unreservedly implement the policymakers’ ideas, and why there is
cause to discuss critically the researcher’s role in relation to these ideas.
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“Pedagogy is never innocent. It is a medium that carries its own message”
(Bruner 1996)
Current curricular reforms in the Nordic countries focus on certain qualities in
student learning. In doing so other aspects of the learning process may shift out of
focus and appear to be less important. A clear message of the current reforms is that
meta-cognitive and social skills are of primary importance to schooling, whereas
content knowledge plays a secondary or auxiliary role in fostering active,
independent and cooperative learners (Bergqvist & Sélj6 in press). For instance, the
concept of the ‘autonomous learner’ seems to have paved the way for patterns of
social interaction that “encourage, and require, self-observation, self-control, and
meta-awareness on the part of the individual” (ibid p. 3). Bergqvist and Séljo draw
this conclusion from an extensive in-depth study carried out among children seven
and twelve years in six primary schools in Sweden. Their results show that planning
one’s work and monitoring the time spent on various tasks have become more
important to the teachers and students than engaging in the content of these tasks.

“It is the demonstration of being able to perform the planning that is the decisive element.

In what sense the planning actually supports children’s work remains far from clear.”

(ibid p. 9)
Since the theme of this conference is Inclusion and Diversity it is worth pointing out
that this new focus, or rather this new content of learning, seems to benefit students
who are responsive to the demands that they self-govern their activities, which in turn
may favour students from certain social strata (cf. Bernstein 1971-75).

Be Prepared to Scrutinize the Reform Ideas
The TIMSS study provides a rich offering of 231 video-taped eighth-grade
mathematics lessons from three countries, Germany, Japan and the U.S. documented
from 1994-1995. In their book The Teaching Gap, Stigler and Hiebert (1999)
comment on the differences in teaching practices in these three countries. The
Japanese and the U.S. lessons stand in sharp contrast to each other. While the
Japanese teachers gave the students subtle hints, encouraging them to think for
themselves and guiding them towards correct and effective problem-solving methods,
the U.S. teachers’ discovery-learning practice left the students more or less to
themselves to discover mathematical principles and techniques by ‘grappling and
telling’. Stigler and Hiebert conclude that:

“Japanese teachers, in certain respects, come closer to implementing the spirit of current

ideas advanced by U.S. reformers than do U.S. teachers.” (ibid, p. vii)

However, the empirical studies give little weight to such a notion. In an independent
study of excerpts from the TIMSS video-recordings Alan Siegel (2004) shows that
the Japanese lessons include “...more lecturing and demonstration than even the
more traditional U.S. lessons” (ibid, p. 28) and, perhaps more striking:
“The video excerpts show Japanese lessons with a far richer content than the
corresponding offerings from the U.S. and Germany.” (ibid, p. 20).

PME28 - 2004 1-15



Even if the videotapes as well as the statistical data gathered within the TIMSS
project show that Japanese styles of teaching differ significantly from those in the
U.S. (ibid, p. 17), Stigler and Hiebert do not find any cause for questioning the
reform ideas. Instead, based on the results of the TIMSS study, they conclude that
something has gone wrong in the implementation of the reforms. My suggestion is
that we, as researchers, prepare to scrutinise not only the key ideas emanating from
our own sphere that underpin reform initiatives but also precisely how these ideas
may transform classroom practice. The in-depth studies that Klette calls for in her
talk can be used for such a purpose as well; in fact, the studies cited above show that
such data, in combination with more comprehensive studies, is needed if we want to
know how idealised reform goals are met when realised in classroom practice.

CONCLUSIONS

Educational inquiry often develops in close contact and cooperation with
policymakers. Not only do we offer our services as advisors or evaluators, we are
often active partners in the shaping of educational policy. This may make us reluctant
to question reform ideas since in many case they begin with us. We concentrate on
the problems of implementing the ideas or of reflecting on the theories and methods
we use to make sense of the implementation process. My main comment to Klette is
that we should also and maybe first and foremost, concentrate on scrutinising the
very ideas that form the basis of these reforms.
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GRAPPLING WITH COMPLEXITY: CO-LEARNING IN INQUIRY
COMMUNITIES IN MATHEMATICS TEACHING
DEVELOPMENT

Barbara Jaworski

Agder University College, Norway

The complexity of mathematics teaching involving both cognitive and sociosystemic
factors makes development problematic. Examples from research into teaching
reveal factors in complexity and ways in which inquiry between teachers and
didacticians can foster deeper ways of knowing in the developmental community.
Research is seen as the basis of an inquiry process which develops inquiry in
mathematics teaching as both a tool for teaching and a way of being for all learners.
Theoretical discussion on the concepts of inquiry and community and their relation to
development leads to consideration of approaches in which mathematics teaching
development is the object of a design process. Tensions between learning theory and
proposals for developmental practice are revealed and addressed. Research that is
designed to create and study inquiry communities is introduced.

INTRODUCTION

The question of how mathematics teaching does or can develop and how that
development is sustainable is at the centre of this paper. Research is revealing
increasingly valuable insights to mathematical learning, both in terms of
mathematical content and of processes in constructing mathematical ideas. We see
also more sophisticated curriculum construction, some of it taking into account
research findings. Yet, we find there are still serious issues in students’ achievement
in mathematics. Teaching is not achieving the widespread mathematical know-how
that society would like to see. So, we question teaching and the education of
teachers. Research here has revealed many factors that seem important to teacher and
teaching development. Yet, despite a theoretical knowledge of such factors and a
sincere desire to foster students’ mathematical competence, we experience activity in
classrooms that does not seem to foster learning. There are many sources that address
issues involved here, particularly issues I might call ‘sociosystemic’. I will start with
just three references.

In 1987, Desforges and Cockburn, writing about sincere teachers who were aware of
the importance of developing students’ higher order skills and able to do so in
subjects other than mathematics, suggested that “classrooms as presently conceived
and resourced are simply not good places in which to expect the development of
higher order skills currently desired from a mathematics curriculum” (p. 139). They
wrote further, “the teacher’s job is more complex than that assumed by those who
advise them on how to teach mathematics ... [indeed] the job is more difficult than

9%, ¢

even the teachers realize”; “constraining classroom forces operate in concert and ...

- Proceedings of the 28th Conference of the International
/N Group for the Psychology of Mathematics Education, 2004 Vol I pp 17-36



teachers’ necessary management strategies exacerbate the problems of developing
children’s thinking” (p. 155).

In 2002, Despina Potari and I discussed episodes from the work of a teacher
concerned to offer mathematical challenge to students in her class. While some
episodes provided clear evidence of challenge, there were others in which challenge
was lacking, in which the teacher answered her own questions and offered her own
explanations in response to students’ apparent inabilities to do so. Discussion with
the teacher revealed a complexity of factors militating in this and other situations
against teaching that would provide appropriate challenge (Potari & Jaworki, 2001).
It was not a case of saying what should or could have been done, but of addressing
the sociosystemic demands on the teacher. I shall return to this research.

In 2002, Razia Mohammad reported research with mathematics teachers who had
followed an eight week university course addressing mathematics and the learning
and teaching of mathematics from a perspective of developing teaching. She found
that the teaching she observed conformed largely to traditional school practices with
little evidence of the course having made a difference. Sociosystemic factors were
evident — physical conditions, authority structures, attitudes, teacher-pupil
relationships, text books, examinations, and time. One teacher challenged the
researcher as follows:

Is it all applicable in this situation? If you were allowed to work here would you be
able to maintain the quality of thinking and work you all do at the [university]. (p. 112)

This challenge from a teacher to a researcher/educator captured a gulf between the
thinking and conditions at the university and those in the school. The course had
developed a rapport between teachers and educators. The closeness of relationship
was still evident when the researcher worked with teachers in the school context. But
the teacher knew that the researcher’s knowledge did not encompass the same
understandings of school conditions as the teacher’s knowledge — what it was like to
work as a teacher, deeply embedded in the social milieu of the school system.

I used here the word “knowledge”, but an alternative term which captures multiple
forms of knowledge relating to situation and context is “ways of knowing” (Belenky,
Clinchy, Goldberger, & Tarule, 1986). The educator in the example above had been
for many years a teacher in the same kind of school system, but now her ways of
knowing, developed within the university context, differed from those of teachers
trying to implement university-knowing in their school context. However close this
educator came to understanding the teaching context — knowing it from her previous
experience and knowing about it now — she could not experience it as a teacher now.

In addressing teaching development it seems essential to address the ways of
knowing of those who contribute to development which includes teachers and
educators. The word “educator” can be seen as divisive: teachers are also educators.
Mathematics educators in a university setting are didacticians of mathematics — they
have a responsibility to conceptualise and theorise learning and teaching of
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mathematics, to develop knowledge in these areas, which is different from teaching
mathematics per se (although they might do this as well). In most cases, they do not
teach mathematics in schools and their ways of knowing school culture are different
from those of teachers. They might also be teacher-educators with responsibility to
teach teachers. These distinctions are important to the discussion that follows.

In my introduction above I used the pronoun “we”. For example, I said “we
experience activity in classrooms that does not seem to foster learning”. For
inclusivity of teachers in conceptualizing teaching development it needs to
encompass both teachers and didacticians. It is a challenge for both groups to
achieve ways of working together that draws on all their ways of knowing in
mutually fruitful ways. Sandy Dawson has written about an “inservice culture”
which assumes that “there is something wrong with mathematics teaching world-
wide, and that we, as mathematics educators, must fix it” (1999, p. 148, my
emphasis). It becomes more and more obvious to me that didacticians can theorise
and suggest, and work to understand how theories and suggestions can be realised the
school culture, but they cannot “fix it”. How much more powerful might it be if
theories and suggestions were to come also from within the school culture — from
teachers? I have been working on this question for many years (e.g., Jaworski, 1998).

It seems important here to recognise that

a) there are many issues relating to mathematics learning and teaching in schools
that need to be addressed and that didacticians bring ideas and concepts that
can be explored in such contexts;

b) teachers’ ways of knowing mathematics learning and teaching are largely
school bound, and often school cultures militate against theories and
suggestions from outside the school context;

c) didacticians’ ways of knowing mathematics learning and teaching are largely
theory based and, although many have been teachers formerly, it is rare for
such theoretical knowing to be embedded in a school context.

My focus in this paper lies in how to draw fruitfully on both kinds of knowing for
developing practice in the learning and teaching of mathematics. I first offer some
examples to illustrate complexity in teaching and teaching development, with
teachers and didacticians engaging together in inquiry to improve mathematical
learning. I then discuss theory relating to inquiry communities in mathematics
teaching development, leading to some discussion of developmental theory and
practice. Finally, I introduce a current research project that is rooted in these ideas.

EXAMPLES OF COMPLEXITY IN MATHEMATICS TEACHING

Management of Learning in a Vectors Lesson

Ben’s Year 10 class (ages 14-15) was working on vectors. They had considered the
idea of a vector AB (v) as a journey from A to B, and had moved on to considering 2y
and 3v. I had observed the lesson and was talking with Ben about it afterwards.
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1 BJ Oh, another thing I recall now, do you remember when you’d got three-AB up
there, six, six? (Ben said ‘yeah’) And you turned round and you asked Luke. And
my understanding of that was, Luke’s not paying attention. You’re checking that he
knows what’s going on. And you asked him to explain that. And he clearly hadn’t
listened at all, but he comes up with an alternative correct representation.

2. Ben But that’s Luke. That’s the sort of person he is, isn’t it? I think.

3. BJ Imean, I was quite surprised not to / for you not then to make the link, but you
decided to go on and ...

4. Ben [ felt there was so much around, that I had to sort of / it’s these judgments again
isn’t it? You make these judgments all the time. (Jaworski, 1994, p. 191)

Discussion was about the vector (6, 6) which had emerged from three-times the
vector v (3v) where v = (2, 2). The class had many questions which were being asked
and discussed. For example, if the vector 4B is a journey from A to B, what is the
journey related to three times this vector — where is B in 3AB? Students asked their
questions vociferously and were answered, equally vociferously, by others. Ben, the
teacher, was one voice among many as he responded to and managed the discussion.
Luke looked as if he was not attending and Ben addressed him directly. I had
expected Luke not to know what was being discussed, but quick as a flash he
suggested (6, 6) was 24B plus AB (2v + v). This seemed to me like a new way of
seeing (6, 6) and I was surprised that Ben did not emphasise it to the class.

In whole class mode, Ben was managing a complex interchange of questions and
answers. In the middle of it all, he checked up on Luke. He then returned his
attention to other students. Contrary to my expectations he did not take Luke’s
contribution further. When we discussed this later, he referred to “judgments” which
had been a topic of discussion between us many times. What are the factors
contributing to each judgment a teacher makes? How can the teacher manage his
attention to such factors? Can he be aware enough of factors to have the option to
deal with explicit choices at the moment they arise? John Mason (2001) talks about
“noticing in the moment” and Donald Schon (1987) about “reflecting-in-action”. The
theory is that the teacher is sufficiently aware of the choices to be made, and possibly
the issues involved, that he can act knowledgeably at the moment of choice.

Michael Eraut (1995), in a critique of Schon, suggests that teaching is too complex
for reflecting-in-action to be a serious option for most teachers. He suggests that
“reflection-in-action involves thinking at a meta level about the process in which one
is engaged”; involving “a ladder of reflection, where people move up a rung to reflect
at a meta level on what they have been doing then down again to take consequent
action”. He emphasises “the effect on the mode of cognition of the time available for
thinking”, recognising that “a teacher has to be constantly assessing the situation,
responding to incidents, deciding whether to change the activity, alert for
opportunities to tackle difficult issues”. This suggests that time in teaching decisions
is too short to support the metacognitive activity required; that teaching, is too
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demanding to allow for noticing, and acting knowledgeably, in the moment (c.f.,
Desforges & Cockburn, above). Yet, I know from my own experience and reports
from teachers (Jaworski, 1994) that reflection-in-action does happen with
consequences for immediate teaching action.

Ben was engaged in a complex management of the learning environment in the
situation described, captured by the term ‘management of learning’, a theoretical
construct I have used as part of a triad, the teaching triad. This also includes
constructs of sensitivity to students and mathematical challenge. The three
constructs, ML, SS and MC, are deeply linked to account for teaching situations.
According to Ben, he saw SS and MC to be subsumed within ML (Jaworski, 1994, p.
144). In the episode, Ben’s management of learning included handling the whole
class discussion, deciding how best to respond to students’ questions, injecting new
ideas, and checking up on Luke’s involvement. He noticed that Luke did not seem to
be attending, so he acted to check on Luke. He said afterwards that he had not
followed up Luke’s input because there was “so much around”: that is, so many
factors of which he was aware. Further discussion revealed Ben’s attention to
students who were struggling with vector concepts, gender issues in trying to include
some quieter girls in the dominating questions from other students, and the noise
levels in the room which were sometimes unacceptable for thinking and interaction.
The choice, a) to value Luke’s input overtly and b) to offer the alternative way of
seeing the vector 3y to others in the class, was something / saw, as an observer
without teaching responsibilities. Ben was focusing on multiple concerns. As we
grappled together with such issues and inquired into teaching processes and tensions,
our knowing developed relative to our particular contexts: Ben’s in terms of his
making of judgments, mine in a developing awareness of factors of complexity.

Some further examples

In Potari and Jaworski (2001), we described research which explored the use of the
teaching triad as a developmental and analytical tool. We wrote about the teacher
Jeanette who wanted her Year 9 class to appreciate relationships between volume and
surface area of cuboids and wanted to challenge pupils fruitfully (i.e., mathematical
challenge directed at conceptual learning outcomes). We point to an episode in
which two boys seemed to be developing strong concepts (they used the term
‘compact’ to describe minimum surface area for a given volume), and were able
therefore to react well to the teacher’s challenges. There seemed to be harmony
between sensitivity and challenge: Jeanette’s in-the-moment decisions there seemed
appropriate in her management of the learning situation. However, later, under the
stress of a Friday afternoon lesson, students’ unwillingness or inability to offer
explanations, and time factors in finishing an activity, this same teacher entered a
funnelling process in which she herself explained the concepts she wanted students to
address. She was aware of the conflict between her aims and actions, but she needed
a closure to current activity and, in the moment, no other actions were obvious. In
reflecting on the activity later, she explained that what she would have done, ideally,

PME28 - 2004 1-21



did not fit with time factors and the mood and behaviour of students. This discussion
in our research team led to an elucidation of socio-systemic factors that have to be
considered in the teachers’ design of teaching (p. 372/3).

In an episode we are writing about in another paper currently, two girls had not done
their homework. Their teacher, Sam, had asked them to look up the meanings of
“mode”, “median” and “mean” in a dictionary for homework. They said they thought
they needed a French dictionary, and did not have one. They had been unable to
make sense of his task, and had avoided the necessity to do so. Many students had
not engaged with the homework task. Sam remonstrated, students grumbled and the
atmosphere became unpleasant. Sam was unable to engage with his planned activity
for the lesson. He was irritable; changing his plans on the spot (finding a way to deal
with students’ difficulties, avoidance of work and current disruptive attitudes)
challenged his teaching. At the same time, he experienced a growing awareness of
the inappropriateness of the challenge in his task for the students. In our research, he
had become aware of his tendency to offer mathematical challenge without attending
to the sensitivities involved. He had set himself the task of paying greater attention to
his sensitivity to students. In this case, as he worked with the students to overcome
the unpleasantness in the classroom, analysis shows how successive interactions
addressed students’ cognitive and emotional needs and that learning outcomes were
more fruitful than might have been expected. Again, as we talked about this together
we grappled with complexities in teaching and how design of teaching, both before
and in a lesson, could account for all that was ‘around’. The teaching triad played an
important role in these analyses.

Key factors in complexity and development

These examples just start to sketch the kinds of complexity I see in trying to develop
teaching. They include dealing with in-the-moment decisions involving cognitive
and sociosystemic factors relating to the diverse needs of pupils in class and beyond:
time factors, syllabus demand, mathematical or didactical beliefs, emotions of
teachers and pupils and more. Teachers tried to balance challenge and sensitivity
within a management of learning that was both inclusive of students (sensitive to
their thinking and needs) and focused on deep consideration and development of
mathematical concepts. Line by line analyses of classroom dialogue provided a fine-
grained insight to a complexity of relationships between challenge and sensitivity.

As we talked about who the teacher attended to at certain times in the classroom, how
he or she steered the mathematical discussion, what sociosystemic factors influenced
decision-making and so on, we explored issues and recognised complexity for
teachers. Our awarenesses of the relatedness of theory and practice, and the
corresponding tensions in dealing simultaneously with theory and practice, led to a
powerful form of co-learning in which inquiry was a central element. Seth Chaiklin
has written, of social situations where research contributes to development,
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Social science research has the potential to illuminate and clarify the practices we are
studying as well as the possibility to be incorporated into the very practices being
investigated. (Chaiklin, 1996, p. 394. My emphasis.)

My focus on teaching development, considering ways of knowing of both teachers
and didacticians in developmental practice, looks into how research itself is a major
factor in enabling growth. I offered a framework for analysing the qualities of such
research (in Jaworski, 2003) and have taken “inquiry” as a unifying factor between
research and the learning and teaching development on which research has focused.

RESEARCH AND DEVELOPMENT - INQUIRY AND CO-LEARNING

So far, I have emphasised aspects of complexity in developing mathematics teaching,
the differential ways of knowing of teachers and didacticians, and the centrality of
research in teaching development. I want now to explore further the relationship
between research and development, linking to notions of inquiry and co-learning.

With reference to her work on “reciprocal teaching”, Ann Brown (1992) recalls the
significance of her work being dismissed as “only the Hawthorn effect”, which
claims “... the mere presence of a research team will lead to enhanced performance
because of the motivational effects of the attention received by the “subjects’™(p.
163). She suggests that the Hawthorne Effect, far from being a factor to be wary of
in educational research, is actually one to be valued and built on to enhance
knowledge and promote improved practices. These days, we might talk of
“participants” rather than subjects: however, [ want to go further. In the examples
above, teachers are not just participants in empirical research; they are partners in
developmental research. In the research with Ben, in which I set out to do an
ethnographic study of his teaching, the relationship soon developed a mutuality in
which learning was reciprocal. He became far more than a “subject” of this research.
However, the learning resulted from there being a research project.

What do I mean when I say that Ben was “far more” than the subject of the research?
Put simply, I claim that he became a partner in the research because he engaged in
inquiry too, for example, into the question of “judgments”. His inquiry was different
from mine. He was much less interested than I was in generalised research
knowledge, and had no wish to write research papers. However, he was very
interested in thinking about teaching and exploring ways of enhancing learning. Thus
his design of teaching, my analytic observations of his teaching and our subsequent
(lengthy) discussions served both our purposes, and moreover our learning was
mutually dependent — we learned from each other’s activity and expression. This has
been true in subsequent projects in which I have worked with didacticians and
teachers. The act of engaging together in research has meant that we are all inquiring
into the learning and teaching processes in which we have differing roles and goals.
The mutuality of inquiring together leads to clearer understandings - co-learning - for
both partners.
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Thus inquiry provides a theoretical basis for seeing research as a developmental tool.
Chambers’ English Dictionary (McDonald, 1977) suggests that to inquire means: to
ask a question; to make an investigation; to acquire information; to search for
knowledge. Wells (1999) sees 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).

Wells’ “to ask questions ...and ... attempt to make answers to them” is one way of
interpreting Chambers’ “search for knowledge”. This search for knowledge and its
relation to learning, ‘coming to know’, forms the essence of the inquiry process.

Of course, inquiry has a long history in mathematics education. I think of inquiry as
being at the roots of the problem-solving movement, deriving from Dewey and Polya,
and promoted by John Mason and Alan Schoenfeld and others in mathematics
education (see references for key sources). Inquiry in (school) mathematics can be
seen to follow the activity of research mathematicians, and lead to recognition of the
value of processes such as specializing and generalizing, conjecturing, convincing
and proving (e.g., Mason, Burton & Stacey, 1982). Involvement in questioning and
investigating focuses minds on aspects of mathematics and generates further
questions and lines of inquiry, seeking answers and supporting learners in coming to
know. For example, in their further work on vectors, Ben asked pupils to draw their
own vectors and find their lengths. In addressing what vectors can we draw, students
recognized what seemed like negative or zero vectors and had to resolve these
apparent inconsistencies with the idea of a vector being a journey (Jaworski, 1994).
Cognition could be seen to develop through tackling such inconsistencies and arguing
them out in class. Viability (Glasersfeld, 1995) of constructed knowledge suggested
that inconsistency was inappropriate and some resolution had to be found. As
students argued and explored, results (like the length of a vector being positive even
if the vector seemed to be negative) emerged and were seen to make sense. There was
evidence of pupils’ growth in mathematical knowledge.

It seems to me that inquiry in mathematics, as a mode of activity for pupils learning
mathematics, has processes in common with both inquiry in developing mathematics
teaching and inquiry in the research process. Indeed, the research with Ben and other
teachers began as a study of investigative mathematics teaching: exploring the
practices and issues arising from working in an investigative way with pupils in
mathematics classrooms. Investigation was a mode of learning, a way of designing
activity for pupils and a way of developing teaching. Thus I see inquiry in three
mutually embedded forms or layers:

o [nquiry in mathematics: Pupils in schools learning mathematics through
exploration in tasks and problems in classrooms;

o [nquiry in teaching mathematics: Teachers using inquiry to explore the
design and implementation of tasks, problems and activity in classrooms;
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o [nquiry in research which results in developing the teaching of mathematics:
Teachers and didacticians researching the processes of using inquiry in
mathematics and in the teaching of mathematics.

In each of these layers we have people as individuals and people as groups inquiring
into mathematics, mathematics teaching or into the contribution of research to
teaching development. The individual-and-social nature of the processes involved is
central to what I see as being the way ahead for teaching development. Jon Wagner
talks of “co-learning” in research partnerships, writing

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)

We are all deeply embedded in social and cultural worlds (including political,
economic, religious and systemic factors). Knowing can be seen both as situated in
the context, community and practices in which we engage and as distributed within a
community of practice (Cole & Engestrom, 1993). Individual construction of
understanding occurs within a ‘community of practice’ and is rooted in the norms of
activity within that practice. Learning is in dialogue in the social plane before being
internalized to the mental plane through inner speech (Vygotsky, 1978). Wenger
(1998) has emphasised the production of identity through participation in a
community of practice. Learning is presented as a “process of becoming”. Wenger
states, “It is in that formation of identity that learning can become a source of
meaningfulness and of personal and social energy” (p. 215). He speaks of “modes of
belonging”, including engagement, imagination and alignment. We engage with ideas
through communicative practice, develop those ideas through exercising imagination
and align ourselves, critically, “with respect to a broad and rich picture of the world”
(p. 218). I believe we can conceptualise inquiry learning in such terms.

I have struggled with the individual/social tension in a shift over the years from a
constructivist position on knowing and learning to a more overt recognition of the
social embeddedness of learning as expressed briefly above. The commensurability
of these positions has been both a source of contention and an inspiration to seek
some resolution between them, since both are essential (e.g., Bruner, 1997). Two
factors, however, were always clear to me: (1) the power of inquiry in processes of
learning; (2) the importance of dialogue in coming to know. Theoretically, I believe
that a shift from ‘community of practice’ to ‘community of inquiry’ provides a
perspective in which reflective development of teaching by individual teachers results
in a developing community (Wells, 1999). In a community of inquiry, inquiry is
more than the practice of a community of practice: teachers, develop inquiry
approaches to their practice and together use inquiry approaches to develop their
practice. This indicates a reflexive relationship between inquiry and development
(where development implies learning and deeper knowing). Wells describes teachers
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as “attempting to develop such communities of inquiry and simultaneously making
their attempts the objects of their own inquiries” (1999, p. 124). A feature of a
community of inquiry that distinguishes it from a community of practice, according
to Wells (fitting well with references to Mason and Schon on reflection earlier) is

the importance attached to meta-knowing through reflecting on what is being or has
been constructed and on the tools and practices involved in the process’ (page 124, my
emphasis).

He adds, ‘the construction of understanding is a collaborative enterprise’ (p. 125).

Such a model is an individual process and a community process: as part of a
community of inquiry, individuals are encouraged to look critically at their own
practices and to modify these through their own learning-in-practice. Developments
within the community result from rationalisations, implicit and overt, between
ongoing practices. Participants grow into and contribute to continual reconstitution of
the community through critical reflection; inquiry develops as one of the norms of
practice and individual identity develops through reflective inquiry.

In my view, inquiry is both a foo/ and a way of being. In constructivist terms, it can
be seen to stimulate accommodation of meanings central to individual growth. In
sociocultural terms it is a way of acting together that is inclusive of the distributed
ways of knowing in a community. The notion of “way of being” reflects Wenger’s
concepts of becoming and belonging. When different communities interact in a mode
of inquiry, meta-knowing that results through inquiry processes allows
understandings that cross community barriers (c.f., Wagner, above). It is within this
theoretical frame that teachers and didacticians collaborate for mutual learning. This
view accords with the idea of ‘inquiry as stance’ introduced by Marylin Cochran
Smith and Susan Lytle (1999). Teachers taking an inquiry stance “[raise] questions
about what counts as teaching and learning in classrooms” and “critique and seek to
alter” systemic norms and relationships; further, they suggest, “the work of inquiry
communities is both social and political”, aiming to bring about change in traditional
ideas of knowledge and develop richer conceptions of practice (p. 289).

However, there is a fundamental tension in addressing teaching complexity through
inquiry communities that I will try to capture before going further. The theory
expressed above articulates a concept of learning through inquiry in communities in
which teachers and didacticians are learners. The communities both support the
inquiry and grow through the inquiry. However, so far, the role of a teacher or
teacher educator in these learning processes is hidden. Consider again my three
levels: at Level 1 we might expect a teacher to contribute fruitfully to students’
learning of mathematics and at Level 2, a teacher educator might contribute similarly
to a teacher’s learning of teaching. Indeed systemic requirements and social
expectations demand that teachers and teacher educators have goals for the learning
of their students. Certain complexities of teaching arise from trying to reconcile
developing teaching through a community of inquiry with expecting that teachers will
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have clear goals for their students’ learning — the inquiry/goals tension. My next
section will start to address these issues.

DEVELOPING TEACHING: DESIGN, INNOVATION AND INQUIRY
Learning Study (LS)

Inquiry as a way of being is fruitful for development, as experience and research
show (e.g., Schoenfeld, 1996; Wells, 1999). I see that inquiry as a tool is valuable to
induce inquiry as a way of being. The tool needs to be used purposefully. Ference
Marton and colleagues in Sweden and Hong Kong (Marton, Tsui, Chik, Ko, Lo, Mok,
Ng, Pang, Pong, & Runesson, 2004) have used inquiry as a tool in a developmental
process they call “Learning Study”. Developing from Japanese Lesson Study (e.g.,
Stigler & Hiebert, 1999 ), Learning Study encompasses elements of inquiry, design
and innovation. Marton et al. write, “Students’ learning should not be accidental ...”
(p- 331). They add, “Teachers’ opportunities to learn are a key factor affecting
classroom practice ...” (p. 332); and “Intervention studies must change what teachers
do ... in order to affect student learning.” (p. 333). It seems to me that, in developing
teaching through inquiry, teachers’ learning is not accidental; and in good research,
researchers’ learning is not accidental. This does not mean that we cannot learn what
we did not set out to learn, but rather that, in purposeful activity, we have goals for
learning; and moreover, it is problematic if learning does not accord with declared
goals. But, how do we achieve our goals? These statements about goals speak
directly to the tension outlined at the end of the last section, especially if our goals are
for the learning of some person other than ourselves. Is a student (or teacher) in a
position of deficit with respect to a teacher’s (or teacher educator’s) goals? Is this
tension instrumental in complexities observed?

In learning study (LS) a group of teachers designs innovative classroom activity,
based on agreed theoretical principles, and explores the consequent teaching. Design
and innovation offer purposeful directions. Teachers use inquiry as a tool to explore
teaching, alongside didacticians who offer theoretical ideas and practical support and
who research the processes of teaching development. Teachers develop their thinking
and practice through successive cycles of inquiry. They each work in their own
classroom, interpreting a design they have produced jointly. Observation of each
other’s teaching and group reflections lead to building of group and individual
awareness through which inquiry as a way of being develops.

LS goes beyond lesson study in two major respects. The first is its theoretical basis.
Design is based on variation theory (Marton et al, 2004). Didacticians and teachers
work together to establish a theoretical basis for joint inquiry. The second is its
purposeful nature in terms of pupil learning. LS conducts research into pupils’
attitudes and understandings throughout the developmental process. Thus teachers
use variation theory to design activity related to curricular topics such as subtraction
or fractions, and tests are applied before and after classroom activity to find out what
students have learned. Marton et al acknowledge their use of “design” as being in
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accord with a paradigm becoming known as “design research™: this, I believe, both
comes up against and offers ways to address the inquiry/goals tension.

Design Research

The design research paradigm in education, developing from the work of Ann Brown
and colleagues, uses design as a developmental tool. According to Anthony Kelly
(2003), design research

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. (p. 3)

If we see educator here to refer to teachers and didacticians, both of whom are also
researchers, this definition applies well to LS. However, we need clearer distinction
on the activity of these partners since is likely that neither their roles nor their goals
in research are the same. I will come back to this.

According to Paul Cobb and colleagues, design experiments offer a means of
addressing complexity. They result in an understanding of a learning ecology in
which “designed contexts are conceptualized as interacting systems rather than as
either a collection of activities or a list of separate factors influencing learning”
(Cobb, Confrey, diSessa, Lehrer, & Schauble, 2003, p. 9). A learning ecology
typically includes

the tasks or problems that students are asked to solve, the kinds of discourse that are
encouraged, the norms of participation that are established, the tools and related
material means provided, and the practical means by which classroom teachers can
orchestrate relations among these elements (Cobb, et al., 2003, p. 9).

Taken from a special issue of Educational Researcher which focused on design
research at an abstract level, these papers say little about the roles and involvements
of teachers. In most cases, although talking of collaboration with teachers, they seem
to suggest that design is the province of didacticians, and that teachers in some way
that is not explicit implement such design. Predating this writing, Erich Wittmann
(1998), writing about the importance of design in teaching development is more
explicit: “Teachers need to be trained and regarded as partners in research and
development and not as mere recipients of results” (p. 95). Despite the word partners,
these words suggest that agency in such partnership rests with the designers who are
not teachers. Indeed Wittmann says that design “cannot be left to teachers” (p. 96).
“The teacher can be compared more to a conductor than to a composer, or perhaps
better to a director ... than to a writer of a play” (p.96).

So, an issue for design research, as I see it, is how it conceptualizes the activity of
teachers with respect to design and implementation. What kind of teacher agency is
evident in the design process? In LS, it is teachers who design classroom activity
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based on theoretical understandings nurtured by their didactician colleagues and
supported by these colleagues. The learning of pupils is a clear goal, but this is
expressed directly in terms of the required curriculum, not in terms of learning
through inquiry. Thus, the inquiry/goals tension is not so evident in LS.

I will conclude this paper with reference to a research project that aims to build on
ideas from learning study and from design research while keeping inquiry as its
central theoretical focus. Research is designed to look carefully at the building of
communities in which inquiry is used and developed and at learning and teaching
goals that are addressed. The inquiry/goals tension is an explicit focus of research.

A RESEARCH APPROACH BASED ON INQUIRY IN LEARNING
COMMUNITIES

This project, Learning Communities in Mathematics (LCM)!, is designed to build
communities of inquiry involving teachers and didacticians to develop teaching and
enhance learning of mathematics. The theoretical basis of the project is inquiry as an
approach to learning mathematics, to teaching mathematics and to researching the
processes and practices of building inquiry communities to develop teaching. The
project aims to use inquiry as a tool to develop inquiry as a way of being in
developing teaching and studying related classroom activity and learning of pupils.

We are establishing agreements with 7 schools, from early years to upper secondary,
each with a teacher group of at least 3 teachers committed to the project. Teacher
groups in schools will focus on design of classroom activity that both builds in ideas
of inquiry and addresses systemic requirements, including the goals of the school and
educational system. It is the teachers who will design classroom activity based on
inquiry as a tool for learning mathematics.

At the beginning, the role of didacticians is to draw teachers into inquiry in a variety
of ways: firstly through workshops (at the college) in which we work together on
what inquiry means for us all with respect to mathematics learning. Didacticians
design workshops to create opportunities to do mathematics together in inquiry mode.
Teachers and didacticians together will inquire into what inquiry looks like in
mathematics learning. The role of teachers is to work on developing ideas of inquiry
in relation to their own knowledge of mathematics, pupils and schooling, and take
ideas back for further development in the school context.

In school, during the same time period as the workshop activity, teachers in each
school form an inquiry group to think about what their teaching might look like from
an inquiry perspective and to plan classroom activity. Within their own social setting
— of curricula, programmes of study and school milieu — teacher groups will design
innovative classroom activity that encourages pupils to get involved in inquiry in
mathematics. Didacticians will support teachers in thinking about the nature of

1 ' We are supported by the Research Council of Norway (Norges Forskningsrad): Project
number 157949/S20
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inquiry, drawing on experience and literature, getting involved in discussion of
mathematical topics and examination questions, providing readings, software, advice
on using software, access to mathematics and so on: responding to needs rather than
imposing directions.

Didacticians study the design activity and the processes that emerge from
implementing design; this includes both the design of our project and teachers’
design of classroom activity. Here we expect to address the inquiry/goals tension at a
number of levels, and to study how the use of inquiry as a tool in design, and in the
tasks designed, promotes inquiry as a way of being. What kinds of interactions take
place between didacticians and teachers? How do we address issues and concerns?
What is needed at practical levels of ideas and resources? How does the thinking of
all of us develop through our joint activity?

Data in the above will be collected through audio recordings and hand written notes
from meetings and from personal reflections of the people involved. We shall video-
record workshops and classrooms. We are recognising complex decisions in choice
of methods and use of technology in data capture and analysis, aware that
sophistication introduces its own problems. We expect to have a lot of data, so we
have to think carefully about data reduction processes, how we shall recognize and
validate significance; how our grain of analysis can be judged to capture elements of
the delicate “process of becoming”, of “formation of identity [in which] learning can
become a source of meaningfulness and of personal and social energy”, of “modes of
belonging”, including engagement, imagination and alignment (Wenger, 1998, p.
215). These theoretical issues are central to our inquiry process.

Although our study of interactions within the project will be ongoing (over a 4-year
period), we expect to have two phases of data collection in which we video-record
classroom interactions, and audio-record conversations with teachers and pupils
individually or in groups. Here we shall be looking at the outcomes of the design
process, gaining insight to the thinking of pupils, teachers and didacticians, and
teasing out key issues in our developmental process. Classroom data will be related
to data from the design process, to explore relationships between design and activity.
Between these two phases we shall focus on learning in the project so far, ways of
being that we can see developing and issues for dissemination and substainability.

Ultimately we are looking for inquiry models that have a practical foundation in
terms of the reality of schools, classrooms and teachers’ lives. The communities that
develop should be sustainable beyond the life of the project because the people
involved have developed ways of being. As we talk with teachers and negotiate
delicately the early stages of our relationship, the inquiry-goals tension is already
evident. Teachers, enthusiastic to take part in the project, are wary that it may take
time from necessary curriculum planning, or require classroom activity that does not
address curriculum goals. While excited by the possibilities the project offers, some
overtly air their concern that project activity will demand different kinds of planning
space and different goals. Shifts in planning and goals are a focus of our study.
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The current challenge for didacticians in these early talks with teachers, is how we get
jointly to seeing this as a project in which the concerns are shared; in which teachers
are not just responding to the ideas and desires of didacticians, but themselves taking
on the mantle of the project — with ownership of its goals for learning and teaching
within their own sociosystemic setting — and grappling with the tensions and issues
that arise. We shall be reporting further on our progress in this and other aspects of
the project in the coming years. We welcome interest from, and cooperation with
colleagues in other parts of Norway and around the world.

1 should like to thank Janet Ainley, Tom Cooney, Tim Rowland and Anne Watson for
extremely valuable comments on an earlier draft of this paper.
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COMPEX DILEMMAS CONCERNING INCLUSION AND
DIVERSITY IN MATHEMATICS EDUCATION RESEARCH
WITH TEACHERS.

Chris Breen, University of Cape Town, South Africa

Those invited to respond to the plenary papers at PME28 have been given a brief that
asks them to bring a new perspective to the theme offered by the plenary speaker, or
oppose the focus given. The invitation suggests that this might be done by presenting
alternative perspectives or by suggesting dilemmas arising from the perspective put
by the speaker. The main aim is to fit in with the theme of Inclusion and Diversity by
stimulating subsequent debate on the ideas presented.

Barbara’s plenary paper gave me a great deal of food for thought. She has a track
record of really trying to work with practicing teachers for the improvement of
classroom practice and we have seen and attended the contributions of many of her
students here at PME over the years. So her ideas are well developed and have a
wealth of thought and experience behind them. I applaud the work that she has been
involved with and trust that this new project will be rewarding.

You will gather from this that I do not intend to take up the option of opposing the
focus that she has given. Instead I plan to respond by using Barbara’s paper and the
issues that she has raised as a springboard for raising some of the current unresolved
dilemmas that I am having to face in my own work with teachers and their research
into their own practice. In sharing these personal dilemmas I hope to stimulate debate
on Barbara’s paper.

I have been working on teaching for the past 30 years from my various positions as
teacher, didactitian and Director of an in-service provider. In addition, for the past
five years I have offered a taught Masters module at my university which draws on
the work of Davis (1996), Maturana and Varela (1986) for its enactivist approach to
understanding learning, and on Depraz, Varela and Vermersch (2003) and Mason
(2001) for its techniques on approaches to becoming more aware of one’s own
practice. The first students using this module as a foundation for their dissertations
are in the process of graduating with what I consider to be exciting work. I have also
used the above course as a foundation for another set of courses on Complexity and
Diversity that I have been running for the past three years at UCT’s Graduate School
of Business, where my starting point again comes from an enactivist position but also
draws on the work of Capra (1997, 2002) and business theorists such as Stacey
(1996), and Lissack and Roos (1999).

Using this background I am going to draw on three different sources as a backdrop to
my response. The first of these flows from my understanding of Complexity Theory
and enactivism.
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Complexity theorists draw a distinction between the descriptors complicated and
complex. This new interdisciplinary field begins by rejecting the modernist tendency
to use machine-based metaphors in characterising and analysing most phenomena.
Machines, however complicated, are always reducible to the sum of their respective
parts, whereas complex systems - such as human beings or human communities - in
contrast, are more dynamic, more unpredictable, more alive. (Davis and Sumara 1997,
117)

Boundaries that currently define schools and universities should be blurred ... so that
the relations between that which we call teacher education needs to move away from a
model that focuses on mastery of classroom procedures and toward a more deliberate
study of culture making. (Davis and Sumara 1997, 123)

In such a (diverse) community information and ideas flow freely through the entire
network, and the diversity of interpretations and learning styles — even the diversity of
the mistakes — will enrich the entire community. (Capra 1996, 295)

I also want to locate myself within the themes of the conference of Diversity and
Inclusion and in addressing this I have been influenced by the following comments
which were posted on the conference web page.

While celebrating diversity ... it is vital to develop criteria for centrality.
(John Mason, Oct 22 2003)

I would like to reverse the phrase “inclusion and diversity” to “diversity and inclusion”
(in order to) bring our focus towards enquiring structures of power inherited...
Sikunder Baber (Nov. 3 2003)

The term “inclusion” in the title “inclusion and diversity” is a recognition of (the)
presence of dominant structure, which has the power to “include”, and therefore
“exclude”. Therefore the retention of the term “inclusion” in the theme title is an
implicit celebration of the power of dominant structure, an act, inherently counter-
productive in the equation of intercultural relationships, and therefore of “diversity”.
Al-Karim Datoo (Nov. 21 2003)

Finally, I have for a long time been interested in the field of Teachers as Researchers.

... the essence of the Teacher Research movement came from the dissonance and unease
that it caused in its quest to improve the education system... The teacher-research
movement can assist by causing dissonance and trouble. Trouble that comes from
conviction based on evidence drawn from research by those in the field who know that
we haven’t got education right and who are prepared to put their energies into getting
something changed. The minute teacher research becomes comfortable, someone else
needs to take over. (Breen 2003, 541).

Lewin and Regine (1996) maintain that the main entry into a complex view of the
world depends on the value we attach to the stories we tell and the way in which they
are listened to. My response at the conference in July will largely take the form of a
collection of personal stories. The problem with these stories is that they are
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inevitably situated within a specific time, context and current interpretation, and as [
sit at this keyboard in May, I cannot know what particular form of story I will want to
tell at Bergen in July. However there are three main stories which fill the menu at
present.

Story One occurs when, as a didactitian at the time, I was privileged enough to be
asked to allow my teaching to be used as a research site by another didactitian. The
ensuing interaction gave me some insights into issues for teachers working with
didactitians.

Story Two centres around a request to me as didactitian to work with two teachers to
assist them ‘work on their own practice’. We have written about this elsewhere
(Breen, Agherdien and Lebethe 2003), and the issues raised at the time were
complex.

Story Three involves three postgraduate students registered for the Masters in
Teaching, who attempted to research aspects of their own practice for their
dissertations and the challenges this faced for them (as it took them at times in
directions in opposition to the academy in general) and for me as supervisor.

In all three of these stories I can most accurately be scripted as a troubled man faced
with problems of identity and uncomfortable choices. The issues contributing to my
dis-ease have to do with:

e Who initiates the ‘project’?

e Whose questions are privileged?

e Whose theories are foregrounded?

e How do participants cope with different agendas?
e What do we learn from each other?

e Who is in control of the process?

These questions are not exactly the same ones that Barbara has raised but they are the
ones that come back to me as I think about the dilemmas of a didactitian as s/he tries
to set up a project where teachers are included in a community of inquiry. I hope that
those in the PME audience when I respond will find some resonance with her paper.
These issues are (obviously) crucial for me and they are the largely unresolved
questions that [ have to live with as I work with teachers and their work in
classrooms. In a sense I am reassured by the understanding that I am working in that
complex place that is also known as the ‘edge of chaos’ or ‘border of disorder’ and
that all that I can do if follow Rilke’s exhortation to ‘live your questions now’ (Rilke
1986, 45)!
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THE DIVERSITY BACKLASH AND THE MATHEMATICAL
AGENCY OF STUDENTS OF COLOR"

Arthur B. Powell

Rutgers University

This paper argues that discussions of diversity often avoid the issue of race. Further,
it maintains that diversity and structural backlashes to it in the United States in
social and economic life shape and are shaped by crises in mathematics education.
Attention is paid to the lack of instructional diversity in mathematical problem types
and to the mathematical achievement of African American and Latino middle-school
students. The paper further argues for the importance of the category of intellectual
agency, an under-theorized and under-researched psychological phenomenon in
mathematics education, particularly in the literature on minority-student
achievement. The paper concludes with preliminary data to show the promise of this
line of inquiry for researching the development of mathematical ideas and forms of
reasoning among a diversity of students.

The notion of human diversity evokes a wide range of ideas, including apparent and
subtle variance among cultural groups; celebration, or at least tolerance, of
differences; enrichment of social, economic, academic, and cultural life through
incorporating commensurable elements of the other’s ways into one’s own, and so
forth. The content of recent discourse on diversity as an intellectual category as well
as scientific, social, and cultural phenomena are by and large virtuous and
affirmative. Since the victories of anti-colonial and various civil-rights struggles,
diversity in the social sphere has evolved to tolerate and even celebrate both essences
and preferences within, for instance, categories of ethnic, socioeconomic, racial, and
gender variety as well as expressions of, to name a few, sexuality and intellectuality.'

In the United States of America, for example, the ideas and actions of proponents of
diversity have influenced researchers and educators of mathematics education as well
as educational policy makers. Many national and local initiatives have focused the
attention of the mathematics education community to the needs of an increasingly
diverse population of students. A significant case in point is one of the several

“ This work was partially supported by a grant from the National Science Foundation, REC-
0309062. Any opinions, findings, and conclusions or recommendations expressed in this
paper are those of the author and do not necessarily reflect the views of the National
Science Foundation.

! The research program, ethnomathematics has championed inquiry into the history of
mathematical cognition, including the development of mathematical ideas and forms of
reasoning, among a diversity of identifiable cultural groups from decidedly political
perspectives (D’ Ambrosio, 2001, 2004; Knijnik, 1996, 1999, 2002; Knijnik, Wanderer, &
de Oliveira, 2004; Powell, 2002, 2004; Powell & Frankenstein, in press, 1997).
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Centers for Learning and Teaching funded by the National Science Foundation. It
awarded a five-year grant of 11.3 million dollars in the fall of 2001 to a consortium
project based at a large Midwestern university, whose project is known as “Diversity
in Mathematics Education.” The project is founded on the recognition that the
United States needs to attend to certain immediate, urgent challenges based on
parallel changes occurring in the instructional workforce and the student population.
The specific changes are stated in its press release of October 2001:

Over the next decade, the nation's schools will have to replace more than two thirds of
the teachers currently teaching. More than half of the university faculty in mathematics
education will be eligible for retirement in the next two years and almost 80% will be
eligible for retirement in the next 10 years. Over the same period, America's K-12
student population and the next generation of leaders and teachers in mathematics
education will become more ethnically and linguistically diverse. (Diversity in
Mathematics Education/Center for Learning and Teaching, 2001, 3 October)

This consortium project seeks to address the increasing ethnic and linguistic diversity
of students, teachers, and mathematics education leaders. It is interesting to note that
this use of diversity to signal ethnic and linguistic variation has gained currency in
current discourse on diversity. That is, in the US, at least, the category of race is
often disassociated from notions of diversity. We speak of ethnic and linguistic
diversity without mentioning the category of race, as in the above quote, even though
differential achievement rates in mathematics among different racial groups persists
and has worsens. (Evidence for this point will be discussed below.) The discursive
tendency to omit race from consideration of diversity in American education signals
an apparent desire within the dominant culture to avoid talking about a prickly reality
and, in this sense, represents what we view as a diversity backlash. That is, the use of
the notion of diversity to circumvent grappling with the social and political realities
of race. "Race" as a social concept is real in its consequences, especially within
American society’s education system where racial and ethnic segregation persist.

Concurrent with the challenges of diversity that the consortium project highlights, the
United States suffers from twin interacting crises of the mathematical achievement of
its students and of the effectiveness of its mathematical instruction. These crises are
especially profound in communities of students of color, especially among African
American and Latino students and, as we will argue, supported by a structural
backlash against diversity of a certain sort. This diversity backlash presents a
significant challenge to social actors—such as, mathematics educators and
researchers as well as to students and their families—interested in increasing the
mathematical achievement of African American and Latino students. We would like
to suggest that research into the mathematical agency of students of color promise to
contribute theoretical perspectives, research methodologies, and pedagogical
approaches that can address the instructional, racial, and ethnic dimensions of the
crises in US mathematics education.
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These crises in mathematics education are enmeshed in social and economic realities.
While cultural diversity and tolerance are championed, there is a rather strong
adverse and, sometimes, violent reaction among some sectors of society toward
diversity of race, economic, and social structures. This is part of a backlash to
affirmative discourses on diversity such as the debates surrounding affirmative action
in the workplace and college admissions. The crises have particularly sharp and
pervasive effects on the academic attainment of students of color, particularly African
American and Latino students. To discuss the twin interacting crises, we first
highlight an aspect of the instructional crisis and then the crisis in mathematical
achievement.

CRISIS OF INSTRUCTIONAL DIVERSITY IN MATHEMATICS

Diversity or rather the lack of diversity is an aspect of the instructional crisis in US
mathematics education. The most compelling evidence of the underachievement in
mathematics of American children comes from the 1995 and 1999 TIMSS studies
(Hiebert et al., 2003; Stigler, Gonzales, Kawanaka, Knoll, & Serrano, 1999). In these
studies, the mathematical knowledge of US students has ranked low among
industrialized, “democratic” countries (Hiebert et al., 2003; Stigler et al., 1999). To
understand how this might be related to instructional practices, in 1995 and 1999,
studies were implemented, using videotape data from a probability sample of eighth-
grade classroom in several countries. The 1999 TIMSS Video Study sampled 100
eighth-grade classrooms in each of seven countries: Australia, Czech Republic, Hong
Kong SAR of the Peoples Republic of China, Japan, the Netherlands, Switzerland,
and the United States. Compared to the six other countries in the TIMSS 1999 Video
Study of mathematics teaching, a follow-up and expansion of the 1995 video study,
eighth-grade students in the United States scored, on average, significantly lower
than their peers (Hiebert et al., 2003). Researchers have analyzed the video data to
understand what instructional features might explain differential achievement.

The findings more than anything else underscore the complexity of mathematics
teaching. The countries that exhibit high levels of achievement on TIMSS have
many similarities and differences in their eighth-grade instructional features. None of
the high-performing countries use the same admixture of teaching methods in the
same proportions. For example, although both Japan and the Netherlands perform at
high levels on TIMSS, the average percentage of problems per eighth-grade
mathematics lesson that involved procedural complexity differed radically.
Nevertheless, eighth-grade mathematics teaching in all seven countries shared
common features of teaching eighth-grade mathematics. Among them we note that
“in all the countries at least 80 percent of eighth-graders’ lesson time, on average was
spent solving problems” (Hiebert et al., 2003, p. 42).

Besides similarities, discernible variations also exist across the countries in teaching
eighth-grade mathematics. In particular, the lack of diversity of implemented
problem types stands in poignant contrast in US eighth-grade mathematics
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classrooms. In most debates about instruction, mathematical problem types are
dichotomized: basic computational skills and procedures (or using procedures
problems) are placed in opposition to rich mathematical problems that focus on
concepts and connections among mathematical ideas (or making connections
problems). Classrooms in all of the countries spend time both on problems that call
for using procedures and on those that call for working on concepts or making
connections. The percentage of problems presented in each category, however, does
not appear to predict students’ performance on achievement tests. Rather what
higher-achieving countries share is the way in which teachers and students work on
problems as the lesson unfolds. Expect for the US, the six other nations spend
between 8% and 52% of classroom time on making connection problems
implemented as such (Hiebert et al., 2003, pp. 103-104). Whereas, in US classrooms,
making connections problems as lessons unfold are transformed into procedure
problems. That is, only US eighth graders spend nearly all of their time practicing
only mathematical procedures (Hiebert et al., 2003, pp. 103-104) and rarely engage in
the serious study of mathematical concepts. From the 1999 TIMSS Video Study, it is
apparent that diversity of implemented problem types does not exist among the
sampled US eighth-grade mathematics classrooms.

CRISIS OF MATHEMATICAL ACHIEVEMENT AMONG DIVERSE
RACIAL GROUPS

International assessments, particularly those that innovatively combine quantitative
and qualitative data collection and analyses, such as TIMSS, provide rich information
and revealing findings but do have limitations. At this stage in development of such
research tools, they do not provide a window into the differential attainment among
different social, economic, gender, racial, or ethnic groups within a nation. In the
United States, The National Assessment of Educational Progress (NAEP), also
known as "the Nation's Report Card," is the only nationally representative and
continuing assessment of what American students know and can do in various subject
areas. Since 1969, assessments have been conducted periodically in reading,
mathematics, science, writing, U.S. history, civics, geography, and the arts.

Recently, the National Center for Education Statistics of the US Department of
Education (National Center for Education Statistics, 2000) published a report titled
NAEP 1999 Trends in Academic Progress: Three Decades of Student Performance.
The NAEP data reveals trends in educational achievement among White, Black, and
Latino students. Interesting patterns can be discerned when the data is viewed from
the perspective of the wake of the civil rights movement in the United States and the
post-civil rights movement. If we define wake of the civil rights movement as
occurring between the years 1970 and 1990, and the post-civil rights movement as
occurring after the 1980s, then the NAEP data on educational achievement reveal an
important manifestation of the structural backlash to racial diversity. For instance,
between 1970 and 1988, the educational achievement of Black and White students
narrowed by one half or more (NCES, 2000, p, 108). However, since 1988, the gap
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has been flat, or in some subjects, is wider (NCES, 2000, p, 108). Comparing Latino
and White students between 1970 and 1990, the differential in educational
achievement narrowed by one half or more, but sadly since 1990, the gap has been
flat, or in some subjects, is wider (NCES, 2000, p, 108).

What does the NAEP data indicate about the differential achievement in mathematics
among US students concerning racial diversity? Nationally, in 2003, eighth grade
African American and Latino students lagged behind their White peers in
mathematics. Mastery of school mathematics up through the end of eighth grade was
measured on a three-part scale: below basic, basic, and proficient to advanced.
African American and Latino children scored at a level of proficient to advanced
12% and 14% of the time respectively, while white students scored at this level 39%
of the time. Similarly, 39% and 43% of African American and Latino children scored
at a level of basic or better. White children achieved this level 74% of the time. Only
26% of white children scored below basic on this test, as opposed to 61% and 57% of
African American and Latino children respectively. Unless genetic causes are
assumed, these differential achievements can perhaps be explained by a structural
analysis of the political economy of the US society. Whatever non-biological
accounts one accepts as explanatory of the paucity of high achievement in school
mathematics by African American and Latino students, the continuance of present
achievement trends points to an eventual narrowing of diverse participation in the
intellectual life of a nation.

LOCAL DAMPENING OF RACIAL DIVERSITY

Data that compare academic achievement of African American and Latino students,
on one the one hand, and White students, on the other hand, exist within the
economic and social nexus of life in the United States. Mathematical achievement
simultaneously shapes and is shaped by interactions between social and economic
forces. Estimates are that 40% of all African American children live in poverty, are
the least likely to have access to high-quality education (Patterson, 1997), and have a
rather small possibility of enjoying mathematics instruction that reaches beyond the
procedural.

During the economic recession of 2000-2003, the unemployment rate in urban
centers in the US rose sharply. In New York City, for instance, the increase in
unemployment was worse for men than for women, and particularly acute for black
men. This reality is revealed in a study by the Community Service Society (Levitan,
2004), a non-governmental organization that fights poverty in New York City and
struggles to strengthen community life for all. Based on data from the federal Bureau
of Labor Statistics, the study reports on the employment—population ratio—the
fraction of the working-age population with a paid job. It found that in 2003 only
51.8% of African American men between the ages 16 to 64 held jobs in New York
City. The rate for white men was 75.7%; for Latino men, 66.7%; and for black
women, 57.1%. The employment-population ratios for African American and Latino
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men were the lowest since 1979. According to Scott (2004), economists admit that
these findings are consistent with trends in the racial gap in male employment of
other Northern, Midwestern, and Central cities where manufacturing jobs have
disappeared in recent decades. Such a reality underscores a structural backlash to
diversity within the US society. That is, if unemployment trends continue in their
current direction, the economic and ultimately the biological viability of certain racial
and ethnic groups will become precarious, at best, and most certainly, decrease
significantly racial diversity in high levels of schooling as well as other facets of
social and economic life.

MATHEMATICAL AGENCY OF STUDENTS OF COLOR

In the US, despite the academic underachievement of many non-White students and
the relative economic poverty of their communities, in their early scholastic career,
students of color express pleasure with mathematics. Martin (2000) notes that studies
have found that “African American children consistently express the most positive
attitudes towards mathematics among all student groups and identify mathematics as
one of their favorite and most important subjects” (p. 12). Martin’s research suggests
that African-American parents and community members express also beliefs
consistent with dominant societal folk theories of mathematics learning. However,
their life experiences are such that at the same time they express beliefs that reflect
perceptions of their limited opportunity to participate in mathematical contexts as a
result of differential treatment based on their African-American status.
Notwithstanding positive attitudes toward mathematics, when researchers examine
the course-taking and persistence patterns in predominately African-American high
schools, 80% of the students take no more mathematics than what is minimally
required to graduate (Martin, 2000, p. 15).

Explanation and insight are required into ways to ameliorate this striking discrepancy
between early positive attitudes and identification with mathematics and subsequent
failure and avoidance of it. Martin observes that

Because few studies have focused on academic success among African-American
students and fewer have focused on students who do well in mathematics, issues of
individual agency, success, and persistence remain largely underconceptualized.
Success, for example, has been defined only in terms of external measures such as grades
and test scores, and persistence has been defined only in terms of course-taking patterns.
(p. 28).

We consider critical Martin’s point about individual agency and view agency as
potentially pivotal to the involvement of African Americans and other students whose
subject position is not identified with the dominant culture and to overcoming
societal-engendered failure and avoidance of the discipline. Understanding agency is
particularly important since both failure and success can be located within the same
set of social, economic, and school conditions that usually is described as only
producing failure. Avoiding deterministic theories of educational anthropology,
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urban education, and sociology of education that tend to focus on discussions of
culture, ethnicity, stratification, opportunity structure, and African-American status,
Martin’s conception of agency is informed by Bandura’s (Bandura, 1982; 1997)
notion that human agency and individual motivation can manifest and prevail in
opposition to larger, countervailing forces.

From a similar theoretical position, we have initiated a new, three-year research
project, currently in its initial year. A salient question that we propose to investigate
concerns individual agency in mathematical problem solving. Under a grant from the
National Science Foundation (REC-0309062), we are gathering data and observing
students’ initiative and ownership of ideas. Our analysis develops from examining
student-to-student discursive practices as individual students in collaboration with
peers build mathematical ideas and forms of reasoning (Powell, 2003; Powell &
Mabher, 2002, 2003). We are conceptualizing agency in terms of the mathematical
ideas and reasoning evidenced from learners’ individual initiative to define or
redefine as well as build on or go beyond the specificities of mathematical situations
on which they have been invited to work. Learners’ use of their agency also
manifests itself as they create heuristics to resolve mathematical tasks or aspects of
them. This conceptualization recognizes learners’ independent and autonomous
mathematical performances through student-to-student discourse. It also corresponds
to the work of other investigators (Delpit & Dowdy, 2002; Perry & Delpit, 1998) who
suggest the need for further research into relations between the discourse of urban,
African American students and their academic achievement.

Our study is set in a particular social context. The setting is an informal after-school
program at Hubbard Middle School in Plainfield, New Jersey, an economically
depressed, urban school district with 98% African American and Latino students.
Sixty-four percent of the students of the school are eligible for free or reduced-cost
lunch compared to the statewide average of 28% (Education Law Center, 2002). In
the Plainfield School District, the high school graduation rate is 52% compared to a
rate of 67% in districts of comparable levels of poverty (Education Law Center,
2002).

In our study, we are investigating how African American and Latino students from a
low-income, urban community build mathematical ideas and engage in mathematical
reasoning in an after school, informal setting. According to Friedman (2002),
resources for after school programs throughout the United States merely replicate and
extend the curriculum of the school day with “skill and drill” education. In middle
schools, this content and instructional approach contributes mightily to the failure and
disenchantment of students with mathematics (Stigler et al., 1999; Stigler & Hiebert,
1999). Hence, it would be more than insidious to replicate and extend this approach
into the informal settings of after-school programs. The problem of “skill and drill”
education is especially acute for low-income students who, as noted by the United
States Department of Education (1997, October), finish high school without the
rigorous mathematics courses needed for college entrance. Recently, educators and
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educational policy makers have identified the critical need for opportunities for
academic and social development based on student initiative or agency in contexts
outside of traditional school hours (National Research Council, 2002; Urban Seminar
Series on Children's Health and Safety, 2001). Our research is designed to document
student discourse and to promote the exercise of agency by inviting students to
engage in meaningful mathematical tasks and to study over time how they change
their participation role in mathematics from what Larson (2002) describes as,
“overhearers” to “authors” of mathematical ideas and texts.

The content and pedagogy in our research, while consistent with the vision and
philosophical perspective of the Plainfield Public Schools, differ substantially from
the mathematics curriculum used in the Plainfield schools. The mathematical content
of the project focuses on strands in combinatorics, algebraic thinking, and
probability, incorporating the use of technology as a tool. A critical difference
between the curriculum of the school district and our study is an inevitable result of
school realities. Unlike mathematics instruction in public school districts,
constrained by administrative, political, temporal, and other limitations, mathematical
activities of our study will not be directly affected by the pressures of grading,
standardized tests, and curriculum coverage. These non-mathematical constraints
affect instruction in ways that can cause even reform-intended mathematics curricula
to fall far short of idealized scenarios. Instead, different pedagogical processes guide
our work (Maher & Martino, 2000). It is important to note that also unlike
mathematics instruction in US middle schools our tasks on which we invite students
to work involve making connections and are implemented as such rather than
transformed in the unfolding of the session into problems focusing on basic
computational skills and procedures (For problem task examples, see Harvard-
Smithsonian Institution Astrophysical Observatory, 2000).

The previous longitudinal work of the Robert B. Davis Institute for Learning
(Graduate School of Education, Rutgers University) has shown that students use their
agency in the direction of greater and successful participation in mathematics as
authors of mathematical ideas and texts when the contexts in which students explore
mathematical ideas provide challenging problem tasks and when students are given
opportunities to think deeply about mathematical situations over time (Harvard-
Smithsonian Institution Astrophysical Observatory, 2000; Maher, 2002; Maher &
Martino, 2000; Powell, 2003; Speiser, Walter, & Maher, 2003).

INSTANCES OF STUDENTS EXHIBITING MATHEMATICAL AGENCY

Twenty-four sixth graders volunteered to be participants in our study in the context of
an after-school mathematics program. The main sources of data are as follows: (1)
discourse patterns and other activity of students as they work on mathematical
investigations recorded on videotape; (2) students’ inscriptions, collected and
digitized; (3) researcher and observer notes and reflective diaries, collected and
digitized, and (4) research team’s planning notes and debriefing session recorded on
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videotape. Our framework for analysis, developed from earlier work, is discussed in
Powell, Francisco, and Maher (2003).

In the first three cycles of our study, there are respectively eight, eight, and six
research sessions, each lasting one and a half hours. Here we report on instances of
student mathematical agency during the first cycle of our study. In this cycle, we
invited students to build physical models using Cuisenaire rods to explore relations
among them that evoke certain kinds of reasoning: organizing and ordering by
categories, hypothetical reasoning about number relationships (whole number and
fractions), proportional reasoning, reasoning by contradiction, recognizing and
predicting patterns, and generalizing.

Students engaged in building mathematical models with Cuisenaire rods, a tool with
which they had not previously worked. We invited them to work on problems in
which a rod of certain length was given a number name and for which they were to
find a rod that had a comparative number name of the given rod. For instance, in the
first session, after the students were invited to explore the Cuisenaire rods, Lorrin
stated that even though her partner suggested that the white rod could be called 2 that
she was thinking the it could be called 5. A researcher then asked, “What if you
called the white rod 5 instead of 2?”” Lorrin replied that the orange rod would be
called 50.

In our theorization, an aspect of intellectual agency applied to mathematical learning
is taking risks to venture beyond a stipulated situation to explore and further develop
a set of ideas. Agency is also manifest when learners develop problem-solving
heuristics to address tasks. Such an act requires that learners author their own
procedures or strategies. In all instances, we attend particularly to the mathematical
ideas and forms of reasoning evidence in learners’ discourse and inscriptions as they
exercise agency in mathematical situations. Our initial data, collected in the first
sessions of our project, provide a preliminary glimpse into the frame of agency and
development. The following are three instances:

Instance I: A researcher invites students to find which rod would be called one-half if
the blue rod were called one and further inquiries what they say or do to convince
someone of their result. Herman, Malika, and Lorrin each place two light green rods
end-to-end alongside a dark green rod. Later, Lorrin places end-to-end two yellows rods
and lays them alongside an orange rod. She says, “I’'m going to do all of them.” She
proceeds to find rods whose length is the same as a train of two rods of the same color.
As Malika helps, Lorrin tells her, “I’'m talking about half and half.” In this she seems to
mean that her goal is to find all rods whose length can be constructed with two other rods
of the same color. Later she separates the rods that can be so expressed from the others
Lorrin points to the blue, black, light green, and yellow rods and says that “they don’t
have halves.”

Instance II: Two sessions later, students continue to consider which rod could be called
half of a blue rod. Some reason that the light green rod has a length that is one-third the
length of the blue rod. Some students exhibit novel ways to show this, using

PME28 - 2004 1-45



multiplication or addition. Jeffrey reasons that the red rod would have the number name
two-ninths if the blue rod is one. He later shows the class his model of a blue rod
alongside a train of rods in the following sequence: red, light green, red, and red. He
then challenges the class to find the number name for the red rod when the blue rod is
called one.

Instance III: During the fourth session of the cycle, students were invited to work on the
question, “If the blue rod is 1, what is yellow?” Many students manipulated the rods to
observe how many white rods they needed to place end-to-end to construct a length
equivalent to the blue rod. Malika lists how many white rods make up each of the other
rods. She calls the yellow rod 5, and later she and Lorrin say that yellow is five-ninths.
Building a model of a blue rod alongside a train of one yellow and four white rods, with a
purple rod beneath the white rods, Lorrin and Malika show that the purple rod is four-
ninths. The students at their table determine number names for all the rods, except that
they are uncertain about what to call the orange rod.

Eventually, this group of students resolves what number name to give to the
orange rod. One student remarks that ten-ninths is an improper fraction. A male
colleague [off camera] says assertively, “It’s still ten-ninths. That ain’t gonna change it
because it’s an improper fraction. That makes it even more right.”

In each of the three instances discussed above, students play with a variation on a
theme introduced by the researcher and improvise in the sense that they act the given
materials and compose ideas without following a prescribed script. Students often
posed problems for themselves and for others to solve. In one instance, students
initiated an investigation to find which rods have a rod that can be called one-half.
Their reasoning indicated that they connected meaning to the symbols they used in
their problem solving with rods. Through their actions, observations and reasoning,
they progressed in building a foundational understanding of ideas about fractions and
their operations, fraction as number, comparing fractions, upper and lower bound,
equivalent fractions, proper and improper fractions. Certain earlier “beliefs”, such as
“the numerator cannot be larger than the denominator “ were examined individually
and by the whole class, eventually resolved by reasoning from the patterns they
observed in the models they built.

DISCUSSION

Our study is in the first year of its project three-year tenure and we are just beginning
to analyze our initial data. From our investigation, two of our intended outcomes are
the following: fundamental knowledge of the mathematical ideas and forms of
reasoning built by African American and Latino youngsters of middle-school age
engaged in working on deep, open-ended mathematics tasks in technology-rich,
informal settings in a high-needs public school district; and evidence of the
mathematical achievement of students of color as a byproduct of their engagement of
their agency.

These goals are significant since first and foremost, the notion of being biologically
ill-equipped for high cognitive functioning has influenced attitudes and actions
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toward students of color throughout history (Gould, 1981) and some lay people and
scientists still promote it (Herrnstein & Murray, 1994). Moreover, some researchers
in mathematics education (Orr, 1997) conclude that the linguist structure of African
American speech is at fault. Racism has not ended with the successes of the Civil
Rights Movement. Rather, as the African American novelist Alice Walker writes,
“racism is like that local creeping kudzu vine. It swallows whole forests and
abandoned houses; if you don’t keep pulling up the roots it will grow back faster than
you can destroy it” (Walker, 1983, p. 165). It might be that racism roots itself in our
theoretical assumptions, our methodological approaches, our observational lenses, as
well as our interpretation of data. Not assuming that students of color have
intellectual agency that can be used in the learning and teaching of mathematics may
unwittingly derive from certain assumptions about their intellectual capabilities.
Whereas, research methodologies that incorporate a focus on the intellectual agency
of African American and Latino students in mathematical situations and the
mathematical ideas and forms of reasoning develop through the exercise of agency
promise to inform the mathematics education community not only about cognitive
diversity but also to engender respect for students of color based on evidence of their
mathematical intellectuality.
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MATHEMATICS EDUCATION RESEARCH,
DIVERSITY AND INCLUSION

Paola Valero
Aalborg University, Denmark (Colombia)

This paper comments on Arthur Powell’s plenary paper “The Diversity Backlash and
the Mathematical Agency of Students of Color”. A highlight of some of the main
arguments in Arthur’s paper is offered, and questions are raised concerning elements
of importance in setting a research agenda committed to equity in mathematics
education.

In the international community of research in mathematics education Arthur Powell’s
work has provided insight into the multiple predicaments of African American
students’ mathematical learning, from an ethnomathematical perspective where
issues of power are connected to school mathematical knowledge and its learning.
His work has challenged not only research with an embedded racist assumption about
the mathematical learning of these students in the USA, but also even progressive
research concerned with issues of equity in the access to participation in mathematics
education practices. His paper “The Diversity Backlash and the Mathematical
Agency of Students of Color” summarizes the concerns that motivate his and his
colleagues research work, as well as the selected approach. A discussion of
“inclusion and diversity” in mathematics education —with advances and backlashes—
without a consideration of Arthur’s work would be incomplete.

Arthur’s sentence “It might be that racism roots itself in our theoretical assumptions,
our methodological approaches, our observational lenses, as well as our interpret-
ation of data” caught my attention. It touches one of the points that I consider to be
central in a discussion of inclusion and diversity in mathematics education.
Mathematics education researchers have constructed a discourse about the practices
of the teaching and learning of mathematics. Such a discourse is not neutral since it
provides frames of action for researchers (but also for teachers and policy makers) to
address the multiple problems of mathematical instruction (Valero, 2002, 2004b). As
Arthur indicates, it is possible to conjecture that mathematics education research and
the discourse it produces are implicated in the “diversity backlash”.

THE THESIS OF THE DIVERSITY BACKLASH

The thesis of the diversity backlash contends that the current diversity discourse, with
an emphasis on linguistic and ethnic diversity, omits a direct mention of race, while
racial segregation is still a crucial problem. Despite the relatively high public
attention to the multi-ethnic, -cultural and -linguistic composition of the population in
the USA, little advancement is really being made in the provision of equality of
access to a variety of resources to different racial and ethnic groups. The gap between
these two is actually a mechanism of the dominant culture to maintain the statu quo.
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The thesis invites to discussions of the relationship between structural inequalities
and access to participation of different groups in (mathematics) education. It is clear
in Arthur’s work (see Powell, 2002 in his reference list) that such a connection is
indispensable in research concerned with equity issues. For research in mathematics
education this means that considerations of the social, political and economic context
in which mathematics education practices take place need to be incorporated. This
poses many challenges for researchers because, it not only opens the focus of
attention of research from the details of learning processes in mathematics to broader
social spaces of action where mathematics education practices get constituted, but
also because it demands the use of theoretical and methodological tools that have not
been widespread in mathematics education research (see Valero & Zevenbergen,
2004; Vithal & Valero, 2003). The challenge becomes finding significant ways of
connecting the macro-contexts in which structural inequalities happen with the
micro-contexts of mathematical learning.

CRISES (OF ACHIEVEMENT) IN MATHEMATICS EDUCATION

The diversity backlash is associated with mathematics education instruction and
achievement crises. Arthur argues that USA students’ low achievement in
international tests can be associated with the dominance of a procedural instruction —
while students from countries with a balanced conceptual and procedural instruction
achieve higher. This is what he refers to as the instruction crisis. At the same time,
the achievement crisis refers to the fact that students from particular racial (ethnic
and linguistic) groups continue to have a significantly lower achievement than white
students in the USA. The systematic lower achievement of particular groups of
students is an alarming sign for politicians about the crises of educational systems,
and it is an important justification behind investments in reforms and research in
mathematics education. It has directed the attention of researchers towards particular
ethnic groups, as well as towards students with learning difficulties, girls and
working class students.

But what is behind the focus on issues of achievement? Research has shown that
measures of achievement are measures of the ability of students to cope with the
social framing of tests rather than a measure of students’ mathematical competence
(see Wiliam, Bartholomew & Reay, 2004). Mathematics tests fulfill a double
function of providing a categorization of students according to criteria of ability
determined by the test makers, as well as that of exercising a normalization of
students, that is, a classification of each person according to what is considered to be
normal (and therefore outstanding and deficient). The average (and related concepts
of superior or inferior) is defined in terms of the characteristics of the dominant
cultural group, in this case middle-class, white, male population. Measures of
mathematical achievement operate as important classification and normalization tools
in society in relation to dominant groups. If we adopt this thesis, then
underachievement says something about the position of those groups in society, but
does not necessarily say something about their actual mathematical ability.
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Furthermore, if tests are analyzed from this socio-political perspective, high
achievement of different groups may be interpreted as a success in an assimilation of
different groups to the dominant cultural discourse. I doubt that the aim of diversity
(with or without consideration of race) is that we all become “White, Middle-class
Americans”. That would also represent a disaster for diversity (and may not
necessarily secure equality of access to participation in social, economic, cultural and
political resources). A challenge for mathematics education research with a concern
for equity and diversity is unpacking the discourse of (under)achievement and finding
other tools to talk about what different groups of students actually can
mathematically (instead of starting from a deficit perspective).

THE THESIS OF THE INTRINSIC RESONANCE

It is of paramount importance that African Americans and Latinos do well in
mathematics since “mathematical achievement is simultaneously shaped by and
shapes the economic and social well being of communities as well as of nations” (see
Powell, this volume). Arthur argues that the recent crisis of unemployment in male
African American population will result in more poverty in that group and,
consequently, in lower school participation, lower mathematical achievement, lower
participation in the work market and so on. This cycle compromises the “biological
viability of certain racial and ethnic groups”.

Mathematics has been associated (in the Western culture) with economic wealth. The
more mathematical (technological and scientific) production a society has, the
wealthier the society becomes. Since the time of the “Sputnik shock™ this argument
has been at the roots of justifications for expanding mathematical research and
improving mathematical instruction. Part of the concern for achieving equity in
access to the participation in mathematics education is precisely that of giving access
to excluded people to wealth. In other words, good mathematics education in itself
empowers people.

Behind these formulations there seems to be a belief in the intrinsic goodness of
mathematics (education). Mathematics and mathematics education are given positive
characteristics such as being “empowering” or “wealth-provider”. Such assumption
of goodness diverts attention from the operation of mathematics (education) in larger
social and political spaces where both mathematics and school mathematics are
power-knowledge used as resources for the creation of “wonders and horrors”
(Skovsmose & Valero, 2001). Therefore, it is necessary that researchers examine
critically the ways in which mathematics (education) forms part of larger systems of
reason and is used in the construction of unjust as well as just social, economic and
political structures.

INDIVIDUAL, INTELLECTUAL AGENCY AND POLITICAL AGENCY

A key notion in the study of African American and Latino students’ participation in
mathematical instruction is individual intellectual agency. Such agency is defined as
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the learner’s individual initiative and ownership of ideas to define, redefine, build,
take risks and go beyond the specificities of a mathematical problem. The concept of
agency is bounded to the particularities of the context defined by the mathematical
problems through which the research will invite students to display and build their
intellectual activity. This notion of agency is focusing on the characteristics of those
students as learning, cognitive subjects engaged in mathematical activity.

Much of mathematics education research has concentrated on describing and
analyzing the individual, intellectual agency of students in diverse mathematical
contexts. | have argued (Valero, 2004a) that such research has constructed a view of
the learner as a “schizomathematicslearner”. Such a discursive object portrays
students as mathematical cognitive agents, decontextualized from the social,
historical, political and cultural arenas where they exist. The focus and interest in
understanding one aspect of students’ thinking has almost eliminated the other
components of students as fully real, living, and acting human beings. The notion of
cognitive, intellectual agency has to be encompassed with a notion of political agency
understood as the students’ action in complex social situations where mathematical
initiative is one of the multiple possible ways of influencing their life conditions. An
interesting challenge for research is finding ways to enlarge the notion of agency in
order to connect the micro-context of the mathematics classroom with larger context
of action in which students participate (and where exclusion/inclusion is also in
operation). In other words, the challenge is link the individual learner (and his/her
intellectual agency in mathematics) with his/her larger social setting, within which
disadvantage on the grounds of race and ethnicity has been historically constituted.

ELEMENTS OF A RESEARCH AGENDA FOR DIVERSITY AND
INCLUSION

That research in mathematics education is implicated in the maintenance of exclusion
is a contention that has been examined in different ways (see Skovmose and Valero,
2002; Popkewitz, 2002). Theoretical frames, problems and methodologies contribute
to the creation of a discourse (and of a practice) that leaves unattended fundamental
issues of access of different groups of students to various resources of power. When
thinking of a research agenda committed with diversity and inclusion there are some
necessary issues to consider: (1) The connection between macro- and micro-spaces of
action in search of explanations for and interpretations of exclusion of certain groups
of students. (2) The deconstruction of the discourse of achievement as a measurement
of mathematical capacity, and analysis of the social processes operating through the
measurement of achievement. (3) The critical examination of the discourse around
mathematics (education), power and equity. (4) The expansion of notions of agency
to encompass both intellectual and political dimensions of students’ actions.
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FROM DIVERSITY TO INCLUSION AND BACK:
LENSES ON LEARNING *
Rina Hershkowitz

The Weizmann Institute of Science, Rehovot, Israel

The ideas presented in this lecture are based on the observation of processes of construction
and consolidation of knowledge by individual students learning in groups within classrooms
along a sequence of activities. Whereas the uniformity of the basic elements used to
describe the knowledge construction processes may be seen as inclusive, there is a lot of
diversity in the different ways in which individual students combine these basic elements
into their personal learning trajectories.

INTRODUCTION

There is a thread, which links this plenary talk to the one I gave at PME 23
(Hershkowitz, 1999). In the previous one I asked, “Where in shared knowledge, is the
individual knowledge hidden?”. My point was that research should focus more
extensively on the investigation of the development of individuals when they evolve
in different social settings and construct of knowledge about different topics through
successive activities.

At that time many researchers in mathematics education were attracted by the
investigation of the construction of the “shared knowledge” of a community of
students (e.g. Cobb, 1998; Hershkowitz, and Schwarz, 1999). Most researchers’
lenses were focused on the ensemble. Individuals were observed as “members” and
the knowledge of the individual was seen as a contribution that transformed the
knowledge of the ensemble, where the ensemble designates “the smallest group of
individuals who directly interact with one another during developmental processes
related to a specific activity context” (Granot, 1998). Research on shared knowledge
was mostly based on the interpretation of various episodes in different social settings.
The episodes were mostly taken from one lesson, and even when the sample of
episodes where taken from a sequence of activities the data were accumulated by
observing different ensembles within the classroom, populated by different students
with no possibility to trace the learning trajectory of specific students along a
sequence of activities.

Less research effort has been invested in the opposite direction, namely in
investigating the shared knowledge, constructed by a group of students or by a dyad,
with the aim to better understand the development of the participating students’
individual knowledge. The work of Kieran and Dreyfus (1998) is an example in this
opposite direction. Kieran and Dreyfus observed student dyads solving problems, and
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then right away interviewed each student individually using an analogous problem in
order to check the effect of the dyad work on each individual.

Recently I have invested efforts with colleagues and students in this opposite
direction, to describe and understand how individuals construct new (to them)
structures of knowledge in peer interaction and consolidate it (or not) in subsequent
activities. We did not observe students or small groups when isolated in laboratory
conditions; rather, we traced the participation of individuals and groups by studying
talk in the classroom. This was done along a sequence of activities (Tabach, 2001,
Shtein, 2003).

Our empirical approach led us to focus primarily on process aspects of construction
of a new structure of knowledge rather than on outcomes. We focused on a particular
kind of construction of knowledge, the process of abstraction, which we defined as a
process in which students vertically reorganize previously constructed mathematics
into a new mathematical structure. In order to empirically study abstraction, we
looked for observable actions relevant to the construction of knowledge. Following
Pontecorvo and Girardet (1993), we called these actions epistemic actions. We
identified three epistemic actions relevant for processes of abstraction: Recognizing,
Building-With, and Constructing, or short RBC. Two case studies in which we
observed students evolving in laboratory settings led us to initiate the elaboration of a
model of abstraction: we started with an interview with a single student
(Hershkowitz, Schwarz & Dreyfus, 2001), and then turned to the observation of
dyads working in collaboration. In the second case study, the shared knowledge of
the dyad and the construction of a new structure of knowledge of each individual in
the dyad were investigated by analyzing pair interactions between the two students.
Interaction was investigated in detail as a main contextual factor determining the
process of abstraction (Dreyfus, Hershkowitz & Schwarz, 2001a). A crucial feature
of the model is that the epistemic actions are nested within each other. We therefore
called it the nested epistemic actions model of abstraction in context, but usually refer
to it simply as the “RBC-model”. The model is described in detail in these references.
Shorter descriptions may be found in PME proceedings (e.g., Dreyfus, Hershkowitz
& Schwarz, 2001b).

We were aware that the contexts in which the model was elaborated were quite
limited. Social interactions and other contextual factors in school classrooms are
often much more complex than in research interview situations. Therefore, we began
about two years ago to expand our program of research in two directions. The first
one is concerned with the construction of knowledge in teacher-led whole-class
discussions. We initially focused on the role of the teacher (Schwarz, Dreyfus, Hadas
& Hershkowitz, 2004). The second direction is at the heart of learning and
development: We decided to develop theoretical and experimental tools to follow
individuals participating in successive school activities such as collaborative problem
solving sessions or individual problem reporting, in order to possibly identify
construction or abstraction of the individual in a wider time-scale. One of the main
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questions we asked was whether it is possible to speak about consolidation (or its
opposite: fragmentation) of knowledge along a sequence of activities.

DIVERSITY AND INCLUSION: A SOCIO-CULTURAL PERSPECTIVE ON
THE PSYCHOLOGY OF MATHEMATICS EDUCATION

The dialectical approach I adopted (with many other math educators in our
community) is exemplified in this plenary: we investigate how shared knowledge is
constructed and, to do this, we need to go back to research on knowledge
construction by the individual. However, this individual is not isolated like in a
laboratory; she or he learns in a context, and the researcher constantly faces the
“problématique” of isolating and investigating the development of individual
knowledge within the shared knowledge of a changing/developing community.

The link of my personal interest to the interest of my changing community, the PME
community in this conference, is then, I think, quite obvious. I would like in this
plenary session to focus on diversity and inclusion of learning processes within a
group of individuals, and to express it via the RBC model of abstraction. I will
present data from two girls who participate (actively or passively) in the same class
dialogues, and collaborate in the same small group (a group of three). The different
combinations of constructions of knowledge, whose trajectories vary from one girl to
the other, show diversity within a group of individuals. On the other hand the
expression of this diversity and its analysis for each girl are based on the use in the
same three epistemic actions, as they are reciprocally nested among them. We may
relate to these basic ingredients, which characterize abstraction processes, as to the
inclusion of these processes. Individuals will have also different ways of
consolidating what they abstracted earlier -- we are again facing diversity.

Let me provide an analogy to clarify this idea of diversity and inclusion in learning
theories. Let’s think about the relevance of a “good” micro-world to learning. It
provides well-defined primitives that are easy to use. These primitives afford
“inclusion” because they are the same and provide the same learning opportunities
for each learner. However, this inclusion has the potential to produce, within a
community of learners, a diversity of ways to solve a given problem and this diversity
is due to the inclusion the tool affords. Because the primitives are easy to manipulate,
the learners can use them to produce many different combinations, each of which
expresses a different way to solve a given problem. Like any analogy, this one has its
limits: while the primitives of the technological tools are designed beforehand by
designers and are made visible, the observability of RBC actions as primitives of
abstraction depends on our judgment.

In the following sections I will use data from the two girls mentioned above to reflect
on inclusion and diversity in the above sense by analyzing the intertwining of RBC
combinations nested in each other along a sequence of tasks.
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THE RESEARCH SETTING

The research took place in grade 8 classrooms during an 8-lesson unit on probability,
organized in five activities including tasks for small group collaborative work and for
whole-class discussions. The activities were designed so as to create opportunities for
construction of knowledge. One set of tasks in the second activity was designed to
introduce students to issues related to repeated events, by asking them to locate the
probability of various repeated events on a chance bar (tasks 5, 6, 7 and 11). Students
come back to this issue in a written (individual) final quiz of the unit (task Q2) as
well as in an individual interview (task T3). These tasks are presented next.

5. You spin a Chanuka dreidel 100 times (the letters that appear are N, G, H, P).
Mark approximately, on the chance bar, the letter that designates each event, and
explain:

: The outcome will be N all 100 times.

The outcome will never be N

The outcome will be N between 80 and 90 times.

The outcome will be N between 20 and 30 times.

The outcome will be N exactly 25 times.

The outcome will be N exactly 26 times.

| |
[ |
1

6. You flip a coin 1000 times. Mark, approximately, on the chance bar, the letter
that designates each event, and explain:

The outcome will be heads all 1000 times.

The outcome will be heads between 450 and 550 times.

The outcome will be heads between 850 and 950 times.

The outcome will never be heads.

TmOQwW>

o —

oowx

o —
—_

7. Which of the following events has a bigger chance to occur? Mark,
approximately, on the chance bar, and explain:

A: The outcome will be heads between 450 and 550 times.
B: The outcome will be heads exactly 500 times.

0 1
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11. A regular die was thrown 100 times and the students were asked to mark,
approximately, on the chance bar the probability to obtain 50 times an even

number.

Amir marked the middle of the chance bar:

i L i
0 1

Amir explained: I marked it this way because the chance to get an even number
is one half.

Shira marked a position close to zero on the chance bar:
- i !
0 1

Shira explained: The chance to get an even number is one half; but no way will
there be exactly 50 times even. Maybe there will be only 46 times even, or 52.

Nir marked a position close to one on the chance bar.

| i -

0 1

Nir explained: I marked close to 1 because the chance to get an even number is
one half. Therefore in half of the throws, the outcome will be even and thus it is
almost certain that there will be 50 even numbers.

Who, do you think, is right? Explain!

Q2. You throw a die 1200 times. Mark approximately, on the chance bar, the letter
that designates each event:
A: The outcome will be 6 exactly 200 times.
B: The outcome will be 6 exactly 202 times.
C: The outcome will be 6 between 100 and 300 times.
| | |
[ [ |
0 1
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T3. In the eighth grade booth at the school fair, they use
various dice for chance games. The flat view of one of
the dice is. This die is thrown 900 times. Mark,
approximately, on the chance bar the letters that
designate events A and B:

A: The outcome will be 1 exactly 450 times.
B: The outcome will be 1 between 400 and 500 times.

[
0 1

Answering these questions requires a number of knowledge structures; however, in
order to keep the discussion focused, I will focus on the construction of the following
principles: The probability that the frequency of an outcome is in a specific range of
given length is large if the range includes the expected value, and small if the range
is far from the expected value. The probability that the frequency of an outcome is
equal to the expected value itself'is very low. Most items listed above require these
principles at least partially. The remaining ones (5A, 5B, 5F, 6A, and Q2B) have
been added for completeness and coherence. For brevity, I will refer to these
principles as “the focus knowledge structure”.

At the beginning of tasks 5 and 6, students are given opportunities to learn that the
probability of the frequency of a repeated event is smaller than the probability of the
corresponding simple event, and that the probability of the frequency of a repeated
event decreases as the number of repetitions increases. Schwarz et al. (2004) analyze
the role of the teacher in a detailed discussion on items 5A and 5B. They also show
how the difference between the probability of a simple event and the probability of
the corresponding repeated event is constructed as shared knowledge about relative
frequency in the classroom. In the sequel, I will refer to this as “the preliminary
knowledge structure”. This construction of the preliminary knowledge structure is an
epistemic action in its own right, and we will see that it is nested in the construction
of the focus knowledge structure.

In the following subsections, I will present a classroom discussion of tasks 5C, 5D

and 5E. Then I shall focus on two girls, Yael and Rachel as they participate in
subsequent activities.

5C: The outcome will be N between 80 and 90 times

Guy marks C at 1/4 on the chance bar.

Yael 83: 1t’s much less than he marked. It’s close to B. It can’t be a chance of
1/4 that it happens..., it’s not...

Ayelet 84:  That N comes up between 80 and 90 times means that the other three
letters come up between 10 and 20 times; that’s much less than what
Guy marked.
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Yael 85:

1t’s much closer to B. A little larger than the B but very close to it, like
the distance between A and B.

We can see here that the students who participate in this discussion agree that the
probability that the frequency of an outcome in a given range, that is far from the
expected value, is small. The shared construction of this part of the focus knowledge
structure appears to be unproblematic for the students. We presume that this is so
because its low probability conforms to the low probability in the preliminary
knowledge structure.

5D: The outcome will be N between 20 and 30 times

Eliana

Adi 93:
Adi 95:
Adi 97:
Teacher98:

Guy 99:
Yael 100:

Guy 101:
Guy 103:

Omri 104:

Omri 108:

Teacher 109:

Rachel 110:
Michael 111:

Itamar 112:

Yael 115:

goes to the board and marks a point close to 1/4
1 think ... 30%

There is a greater chance ...

1t’s closer to the middle.

Does somebody have a different impression, wants to support or
object? What do you think, Guy?

1 think it is much higher. [Teacher asks how much.] 80%, because there
are 4 sides, right? And the chance it falls on one of them is 25%, and
you said it falls between 20 and 30, so ...

Thus it is 25%. It’s not 80%.

No, that it falls on this 25 times, on this ... out of 100 ... 80, about 90%.

Just a second, can I continue this? It’s not how many times the outcome

What I'm trying to see, if I understood Guy: that there is one chance in
four ... thus that there is a very high percentage that it will be between
20 and 30.

What he says is that every time you spin, there is a chance of one in
Sfour that it will fall on N. In other words, now 25% out of 100 that’s
about the number of times it will fall on N. That’s a very high chance.
[To the class:] What do you think? [To Rachel:] You nod your head —
with whom do you agree?

With Guy.

Guy is right. As Omri says, it’s not sure that if you spin once, it will
come out 1/4. More times you spin, there is a greater chance.

1 agree with Guy, it is 75%. If I say that’s 25 it’s once, then maybe
because I think it’s high I deduct 25% from the certain.

I am still not sure. Guy succeeded in convincing me, but in the
beginning I thought it was half but still ...
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Teacher 122: That is you expect an answer between 20 and 30, that’s something we
expect will happen. Thus, if that’s what we expect to happen, then the
chance is large, close to 1.

In 5D, the students face two challenges: The first concerns the fact that for the first
time they see a case in which the probability of a repeated event is close to 1. The
second challenge is that the range includes the expected value. The second challenge
naturally invites students to mark the probability of the simple event at 1/4. The class
as a community seems to construct a new structure of knowledge, another part of the
focus knowledge structure. That such a construction has indeed occurred can be
inferred, for example, if the structure is being used in later tasks. This is exactly what
I will show. I will focus now on the two girls Yael and Rachel, who always
collaborated when the class was asked to work in small groups. I first reflect on their
participation in the class discussion. I will then trace their behavior in subsequent
activities.

Yael

We first follow Yael in the class discussion. Yael marks the probability for events SA
and 5B very close to 0 on the chance bar. She is not very active during the discussion
on these questions. However, later on, during group work on task 6, she uses
explanations raised during the class discussion, in order to convince Rachel. This
suggests that she tacitly participated in the shared preliminary knowledge structure
that was publicly agreed upon. She also capitalizes on this construct in 5C.

In 5D, Yael is trapped by the challenge of a range including the expected value — a
crucial part of the focus knowledge structure, and this pushes her to estimate the
probability of 5D according to the probability of the simple event 0.25 (Yael 100).
Later on, while the discussion continues in the class, she becomes convinced that the
probability is high and marks D close to 1. However, we will see later that she did not
consolidate this part of the focus structure, suggesting that she perhaps never even
constructed it (Yael 115).

Yael marks SE (N exactly 25 times) close to 1. It seems that she recognized in this
task a relationship to a non-relevant part of the focus knowledge rather than to the
relevant one. Specifically, SE following just after 5D, she may have been led by the
answer to 5D (which also refers to the expected value) that was still quite fragile for
her, rather than by the fact that in repeated experiments the probability to obtain the
same outcome exactly k times is very small (the preliminary knowledge structure),
even in the case where k corresponds the expected value (the final part of the focus
knowledge structure).

Rachel

At the end of the discussion on 5A, B and C, Rachel marks all events close to zero (A
the closest, then B, and then C). So we can conclude that like Yael she agreed upon
the shared knowledge concerning the preliminary knowledge structure as well as the
first part of the focus knowledge structure.
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During the discussion on 5D Rachel agrees with Guy (Rachel 110) after he and Omri
co-explain why the probability of D is high (Guy 99, 101; Omri 104, 108);
accordingly she marks D close to 1.

Rachel marks E lower than 0.5, in contrast to Yael, and the third girl in the group,
Noam, who both mark it close to 1. We may assume that Rachel not only constructed
the preliminary knowledge structure, but also consolidates it when using it in a
difficult case (for the expected value itself) to answer SE. I infer this from the fact
that she recognized it, and constructed with it the knowledge that in repeated
experiments the probability to obtain the same outcome exactly k times, where k
corresponds the expected value (5E), must be smaller than the probability that the
frequency of an outcome is in a specific range that includes the expected value.
Nevertheless, she did not draw the correct conclusion that it must be close to zero.

I suggest that Rachel constructs her knowledge gradually but certainly: After having
recognized in the discussion on 5C and 5D the problem of the (non-)inclusion of the
expected value within the range, she undertakes all subsequent tasks dealing with this
issue correctly (see, Rachel 161, and later her answers in the final quiz and
interview). The issue that the probability for obtaining the same outcome exactly k
times, is very low, is still fragile as we can see in 5E and later on (Rachel 138, 140).

Yael and Rachel in subsequent peer interaction on Task 6

Task 6 has been carried out in small groups. The three girls have a long discussion on
the probability for the same outcome to repeat 1000 times. The preliminary
knowledge structure is relevant in 6A (the outcome will be heads all 1000 times), and
later in 6D (the outcome will never be heads). Following are some utterances, in
which one can see how Yael convinced Rachel that such a probability is close to
Zero.

Yael marks A at 1/4 on the chance bar, but then immediately corrects herself:

Yael 132:  It’s like when you throw a coin 10 times and you get 5 times heads and
5 times tails, you can’t say that in 1000 that’s 500 times heads and 500
times tails.

She moves her mark close to zero, and later explains why the number of times
counts:

Yael 137: Yes it does! As you add more throws, your chances drop.
Rachel understands that the event in 6A can hardly happen:

Rachel 138: But if there are two sides, and you say yourself that there is not much
chance it will come out 1000 times heads, then there are many times it
will come out on tails. That’s really what you are saying because the
coin has only two sides.

And later:
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Rachel 140: Ifyou say that there were few heads, then many times, 1000, there was
tails.

But she still does not conclude that the probability is close to 0, and marks it at 1/4.
Yael reacts:

Yael 143:  No, all the 1000 times you got heads, all the 1000 times?
And later:

Yael 148: 1000 throws — the chance is low. It’s not 1/4, it’s much less. It is almost
illogical that it should fall 1000 times on heads.

It is worth noticing that these two utterances evidence Yael’s construction of the
preliminary knowledge structure.

Rachel seems to be convinced but still does not change her marking. Only after co-
solving 6B and 6C, Yael returns in 6D to her explanation:

Yael 165:  Listen, could there be a case where all 1000 throws it came out only
heads?

She passes the eraser to Rachel. Rachel erases and corrects and puts a mark close to
0. She is not very active but seems willing, quite convinced, as can be seen from her
answer in 6D and in the following tasks.

In 6D (The outcome will never be heads) all three girls declare together: It’s exactly
like A. They mark it at the same place as A, close to zero.

6B: The outcome will be heads between 450 and 550 times.

Noam 159:  That’s at the half!

Yael 160:  No, there is a much greater chance, it’s what Guy explained.
Rachel 161: Right, she [Yael] is right.

The three of them mark B close to 1.

Again it seems clear that Yael constructed that the part of the focus knowledge
structure that concerns the probability that the frequency will be in a range that
includes the expected value, presumably when they worked on question 5D.

6C: The outcome will be heads between 850 and 950 times
Noam 162: A little before A!

Yael 163: A little before? A “little” after!

Noam 164: Yes, about here. !

The three of them mark the events on the chance bar at the same places. They mark C
after A and D at about 0.15.
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Further tasks

The girls did tasks 7 and 11 as homework. Thus their work can be evaluated
according to their worksheets only. In 7 they all did approximately the same: They
marked event A (heads between 450 and 550 times) close to 1 and event B (heads
exactly 500 times) close to zero without any explanation.

In task 11, Yael and Rachel wrote that Shira is right. Yael’s explanation is: Shira is
right, as at average we will get 50 times an even number, but there is very little
chance that it will be exactly 50. Rachel’s explanation is: I think that Shira is the
closest to be right as there are not many chances that the die will fall exactly half of
the times on an even number but I personally would have marked a little bit closer to
hal.

Yael and Rachel’s answers were quite similar. It seems that both of them constructed
the focus knowledge structure. But our conclusions may be somewhat different if we
also look at their final quiz and interview.

In Q3, in the final quiz, Yael correctly marked A (6 exactly 200 times out of 1200)
close to zero, but marked C (6 between 100 and 300 times) around 1/3.
A C

0 1

She acted similarly in T3 in the interview: She marked A (1 exactly 450 times) close
to zero but B (1 between 400 and 500 times) around 1/3. From her worksheet it can
be seen that she hesitated as she marked B first closer to A and then erased it, and
moved her mark to the right.

1 l ' | |
0? 5 b 0.5 1

Rachel answered the final quiz question correctly. She also acted in the interview
correctly and similarly to the way she acted at the end of the activity in tasks 6B and
11. She marked A in the final quiz close to zero and C close to 1. She marked A in
the interview close to zero and B close to 1.

Summary of Yael’s and Rachel’s actions

In Task 5 Yael is not very active, but from her marks on the chance bar and from her
explanations to Rachel in Task 6, we may conclude that she had constructed the
preliminary knowledge structure. This construction was not fully recognized in 5D
and 5E, where the expected value is involved (probability that the frequency will be
in a range that includes this value, or that it will correspond the expected value
exactly). In these cases her actions are not systematic. This knowledge seems to be
constructed by Yael in the four tasks of the activity (5, 6, 7 and 11) but was not
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consolidated at all as can be concluded from her responses in the final quiz and the
interview.

Rachel, in contrast to Yael, did not appear to construct the knowledge in the class
discussion in task 5, but her discussion with Yael during the group work on task 6,
may have acted as a catalyst for this construction. It is very typical for Rachel that
constructing the structure of knowledge went together with an immediate
consolidation, which can be seen in her responses in the final quiz and the interview.

DISCUSSION

Researchers and theoreticians of learning (including learning in mathematics) have
traditionally tried to find general features characterizing large populations (age
groups, high level performers, experts, etc.). These attempts delineate an inclusion.
Such an inclusion approach always conflicts with thorough and fine-grained analyses
of empirical data concerning specific learning features of the various individuals in
the community. It opposes diversity.

During the past decade, theories and research methodologies concerning the ways in
which learning characteristics of various individuals should be observed and
analyzed, have undergone deep changes: “Subjects” interviewed in laboratory
conditions have been replaced by observations of (groups of) people in natural
contexts, in various social settings (ensembles). Clearly, as the number of students in
the ensemble increases, the difficulty to follow a single student becomes bigger and
the information that a researcher is able to retrieve about the learning processes of the
single student decreases. Noam, the third girl in the group with Yael and Rachel is a
case in point — we have very little information on her.

The complexity of data collected on ensembles of students in “natural” settings can
be enormous. The data presented in this paper are especially compound, because we
started to follow the students in a whole class discussion (Task 5), moved to group
work (Task 6), then to home work (Tasks 7 and 11), where they work separately, and
eventually to the final quiz and the interview, which were also taken individually but
in situations with very different risks for the students.

An second difficulty we face is the fact that we chose to investigate the constructing
of knowledge of rather high complexity: First the difference between two connected
probabilities: the probability of a specific outcome of a single event and the
probability that the frequency of this same outcome in a repeated event has a specific
value or is in a specific range. And then the idea that the probability that the
frequency of an outcome (in a repeated event) is in a specific range of given length is
large if the range includes the expected value, and small if the range is far from the
expected value.

Moreover, a relatively short and interrupted time was allotted for this purpose: The
tasks 5, 6, 7 and 11 that appeared in the second of five activities and the final quiz
and interview that were carried out after the fifth activity.
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In the first task (Task 5), which was discussed by the class as a whole, we could only
assume whether and what the two girls had constructed while the constructing
process of the class’s shared knowledge took place. The second task (Task 6) was
carried out by a group of three of which the two girls were the more active ones.
From observing the group work, we obtained more detailed information on the girls’
constructions, and were also able to make our previous assumptions concerning their
construction (or not) in Task 5 more reliable. The homework tasks (7 and 11), which,
was done individually and differently provided some information on the girls’
knowledge structures immediately after the learning episode; we thus had some more
information on what was constructed by each of the two girls (or not). Fortunately,
we also had the final quiz and the interview and were able to see not only what was
constructed but also what was consolidated. We note that knowledge may be
constructed but remain available only for a short while; in a later stage the student
may not recognize it as an already existing structure and thus not build-with it, and
possibly not even be able to reconstruct it. This means that no consolidation of this
short-term construction has occurred.

From an epistemological point of view, two constructions were involved in the short
flow along the four tasks of Activity 2: the preliminary construction and the focus
construction.

We were able to see that Yael, in spite of her ability to explain the preliminary
construction to Rachel and in spite of her correct responses to some of the questions
relating to the focus construction, did not appear to have constructed the focus
construction. Thus her preliminary construction was not nested in any additional
construction.

Rachel, in contrast, was able to consolidate the preliminary construction, to recognize
the resulting knowledge structures during her focus construction, and thus her
preliminary knowledge structure became nested in her focus knowledge structure.

In conclusion, I want to emphasize that even in such a short flow of constructing and
consolidating actions, during which social and other contexts kept changing, it was
possible to use the inclusion of the RBC model in order to obtain significant insight
into two individual students’ constructions of knowledge, enough insight to observe
the diversity inherent in the differences between the two students’ processes of
abstraction.
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LIVES, LEARNING AND LIBERTY

THE IMPACT AND RESPONSIBILITIES OF MATHEMATICS
EDUCATION

Peter Gates
University of Nottingham

ABSTRACT

In this paper I draw out themes that run through the three plenary panel papers for
PME?28 (Johnsen Hoines, 2004; Santos, 2004; Vithal, 2004). The linking themes for
me are children’s lives, their learning of mathematics and their right to liberty.

INTRODUCTION

I should perhaps explain my choice of title for this plenary panel - “Suffer the little
children”. Some will know, but I am not presumptuous enough to assume everyone
does, that is it a translation of a quote for the Bible. The story is: Jesus was preaching
and became an attraction not only for the general public, but understandably for large
groups of little children who had been bought by their parents to see the great man.
The disciples pushed them out of the way because the great man would not want to
be bothered with children; his message was too important. The story goes:

And they brought young children to him, that he should touch them: and his disciples
rebuked those that brought them. But when Jesus saw it, he was much displeased, and
said unto them, suffer the little children to come unto me, and forbid them not: for of
such is the kingdom of God. Verily I say unto you, whosoever shall not receive the
kingdom of God as a little child, he shall not enter therein. And he took them up in his
arms, put his hands upon them, and blessed them. (Mark 10:13-16; Luke 18:16-17)

Now believe it or not, that is the first time I have ever quoted THAT source! It
resonates with a post card I have on my office wall that I bought in Mozambique in
1979. In it a Mozambican girl is smiling and holds in her hand a literacy book. The
slogan goes “Forge simple words that even children can understand”. So the
message stretches to the Marxist revolution in Mozambique in the early 80s of which
I am proud to have played a small part as a mathematics teacher.

Of course, I am playing games with the English language here, (well it is my
language and control of language gives one power!) and in particular the word
“suffer” but the message is one that I think can be metaphorical. Let us consider Jesus
as a metaphor for mathematics - and I apologise to anyone who finds that offensive.
But it does suggest that there is the view that the power is too great for children to
appreciate. Yet, if we can’t make it understandable and more challengingly
meaningful to children, which is surely why we are all here, then we are lost. The
kingdom of heaven will not be ours — whatever your heaven is to you.
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To find exactly where that quote came from, I did a Google search, and I found the
following photograph, which made me stop in my tracks and want to cry. Some of
you as old as me may be able to remember the day (9.15 am on Friday, October 21,
1966) when a coal waste heap slid onto a primary school in Aberfan, Wales, and
killed 116 very small children. I think I still have the newspaper of the day. You will
all have similar catastrophes that stand out for you. This one is pertinent to us
because it happened while they were in school. Was it a natural disaster? Was it just
one of those things, an “act of god” as they say? Well, we were shown in the opening
plenary to PME2S5 in Utrecht, where the manned space rocket exploded just after
take-off. In Aberfan, someone somewhere did not use mathematics enough to work
out the dynamics of coal dust and water. But it probably was a question that was not
even asked. In such communities, the coal is king. The communities are secondary;
coal is after all what the houses and the school are there for. Michael Apple has
suggested however, that many “natural disasters” may be “natural” but are far from
“neutral”. He asks why they usually seem to befall people on the margins of society.
There are clear answers to this as he points out.

THE CULPABILITY OF MATHEMATICS

The argument then is that if you cannot understand mathematics as simply as children
on the margins, then you do not understand it well enough. The challenge for us is
how do we ensure that pupils from disadvantaged backgrounds achieve highly when
the mathematics we present is intended, organised and structured to advantage the
more prosperous student? That is of course a controversial claim which I hope many
of you will engage with at this conference, whose theme is “Inclusion and Diversity”.
I go further and ask how we satisfy the needs of pupils from diverse cultural
backgrounds when the mathematics we present is fundamental white and Euro-
centric. I offer here a quote from Claudia Zaslavsky:

It is the content and methodology of the mathematics curriculum that provides one of the
most effective means for the rulers of our society to maintain class divisions. (Zaslavsky,
1981, p. 15)

If that does not get you going, little else I can say will! Notice here she maintains that
not only is there a problem for those of us concerned about equity in mathematics
education, but that the culpability lies both with what we teach as well as how we
teach it. Consequently we all bear some of the responsibility for the failings of
mathematics education and therefore need to consider what we can do to change
things. Before I go onto consider what we might do, I need to consider in some detail
just what I see as the problem. I argued this in PME21 and PME25. The Australian
mathematics educator, Sue Willis, forcefully argues:

Mathematics is not used as a selection device simply because it is useful, but rather the
reverse. (Willis, 1989, p 35)

In other words, mathematics education plays its part in keeping the powerless in their
place and the strong in positions of power. It doesn’t only do this through the cultural
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capital a qualification in mathematics endows on an individual. It does this through
the authoritarian and divisive character of mathematics teaching. Mathematics thus
performs a social function, and by engaging in mathematics teaching, teachers are
consequently involved in a social function. Hence in order to understand better the
nature and functioning of mathematics teaching we need to look for foundations,
predilections and structuring frameworks that would support a social model for
understanding the discipline (Gates, 2000).

Yet unfairness, injustice and prejudice are not abstract concepts of some macro-social
analysis of an internecine class war. They are felt through the disappointment,
hopelessness and frustrations of ordinary people as they get though their everyday
lives. They exist in the knots in the pit of the stomach and the tears in the eyes.
Injustice exists in the disappointments many children face when they are not
endowed with financial resources to have what other children have and take for
granted. Injustice exists in the frustration, anger and self-depreciation when a pupil is
placed in a low set for mathematics based on some assessment procedure over which
they have no control and which they feel is unfair. Injustice is a process that goes on
all around us, even when - and arguably especially when - we do not look for it or
recognise it (Gates, 2001).

There is a rather nice mathematical problem doing the rounds at the moment, thanks
to Michael Moore (Moore, 2001).

1. Who won the 2000 presidential election in the USA?
2. Why then isn’t he the President of the USA?

Why is this a mathematical question? Well because it demonstrates the fallibility of
numbers. God may have created the integers, but we do the counting, and of course,
it’s unfair. But look what damage a disagreement over a few numbers has done to the
world. (I hope that is not too controversial) But it does demonstrate that mathematics
is often not far from issues of power, whether it is being used to take control, or to
construct a reality that permits the continuation of control.

When I was writing this paper, a UK magazine for teachers published an article titled
“Stolen Lives” (Monahan, 2004) which describes how millions of children around the
world are forced into work that robs them of their basic human rights. According to
the International Labour Organisation (ILO, 2004) there are 246 million children
between the ages of 5 and 17 who are deemed to be involved in child labour
(Monahan, 2004, p. 9). According to the World Bank, 1.2 billion people subsist on
incomes of less than one dollar a day. Now THAT is an awful lot of people.

Jerome Monahan offers teachers some lesson ideas on child labour, offering activities
in religious education, citizenship, geography, history, English - all of which are
really helpful. But, hold on. Something’s missing here isn’t it? Isn’t one of the
purposes of mathematics to help us understand and operate on our world? So why is
it so common for mathematics not to appear for purposes such as this? And when it
is, it is used in a perfunctory way?
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It does not have to be like this of course and there are examples of how mathematics
may be used to challenge the ills of society — so called critical mathematics education
(Ernest, 2001; Gates, 2002; Powell & Frankenstein, 1997; Shan & Bailey, 1991). The
issue here — and this is reflected in each of the panel papers here today - is, how is
mathematics culpable in the social exclusion of children on the margins. The
questions for us are, exactly how does it happen and what can be done about it? This
panel and all the research associated with it, is a part of that response. What is
particularly illuminating in all three of the papers, are the insights into children’s
daily lives, for it is here that we will find many of the answers to the two questions.

THE CULPABILITY OF PSYCHOLOGY

And what has it all got to do with PME anyway? Now I want to get controversial —
yes, quite unusual for me I know. I want to ask, how many of these plenary panel
papers would have been accepted as research reports to this conference? In my view
it is not at all clear any of them would and as a member of PME since PME10 I make
no apologies for having a view on this. Michael Apple throws some criticism at
psychology for the damage it does to certain people and to the discipline and this
resonates greatly with me and I am sure with many who have had papers rejected:

In the process of individualising its view of students, it has lost any serious sense of the
social structures and the race, gender and class relations that form those individuals.
Furthermore, it is then unable to situate areas such as mathematics education in a wider,
social context that includes larger programs for democratic education and a more
democratic society. (Apple, 1995, p. 331)

This clearly makes some sense when one looks at the examples that are used in many
school mathematics textbooks and resources. School mathematics has the effect of
alienating certain social classes but also of pathologising them. Valerie Walkerdine
(Walkerdine 1988), has written about the process by which school mathematics
alienates women and racial groups for example. Barry Cooper has shown how the
national Standard Assessment Tasks in the UK can result in discrimination between
pupils of different social classes (Cooper 1996). Renuka Vithal draws our attention to
this in her contribution (Vithal, 2004).

Two other quotes seem pertinent here, one from one of our own past presidents.

Traditional psychology, for all that its field of study is human behaviour, has offered
little that can help to improve society. (Lerman, 2001)

Modern psychology has been incapable of making serious contributions to Third World
development...it is important to point out that mainstream psychology has also failed to
make significant contributions to national development and the lives of the poorest
sectors of Western societies. (Harré, 1995)

Of course, this begs the question of whether it ought to be focussed on contributing to
the lives of the poor. But we are at a conference whose theme is “Inclusion and
Diversity” so I am taking that as read.
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CHILDREN’S SOCIAL WORLD

There is much research in our field on children’s differential ability in mathematics.
It is often supposed that one can do maths or one can’t, but an accusation or
admission that you ‘can’t do maths’ is more than just plain fact of capability; it is a
positioning strategy — something that locates one in particular relations with others. It
locates you as unsuccessful, and lacking in intellectual capability; it locates you on
the edge of the employment and labour market, as virtually unemployable.
Mathematics education thus serves as a “badge of eligibility for the privileges of
society” (Atweh, Bleicher, & Cooper, 1998, p. 63). How do these badges get given
out - or more importantly, what hurdles are there in the race to collect the badges
(Gates, 2002)? These badges of eligibility, of which success at mathematics is one is
tightly regulated by their place in society and by their consciousness — which, as
Bernstein argues

. is differentially and invidiously regulated according to their social class origin and
their families’ official pedagogic practice. (Bernstein, 1990, p 77)

Of course, this is all very well and good, but it so easily (and so often) remains at the
level of theory. Here is another offering from Pierre Bourdieu

The attitudes of the members of the various social classes, both parents and children, and
in particular their attitudes towards school, the culture of the school and the type of future
the various types of studies lead to, are largely an expression of the system of explicit or
implied values which they have as a result of belonging to a given social class...the same
objective conditions as those which determine parental attitudes and dominate the major
choices in the school career of the child also govern the children’s attitude to the same
choices and, consequently their whole attitude towards school. (Bourdieu, 1974, p. 33)

What we need, if we are to improve pupils’ lives and their attainment in mathematics,
are more studies of the detailed mechanisms and interrelations that bring about the
global processes of exclusion. One such has been provided by Andrew Noyes, who
has illustrated how teachers of mathematics contribute, sometimes unwittingly, but
very definitely, to the gradual process of social reproduction through the way they
interpret, process and respond to historical, cultural and attitudinal evidence they take
from children who suddenly appear in their classrooms at age 11 (Noyes, 2004).

And this differentiation extends to reducing the opportunities to non-white ethnic
groups through the assessment structures of the mathematics curriculum.

Black pupils were significantly less likely to be placed in the higher tier, but more likely
to be entered in the lowest tier. This situation was most pronounced in mathematics
where a majority of Black pupils were entered for the Foundation Tier, where a higher
grade pass (of C or above) is not available to candidates regardless of how well they
perform in the exam. (Gilborne & Mirza, 2000, p. 17)

Jan Winter, who has been engaged for some while now in a study of mathematics and
children’s home context, puts it quite forcefully:
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I believe that we cannot teach children to be numerate if we do not pay attention to the
broader experience of their learning. The mathematical skills that are so highly prized are
meaningless if a pupil does not have the personal, social and moral education to make
sense of the world and thus know when to use them. So, at all levels, mathematics and
real life are all part of the whole experience of children and it is up to us to find ways of
making our teaching of mathematics reflect that. (Winter, 2001, p. 211)

MATHEMATICS AS AUTHORITY

In “Do We Welcome Children’s Mathematics?” Marit Johnsen Hoines raises the issue
of authority and reminds us that one does not have to be at the margins of society to
experience the “formatting power of mathematics” (Skovsmose, 1994). For as Ole
Skovsmose writes

Mathematics not only creates ways of describing and handling problems, it also becomes
a main source for reconstructing of reality. (Skovsmose, 1994, p. 52)

This is nowhere more true that in the old South Africa, where as Herbert Khuzwayo
indicates, mathematics was constructed to bring about an “occupation of our minds”
(Khuzwayo, 1998). Yet, things can change with changing social circumstances.
Renuka Vithal (Vithal, 2000) has looked at establishing a social, cultural and political
approach in South Africa, where she integrated, project work, critical mathematics
education, and ethnomathematics (Powell & Frankenstein, 1997). This created a
reflective atmosphere where democracy and authority were seen as complimentary
because they were made explicit. In her contribution here “Researching, and learning
mathematics at the margin: from “shelter” to school” Renuka reminds us of the ways
in which the social conditions of some children in South Africa impinge upon and
restrict their opportunities for learning mathematics.

Many mathematics classrooms are permeated by communication forms that assume the
existence of an omniscient authority, represented, if not by the teacher, by the textbook or
by technological tools. Communication, then, gets structured around a bureaucratic
absolutism, according to which no particular justification for the different learning
activities presented for the students is needed. (Skovsmose & Valero, 2001, p. 50)

Mathematics colonizes part of our reality and reorders it (Skovsmose, 1994)
contradicting the purist view of mathematics that it is a neutral sublime purity. Marit
tells us of her involvement with another Norwegian — Stieg Mellin-Olsen whose
premature death left a great hole for many of us. Yet when discussing his words and
ideas for mathematics education, can we ignore who or what he was and in what he
believed? Of course the same is true for all teachers.

In “Learning (and researching) as participation in communities of practice”
Madelena Santos introduces us to the ways in which mathematics is being used
outside of what many of us would see as normal everyday activity. But while this
activity might be outside most children’s activity, it is exactly the activity these
children are engaged in.
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IS MATHEMATICS IMPORTANT? FOR WHAT?

I am sure, we all would support the claim that mathematics is important for all
children to learn. So why is it important? I do not actually think the answer to this is
as clear cut as we would like to hope. All the papers in this panel have pointed to
difficulties between children’s lives, their liberty and their learning of mathematics.
Yet we go on teaching it to all children. One key answer to this question is, yes of
course mathematics is vitally important, because it is one way in which both people
and countries can develop and improve. It is important to raise living standards; it is
important to improver the GDP of a country.

So let me give you some data from the TIMMS study, and taken from Peter
Robinson’s pamphlet on Literacy, Numeracy and Economic Performance for the
Centre for Economic Performance (Robinson, 1997). Figure 1 shows the correlation
between attainment in mathematics and per capita GNP for 39 of the 40 participating
countries. The correlation is so weak as to be meaningless. “There is effectively no
correlation between doing well in international tests of attainment in mathematics in
1996 and overall economic performance as measured by per capita GNP”
(Robinson, 1997).

Figure 1

The correlation between mathematics attainment in 1995 and
average living standards in 1994

=100

Per capita GNP in 1994 relative to UK

300 350 400 450 500 550 600 650 700
Mean maths score for 14 year olds

Sources: Third International Mathematics and Science Study. GNP estimates in PPP, World Bank. R2=0.07.
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Figure 2 shows the correlation between mathematics attainment in 1996 and
economic growth over the previous decade for 36 countries. “the relationship is so
weak as to be meaningless” (Robinson, 1997).

Figure 2

The correlation between mathematics attainment in 1995
and economic growth 1985-94

Growth in per capita GNP 1985-94

300 350 400 450 500 550 600 650 700
Mean maths score of 14 year olds in 1996

Sources: Third International Mathematics and Science Study. GNP growth data, World Bank. R2 = 0.09.

Robinson’s argument is backed up and further substantiated by Alison Wolf in her
book “Does Education Matter. Myths about education and economic growth” (Wolf,
2002). What she does point out however, is the good-news story; the only UK post-
16 A-level qualification that has any bearing on the labour market, is mathematics.

Even after allowing for every other factor imaginable, people who took A-level
mathematics earn substantially more — around 10 per cent more — than those who did not.

(Wolf, 2002, p. 35)

Of course, you can guess where this is going — which social group is most
represented in those children who go on to study mathematics A-level? Surely you do
not need me to tell you they tend to be the already advantaged. Peter Robinson goes
on to conclude, from analyses of longitudinal studies in the UK that the single most
important factor in children’s attainment in numeracy and literacy was their measure
of social and economic disadvantage. All other factors were relatively insignificant
(Robinson, 1997).
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FINALLY...

One clear message for me in all these papers, is that for many people, many children,
life and learning mathematics is a dally struggle. We think of problems for them to
solve and strategies for them to learn. But for many children, our problems pale when
compared to theirs. I ought to apologise for taking up so much time of the conference
but like the three panel presenters today, I feel it is so vitally important for us to
understand the lives of the children we teach, and how it impinges upon their
learning. For too long, mathematics education has tried to remain neutral to the daily
struggles of the children we teach and the politics behind it. I’1l finish with the words
of Ole Skovsmose and Paolo Valero

Breaking political neutrality demands deliberate action to commit mathematics education
to democracy.

(Skovsmose & Valero, 2001, p. 53)

The struggle for me, and I know for many of you, is to use mathematics as a tool for
liberty and liberation of the soul, the spirit and the poor; hence my title.
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DO WE WELCOME CHILDREN’S MATHEMATICS?
WHO ARE WE?

Marit Johnsen Heines

Bergen University College, Norway

ABSTRACT

I have different approaches to this contribution. My concerns as a teacher and a
teacher educator are to discuss how we manage to organise for inclusion of the
variety of children’s mathematics. How do we organise for the mathematics to be
included into their mathematics? A message from children about what they expect
mathematics to be has impact on this complexity. Their voice is a voice of the culture
and affects the position of “we”. What impact has the authoritarian nature of the
mathematics for our discussions about diversity and inclusion?

THE “INFORMAL MATHEMATICAL KNOWLEDGE”

I begin by referring some aspects from teaching in Norwegian primary schools, and
move back to around 1980. One could say that the situation was quite simple: at that
time we did not have children from diverse ethnic backgrounds in the average
Norwegian school. At that time children started school seven years old. It is only
since 1997 that children in Norway have started school at the age of 6 years. All
children were included in mainstream classes; we did to a minor degree have schools
or classes for special needs. This was our reality. The challenges seemed demanding
and complex: to educate all children, taking different background related to
differences in gender, culture, class, and cognitive aspects into account.

We argued for mathematics to be taught on the bases of established knowledge; for
the importance of making it concrete; making iz understandable and actual; making it
simple enough. Move slowly enough “up the stairs”. The curriculum was used as
point of departure when we worked to develop the best teaching methods as possible.
We put the mathematics nicely into the communication. We aimed to help them
understand the mathematics; to help them build a mathematical language. All the
time, we explained that we used the children’s knowledge, their experiences as the
bases for our approach. I can still repeat the words we used, I still can memorise
those voices. However, we realised we did not do what we claimed to do. The basis
was the tradition of school mathematics. “Somebody” had decided what was
important, what the children should learn. This somebody was an authoritarian
somebody, represented by the textbooks (authors?), the curriculum (— makers?) or
perhaps the very nature of school mathematics itself. We worked on making the
mathematics concrete.

~ Proceedings of the 28th Conference of the International
/ ™\ Group for the Psychology of Mathematics Education, 2004 Vol I pp 81-86



We tried to help the pupils understand; to think and express themselves in the way we
expected them to. We, as teachers, used what we saw as relevant from their
knowledge, to illustrate, to make it easier for them to enter our world. We did not
take the knowledge of the children into account if it was broader than we needed it to
be. As we were narrow-minded, we used the children’s expressions if they helped in
making links to the language we wanted them to learn. Observing our interaction
with the children, we realised that our point of departure was the curriculum.

The children interacted with questions like: Is this correct? Is this how to do? Show
me once more, and then I'll remember how to do it. Am I to divide or multiply? They
visualised a conflict between our ideal thoughts and what really happened in the
classrooms. We argued that children who enter school have competencies in
mathematics, they have knowledge, they use that knowledge, and they communicate
it. They have developed different ways of expressing themselves that function
socially. The children’s use of language should be characterised by the way it
changes due to the contexts and due to whom they are communicating. We realised
that the children show a wider range of mathematical knowledge when they argue
themselves; but that they are more limited or narrow when they answer “the teachers’
questions” or “the tasks of the textbooks”. It became challenging to make the
children’s competencies actual in the school setting. It was not enough to “make them
understand”, it was not enough to show that the knowledge was actual. How could
we inspire the processes of children’s own argumentations; their mathematising; their
investigative activities? At that item I worked with Stieg Mellin-Olsen (1987) who
took part in the discussions, and the actuality of his theory on rationale for learning
became obvious.

The contradictions mentioned above generated a project. The aim of the study was to
get insight into children’s ability in symbolisation. It focused on getting to know the
children’s mathematical reasoning, their developing of and use of mathematical
language. The focus of the project was on the school starters. “The formal language
of mathematics” was not introduced. The children did not even write numbers as
digits in the first school term. They elaborated, investigated, and developed signs and
drawings as written language. They explained their reasoning, listened to one another
in a more interested way than we had experienced from first graders before. Lots of
them moved between low and high numbers in a competent way. The problem of
differentiation was easier to cope with than we were used to. Some children worked
on numbers below 5 and others worked on higher numbers and even experimented
with numbers above 1000. This work showed evidence of diversity, concerning the
children’s reasoning and argumentation, their way of representing, and the contexts
they (we) made relevant for mathematising. The teacher’s voice was important; to
stimulate, actualise, and develop the classroom discourse. We found it of great
importance that the teachers were concerned about learning to communicate on the
children’s terms - to learn about their way of reasoning and of expressing themselves.
We found the mathematical interests of the adults to be important.
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The insight developed through this study showed how the children’s use of language
could be characterised as flexible, investigative, argumentative, actual and
descriptive. The diversity became evident.

When reflecting on this now, 15 years later, one methodological tool becomes
important: The formal school-mathematics that usually is part of the curriculum was
not introduced. The mathematics that was defined by the curriculum was, of course,
reflected in the work — but more important, the work implied a wider range of
mathematics - and other ways of symbolising. Excluding the formal mathematical
language became a tool to get in touch with the diversity of children’s knowledge. In
the study this was seen as a tool for releasing the children’s use of mathematical
tools. It was a tool for learning about the mathematics of the children, to get in
contact with and learn about the diversity.

Work related to this study became basis for Teacher Education in the Nordic
Countries. The documentation of children’s use of knowledge and their linguistic and
communicative abilities motivates teachers and teacher students to investigate, make
use of and stimulate children’s mathematical competencies. To an increasing extent it
serves as an aim for teachers to actualise the formal mathematics as ways of
reasoning, ways of expressing — in context of the diversity of children’s mathematics
(one way among other ways). (Johnsen Hgines, 1998). When we started focussing on
these aspects, we were met by ignorance and arrogance. Children have mathematical
knowledge without being formally taught? Which mathematics can they do? What do
you mean by mathematics when you claim this? We had to present examples of
children’s mathematics and their language. The responses often sounded like: “Oh
yes... but this in not real mathematics....” (How did we dare to fouch the
mathematics!)

However, something has happened. When communicating with students, teachers,
parents or “the average person” today, telling that children develop mathematical
competencies outside school and before they start school; most people understand
what it is about. They want some stories, and bring new stories. Do we see some
movements concerning the attitude to mathematics in the society? How far we have
moved?

If (or when) we are to teach pupils formal algorithms today, it is quite often organised
in an investigative atmosphere. The pupils develop their own methods individually
and by cooperating. They investigate the quality of their different methods. To make
the formal method to be investigated in the same way, and used accordingly can be
seen as an aim.

However, the processes moving between the informal and formal algorithms often
seem to be difficult. The formal algorithms are not easily seen as one method among
others. Should they?

PME28 - 2004 1-83



DIFFERENT LANGUAGES STRUCTURE THE CONTENT DIFFERENTLY.

When discussing the different algorithms I remember saying: There are different
ways to express the same content. At a distance I remember the voice of the child that
I see supports another approach: It is the same but it is not the same! Different texts
imply different content. They order the content differently. The content becomes
different (Bakhtin, 1998; Johnsen Heines, 2002).

I see a comment from the Conference on Environment in Johannesburg 2002
addressing aspects related to this when it is said that one needs to acknowledge and
support the language of indigenous people. The point was being made that their
knowledge about the environment is important for the work on protecting the
environment. It was argued that knowledge is implied within the language. Through
language people structure their observations; they make their categories and their
hypotheses. To protect languages is about protecting knowledge. It is important to the
people that own the languages, and it is also important to the world (and the scientific
field).

This can be seen in the context of the children’s language: Their knowledge is
implied in their language. This supports an approach to empower the children’s
mathematical language. It is important to them and it is important to us. It also tells
us that the formal mathematical language is characterised by certain ways of
ordering. The content is implied in the language. This is supported by the child’s
voice: It is the same, but it is not the same!

THE FORMAL MATHEMATICS — AN AUTHORITARIAN FIELD

When the authorised or formal mathematical language is positioned in this area it is
not positioned as equal to the others (even if we try to introduce it that way). The
formal mathematics is not easily seen as one alternative amongst others.
Mathematical texts are authoritarian texts. We cannot deal with them “the way we
want”. Mathematics in school has an authoritarian tradition. The tradition is not
easily changed, and is implied in the texts. (Text here refers to a text theoretical
approach related to Bakhtin and Lotman. However I do not pretend to elaborate this
perspective here). I describe the texts as authoritarian in the sense that a kind of
loyalty and obedience is expected. The continuation of the text is expected to be in
the line of how it is (Wertsch, 1991, p.78). This is embedded in the genre itself. It is
underlined by the voices connected to it. These voices are the traces of the tradition.
We can hear the “teacher’s voice” making “explanations”, talking about how to do it.
We can identify parents’ voices or voices from politicians. Those voices are implied
in the text. The following section confirms that children interpret such voices.

1-84 PME28 - 2004



CHILDREN HAVE EXPECTATIONS. THEY KNOW  WHAT
MATHEMATICS SHOULD BE.

Trude Fosse taught first grade pupils. She organised for situations where the children
worked in investigative and interactive ways. The teacher and the pupils enjoyed
themselves. Fosse saw lots of qualitative mathematical learning. However, the pupils
commented: This is fun, but when are we going to do mathematics?

In her masters study Fosse (2004) questions: “Do children have expectations about
what school mathematics is to be without having been thought? If so, what do they
expect mathematics to be?”” She videotaped children who had not yet started school
when they “play school”. Through the play they showed how they organise the
classroom, how they take different roles as teacher and pupils, how they
communicated and what kind of activity they focused on.

The videotape shows learning sessions dominated by correct and wrong answers, by
focusing on paper and pencil, by pupils working individually, by focusing on
discipline, on certain ways things have to be done and on the teacher as an
authoritarian teacher, a teacher that decides which answers that are correct. When
they played a learning session in Norwegian, the climate, the attitude and the
activities showed to be different. They were supportive, polite and working friendly
together. This masters study underlines the authoritarian nature of mathematics in
school — it tells about what mathematics was expected to be by those children as part
of the society. It tells that the teachers are not free to position the mathematics — the
mathematics is positioned - even by the children.

COMMENTS

A focus on including children’s mathematics into the mathematical classroom
discourse is seen as a perspective on inclusion and diversity. This focus also implies a
focus on how children have the possibilities of including formal mathematics as part
of their mathematics. The authoritarian nature of mathematics affects the complexity
in this field. It does not seem trivial to touch the mathematics. This invites questions
like: Is it about avoiding mathematics as authoritarian texts or is it about what it does
imply to educate people to touch, handle, and struggle with and investigate
authoritarian texts?

This for me is one of the fundamental questions that underpin the theme of this panel.
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LEARNING (AND RESEARCHING) AS PARTICIPATION IN
COMMUNITIES OF PRACTICE

Madalena Pinto dos Santos
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ABSTRACT

In my contribution to this panel I will bring elements from recent research I
conducted (Santos, 2004) in Cape Verde aiming to clarify the meaning of learning as
participation in social practices — “learning as participation in the social world”
(Lave and Wenger, 1991, p. 42). But as my main interest is learning in compulsory
education (in Portugal until 9" grade) I looked for an empirical field that allowed me
to describe the practice developed by one group of young people involved in activities
that are not seen(by the youngsters and by the social world around them as a suitable
profession for adults. The object of study was the participation of youngsters in an
activity that they approached as something that allows them to fulfill immediate
needs and not seen as a way of getting ‘a job’. In this sense, the activity was not
connected to any sense of ‘becoming’ a certain kind of person. I identified a group of
youngsters in Praia (the capital of Cape Verde) within a practice — selling
newspapers in the street. The boys involved in this practice are called ardinas. For
me — a mathematics teacher looking for a deeper understanding of the learning of
mathematics in compulsory education — the mathematics-in-use was the ‘natural’
entry point to make sense of the practice and to identify the learning emerging from
ardinas’ participation.

INTRODUCTION

The theme of the panel, and specially the sub-title given, was something that pushed
me to look for a focus for my contribution. Therefore, some moments of my research
were flashing back, and in re-viewing them some questions were brought to the fore:

1. Are we taking of tensions and conflicts between what or who? Lived, experienced
by whom? What is being learned?

2. Inclusion and diversity of what, of whom, in what? Who decides about it?
3. Opportunities to whom? And what for?
4. How and what for is mathematics present in all this problematic?

Although I will not address all these questions, I feel that they were always present
throughout the reflection I share here.
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A. MAIN LINES OF MY RESEARCH

In this section I present, very briefly, the elements of the theoretical background used
in order to situate the ideas to be discussed. According to Vann and Bowker (2001),
“practice is an emergent relation between the ‘real work’ and the ‘designed
organization’ (p. 16). As I see such relation constructed (established) by the people-
in-action, one fundamental step in the direction of understanding how the ardinas
participate in social practices, was to characterize what was going on (and emerging)
among them as people-in-action. This took me to the concept of community of
practice.

I collected ethnographic data in two periods of the newspaper selling activity that one
large group of ardinas developed in the streets of Praia. This was a group of boys
between 12 and 16 years old, with a variety of schooling backgrounds ranging from
8™ grade to none. The ardinas sell the newspapers in the street - the only way they
are sold in that city. Being with the ardinas all day in two different periods of time, I
was able to identify similarities and differences in various moments of their selling
activity - changes in the group and in the group dynamic as well as in the
institutionalised organizational modalities of the integration of newcomers.

To be able to say if the group of ardinas-in-action constituted a community of
practice demanded the analysis of the social practice the ardinas developed together
during their everyday participation in selling newspapers — the activity-in-setting —
through the observation and description to make sense of it. This orientated my
efforts to recognize (or identify) elements in the ardinas’ social practice in order to
describe it as the source of coherence of the community. Wenger (1998) talks of
describing the “dimensions of the relation by which practice is the source of
coherence of a community relation” (p.72) in terms of mutual engagement, joint
enterprise and shared repertoire. The ardinas’ participation in the selling practice
‘put’ them in interaction with (in action, in relation with, and within) the social world
where the newspaper selling was situated or of which it was a part.

I followed very closely some ardinas’ trajectories, from their first day in the activity
until full participation, and I identified changes in their modes of participating, in
their calculating procedures, as well as in the various modes of belonging in action
and in transformation. Such focus on the ardinas-in-action and their practice enabled
me to understand and describe how their modes of calculating-in-action took shape
and to recognize the situated nature of their mathematical thinking-in-action. Those
modes were quite different from the school procedures but were part of their shared
repertoire even if they were not made explicit among themselves within the
‘ordinary’ everyday selling activity nor were they explicitly taught to newcomers.
They never speak about the calculation procedures they used in different moments of
the selling activity between themselves or the man to whom they pay for the
newspapers sold. They spoke about their calculations only with me. The wish of
being and acting as good informants was the ardinas’ ‘reason’ to describe those
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procedures or make them visible in several ways, then they were explicit objects of
the talking we developed.

I made considerable effort to:

o describe the ar