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Introduction

Issues in researching mathematics learning

Barbara Allen and Sue Johnston-Wilder

Culture [...] shapes the minds of individuals [...]. Its individual expression inheres in
meaning making, assigning meanings to things in different settings on particular
occasions.

(Bruner, 1996)

The purpose of this book is to bring together readings which explore the culture of
learning in a mathematics classroom. These readings show how knowledge of this
culture assists teachers and learners to improve the teaching and learning of mathe-
matics and to address concerns of social justice and the need for equity.

Most educators and researchers assume that there are relationships between teach-
ers’ experience of and beliefs about mathematics, the classroom atmosphere they
develop, the experience of learners in those classrooms and the resulting attainment in
and attitude to mathematics. These are relationships that researchers try to demon-
strate, and it is not easy. In recent years many researchers have become interested in
the culture in mathematics classrooms. This is not purely a sociological stance as can
be seen in the work of researchers such as Lave. In Lave’s view the type of learning that
occurs is significantly affected by the learning environment. The notion of community
of practice (Lave and Wenger, 1991) has been very influential over recent years along-
side the recognition of learning as being socially constructed and mediated through
language (Vygotsky, 1978). In order for learners to take control over their own
learning they need to be part of a community of practice in which the discourses and
practices of that community are negotiated by all the participants. Within a commu-
nity of practice, the main focus is on the negotiation of meaning rather than the acqui-
sition and transmission of information (Wenger, 1998). The features of such a
community include collaborative and cooperative working and the development of a
shared discourse. This view of the classroom as a community of practice is very
different from that of the panoptic space (Paechter, 2001) displayed in many English
mathematics classrooms where pupils are under constant surveillance in terms of
behaviour and learning.

The publication of this book comes at a time when schools in England and in many
other countries are facing a critical shortage of mathematics teachers. In England this
shortage is due to a failure to recruit and retain sufficient teachers of mathematics to
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meet the increased demands made by a 10 per cent increase in the school population
from 1996 to 2002. A survey of teachers of secondary mathematics estimated that
England was short of over 3,500 qualified mathematics teachers in 2002 (Johnston-
Wilder ez al., 2003). It is worth noting that there are about 4100 new mathematics
graduates per year in the UK (HESA, 2003). In this context, relying on new mathe-
matics graduates as the source of people to fill training places is not an appropriate
strategy.

Many researchers believe that the shortage of mathematics teachers will become
worse before it becomes better. Since the introduction of AS level examinations, in
England, in Year 12 there has been a reduction in both females and males studying
mathematics at A level. This will inevitably lead to a reduction in the numbers going
forward to study mathematics in higher education and a concomitant change in the
numbers training specifically to be teachers of mathematics.

The problem of negative attitude towards mathematics continues in the population
as a whole. Although it was researched heavily in the 1990s, and some solutions were
found in the form of intervention studies, the disaffection of pupils with mathematics
continues and some researchers (Pollard er 4/, 2000) argue that the age at which
pupils get turned off mathematics is falling. Pollard ez 2/ (2000) found that primary
school pupils had an instrumental view of mathematics and were unlikely to be intrin-
sically motivated. They suggested that:

... the structured pursuit of higher standards in English and Mathematics may be
reducing the ability of many children to see themselves as self-motivating, inde-
pendent problem solvers taking an intrinsic pleasure in learning and capable of
reflecting on how and why they learn.

(Pollard ez al., 2000, p. xiii)

This work of Pollard er al was based in primary classrooms where the National
Numeracy Strategy had been introduced and the format of the mathematics lesson in
three parts had taken hold.

Initiatives such as the National Numeracy Strategy have had some impact on teach-
ers’ practice and have led to improved National Test results in some schools. But it
seems that these changes are not necessarily having a positive impact on pupils’ atti-
tudes to mathematics. Some mathematics educators (Zevenbergen, Chapter 7)
suggest that the changes instigated may have a deleterious effect on how some pupils
view themselves as learners of mathematics.

Many researchers have moved away from a concern about how people learn mathe-
matics and are more concerned with the conditions under which each individual can
best learn. This generally involves recognition of the social nature of learning and the
importance of collaborative and cooperative learning.

The research included in this book is indicative of a change from looking at teach-
ers’ perspectives to looking at those of pupils. The underlying reason for much of the
research has remained the same: how can the learning environment be improved for
pupils and their teachers? Some recent educational developments, that were thought
to be productive, now appear to be inequitable and do not support the learning of all
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pupils. Many researchers are now looking at the inequities that exist in the education
system, some of which have occurred as a result of changes in the curriculum and
assessment. In order to do this there has been some shift from working with only
teacher, to working with teacher and pupils and finally to working with pupils alone.
This change is evidenced by the chapters in this book which show the various ways
that researchers have tried to find out about teacher and pupil perspectives and how
these can be used to improve the education system.

In the 1980s, there was a general interest in the effectiveness of teachers when
researchers like Wragg and Wood (1984) wanted to know how pupils identified the
characteristics of ‘good’ or ‘bad’ teachers. In these classrooms teachers were seen as
central figures where changes in their behaviour and practice could have a positive
impact on pupils’ learning. However there were some like Meighan (1978) who
viewed classrooms as places where the teacher was not the central figure. These
researchers also felt that the views of pupils should be sought because the information
they could give about their learning environment was generally untapped. There were
some large-scale quantitative studies carried out, for example by Rudduck, Chaplain
and Wallace (1996) who wanted to find out more about pupils’ views of schooling.
For some researchers there was still some caution about findings based only on the
views of some of the participants in a learning environment.

Most of the conclusions of this study have been based on students’ perceptions of
their schools and their teachers, which may not, of course, always accurately
reflect life in school.

(Keys and Fernandes, 1993, pp. 1-63)

Cooper and MclIntyre’s (1995) research found that a key issue for effective learning by
pupils was the extent to which teachers shared control with the pupils on issues
relating to lesson content and learning objectives. The move towards gaining pupil
perspectives was supported by Rudduck, Chaplain and Wallace (1996) when they

wrote that what pupils tell us:

provides an important — perhaps the most important — foundation for thinking
about ways of improving schools.

(Rudduck, Chaplain and Wallace, 1996, p. 1)

Research by McCullum, Hargreaves and Gipps (2000) into pupils’ view of learning
found that pupils wanted a classroom that had a relaxed and happy atmosphere where
they could ask the teacher for help without fear of ridicule. They also preferred mixed
ability grouping because this gave them a range of people with whom they could
discuss their work. It appears that these pupils were suggesting that they could like to
be working in a collaborative community — a community of practice.

This book then is about the culture of the mathematics classroom and the research
that has been done in that area over recent years. An underlying assumption is that
classroom culture is mediated largely through communication and individual percep-
tion. Hence the book is structured in three sections:
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e  Section 1: Culture of the mathematics classroom
e  Section 2: Communication in mathematics classrooms
e  Section 3: Pupils’ and teachers’ perceptions

This book has been produced primarily for students studying the Open University
course ME825 Researching Mathematics Learning and as such it contains articles that
would be relevant to the work of practising teachers and advisers of mathematics at all
phases. However, when selecting the articles the editors had a wider audience in mind,
to include teacher educators, mathematics education researchers and those planning
to become mathematics teachers. With this in mind the book can be used in a variety
of ways. It is not envisaged that any reader would work their way through the book
from start to finish. Itis more likely that the reader will dip into the chapters that are of
initial interest and then read more widely round the subject.

Before each section is a brief introduction to the chapters in that section. All the
chapters except that by Barbara Allen have previously been published elsewhere.
There is suggested further reading for each section. In addition you may wish to
consider the following questions:

e What resonates with your own practice?
e Canyou think of an example in your own experience that contradicts some of the
findings?
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Section 1

Culture of the mathematics
classroom — including equity
and social justice

Each of the authors included in Section 1 is arguing about the importance of the
creation of a classroom culture that supports effective learning. Underlying their work
is the recognition that the values of the teacher impact upon the classroom but they do
not assume that this is a simple system of cause and effect. The authors all see mathe-
matics as a personal construction but are not necessarily agreed on the nature of
mathematics.

If a classroom has a culture that values learners creating their own mathematics and
becoming authors of mathematics, then the learners are more likely to become posi-
tioned as successful learners of mathematics. For this to happen you need a commu-
nity of learners working together collaboratively and creatively. There needs to be a
shift in the way some teachers view the nature of mathematics and an examination of
the value they place on assessment and target setting. For a community of practice to
flourish learners need to develop personal autonomy and be able to recognise for
themselves that they are creating and understanding mathematics.

The first chapter by Paul Ernest focuses on the public image of mathematics. He is
concerned that the public image of mathematics as cold, abstract and inhuman has an
impact on the recruitment of students into higher mathematics.

Ernest highlights the importance of changing the negative public image of mathe-
matics and challenges the general acceptance of an ‘T can’t do maths’ culture. He looks
at teacher philosophy and values and argues that it is the values that have most impact
on the image of mathematics in the classroom. This image of mathematics also
impacts on the way learners position themselves as successful or unsuccessful. In a
classroom where a learner is expected to develop techniques and skills with single
correct answers to questions it is not unusual for them to see themselves as an unsuc-
cessful learner of mathematics or indeed to become mathephobic (Buxton, 1981).

He argues that school mathematics is not a subset of the discipline of mathematics
but a different subject made up of number, algebra, measure and geometry and not
studied for its own sake. But, even so, he believes mathematics should be humanised,
for utilitarian and social reasons.

Andrew Pollard’s research (Chapter 2) was not carried out in mathematics class-
rooms but has been included here because the findings are relevant for mathematics
teachers. It is common for research about pupils’ views to be carried out across subjects
rather than in a particular subject. Pollard argues that researchers should cooperate
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across the disciplinary boundaries of psychology and sociology, in a joint effort to look
at learning in schools. One of his concerns, like many others in this book, is that little
attention has been given to the effect that the new curriculum in the UK has had on
learners.

Pollard looks at the changes in research into effective teaching practice over 30
years. That interest has gone from looking at teaching styles, to examining opportuni-
ties to learn, to considering the quality of tasks. He is also interested in pupils’ coping
strategies and looks at those in subsequent articles — the focus here being on identity
and learning. He looks at the relationship between self and others and the importance
of social context in the formation of meaning — that is all part of developing a model of
learning and identity. The identity of the learner is formed when they have a view of
themselves as able to do mathematics or not. He demonstrates the importance of the
social context in which learning takes place.

The article by Hilary Povey and colleagues (Chapter 3) takes the reader beyond
Pollard to look at people in terms of identity and their responses to the classroom situ-
ation. The writers explore the idea of learners author/ing their own learning and how
they come to know mathematics.

The article builds on Povey’s work with mathematics teachers with the main thrust
being about discursive practices and how they can liberate a learner. The authors argue
that when thinking of mathematics as a narrative rather than a fixed form, a learner
can create their own narrative in the same way you would a story. Thinking of mathe-
matics in this way enables the learner to have ownership and author/ship over their
own learning thus giving greater autonomy to the learners. But both teacher and
learners need to create a supportive and collaborative classroom environment in order
for this to happen. Many current classrooms do not encourage autonomy because
pupils are required to produce responses that are authored by another and not
themselves.

Anne Watson’s article (Chapter 4) is concerned with a particular aspect of class-
room culture, that of teachers’ informal assessment of students’ mathematics. She
believes that the sort of assessment used by teachers reflects their values and, like
Ernest, believes this has an impact on the classroom culture. Watson’s research with
30 UK mathematics teachers resulted in the identification of some differences in their
practices that could lead to inequity in the classroom. She concludes that the teachers’
practices showed six contrasting beliefs and perceptions about assessment and that
teachers could be positioned differently within each of these. It is these different forms
of assessment that Watson believes could result in social inequity and contribute to a
discriminatory curriculum.

Cooper and Dunne (Chapter 5) are particularly interested in the effects of social
class on pupils’ learning. In this article they are concerned with those tasks in the
National Curriculum tests that are termed realistic. Cooper and Dunne found that
social class and gender differences were greater when ‘realistic’ tasks were used. So they
argue that pupils from lower social classes are more likely to get better results on a task
that is not ‘realistic’ but is abstract. The reason for this is in part because they do not
have the cultural experience or ‘linguistic habitus’ (Zevenbergen, Chapter 7) to under-
stand the game of answering realistic questions. These questions are not part of the
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home experience and discourse of the lower social class pupils and therefore the
middle class pupils are advantaged.

This is of concern at a time when some colleagues are arguing that there is a need for
more realistic tasks in the National Curriculum tests.

Goos, Galbraith and Renshaw’s research programme (Chapter 6) is based on
sociocultural theory in which they are looking at the interactive and communicative
conditions for learning. For them the idea of community is central where gaining
knowledge is seen as the process of coming to know mathematics. In this community
everyone is seen as having a voice and learners are author of their own mathematics.
Their research shows that the roles of both teacher and learners need to change if the
notion of a ‘community of practice’ is to take hold effectively.

Goos and colleagues found Vygotsky’s notion of a Zone of Proximal Development
(ZPD) was a part-useful idea to work on as it highlighted the way in which pupils
support each other so they are not fully reliant on the teacher. However, they also
found that a teacher who does not have a good grasp of mathematics cannot see the
links in order to help scaffold the pupils’ learning. A combination of mathematics and
pedagogic knowledge is needed by teachers in the form of long-term continuing
professional development so that mathematics classrooms may become communities
of learners.
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1 Images of mathematics,
values and gender

A philosophical perspective

Paul Ernest

Abstract

This paper describes the widespread public image of mathematics as cold, abstract and
inhuman, and relates it to absolutist philosophies of mathematics. It is argued that this
image is consistent with ‘separated’ values (Gilligan, 1982) which help to make mathe-
matics a ‘critical filter’ denying access to many areas of study and o fulfilling professional
occupations, especially for women in anglophone western countries. In contrast, an
opposing humanised image of mathematics, consistent with ‘connected’ values, finds
academic support in recent fallibilist philosophies of mathematics. It is argued that
although these two philosophical positions have a major impact on the ethos of mathematics
classrooms, there is no direct logical connection. It is concluded instead that the values real-
ised in the classroom are probably the dominant factor in determining the learner’s image
and appreciation of mathematics (and hence, indirectly, that of society).

A widespread public image of mathematics is that it is difficult, cold, abstract, theoret-
ical, ultra-rational, but important and largely masculine. It also has the image of being
remote and inaccessible to all but a few super-intelligent beings with ‘mathematical minds’
Many persons operating at high levels of competency in numeracy, graphicacy and
computeracy in their professional life in the UK still say T'm no good at mathematics, 1
never could do it”. In contrast to the shame associated with illiteracy, innumeracy is almost
a matter of pride amongst educated persons in western anglophone countries.

In fact, many such persons are not innumerate at all, and it is school or academic mathe-
matics, not everyday mathematics, that they feel they cannot do. Numeracy, contextual
mathematics, even ethnomathematics are perceived to be quite distinct from school/
academic mathematics, and the latter is understood to be ‘real’ mathematics. The popular
image of mathematics sets it apart from daily concerns of the public, despite the many social
applications of mathematics referred to daily in the mass media, from sports and weather to
economic and social indicators. Thus the widespread public image of mathematics is largely
a negative and remote one, alien to many persons’ professional and personal concerns and
their self-perceived abilities.

For many people the image of mathematics is associated with anxiety and failure. When
Brigid Sewell was gathering data on adult numeracy for the Cockcroft Inquiry (1982), she
asked a sample of adults on the street if they would answer some questions. Half of them
refused to answer further questions when they understood it was abour mathematics,
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suggesting negative attitudes. Extremely negative attitudes such as ‘mathephobia’ (Maxwell,
1989) probably only occur in a small minority in western societies, and may not be significant
at all in other countries. Nevertheless it is an important phenomenon, and I have never heard
of an equivalent ‘literaphobia’, although literacy is at least as important as numeracy.

The public image of mathematics is an important issue of concern for mathematics
education. It is particularly important because of its social significance. Mathematics serves
as a ‘critical filter’ controlling access to many areas of advanced study and better paid and
more fulfilling professional occupations (Sells, 1973). This particularly concerns those
occupations involving scientific and technological skills, but also extends far beyond this
domain to many other occupations, including education, the caring professions and finan-
cial services. In addition, many adults leaving full-time education have not been empow-
ered by their mathematics education as mathematically-literate citizens who are able to
exercise independent critical judgements with regard to the mathematical underpinnings of
crucial social and political decision-making.

If the image of mathematics is an unnecessary obstacle which blocks popular access to 1z,
as well as failing to enable full participation in modern democratic society, then it is a great
social evil. Of course, changing the image alone does little to address the problem. Instead
the nature of the populace’s encounters with mathematics needs to be changed, to be
humanised. A semiotic analysis of mathematical language views much of it as coercive
(Rotman, 1993). Traditional classroom tasks instruct the learner to carry out certain
symbolic procedures; to do, not to think; to become an automaton, not an independent exer-
ciser of critical judgement. This plays a key role in dehumanising mathematics and the
learner. Resistance may involve the adoption of a negative stance towards mathematics.
This analysis is the subject of my current research and I shall not develop it here. Instead, in
this paper I explore how the conceptions or philosophies of mathematics which underpin
and shape classroom experiences, coupled with the associated values of the teacher and the
classroom, play a key role in determining the image of mathematics that the learner
constructs for her/himself.

Absolutist philosophies of mathematics

The negative popular image of mathematics fits with a range of perspectives in the
philosophy of mathematics which are termed ‘absolutist’. These view mathematics as
an objective, absolute, certain and incorrigible body of knowledge, which rests on the
firm foundations of deductive logic. Among twentieth-century perspectives in the
philosophy of mathematics, Logicism, Formalism, and to some extent Intuitionism
and Platonism, may be said to be absolutist in this way (Ernest, 1991).

What must be emphasised is that absolutist philosophies of mathematics are not
concerned to describe mathematics or mathematical knowledge. They are concerned
with the epistemological project of providing rigorous systems to warrant mathemat-
ical knowledge absolutely (following the earlier crisis in the foundations of mathe-
matics arising from the introduction of Cantor’s infinite set theory). Many of the
claims of absolutism in its various forms follow from its identification with rigid
logical structure introduced for these epistemological purposes. Thus according to
absolutism mathematical knowledge is timeless, although we may discover new
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theories and truths to add; it is superhuman and ahistorical, for the history of mathe-
matics is irrelevant to the nature and justification of mathematical knowledge; it is
pure isolated knowledge, which happens to be useful because of its universal validity;
it is value-free and culture-free, for the same reason.

The outcome therefore is a philosophically sanctioned image of mathematics as
rigid, fixed, logical, absolute, inhuman, cold, objective, pure, abstract, remote and
ultra-rational, in short, the negative public image described above. If this is how many
philosophers, mathematicians and teachers view their subject, small wonder that it is
also the image communicated to the public. In my view, the philosophy of mathe-
matics is at least partly to blame, because of its twentieth-century obsession with
epistemological foundationalism.

An absolutist view may be communicated in school by giving students mainly unre-
lated routine mathematical tasks which involve the application of learnt procedures,
and by stressing that every task has a unique, fixed and objectively right answer,
coupled with disapproval and criticism of any failure to achieve this answer. This may
not be what the mathematician recognises as mathematics, but a result is nevertheless
an absolutist conception of the subject (Buerk, 1982). In some cases the outcome is
also mathephobia (Buxton, 1981).

School mathematics versus mathematicians’ mathematics

It would appear that the public image of mathematics is in many respects correct.
However, some qualifications to this conclusion should be considered. Mathematics
as a discipline (what professional mathematicians understand as mathematics) and
school mathematics should be distinguished. School mathematics is not just a subset
of the discipline of mathematics. It should instead be regarded as a different subject,
comprising such elementary topics as number, measurement, algebra, geometry,
statistics, probability, computing and problem-solving. All of these topics are studied
not for their own sake but for their practical and cross-curricular applications, and as a
basis for further study. Much of school mathematics is closer in content to numeracy,
to contextual mathematics, to the mathematics of commerce and industry, than to the
discipline of mathematics itself. The main concern of pure mathematics with axiom-
atic systems and the rigorous proof of theorems, for example, is largely irrelevant to
school mathematics. Given this discrepancy, there is no need for school mathematics
to communicate the negative image of mathematics described above. In fact the
worldwide consensus of mathematics educators is that school mathematics must
counter that image, and offer instead something that is personally engaging, and
evidently useful or motivating in some other way, if it is to fulfil its social functions
(NCTM, 1989; Howson and Wilson, 1986; Skovsmose, 1994). Mathematicians’
views of mathematics should be considered as irrelevant to school mathematics, which
should be humanised for purely utilitarian and social reasons (i.e. to better mathemat-
ically educate the public) irrespective of any views of the so-called ‘true nature’ of
mathematics. However the power of mathematicians in moulding the mathematics
curriculum must not be overlooked, and through the exercise of this power their
images of the subject come into play. In part this is direct, through the selection of
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both form and content for national curricula in mathematics. In part this is mediated
through the teaching of future mathematics educators, curriculum developers and
teachers, i.e. communicating the culture of (academic) mathematics to those involved
in the practice of mathematics education.

Second, there is a growing body of opinion that the absolutist philosophies of
mathematics constitute a cul-de-sac, being based on the false hope of providing abso-
lute and eternally incorrigible foundations for mathematical knowledge. Due to a
range of profound philosophical and technical problems, including Gédel’s incom-
pleteness theorems, such foundations have not, and most would say cannot be
provided (Davis and Hersh, 1980; Ernest, 1991; Kitcher, 1983; Lakatos, 1976; Tiles,
1991; Tymoczko, 1986). This ‘loss of certainty’ (Kline, 1980) does not represent a
loss of knowledge. Just as in modern physics where general relativity and quantum
uncertainty indicate the boundaries of current epistemology, so too the fallibilistic
bounds of mathematical knowing represent an increase in meta-knowledge. Mathe-
matical proofs remain the most certain warrants for knowledge in the possession of
humanity. But we need to acknowledge that proofs vary in strength as knowledge
warrants and not reify them into something timeless and absolute. For illustration,
consider only the controversy over Andrew Wiles’s proof of the Fermat Conjecture.

Third, in the past few decades a new wave of ‘fallibilist” philosophies of mathe-
matics have been gaining ground, and these propose a different and opposing image of
mathematics as human, corrigible, historical and changing.

Fallibilist philosophies of mathematics

Kitcher and Aspray (1988) have described a ‘maverick’ tradition in the philosophy of
mathematics which emphasises the practice of, and human side of mathematics. This
position has been termed quasi-empiricist and fallibilist, and is associated with
constructivist and post-modernist thought in education (Glasersfeld, 1995), philos-
ophy (Rorty, 1979), and the social sciences (Restivo, 1992). A growing number of
modern philosophers of mathematics and mathematicians espouse fallibilist views of
mathematics (see Ernest, 1994b, and above).

Fallibilism views mathematics as the outcome of social processes. Mathematical
knowledge is understood to be fallible and eternally open to revision, both in terms of
its proofs and its concepts. Consequently this view embraces as legitimate philosoph-
ical concerns the practices of mathematicians, its history and applications, the place of
mathematics in human culture, including issues of values and education — in short, it
fully admits the human face and basis of mathematics. The fallibilist view does not
reject the role of structure in mathematics. Rather it rejects the notion that there is a
unique, fixed and permanently enduring hierarchical structure. Instead it accepts the
view that mathematics is made up of many overlapping structures. These, over the
course of history, grow, collapse, and then grow anew like icebergs in the Arctic seas or
like trees in a forest (Steen, 1988).

Fallibilism rejects the absolutist image of mathematics described above as a misrepre-
sentation. It claims instead that mathematics has both a front and a back (Hersh, 1988).
In the front, the public are served perfect mathematical dishes, like in a gourmet



Images of mathematics, values and gender 15

restaurant. Here the impression of absolute mathematics is preserved, but in the back,
mathematicians cook up new knowledge amid mess, chaos and all the inescapably asso-
ciated features of human striving. Fallibilism admits both of these realms: the processes
and the products of mathematics need to be considered an essential part of the disci-
pline. For accuracy the false image of perfection must be dropped (Davis, 1972).

One of the innovations associated with a fallibilist view of mathematics is a
reconceptualised view of the nature of mathematics. It is no longer seen as defined by a
body of pure and abstract knowledge which exists in a superhuman, objective realm
(the World 3 of Popper, 1979). Instead mathematics is associated with sets of social
practices, each with its history, persons, institutions and social locations, symbolic
forms, purposes and power relations. Thus academic research mathematics is one such
practice (or rather a multiplicity of shifting, interconnected practices). Likewise each
of ethnomathematics and school mathematics is a distinct set of such practices. They
are intimately bound up together, because the symbolic productions of one practice
are recontextualised and reproduced in another (Dowling, 1988).

It is important to distinguish between a fallibilist (or absolutist) epistemology of
mathematics, and a fallibilist (or absolutist) account of the nature of mathematics.
The former is a strictly defined philosophical position concerning the epistemological
foundation and justification of mathematical knowledge. The latter is a looser
descriptive account of mathematics in a broader sense. Usually these are linked, but
strictly speaking, it is possible for an epistemological absolutist to promote aspects of a
fallibilist view of the nature of mathematics: including, for example such views as:
mathematicians are liable to error and publish flawed proofs, humans can discover
mathematical knowledge through a variety of means, the concepts of mathematics are
historical constructs (but its truths are objective), a humanised approach to the
teaching and learning of mathematics is advisable, etc. Likewise, an epistemological
fallibilist might argue that although mathematical knowledge is a contingent social
construction, so long as it remains accepted by the mathematical community it is fixed
and should be transmitted to learners in this way, and that questions of school mathe-
matics are uniquely decidable as right or wrong with reference to its conventional
corpus of knowledge. My argument is however that there is a strong analogy between
epistemological absolutism (EA), absolutist views of the nature of mathematics (AV),
and the cold, objectivist popular image of mathematics (OIM), but not a logically
necessary connection. The forms of argument deployed, which are based on these
links by analogy, include the double implication: EA = AV = OIM, used to support
a fallibilist image (by reducing absolutism to absurdity). Another argument (which is
logically equivalent) is that if mathematics is portrayed as fallible, humanly
constructed, value-laden and context bound, then Not-OIM = Not-AV = Not-EA,
i.e. mathematical knowledge is not objective and founded absolutely on logic. This is
an absurdity from the epistemological absolutist perspective, and is used to attack
fallibilism. My claim is that neither argument is logically valid, because the constit-
uent implications are not correct. I shall return to the issue of what can be inferred
from a philosophy of mathematics below.
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Images of mathematics in school

Two philosophical views of mathematics have been described. Which of them reflects
the image of mathematics in school? It must be said that the experience many learners
have from their years of schooling confirms the absolutist image of mathematics as
cold, absolute and inhuman. It is widespread for teachers and others and the experi-
ence of learning itself to confirm this view. Such an image is often (but not always)
associated with negative attitudes to mathematics. A counter-example arose in my
research on student teachers” attitudes and beliefs about mathematics. I found a
subgroup of mathematics specialists who combined absolutist conceptions of the
subject with very positive attitudes to mathematics and its teaching. However amongst
non-mathematics-specialist future primary school teachers I found a loose correlation
between fallibilist conceptions and positive attitudes to mathematics and its teaching
(Ernest, 1988, 1989b). Thus the connections even just between beliefs and attitudes
to mathematics are complex and multifaceted.

Research on children’s attitudes towards mathematics in the past two decades
shows fairly widespread liking of the school subject, certainly in the years of elemen-
tary schooling (Assessment of Performance Unit, 1985). In the later years of schooling
attitudes in general become more neutral, although extreme negative atticudes are
relatively rare. Presumably this downturn in attitudes is due to such things as adoles-
cence, peer-attitudes, the impact of competitive examinations, not to mention the
image of mathematics conveyed in and out of school.

However, the image of mathematics communicated in many enlightened schools
and colleges is not the absolutist one and certainly does not have to be that way
anywhere. Influential inquiries into the teaching of mathematics have propounded
humanised and anti-absolutist (if not wholeheartedly fallibilist) views of school
mathematics (Cockeroft, 1982; NCTM, 1980, 1989; NCC, 1989). The weight of
informed educational opinion has likewise supported the progressive reform of
mathematics in line with such views, for over a decade. Recently (1995) there has
been a backlash from a group of mathematicians who claim that standards of mathe-
matics students on entry to university has declined, and that this has been caused by
progressives in mathematics education rejecting absolutism and promoting
constructivism and investigative mathematics (Barnard and Saunders, 1994). Their
observation that the competences of new entrants to mathematics degrees in the UK
are declining may well be correct. However, there is no evidence to support the
imputed cause for this, which might result from shifts in the school mathematics
curriculum and assessment system, imposed by government. However a major
factor is likely to be the fact that although an increasing number of students take
A level exams in the UK at age 18, the number taking A level mathematics declines
annually in absolute terms, and those who do succeed at it may be opting for medi-
cine, economics, computer science, etc. The number opting for a mathematics
degree course declines annually. So mathematicians may be having to recruit from
the lower strata of a shrinking pool of applicants. Is this another effect of the society-
wide negative image of mathematics?
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Mathematics, values and gender

An important issue is that of the controversial relationship between mathematics and
values. What can be asserted is that the popular image of mathematics is undoubtedly
value-laden. This raises the question of whether there is any hidden agenda behind the
widespread popular absolutist image of mathematics. There is a radical view that the
kind of popular image of mathematics described above serves conservative interests in
the mathematics community and in society in general. For if mathematics is viewed as
difficult, cold, abstract, ultra-rational, important and largely masculine, then it offers
access most easily to those who feel a sense of ownership of mathematics, of the associ-
ated values of western culture and of the educational system in general. These favour
males, the middle classes, and white ethnic majorities (Walkerdine, 1988), at least in
anglophone countries such as Australia, the USA, Canada and the UK. My remarks
about mathematics, values and gender are restricted to these countries, and may well
not apply to Latin or other Mediterranean countries like Cyprus. The problem seems
to be more severe in Anglo-Saxon countries than in some others. For example,
according to G. Greer ‘there are [proportionately] five times as many female scientists
in Latin American countries as there are in Anglo-Saxon’ (Pile, 1993, p. 19).

For countries such as these the argument runs that the popular image of mathematics
sustains the privileges of advantaged groups by favouring their entry, and putting an
obstacle in the way of non-members’ entry into higher education and professional occu-
pations, especially where the sciences and technology are involved. How can this work? I
shall offer a partial account of the relation between mathematics, values and gender.

First of all, much of the research on girls or females and mathematics concerns the
problems caused by the stereotypical perceptions of mathematics as a male domain
(Burton, 1986; Walkerdine, 1988; Walkerdine et al., 1989). Gilligan (1982) has
offered a theory of the gendered nature of values. According to this theory it is possible
to distinguish stereotypically feminine values, which Gilligan terms ‘connected’, from
stereotypically masculine values which she terms ‘separated’. For each of these sets of
values there is a cluster of associated descriptors. The ‘connected’ position is based on
and valorises relationships, connections, empathy, caring, feelings and intuition, and
tends to be holistic and human-centred in its concerns. The ‘separated’ position valo-
rises rules, abstraction, objectification, impersonality, lack of feelings, dispassionate
reason and analysis, and tends to be atomistic and thing-centred in focus. Gilligan’s
theory involves a series of stages of moral development based on the ethic of care
(connection) which she contrasts with Kohlberg’s (1969) theory of moral develop-
ment based on justice, characterised as separation.

This theory must be treated with caution on a number of counts. First of all, it is
not the case that separated values are men’s values and connected values are those of
women. They can be described as stereotypically masculine and feminine values,
respectively. But every human being has both a masculine and feminine component to
their nature. We are one species and male/female differences are not as profound as
our commonalities.

Second, reviews of empirical evidence do not support any easy dichotomisation of
male and female values. Bradbeck (1983) argues that differences in ethical views are
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much greater within than across sexes, based on a review of the published studies.
Critical reviews of the evidence in Larrabee (1993) suggests that there are significant
differences by late adolescence and adulthood, provided that the basis for moral
reasoning, and not just Kohlberg’s stages are considered. Indicative is Hoffman’s
(1977) finding that girls are more likely to be empathetic than boys in exhibiting
emotional reactions to another’s feelings.

Although both men and women have both a masculine and feminine side, the sepa-
rated stereotypically masculine values have come to dominate many of the institutions
and structures in western society, including mathematics and science, and men have
been encouraged to develop and express these values as overriding parts of their iden-
tity. In the West separated values originate culturally with male, white, ruling or
dominant classes, and they exclude many — perhaps most — human beings who often
feel that mathematics is cold, remote, hard, uncaring, rejecting, neutral, unfeeling,
impersonal, empty, inhuman, absolute, objective, rule-driven, perfectly rational,
male, mechanical, soulless, dead, fixed and hierarchical.

Now the argument runs that because these separated values and mathematics are
identified together in western culture, mathematics is identified as a stereotypically
masculine domain, and as antithetical to the cultural stereotypes of femininity.

A number of researchers have offered models of how these values impact differentially
on women, including Burton (1986), Fennema (1985), Walkerdine (1988), Walkerdine
et al. (1989) and Ernest (1991). One of the most powerful models is due to Isaacson
(1989) who coordinates a number of different factors including both in-school and out-
of-school experiences which are mediated by their influence on girls’ or women’s belief
systems. Central to her account are the terms ‘double conformity’ and ‘coercive induce-
ment . Double conformity is a concept due to Delamont (1978). It describes the dilemma
of a situation where there are two mutually conflicting sets of standards or expectations to
which to conform. Since mathematics is stereotypically male, conforming to mathemat-
ical standards conflicts with standards of femininity. This, at its simplest, means that
women must choose to be feminine or choose to be successful at mathematics. If they opt
for both, they have to live with the contradiction Mathematics # Feminine.

Coercive inducement is a way of describing the social pressures for women to
conform with the stereotype of femininity. Women are rewarded for choosing the
path of conventional femininity by social approval on all sides (from fathers, mothers,
peers, boys, teachers, society, etc.). To reject this path is to give up very considerable
rewards and inducements. Since approval is something widely craved, the induce-
ments are coercive. Girls are ‘forced’ by needs to succumb to the overwhelming pres-
sures and inducements to accept the conventional feminine role.

Isaacson argues that both double conformity and coercive inducement impact
strongly on the girl or woman’s internalised belief system, which includes the nature
of femininity and a ‘woman’s role’, and their relation with her identity as a gendered
person (a woman). This belief system plays a key role in how the woman/girl views
herself with regard to mathematics and performs as a learner of mathematics.

Figure 1.1 illustrates how such values, stereotypes and beliefs end up as a vicious
cycle denying women equal opportunities. Figure 1.1 illustrates that girls’ and
women’s lower participation rate in mathematics contributes to unequal opportunities
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Figure 1.1 The reproductive cycle of gender inequality in mathematics education

in study and work (the ‘critical filter’ of Sells, 1973), leading to women in lower paid
jobs. This reproduces gender inequality in society, reinforces stereotyping, and estab-
lishes a ‘regime of truth’ (Foucault, 1980) in which views such as math = male, math
feminine and female = inferior are confirmed and sustained as ‘lived truths’. The
outcome is a lack of equal opportunities in school mathematics and lowered expecta-
tions for girls, with some girls’ successes at mathematics being discounted (Walkerdine
et al., 1989). Girls internalise these stereotypes and myths, and the outcome is lower
attainment and participation in mathematics, completing the vicious cycle. Only if
every link in the circle is attacked can the reproductive cycle of gender inequality be
broken. A hopeful sign is that during compulsory schooling girls have been catching
up. In 1994 for the first time in the UK they outperformed boys in mathematics
examinations at age 16. However, disproportionately few continue with mathematics
afterwards, so the problem remains.

Philosophies of mathematics, values and their relation
to teaching

Drawing together the disparate threads in the above account it is clear that there is, first
of all, a strong parallel between the absolutist conception of mathematics, the negative
popular view of mathematics, and the set of values described by Gilligan (1982) as sepa-
rated. Likewise, a second parallel exists between the fallibilist conception of mathematics,
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the connected values described by Gilligan (1982) and the humanistic image of mathe-
matics promoted by modern progressive mathematics education as accessible, person-
ally relevant and creative (Cockeroft, 1982; NCTM, 1989).

The second parallel can be used to improve accessibility and the public image of
mathematics. But the analysis cannot stop here. For the absolutist image of mathe-
matics is precisely what attracts some persons to it. I described above how this was the
case with some student teachers. Likewise, many mathematicians love mathematics
just for its absolutist features. It is both consistent and common for teachers and
mathematicians to hold an absolutist view of mathematics as neutral and value free,
but to regard mathematics teaching as necessitating the adoption of humanistic,
connected values. This raises the issue of the relationship between philosophies of
mathematics, values and teaching.

A widely accepted position is that ‘All mathematical pedagogy, even if scarcely
coherent, rests on a philosophy of mathematics’ (Thom, 1973, p. 204). Other articula-
tions stress both that teaching approaches in mathematics incorporate assumptions about
the nature of mathematics, and that any philosophy of mathematics has classroom conse-
quences (Hersh, 1979; Steiner, 1987). Empirical research (e.g. Cooney, 1988) has
confirmed claims that ‘teachers’ views, beliefs and preferences about mathematics do
influence their instructional practice’ (Thompson, 1984, p. 125). Thus it may be argued
that any philosophy of mathematics (including personal philosophies) has many educa-
tional and pedagogical consequences when embodied in teachers’ beliefs, curriculum
developments, or examination systems. Elsewhere I have argued that teachers’ personal
philosophies of mathematics, understood as part of their overall epistemological and
ethical framework, impact on their espoused conceptions of teaching and learning mathe-
matics. These in turn, subject to the constraints and opportunities of the social context of
practice, give rise to the realised theories of learning mathematics, teaching mathematics,
and the related use of mathematical texts and curriculum materials in the classroom
(Ernest, 1989¢). Such a model is partially validated by empirical work.

However classroom consequences are not in general strictly logical implications of a
philosophy, and additional values, aims and other assumptions are required to reach
such conclusions (Ernest 1991, 1994a). Because the link is not one of logical implica-
tion, it is theoretically possible to consistently associate a philosophy of mathematics
with almost any educational practice or approach. Both a neo-behaviourist or cognitivist
(such as Ausubel, 1968) and a radical constructivist (such as Glasersfeld, 1995) may be
concerned to ascertain what a child knows before commencing teaching, despite
having diametrically opposite epistemologies (absolutist and fallibilist, respectively).
Likewise a traditional purist mathematician and a social constructivist may both
favour a multicultural approach to mathematics, but for different reasons (the former
perhaps to humanise mathematics, the latter to show it as the social construction of all
of humanity for social justice reasons).

Although there is no logical necessity for, say, a transmission-style pedagogy to be
associated with an absolutist, objectivist epistemology and philosophy of mathe-
matics, such associations often are the case (Ernest, 1988, 1991). This is presumably
due to the resonances and sympathies between different aspects of a person’s philos-
ophy, ideology, values and belief-systems. These form links and associations and
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become restructured in moves towards maximum coherence and consistency, and
ultimately towards integration of the personality. (Of course compartmentalisation
and ‘splitting’ are also possible.)

A further simplified model may be conjectured which suggests that the value-posi-
tion of a teacher, curriculum development or school plays a vital role in mediating
between personal philosophies of mathematics, and the image of mathematics commu-
nicated in the classroom. Figure 1.2 shows how an absolutist philosophy of mathe-
matics combined with separated, thing-centred or authoritarian values can give rise to
an authoritarian view of school mathematics.

This, subject to the constraints and opportunities afforded by social context of
schooling, often results in a separated classroom image of mathematics. Likewise, a
fallibilist philosophy of mathematics combined with connected, person-centred and
humanistic values can give rise to a humanistic view of school mathematics. Subject to
the same constraints, this can result in a connected classroom image of mathematics.
These two possible sets of relations are shown by bold vertical arrows. They represent
the most straightforward relationships between philosophies, values and classroom
images of mathematics.

The figure also illustrates ‘crossing over’: how an absolutist philosophy of mathe-
matics if combined with connected, humanistic values can give rise to a humanistic
view of school mathematics. This, subject to social constraints, may be realised as a
connected classroom image of mathematics. A deep commitment to the ideals of
progressive mathematics education can and frequently does coexist with a belief in the
objectivity and neutrality of mathematics, especially amongst mathematics teachers
and educators. Fallibilism has no monopoly on this. In cases like these, connected
values are often associated with education and the conception of schoo/ mathematics,
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rather than with academic (mathematicians’) mathematics. This is illustrated in the
figure by the thin black arrows.

It is theoretically possible that a fallibilist philosophy of mathematics can combine
with separated values, resulting in an authoritarian view of school mathematics. This,
subject to contextual constraints and opportunities, can give rise to a separated image
of mathematics realised in the classroom. This is shown by the outline arrows, and is
probably infrequent, because of the common association of fallibilism with progres-
sive pedagogical views in the mathematics education community.

Finally, it is possible for the various constraints of the social context of schooling to
be so powerful that a teacher with humanistic values and a humanistic view of school
mathematics is nevertheless forced into ‘strategic compliance’ (Lacey, 1977), so that
the image of mathematics realised in the classroom is a separated one. This may be a
temporary consequence of contextual constraints, but if permanent, leads to tensions
and stress. This state of affairs is indicated in the diagram by the bold and thin arrows
deviating left towards a separated classroom image under the impact of the social
context. These arrows may originate with either an absolutist philosophy (thin
arrows), or a fallibilist philosophy (bold arrows), but in both cases they cross over.
Empirical research has confirmed that teachers with very distinct personal philoso-
phies of mathematics (absolutist and fallibilist) have been constrained by the social
context of schooling to teach in a traditional, separated way (Lerman, 1986).

Much work in the philosophy of mathematics education pertains to exploring the
link between the philosophies of mathematics implicit in teachers’ beliefs, in texts and
the mathematics curriculum, in systems and practices of mathematical assessment and
in mathematics classroom practices and ethos, and the results with learners. There is a
growing literature base, especially on teachers” beliefs, images of mathematics and
related attitudes (Ernest, 1988, 1989a, 1989b, 1989¢, 1991; Hoyles, 1992; Lerman,
1986). A few researchers have looked at students’ images too (Hoyles, 1982; Kouba
and McDonald, 1987, 1991). Whilst much progress has been made, much work
remains to be done in the area, and it is clear that the relationships are complex and
non-deterministic.

Conclusion

I have sketched a series of dichotomies: traditional versus humanistic public images of
mathematics, absolutist versus fallibilist philosophies of mathematics, separated
versus connected sets of values, mathematics classrooms promoting separated versus
connected images of mathematics. There have been two main threads of argument.
First, that these dichotomies are all to some extent parallel, so that traditional cold
images of mathematics, absolutist philosophies of mathematics, separated values, and
mathematics classrooms with a separated image of mathematics all work together and
reinforce each other. Presumably the widespread negative public images of mathe-
matics are the outcome of what I termed a separated classroom image of mathematics.
Similarly positive, inviting public images of mathematics, fallibilist philosophies of
mathematics, connected values, and classrooms promoting a connected image of
mathematics are linked and mutually reinforcing. Ignoring the mediating factors, this
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analysis suggests that if we want to change a widespread negative public image of
mathematics then we must change the image communicated by the mathematics
classroom. This is an unsurprising but important conclusion, which might help to
redress some of the gender-related problems described above for mathematics and
perhaps also for science and technology.

The second thread of argument cuts across any simplistic understanding and accep-
tance of the first. It appears that the values (plus the conception of school mathe-
matics) rather than the philosophy of mathematics embodied in the teacher or
classroom are the dominant factors in determining the image of mathematics commu-
nicated in the classroom and hence ultimately the public image of mathematics.
Perhaps this is not surprising, since the realisation of such values will embody the type
of teacher—pupil relations, the degree of competitiveness, the extent of negative weight
placed on errors, the degree of public humiliation experienced in consequence of
failure, and other such factors which powerfully impact on the young learner’s self-
esteem and self-concept as a learner of mathematics.

Of course, like any analysis made in terms of dichotomies, the above account is
oversimplified, perhaps even simplistic. Human beings do not fall neatly into two
boxes. In my analysis of mathematics curriculum ideologies (Ernest, 1991) I suggested
five basic ideological types and distinguished over a dozen components for each
ideology, and that model was a simplification. Nevertheless, such simplified models
can suggest the way that important theoretical factors impact on the teaching and
learning of mathematics and suggest ways forward in terms of both practice and
research (Ernest and Greenland, 1990).

Finally, I wish to point to another social division which in some respect parallels
that of gender, but may be of more significance on the international scale. This is the
division according to class or socio-economic status. Some of the work on separated
values found them positively associated with educational level (Larrabee, 1993).
Research by Mellin-Olsen (1981) and others indicates that the preferred learning
styles of apprentices is for the concrete (connected), whereas that of academic students
is for the abstract, theoretical (separated). Recent data from Australia suggests that
students in the last two years of compulsory schooling are twice as likely to opt to
study mathematics and science if they are from the higher socio-economic status
bands, than from the lower (Maslen, 1995). Given the above discussion, the image of
mathematics may play a significant role in the reproduction of such differences.
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2 Towards a sociology of learning
in primary schools

Andrew Pollard

Abstract

In this paper the aim is to highlight the absence of a sociology of learning in relation to
primary education. Further, it is argued that there is considerable scope for cooperation
between psychologists and sociologists in tackling this issue and one way will be explored in
which this could be achieved by drawing on social constructivist psychology and symbolic
interactionist sociology. In support of this suggestion, some brief illustrative material is
presented, drawn from a longitudinal ethnography of a pupil cohort progressing through a
primary school in the UK.

The limitations of disciplinary boundaries

One could argue that the division of labour between the academic disciplines which
make up the social sciences has justified itself over the years by the quality of descrip-
tions and depth of analyses which have been produced. There are processes of
research, publication and debate which foster such refinement. Thus, within each
discipline, dominant perspectives tend to come and go as development takes place and
each decade witnesses new ‘taken for granteds’ and discrete progress within the
disciplines.

However, the demarcations between disciplines must be seen as socio-historical
products, maintained by people and institutions who had, and have, enormous
personal, cultural and material investments in them and who must respond to the
specific circumstances which they face. This throws up the danger that the reliance on
detailed intra-disciplinary development could result in the establishment of theoret-
ical perspectives and empirical procedures which in fact fail to engage with the more
complex and enduring realities of social processes and phenomena. Indeed, I would
argue that, as our understanding of the social world becomes more sophisticated, it is
becoming increasingly apparent that the validity of the study of many issues cannot be
maximised unless each of the relevant disciplines is drawn on in sustained study.

Interestingly, such more complex and enduring issues are often those which are
regarded as being particularly important by practitioners — by the people who live out
the processes which academic analysts study — and, indeed, by policy makers — people
who have to make decisions of great significance with whatever information and
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understanding is available to them at the time. From the perspective of such groups,
social scientists are often seen as myopic pedants, locked into their theoretical
thought-worlds with little grasp of ‘practical realities’. The underlying message here,
on offer to those who are actively listening, is that the lack of an integrated analysis,
comparable to the integrated nature of experience, denies the validity and thus the
credibility of the academic account.

At the same time though, it would be a churlish observer of the social sciences who
did not recognise that each discipline has particular strengths for addressing particular
social phenomena and issues. It might thus be concluded that ways of drawing on such
strengths should be found and, in the first place, it might reasonably be argued that
academics should cooperate across disciplinary boundaries. Only this can begin to
ensure that the issues which we address are tackled in more valid and transferable ways.

The issue of learning in primary schools provides a case in point.

Learning in primary schools

A review of the sociology of primary schooling and of the psychology of young chil-
dren’s learning over the past twenty years or so reveals a curious picture. On the one
hand, sociologists have continued, in one way or another, to focus their attention on
issues of social differentiation. Certainly the emphasis has developed from that of social
class to include increasing attention to issues of race and gender, and theoretical refine-
ments have accumulated too. However, the overriding impression left by work such as
Hartley (1985), Pollard (1985), Sharp and Green (1975), Lubeck (1985), King (1978)
and King (1989), is that learning processes are, at best, tangential to issues such as
typification, group formation and the consequences of differentiation. Returning over a
decade earlier, and to a different theoretical perspective, reveals a similar story — as is
illustrated by the way in which Dreeben’s On What is Learned in School (1968) concerns
itself with socialisation of children into norms but makes no attempt to consider the
sociological factors which influence the learning of knowledge, concepts and skills.

Sociologists’ focus on differentiation in the past has, until recently, been matched by
the naive individualism of much child psychology which derived from the work of
DPiaget. Piaget’s work was directed, in an overarching sense, towards the study of ‘genetic
epistemology’, but the route towards this analysis was through many detailed studies of
children’s thinking and behaviour. Careful development and use of the clinical method
over many years enabled Piaget to generate a model of learning processes based on the
interaction between individuals and their environment and involving development
through successive stages of equilibration, each of which was taken to be associated with
particular capacities and ways of thinking. This model was powerfully adopted by
primary school teachers in the UK in the years following the Plowden Report (CACE,
1967) and was used as a professional legitimation for ‘progressive’ classroom practices
which, ostensibly, gave children a large degree of control over their learning.

However, whilst it is impossible to overestimate Piaget’s influence within develop-
mental psychology over the past decades, it is also true to say that Piaget’s ideas have
increasingly been modified by the gradual emergence of a new paradigm — ‘social
constructivism’.



28  Mathematics education

Thus, the previously dominant model, which implicitly conceptualised children as
individual ‘active scientists’, has begun to be superseded by an image of children as
socialbeings who construct their understandings (learn) from social interaction within
specific socio-cultural settings. They are thus seen as intelligent social actors who,
although their knowledge base may be limited in absolute terms, are capable in many
ways. For instance, processes of ‘intellectual search’ have been identified in young
children (Tizard and Hughes, 1987) as have children’s capacities to develop sophisti-
cated forms of representation for meaning and understanding. Such findings are being
found with younger and younger children as research goes on.

The theoretical basis of such psychological research is strongly influenced by Vygotsky
(1962, 1978). Of particular importance is his comparative work on the interrelations of
thought, language and culture and, at another level, on the role of adults in scaffolding
children’s understanding across the ‘zone of proximal development’ — the extension of
understanding which can be attained with appropriate support from others. According
to Bruner and Haste (1987), this social constructivist approach has brought about a
‘quiet revolution’ in developmental psychology in the last decade and this is certainly
borne out by the impact in education of work such as that by Donaldson (1978),
Hughes (1986), Bruner (1986) and Edwards and Mercer (1987).

A key thrust of such new approaches is to recognise the way in which the social
context influences perspectives and behaviour. One particularly interesting way of
conceptualising this has been provided by Helen Haste (1987) in her model of ‘intra-
individual’, ‘interpersonal’ and ‘socio-historical’ factors affecting learning (Figure 2.1).

The intra-individual domain is the province of the cognitive psychologists who
have accumulated so many insights into the ways in which individuals assimilate expe-
riences and construct understanding. The interpersonal is the domain of social inter-
action — the area in which meanings are negotiated and through which cultural norms
and social conventions are learned. The socio-historical is the domain of culturally
defined and historically accumulated justification and explanation. It is a socio-histor-
ical resource for both interpersonal interaction and intra-individual reflection.

Such conceptualisation of factors and domains affecting learning begins to make it
possible to break out of the individualist assumptions which have been common in
child psychology, so that wider social issues can be addressed. Sociologists could have

much to offer here for, as Apple (1986) has argued:

We do not confront abstract ‘learners’ in schools. Instead, we see specific classed,
raced and gendered subjects, people whose biographies are intimately linked to
the economic, political and ideological trajectories of their families and commu-
nities, to the political economies of their neighbourhoods.

(Apple, 1986, p. 7:5)

In other words, intra-individual learning cannot really be understood without refer-
ence to both interpersonal experiences and socio-historical circumstances.

I suspect that there is some way to go in the development of working relationships
and analytical tools before psychologists and sociologists concerned with children’s
learning are able to take on the full import of Haste’s framework and Apple’s suggestion
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Source: Haste (1987, p. 175).

in detailed empirical investigations. However, a growing consensus about the inter-
relatedness of such factors does seem to be emerging and this is underpinned, not just by
theory and empirical research, but also by the common sense and lived experiences of
millions of children, teachers, parents and others. If we are to investigate the issue of
learning in valid ways, then our first problem, as social scientists, is really to find ways of
bridging the artificial disciplinary boundaries which dissipate our energies.

I want to suggest that one way of developing such collaborative work could be
through the linking of social constructivist psychology and symbolic interactionist
sociology.

These approaches share a basic assumption that people are active and make deci-
sions on the basis of meanings. However, whilst social constructivist work has begun
to identify the processes by which people ‘make sense’ in social situations, and thus
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come to ‘know’, symbolic interactionist studies promise to provide more detailed and
incisive accounts of the dynamics and constraints of the contexts in which learning
takes place. The two approaches are, arguably, complementary.

Some years ago I began to toy with this potential sociological contribution through
the publication of a collection of papers which highlighted the influence of social
contexts in schools on children’s thinking and learning (Pollard, 1987). This collec-
tion of case studies includes material from 3—12 year olds and provides a degree of
‘thick description” which invites further theorisation regarding the nature of such
complementarity — a task which I have begun through the work on an ethnography
and which is reflected in this paper.

However, before addressing the study and the theoretical issue directly, it is appro-
priate to place the topic of ‘learning in primary schools’ in the context of recent poli-
cies in England and Wales and in relation to other approaches to classroom teaching/
learning processes. In particular, I will have regard below to the work of Neville
Bennett because of the sustained quality and impact of his research into classroom
teaching and learning over many years.

Policy and substantive contexts

In recent years, major thrusts of Government policy in England and Wales have been
directed towards the streamlining of the management of schools, increasing the effec-
tiveness and accountability of teachers and restructuring the curriculum (e.g. Education
Act, 1986; Education Reform Act, 1988). We do not yet know whether such initiatives
will achieve their aims in terms of the delivery of the curriculum. However, irrespective
of this, it can be argued that far too little attention has been paid to the actual reception
of the curriculum by learners. Indeed, by focusing on the issue of learning, one could
claim to be anticipating a policy debate of the future —a claim based on the proposition
that when the dust of reforms of teacher and curriculum management has settled and we
are still chasing that ever-receding Holy Grail of ‘educational standards’, more detailed
attention to learning and the learners in schools will be perceived as necessary.

The issue also has implications for teachers in primary schools in a more general
way concerning the theoretical underpinning of practice. Over the past decade or so,
there has been a gradual erosion of the primacy of the Plowden Report’s (CACE,
1967) philosophy of ‘child centredness’, which underpinned much primary school
practice. As Piaget’s work has been questioned and research evidence has accumulated
about actual classroom behaviour, so primary school practice has begun to be seen to
lack a ‘theoretical base’ (Sylva, 1987). I would suggest that a fusion of social-
constructivism and symbolic-interactionism, suitably applied, has the potential to
offer a new legitimation — indeed, I think there are many forms of innovative curric-
ulum practice which, perhaps unwittingly, appear to be based on such precepts.

In the past twenty years a considerable amount of research has been conducted with
the aim of identifying factors which enable teachers to be ‘effective’. However, as
Bennett (1987) has argued, whilst the initial work, emphasising teaching styles, iden-
tified some interesting patterns and descriptions, it lacked explanatory power and
made few connections with actual practice. It was superseded in the mid-1970s by an
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Source: Bennett and Kell, 1989, p. 27.

‘opportunities to learn’ model in which the teacher was seen as the manager of the
attention and time of the pupils. A key indicator became the amount of time which
the pupil was ‘on task’. More recently the focus has also turned to the analysis of what
is termed ‘quality’ of classroom tasks — defined in terms of the degree of appropriate
match with children’s capacities (e.g. Bennett ez al, 1984).

Neville Bennett’s work represents a sustained and consistent attempt to develop
and test a model of teaching and learning. His successive studies have focused on
different parts of an emerging model and his work continues through his present
Leverhulme Project on the quality of teacher’s subject knowledge and ability to diag-
nose learning difficulties.

Bennett, and his co-author, Joy Kell, express the model particularly clearly below:

Teaching is, we argue, a purposeful activity: teachers provide tasks and activities for
their children for good reasons. These reasons or, as we call them in the model,
teacher intentions, will inform the teacher’s selection of tasks/activities. Once
chosen these are presented to children in some way, e.g. to individuals, groups or
the whole class, together with the necessary materials. The children then get on
with their work, demonstrating, through their performances, their understanding
(or misconceptions) of it. When they have completed their activity it might be
expected that the teacher will assess it in some way in order to judge children’s
developing competencies, and it might also be expected that the information
gained from those assessments will inform the teacher’s next intentions.

The very important point which Bennett has empirically documented is that break-
downs can and do occur regularly between each stage in the ‘task process cycle’ and it
is unfortunate that this can sometimes come across as an unappreciative critique of
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teachers. Rather, I would suggest that it should be seen, more constructively, as
providing a detailed testimony of just how difficult the job is.

Having said that though, I would also argue that such work seriously underplays
the importance of the socio-cultural situation in which teaching and learning take
place and fails to trace the full impact of the subjectivity of the participants. There is
no specific emphasis on learners with reference to their responses to the social influ-
ences and teaching/learning situations which they experience. The model thus appears
as a technical model of teaching — one which is dominated by the teacher, with pupils
‘performing’ to externally determined tasks.

In terms of the issues raised by Helen Haste, Bennett’s analysis is very partial. It is
worthwhile and necessary, but it is not sufficient and should be complemented by
other work — work which is more informed by sociological perspectives.

Among other related issues which have emerged regularly in recent research and in
HMI surveys has been that of the routine nature of many of the activity structures and
classroom tasks in which children engage — particularly in the ‘basic’ curriculum areas
(Alexander, 1984). In an attempt to address this issue and to be appreciative to the
concerns of teachers, Woods (1990) has drawn on coping strategies theory (e.g.
Pollard, 1982) to identify problems of the limited ‘opportunities to teach’ in class-
rooms. These are constrained by the inadequate resourcing of schools and by the enor-
mous current expectations of teachers.

However, it is also clear that the routinisation of tasks and activity structures is not
simply the result of a transmission process for which teachers are solely responsible.
Indeed, Doyle (1979) has suggested that many pupils seek tasks which are low risk’
and ‘low ambiguity’ and both the ORACLE researchers’ identification of ‘intermit-
tent working’ and ‘easy riding’ (Galton ez al, 1980) and my own identification of
pupil ‘drifting’ (Pollard and Tann, 1987) suggest that pupils’ learning stances and
strategies could be of considerable significance. Arguably, this is particularly impor-
tant in the context of the national concern for improvement in the level of learning
achievements, given the psychological evidence on the contribution of risk-taking to
learning (Claxton, 1984) and Dweck’s socio-cognitive research on motivation (1986).
As Galton’s (1987) review of the field in the last twenty years concludes:

. if advances (in our understanding) are to be made, there will (need to) be
greater concentration on the social factors affecting pupil learning and (on) the
ways in which teachers can create classroom climates which allow situations of
‘high risk’ and ‘high ambiguity’ to be coped with successfully.

(Galton, 1987, p. 44)

This statement underlines a key point in social constructivist models of learning about
control of the learning process. Since understanding can only be constructed in the
mind of the learner, it is essential that learners exercise a significant degree of control
of the process — a point to which I will return below.

I turn now though, to introduce the empirical study around which my thinking on

this topic has developed.
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A longitudinal ethnography

In 1987 I began a research programme, a longitudinal ethnography, which was designed
to explore the potential for linking social interactionism and social constructivism.

I aimed to monitor the primary school careers of a small cohort of ten children at
one primary school by using a variety of qualitative methods and I started from the
children’s entry to the school at the age of four. I particularly focused on the social
factors which were likely to influence the children’s stance, perspectives and strategies
regarding learning. Data was thus collected from parents about family life, sibling
relationships and the children’s emergent identities; from peers and playground
contexts concerning peer-group relations; and from teachers with regard to classroom
behaviour and academic achievements.

At the heart of the study was regular classroom observation so that the progression
of organisation, activity structures and routine tasks in each class which the children
passed through could be documented — together with the responses of the children to
such provision. The main sources of data were: field notes from participant-observa-
tion, interviews, teacher records, parent diaries, school documents, photographs,
video recordings, sociometry and examples of children’s work.

This work built on the sociological studies of teacher/pupil coping strategies in schools
which have developed over a number of years (e.g. Woods, 1977, Hargreaves, 1978;
Pollard, 1982; Beynon, 1985; Scarth, 1987), with their strong influence of symbolic
interactionism. Since that work has been generally accepted as a means of conceptualising
and analysing macro—micro linkages as they affect school processes, I judged that it might
also prove to be capable of bearing the weight of analysis of socio-historical factors in
learning, as raised by Helen Haste (see Figure 2.1), in addition to the interpersonal factors
which are the more obvious provenance of symbolic interactionism.

I also hoped that the study would develop existing work on coping strategies
substantively because of the focus on children as pupils developing through schools.
This focus was designed to complement the considerable amount of work which is
now available on teacher strategies and careers (Ball and Goodson, 1985; Sikes ¢z 4/,
1985; Nias, 1989). Additionally, of course, the study was intended to provide a more
explicit focus on learning than is evident in previous sociological work, which, as I
argued earlier, has tended to be primarily concerned with differentiation.

The main aims of the study were thus:

1 to trace the development of a cohort of young children’s stances, perspectives and
strategies regarding learning, through consideration of home, playground and
classroom settings;

2 to investigate pupil career, in terms of emergent identities and the influences on them,
as children move through different teachers and classrooms within their school;

3 to develop the analytic potential of combining social constructivist models of
children’s learning and symbolic interactionist models of school processes.

In the course of gathering data, I attempted to code and analyse it with the intention
of generating grounded theoretical models and concepts (Glaser and Strauss, 1967;
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Hammersley and Atkinson, 1983) which could contribute to both professional and
academic debate. In keeping with other, earlier work, I do not aspire to ‘prove’ rela-
tionships, believing this too inappropriate with regard to such subtle issues (or indeed
to many aspects of social science more generally). However, through the detailed anal-
ysis of the data, I aimed to highlight the most significant issues and patterns in the
social relationships which seem to affect pupil learning and career. Others can then
relate this analysis to their own circumstances.

This paper represents my first public attempt to begin to make sense of my work. It
remains tentative in many respects, but certainly indicates the direction in which my
thinking is leading.

By the spring of 1990, I had studied nine children (one child had moved schools)
over their first three school years with regard to three major social settings (classroom,
playground, home). I had collected a large amount of data and faced analytical prob-
lems which I aimed to address through the comparison of the nine cases which the
children represented.

Before I focus directly on the emerging analysis, an indication of the data is
provided below by a brief illustrative account of the educational experiences, over
their first two school years, of just two of the children whom I studied.

This is a highly condensed ‘account’, in almost narrative form, and was written
initially for an audience of governors and parents (Pollard, 1990). The judgements
expressed in it rest on a detailed analysis of data, but the main point which I wish to
make requires a holistic understanding, for which narrative documentary is a proven
vehicle. I thus hope that the account below serves its purpose in highlighting the
importance of contextual factors in learning and in providing a bridge to the theoret-
ical analysis in the final section of this paper. More complete substantive documenta-
tion and analysis will appear in due course.

Learning and developing an identity

The two children on whom this illustration is based began their school careers
together, with 24 others, in the same ‘reception’ class.

The first child, a girl called Sally, was the youngest of the two children of the school
caretaker. Her mother also worked in the school as a School Meals Services Assistant
and as a cleaner. Her parents had always taken enormous pleasure and pride in Sally’s
achievements. They celebrated each step as it came but did not seem to overtly press
her. Life, for them, seemed very much in perspective. Sally was physically agile and
had a good deal of self-confidence. She had known the school and the teaching staff
for most of her life. She felt at home. She was very sensitive to ‘school rules’ and adult
concerns and she engaged in each new challenge with zest. Over the years, with her
parents’ encouragement, she had developed a considerable talent for dancing and had
won several competitions. In school she had also taken a leading role in several class
assemblies and had made good progress with her reading and other work. The teachers
felt she was a delightful and rewarding child to teach — convivial and able, but
compliant too. Her friends were mainly girls though she mixed easily. She was at the
centre of a group which was particularly popular in the class and which, over the years
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since playgroup, had developed strong internal links and friendships through shared
interests, for instance, in ‘My Little Pony’, playing at ‘mummies and daddies’ and
reciprocal home visits.

The second child, Daniel, was the fifth and youngest in his family. His father was
an extremely busy business executive and his mother had devoted the previous 16 years
to caring for their children, which she saw as a worthwhile but all-absorbing commit-
ment. She was concerned for Daniel who had had some difficulties in establishing his
identity in the bustle of the family with four older children. She also felt that he had
‘always tended to worry about things’ and was not very confident in himself. For many
years he had tended to play on being the youngest, the baby of the family, a role which
seemed naturally available. At playgroup he was particularly friendly with a girl,
Harriet, who was later to be in his class at school. However, over their first year at
school, distinct friendships of boys and girls began to form. It became ‘sissy’ to play
with girls. Daniel, who had found the transition from the security of home hard to
take and who had to begin to develop a greater self-sufficiency, thus found the ground
rules of appropriate friendships changing, as the power of child culture asserted itself.
He could not play with Harriet because she was a girl, but nor was he fully accepted by
the dominant groups of boys.

This insecurity was increased when he moved from the structured and ‘motherly’
atmosphere of his reception class into the more volatile environment of his ‘middle
infant’ class. There were now 31 children in his class, most of whom were from a
parallel reception class — within which a group of boys had developed a reputation for
being ‘difficult’. The new teacher thus judged that the class ‘... needed a firm hand to
settle them down after last year’ and, as a caring but experienced infant teacher,
decided to stand no nonsense. It also so happened that this teacher was somewhat
stressed, as a lot of teachers in England and Wales have been in the late 1980s. She
sometimes acted a little harshly and in other ways which were against her own better
judgement.

The environment which Daniel experienced was therefore one which was some-
times a little unpredictable. Whilst he was never one of the ones who ‘got into trou-
ble’, he was very worried by the possibility that he might ‘upset Miss’. Daniel would
thus be very careful. He would watch and listen to the teacher, attempting to ‘be good’
and do exactly what was required. He would check with other children and, on
making a first attempt at a task, try to have his efforts approved before proceeding
further. Occasionally, at work with a group and with other children also pressing, the
teacher might wave Daniel away. He would then drift, unsure, watching to take
another opportunity to obtain the reinforcement which he felt he needed. As the year
progressed, Daniel became more unhappy and increasingly unwilling to go to school.

Daniel’s mother was torn as this situation developed — was the ‘problem’ caused by
Daniel’s ‘immaturity’ or was it because he was frightened of the teacher? She felt it was
probably a bit of both but school-gate advice suggested that discussion in school might
not go easily. She delayed and the situation worsened, with Daniel making up excuses
to avoid school, insisting on returning home for lunch and becoming unwilling to
visit the homes of other children. Daniel’s mother eventually and tentatively visited
the school where the issues were aired.
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Over the following weeks the teacher worked hard to support Daniel and to help
him settle. Daniel’s confidence improved a little, particularly when he found a new
friend, a boy, from whom he then became inseparable. Even so, as his mother told me
towards the end of the year, ‘we are holding on and praying for the end of term’.

These two children attended the same school and were part of the same classes — yet
as learners they had quite different characteristics. Whilst Sally was confident, keen to
‘have a go’ and would take risks, Daniel was insecure, fearful lest he ‘got things wrong’
in a world in which he felt evaluated and vulnerable. The accident of birth into a small
or large family may have been an influence too, with Sally having had the psycholog-
ical space to flourish and the day-to-day support of both her parents all around her,
whilst Daniel had to establish his place in a large family in which both parents faced
considerable pressure in their work — be it in an office or domestically. Perhaps too,
Daniel’s initial solutions to his position, which had carried him in good stead in his
infancy, whilst at home, would simply not transfer into the less bounded environment

of school.

Towards an analytical framework

The data which underpins an account such as that reviewed above is highly complex
and, in attempting to make sense of it, one can easily lose direction or become
distracted. For the purposes of this study, it was crucial to retain the focus on identity
and learning whilst also structuring the comparison of cases across settings — with 27
interrelated data sets formed by the nine children and three major settings. Building
on what I take to be key interactionist and constructivist principles, I evolved a simple
analytical formula Figure 2.3 which I found to be powerful and which could be
applied to data and cases derived from any setting,.

Self Control for
> learning

Others

Fl'gure 2.3 Individual, context and learning: an analytic formula

The relationship between self and others expresses the key symbolic interactionist
focus, with its recognition of the importance of social context in the formation of
meaning and self. A sense of control in social situations is seen as a product of this. It
is an indication of the success, or otherwise, of a child’s coping strategies in the
politico-cultural context of any particular social setting — home, classroom, play-
ground — and thus reflects the interplay of interests, power, strategies and negotia-
tion. However, it is also a necessary element of the learning process as conceived by
social constructivist psychologists. Only children themselves can ‘make sense’,
understand and learn. They may be supported and instructed by others, but, once
their understanding has been scaffolded in such ways, it must stand on its own
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foundations — foundations which can only be secure when the child has been able to
control the construction itself.

Teaching and other forms of support by adults are necessary, but they are not suffi-
cient. Learning also requires conditions which enable each child to control the
assembly and construction of their understanding’'.

I have elaborated below (Figure 2.4) a model by Rowland (1987) in order to express
this point.

Children Experience Experience
—> Makes
\ / / sense
Activity negotiated ZPD
/ Evaluation
) negotiated
Adult Reflective agent

Figure 2.4 A social-constructivist model of the teaching/learning process

It is worth dwelling a little on the importance of the role of an adult as a ‘reflective
agent’ in this model, providing meaningful and appropriate guidance and extension to
the cognitive structuring and skill development arising from the child’s initial experi-
ences. This, it is suggested, supports the child’s attempts to ‘make sense’ and enables
them to cross the zone of proximal development (ZPD).

Their thinking is thus restructured in the course of further experiences. Of course,
the concept of ‘reflective agent’ is not unrelated to that of ‘reflective teaching’ (Pollard
and Tann, 1987), which is becoming a new orthodoxy in terms of course rationales
for teacher education in the UK. However, as with sociology of education, present
work on reflective teaching is relatively weak on the issue of learning itself’. Of great
interest too, is the fact that carrying out the role of a reflective agent effectively is
dependent on sensitivity and accurate knowledge of each child’s needs. It thus places a
premium on formative, teacher assessment (TGAT, 1988) and could be greatly facili-
tated in England and Wales by the requirements of new legislation — if it is appropri-
ately implemented, a condition which, unfortunately, we cannot take for granted.

To recap — in Figure 2.4, we see the need for appropriate adult support and instruc-
tion and its relationship to children’s control over their learning. The two are not
contradictory. Indeed, I would argue that both are necessary but neither is sufficient
for high quality learning. In the cases of Sally and Daniel, Sally was able to negotiate,
control and cope with the variety of domestic, classroom and playground settings
which she encountered with relative ease. She was confident in tackling new learning
situations and achieved a great deal. Daniel found things much more difficult in each
setting, but particularly in the classroom. He developed two key strategies regarding
this learning. First, to watch, check and recheck to make sure that he ‘was doing it
right’ so that he could avoid ‘trouble with Miss’. Second, to stay away from school.
His learning achievements over the two years were relatively modest.
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Of course, the simple formula (Figure 2.3) and the social constructivist model of
interaction in learning (Figure 2.4) express only a small part of the story, and I have
developed them further to begin to reflect on the outcomes and consequences of the
learning process.

Self
Others \
ld::gty Control for
learning

learning stance

\ Learning /
outcomes

Figure 2.5 A model of learning and identity

This model Figure 2.5 expresses the recursive nature of experience. Self-confidence,
together with other attributes and other contextual factors (e.g. Bennett’s work on the
quality of tasks set), produces particular learning outcomes — successful or otherwise —
and with them associated perspectives. These, it is suggested, contribute cumulatively
to each child’s sense of identity and to their learning stance, and it is with these which,
for better or worse, they enter the next setting. Over time, as this cycle moves forward,
it tends to develop in patterned ways into what can be identified more clearly as ‘pupil
career’.

Thus, in the case of Sally and Daniel, we might speculate that Sally’s pupil career
will go from strength to strength, founded on the confidence of her learning stance,
whilst Daniel’s progress may be more halting. In fact, of course, such speculation is
premature. Time will bring new social contexts and experiences and the factor of
social class may influence the children’s development. This is where the longitudinal
design of the study should be significant.

Whatever the empirical outcomes, the nature of the patterns in pupil learning and
career is of consequence for both psychologists and sociologists. For psychologists, it
highlights processes of learning in context. For sociologists, it begins to relate factors
such as social class, gender and race, through the processes of learning and identity
formation, and on to long-term social differentiation, career and life chances.
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I am attempting to apply the basic formula, Figure 2.3, in relation to the settings of
classrooms, playground and the home, through the application of some key elements
of the model of coping strategies which I developed some years ago (Pollard, 1985).
Four important aspects of this are:

1 An individual’s structural position: their power, influence and capacity to take
active decisions.

2 An individual’s interests-at-hand: the immediate concerns of a person in processes
of interaction, given their goals and structural position within a particular social
setting.

3 The working consensus: the social rules and understandings which tend to
become established in any particular setting as a result of interaction. Such under-
standings often involve a negotiated ‘trade-off’ between the participants.

4 Strategic action: strategies used by individuals as a means of coping with different
settings. These include conformity, negotiating and rejecting and may or may
not be transferred across different settings.

In the cases of both the children illustrated, we see the influence of each of the three
major social settings and significant others in their lives — family, peers and teachers.

For Sally, the particular, overlapping configuration of the self/other relationship
between home and school gave her self-confidence on which she was able to build in
her relationships with her peers and which enabled her to exercise considerable control
over her classroom learning. Other data clearly show how this control was obtained, in
large part, through her social awareness and negotiating skills. She contributed
directly to the working consensus in both classes. Her structural position was strong,
her interests-at-hand could be accommodated within teacher goals and she acted with
skill and strategic awareness to achieve expected learning outcomes and a positive
identity — despite the risks associated with life in her second class.

For Daniel, the situation was more difficult. His structural position was weak both
in his family and then, almost as a knock-on effect of his strategies in the home setting,
amongst his peers. He felt insecure, in one way or another, in each of the three main
settings in his life and he thus developed relatively defensive strategies in order to
protect his interests. At its most obvious, this involved trying to avoid coming to
school but, once there, it was manifested by extreme caution in his dealings with
teachers and a reluctance to take any sort of risk or exercise control over his learning.
Preferring to keep a low profile, he participated little in the establishment of classroom
understandings and the working consensus.

Learning outcomes were affected and with them Daniel’s identity began to develop
and to be registered with both his teachers, parents and peers.

Of course, these patterns are related to the particular classroom settings in which
Daniel worked and to the teachers concerned and, unfortunately, the teacher of
Daniel’s middle infant class seemed to compound some of his difficulties. It remains
perfectly possible that Daniel will develop more poise and belief in himself as he gets
older and he has many abilities and social advantages. The question is an empirical one
about which, for the moment, we must be open-minded.
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The story of these two children is not just about learning in a narrow academic
sense. Additionally, it is about the ways in which Sally and Daniel began to develop
their identities as people. As was suggested by Figure 2.5, identity and self-confidence
in stances towards future learning develop alongside skills, knowledge and other
learning outcomes. They thus feed back, recursively, into future actions and experi-
ences and as the biography and career of each child is gradually constructed.

This brief illustration of the cases of Sally and Daniel demonstrates the importance
of the social context in which learning takes place and suggests that it will impact on
children irrespective of their individual capabilities. Interestingly, it also reinforces the
suggestion that there is no necessary connection between social class factors or income
levels and the quality of the learning environment which parents can provide.

There are many further aspects of this attempt to generate theoretical models of the
social factors affecting learning which could be discussed. However, in a paper such as this
there s little space to do them justice and they must therefore await elaboration elsewhere.

Summary and conclusion

In this paper I firstly suggested that many social phenomena require interdisciplinary
analysis if they are to be studied in ways which are valid — and thus practically useful.
Learning in primary schools provided a case in point and I reflected on the strange
absence of a sociological account and on the partial nature of other analyses because of
this omission. I then began to explore the potential for drawing on symbolic
interactionism and social constructivism to construct an integrated analysis and
showed how I have attempted to begin this through the analysis of data gathered from
a longitudinal ethnography of a small group of children in one school.

This analysis has significant policy implications for parents, teachers and school
governors since they bear very heavy responsibilities for children’s learning and careers.
This is so because children develop their perspectives, strategies and, thus, identities in
response to their need to cope with circumstances which such adults control. If adults
fail to cooperate, to liaise, to negotiate or to think their actions through, then it is the
children who will suffer. Their lives are, literally, an ongoing test of the continuity and
support which adults provide. Certainly such vulnerability deserves our attention and
can, I would argue, best be addressed by focusing on the nature of the learning provision
in different settings and by recognising the integrated nature of experience.

It is interesting that, at the present time in England and Wales, such issues are far
down the educational agenda — an agenda which is dominated by curriculum, assess-
ment, accountability and management issues. One day, when policies are sought with a
more secure foundation on learning processes, it is to be hoped that sociologists will be
able to contribute to the available understanding about this extremely important issue.
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Notes

1 Neville Bennett, in helpfully commenting on a draft of this paper (personal
communication, May 1990), has advised that he ‘knows of no data which would
argue that pupil choice of work is more positively related to elaborated schema
than, say, teacher given work’. I am still thinking about this statement because at
first sight it appears to beg the issue of motivation and its relationship to learning.
Clearly more discussion is necessary to clarify this important issue.

2 In the case of my own book with Sarah Tann, Reflective Teaching in the Primary
School (Cassell, 1987), a new edition, due 1991, will correct this.
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3  Learners as authors in the
mathematics classroom

Hilary Povey and Leone Burton with
Corinne Angier and Mark Boylan

Introduction

In this chapter we explore authoring as the means through which a learner acquires
facility in using community-validated mathematical knowledge and skills. As an
author, the learner uses his or her mathematical voice to enquire, interrogate and
reflect upon what is being learned and how. What does it mean to say that a learner of
mathematics is an author? For the majority of classrooms, authorship appears to be
vested in the mathematicians who determine what is to be learned, and the texts
through which that mathematics is conveyed. We believe that such a view ignores
what is known about the process of coming to know, which, far from being one of
cultural transmission, is necessarily one of interpretation and meaning negotiation in
the context of current personal ‘knowing’ as well as knowledge situated in the commu-
nity. This we believe to be a lifelong struggle to accord meanings to the narratives that
describe the personal, the socio-cultural and, inevitably, the political. Without such
meanings, it is difficult to make sense of why so many people fail in, or discard, their
attempts to learn mathematics and, in particular, why so many of these unsuccessful
learners are predominantly found in particular communities.

This leads us to ask three questions, which will guide the development of this chapter.

e  How does characterising mathematics learners as authors help us to uncover what
might be liberatory discursive practices in the classroom?

To answer this question, we invoke models of different ways of coming to know in
order to allow us better to theorise the learning of mathematics as located within peda-
gogical practices that support critical mathematics education.

e In what ways does understanding mathematics as narrative help to change the
classroom experiences of learners?

We explain our understanding of mathematics as a socio-cultural artefact similar to
language. Any particular ‘piece’ of mathematics can then be located, spatially and in
time, and be ‘understood’ within its cultural context. One outcome of this approach is
to take away some of the mysticism and power of mathematics and to relocate respect
to the learners, as well as those who have discovered or invented the culturally
powerful tools and knowledge.
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e  What are the classroom discourses and practices that foster or deny the author-
ship of learners of mathematics?

We use empirical data to explore this question in order to embed our theorising in
classrooms.

Coming to know mathematics

Three contrasting epistemological perspectives, three different ‘ways of knowing’
(Belenky ez al., 1986) are found in the mathematics classroom (as elsewhere): silence,
external authority and author/ity. We are not claiming that these perspectives cover
every epistemological stance or that a learner will, inevitably and irretrievably, be
located in just one of them. But viewing classroom experiences through this lens helps
us to understand how different pedagogical practices are experienced by learners.

The first perspective, that of silence, is where learners experience themselves as
‘mindless and voiceless and subject to the whims of external authority’ (ibid., p. 15). It
cuts off the knower from all internal and external sources of intelligence. Such learners
do not see themselves as developing, acting, learning, planning or choosing. They may
have no vantage point outside the self from which to view their situation or may see
themselves only as the object of such a gaze. They feel ‘deaf’ because they cannot learn
the words of others and ‘dumb’ because they have no voice. The perspective is immo-
bilising, making the mind blank so that the sense of knowing is lost. It is accompanied
by fear, loss of a sense of agency and feelings of powerlessness (Buerk, 1985; Buxton,
1981; Isaacson, 1990). By its nature, although apparently so widespread, it is unlikely
that, as teachers, we ‘hear’ this way of knowing in our classrooms. It is illustrated when
learners find their voice again and can look back on the experience of silence: ‘it is like
a stainless steel wall — hard, cold, smooth, offering no handhold’ (Buerk, 1985), ‘the
wall comes up ... down comes the blanket like a green baize cover over a parrot’s cage’
(Buxton, 1981, p. 4); ‘if unable to answer some fate worse than death would be wait-
ing’ (Isaacson, 1990, p. 23). Laurie Buxton pointed to a key link between the genera-
tion of this state of silence and the presence of authority external to the learner. It is a
way of knowing likely to be experienced in a classroom that is predicated on an episte-
mology of external authority, to a description of which we now turn.

The second epistemological perspective, possibly more commonly experienced than
any other in mathematics classrooms, is that of external authority. Authority is experi-
enced as external to the self and belonging to the ‘experts’. Meaning is taken as given and
knowledge is assumed to be fixed and absolute rather than contextual and changeable.
The knower is deeply dependent on others, especially authoritative others. This is the
voice that asks ‘Is it an add, miss?” (Brown and Kuchemann, 1976) and it is the one to
which many mathematicians from the hegemonic group would have us listen:

A common cause for concern is that there is far too much emphasis on self-
discovery rather than the presentation of material as a body of knowledge.

(Professor Crighton, Times Higher Education Supplement,

24 February 1995, p. 6)
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Much, even in those practices advocated as ‘discovery’, is predicated upon external
authority as the appropriate way of knowing; indeed the learner is understood to be
discovering the already known mathematics just as the mathematician is deemed to
discover mathematics, which is implicit to the system:

Nearly all research mathematicians believe that mathematics is discovered. This
is subjectively how it feels when one is working.
(David Epstein, 1994, private communication)

The authority for the learner rests in the content. The authority for the mathematician
rests in the subject. In both cases, the authority is external. Paul Cobb, Terry Wood,
Erna Yackel and Betsy McNeal (1992) gave an account of a teacher striving to work
with her students in a ‘discovery’ mode, offering practical activities intended to evoke
for the learners the mathematics to be learnt. However, a fundamental assumption
behind the pedagogy was that the children’s purpose when they engaged in mathe-
matical activity was to match the teacher’s intellectual expectations, in a sense to retell
the teacher’s story. In particular, ‘Every challenge identified was made by the teacher,
and, in this sense, she acted as the sole validator of what could count as legitimate
mathematical activity’ (p. 587). (See Edwards and Mercer, 1987, for a sensitive
account of similar practices within the science classroom and Barbara Jaworski, 1999,
for a sympathetic discussion of this difficulty for teachers.) More commonly, of
course, ‘delivery’ of the teacher’s knowledge is not simply implied by the pedagogy: it
is explicitly given as the goal.

The third epistemological perspective is that of author/ity (Povey, 1995). Teachers
and learners sharing this way of knowing work implicitly (and, perhaps, explicitly) with
an understanding that they are members of a knowledge-making community. (The
authors of each of the other chapters in this section have useful things to say about how
such community meaning-making might be conceptualised and/or practised.) As such,
meaning is understood as negotiated. External sources are consulted and respected, but
they are also evaluated critically by the knowledge makers, those making meaning of
mathematics in the classroom, with whom author/ity rests. Such a way of knowing opens
up the possibility of understanding knowledge as constructed and meaning as contin-
gent and contextual, and personal in the sense that it reflects the positionings of the
knower. The teacher and the learner meet as epistemological equals. They work together
to comprehend the world and to forge more adequate representations of it, which may
include de-naturing the present and revisioning and re-envisaging the future (Kenway ez
al., 1994, p. 202). It is therefore potentially emancipatory.

Within author/ity, we want to use the epistemological perspective suggested by
Patricia Hill Collins (1991). She offers four dimensions that help to assess knowledge
claims: concrete experience as a criterion of meaning, the use of dialogue, the ethic of caring
and the ethic of personal accountability. We believe that these four dimensions comfort-
ably describe author/ity, as we understand it, as well as give us a useful tool for making
judgements about the efficacy of the mathematics classroom.

Concrete experience as a criterion of meaning allows for ‘subjectivity between the
knower and the known’ (ibid., p. 211), relying upon her direct experience as a valid
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form of creating, testing and affirming meaning. Affirming the links between the
concrete and the mathematical abstractions that are drawn from that concrete seems a
necessary part, to us, of building mathematical competence and confidence.

The use of dialogue in assessing knowledge claims demands that such claims be
subject to both connectedness and critique within a community of knowers. We
understand the progess of making meaning, with Deborah Hicks, as that:

... of the child as actor within emergent and non-deterministic discourse contexts.
As the child moves within the social world of the classroom, she appropriates
(internalises) but also reconstructs the discourses that constitute the social world
of her classroom. This creative process is what I would term learning.

(Hicks, 1996, pp. 108-9)

The ethic of caring suggests to Patricia Hill Collins ‘that personal expressiveness,
emotions, and empathy are central to the knowledge validation process’ (Collins,
1991, p. 215). In the context of the mathematics classroom, this relocates author/ity
within the learner(s), respecting them for what they bring to the struggle for meaning,
rather than reserving respect for the authorities who validate the communal knowl-
edge. Between the personal expressions and the empathy of other learners lies the
space for establishing similarity and difference, for drawing out analogy or estab-
lishing the boundaries within which a statement is valid. The ethic of caring requires
that critique within the classroom to be both a requirement 4nd a responsibility,
which students and teachers accept in offering positive intellectual and emotional
support while, at the same time, pointing out discrepancies and/or difficulties in
argumentation.

The ethic of personal accountability calls upon learners to justify, to engage in debate,
to provide an evidential basis for their knowledge claims and to be willing to partici-
pate in such activities as fully responsible members of the community of learners.
(There are resonances here with Terry Wood and Tammy Tumer-Vorbeck, 1999.)
Ways can then be found for mathematical knowledge claims in classrooms to ‘stand
the test of alternative ways of validating truth’ (ibid., p. 219).

Author/ity and critical mathematics education

Author/ity as a way of knowing can be further explored through a concept of narra-
tive. We all use narrative ‘to make sense of our life experiences ... to give meaning and
some semblance of coherence to our lives’ (Clark, 1993, p. 32). Mathematics can be
appropriately construed as narrative because it is ‘an essentially interpretive activity’
(Brown, 1994, p. 141), mathematical expressions being thus understood not as
objects with internal inherent meaning but as hermeneutic acts uttered within a social
space that is contingent upon context, culture and coherence. If mathematics is
understood as the ‘telling of a story’, then each of us gains greater autonomy as an
author of that mathematics, but not at the expense of a deep commitment to the social
context of life and meaning-making. The very notion of telling a story presupposes at
least an audience and at best an active community of meaning-makers.
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[N]arrative always communicates within a community involving story teller(s),
sometimes listeners, or readers, and sometimes participants. It engages others in
the attempt not only to tell but also to explain and, ultimately, to understand the
experience which has provoked it.

(Burton, 1996, p. 30)

The notion of mathematics as narrative helps us to ‘see’ the authors of mathematics
within a community. This human meaning-making has been expunged from the
accounts of mathematics that appear in standard texts; the contents are then portrayed
in classrooms as authorless, as independent of time and place and as that which learners
can only come to know by reference to external authority. The teacher becomes

a Pythagorean educator wishing to reveal to children the eternal Divine Forms of
which children’s experience must inevitably be but a confused anticipation or a
pale reflection.

(Winter, 1992, p. 91)

Because the author(s) of the narrative remain hidden, mathematics becomes a cultural
form suffused with mystery and power, a discourse that mystifies the basis for cultural
domination. (See Winter, 1992; Skovsmose, 1994; and Burton, 1996 for a discussion.)

Understanding mathematics as narrative opens up the possibility of a more equal
relationship between the teacher and the taught in mathematics classrooms. Nicholas
Burbles and Suzanne Rice (1991) have noted that ‘teacher authority, even if it is
adopted with beneficial intent, takes significance against a pervasive background of
relations of domination’ (p. 396) and therefore needs constantly to be re-examined
and called into question in an emancipatory classroom. If the task of learners in the
mathematics classroom is to be, jointly or severally, the authors of their own mathe-
matics, the culture of the classroom must be one in which an epistemology of author/ity
is fostered. Constructing a narrative, acquiring authorship, cannot be done on the
basis of the external authority of others, but needs the participant(s) to understand
themselves as the makers of knowledge, tested out within their community of
validators (Cobb ez al., 1992, p. 594). It also, of course, requires that such participants
are not silenced in the sense outlined above, but have a personal voice.

Such a classroom is one in which teachers and learners strive to approximate to the
ideal speech situation posited by Jurgen Habermas and summarised by his translator:

[TThe structure (of communication) is free from constraint only when for all
participants there is a symmetrical distribution of chances to select and employ
speech acts, when there is an effective equality of chances to assume dialogue
roles. In particular, all participants must have the same chance to initiate and
perpetuate discourse, to put forward, call into question, and give reasons for and
against statements, explanations, interpretations, and justifications. Further-
more, they must have the same chance to express attitudes, feelings, intentions
and the like, and to command, to oppose, to permit and to forbid, etc.
(McCarthy, 1975, quoted in Carr and Kemmis, 1986, p. 143)
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In such a space, learners can tell their own stories about mathematics, the differing
accounts and interpretations being subjected to productive dialogue in the search for
more adequate descriptions of reality. The classroom changes. It is no longer a drill
ground ‘reflecting the commands put forward in the curriculum and made audible by
the teacher’ (Skovsmose, 1994, p. 185), which practises ‘a system of oppression [which]
draws much of its strength from the acquiescence of its victims who have accepted the
dominant image of themselves and are paralysed by a sense of helplessness’ (Murray,
quoted in Collins, 1991, p. 93). It becomes a space for the inculcation and acquisition of
the communicative virtues (Burbles and Rice, 1991, p. 411) which, in turn, are predi-
cated on relationships of equality and respect for each of us as authors.

In mathematics classrooms in which learners are the author/ity of knowledge, they
have the opportunity to use their personal authority both to produce and to critique
meanings, to practise caring in a dialogic setting where the effectiveness of their own
narrative(s) and also those of others is refined. The teacher and the learners will
(implicitly) understand that they have ‘constituted mathematical truths in the course
of their social interactions and that acts of explaining and justifying were central to
this process’ (Cobb ez al., 1992, p. 592). When the learner’s understandings do not fit
with those of others, they are encouraged to engage in ‘talk, discussion, suggestions
and conjectures and refutations, or shifts of thought through resonance’ (Lerman,
1994, p. 196), that is, to engage in the practice of critique, a practice fundamental to
creating potentially emancipatory discourse.

Author/ity in practice

We wish to embed this theorising into the practices of the classroom, to try to make it
‘fact-laden’ (John Mason, 1999). But, as will be obvious, exemplifying the classroom
discourses that foster the authorship of learners of mathematics is unlikely to be
successfully done by presenting ‘authorless’ snippets of teachers and learners at work.
The meanings for the teachers of their actions in the classroom are going to be central to
understanding, in practice, how they foster author/ity: how they nurture respect for
concrete experience as a criterion of meaning, how they promote dialogue, how they
help to generate an ethic of caring and of personal accountability. We offer here
extracts from the reflective writing of two secondary teachers who are committed to
such a perspective. We invited them to read the chapter thus far and to use the ideas as
a stimulus for thinking about their own classroom practices. We then wove their
writing and ours together to construct the rest of this section.

Striving for clarity about what one wants to achieve is a starting point. Corinne is
concerned to move her students from fearful mathematical silence to an epistemological
location where they have the opportunity to express their author/ity. She writes:

As a teacher I find that the children in my classroom are desperate for dialogue on
all sorts of levels. The challenge for me is to provide them with the space in which
to develop their mathematical voices and not to drown out their efforts in a
cacophony of discordant demands. As a friend, a parent, a sibling, I find it much
easier to allow dialogue on somebody else’s terms. I happily participate in
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hundreds of conversations with my own children that lead into blind ends; a
luxury I rarely afford the children I teach. In the classroom there is always the
curriculum, the lesson plan, the implications for classroom management, most of
all there is the fear of anarchy ...

This starting point allows her to focus on the narrative usually constructed in mathe-
matics classrooms and to critique her own actions as they reflect current practice.

I remember a mixed ability lesson on percentages with my class of 11-year-olds.
ME: What does per cent mean?

Five hands shoot up. (I seem to have forgotten the strategy of tell the person next
to you, now tell your table and so on.) Twenty-five people are already feeling
voiceless. I select one hand.

CHILD A: It means in the shops you get 50 per cent off.

How can, how should, I reply to this? The child has stated what percentage
means to him at the moment. He is therefore right but on the other hand the
lesson exists to move his understanding on and so he is not right enough! What
might have happened if I had responded as a person not a teacher?

ME: Yes, that’s right I expect everybody has seen those kinds of signs up in the
shops. What were you going to say?

CHILD B: It means if its 10 per cent off then that’s 10p in every £1.

ME: Very good, it does. That’s something to do with how many pence there are
in a pound. Does anybody know what cent means in French? (I write cent
on the board.)

ANONYMOUS VOICE: One hundred.

ME: That’s right. What were you going to say?

CHILD C: Does it mean out of 100?

Child C clearly felt that the initial question had not been answered, that the class
had not yet produced the desired result. I greeted her answer with enthusiasm,
which the class picked up on as meaning that’s it, we’ve cracked it. All of us then
breathed a collective sigh of relief. Had any of us really achieved anything at all?

This incident draws attention to a very real difficulty with teacher questioning:
teacher questions seem to imply answers and those then seem to be both predeter-
mined and already known.

As well as enabling her to see differently some practices currently accepted,
Corinne’s starting point also allows the possibility of understanding ‘deviant’ practice
differently and of recognising the need to renegotiate the complex space within which
students can pursue meaning-making.
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Later in the lesson, after a number of activities, child C shouted out, ‘10 per cent
is not really very much, is it” Child B joined in, ‘No, they just do that to make
you think you are getting a bargain.’ I joined in with their cross-class chat by
suggesting that 10 per cent of a large lottery win might be quite a lot of money.
More people joined in and a far more meaningful discussion took place — or
perhaps a disruptive girl pulled half the class off task? It was, of course, bad class-
room practice; children should not shout out, they should not have conversations
across the room and certainly the teacher should not join in and hence condone
such behaviour. How can teachers provide space for children to express the things
they’ve just thought of?

Taking seriously the notion of children as authors of mathematics involves a more
fluid and responsive structure to mathematics lessons. Building such a classroom
culture takes a considerable amount of time.

Mark had been working with the same class for more than a year and had a number of
experiences that were significant in moving himself and the class forward. In these reflec-
tions on a particular lesson with them, we see glimpses of what it can mean for students to
be the authors of mathematics and the significance of this for them as learners.

I have come to identify with a radical tradition in education that seeks to develop
educational practice in such a way that it can help to nourish personal develop-
ment and social change ... A significant concern is how can I create the conditions
whereby my students think more critically about mathematics, themselves as
learners, the learning process, schooling and society ... One incident that helped
me think about how the gap between my theory and practice might be closed
arose out of a lesson on infinity and the students’ response to it ... I was stuck fora
lesson for the last lesson with my class of 15-year-olds on the last Friday of a long
half-term. The tradition was to play some sort of mathematical game. (It is an
indictment of our National Curriculum [in the UK] that its effect is so unex-
citing that a game is seen by teachers and students as a relaxing release from its
pressure and, by implication, that maths lessons being enjoyable is a rarity.)
However I had the idea that I wanted to do something different and decided that
a lesson on infinity was a much better idea. The students took some convincing
that ‘going lobster fishing’ wasn’t a better choice!

The lesson was investigative and largely orally based. It was clear during the
lesson that many students had thought deeply about the concept, even if it was on
the part of some students to deny its reality. This was a ‘good’ lesson in the sense
that our current regime of inspectors teaches us how to think about lessons in that
nearly all stcudents remained on task throughout the lesson, they used and learned
mathematics at the higher levels of the National Curriculum (calculating with
fractions, deriving sequences by iteration, summing to a limit). This was impor-
tant to me because in the short-term it feels necessary to show that teaching in a
different way ought to be successful in those terms as well as giving more besides.
Feeling a little carried away by its success, I set them a homework to do over half -
term (much moaned about at the time) on the lesson. I asked them to do two
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sides of A4 on infinity. The choice of the content was up to them, they might
choose to investigate some infinite series of their own, to write about the history
of the idea, their own ideas about infinity or to write a poem (no takers for this
one but that’s hardly surprising as the number of poems by ‘proper poets’ on the
subject is not very large).

The students’ response was qualitatively different from previous pieces of work
... I was teaching in a working-class school set in a large council estate with high
levels of poverty and unemployment. The students’ image of themselves as
learners is generally low ... In addition there exists a counter culture in the school
which derides achievement and interest in learning; this is particularly prevalent
amongst boys in the school. The students’ responses were the most individual
pieces of work I had received. I felt that I had set them a difficult task and they
had responded very well. I felt pleased with what had happened but did not spend
too long thinking about it.

Later in the year students had to write formative records of achievement and
select one piece of work that they felt most proud of. To my surprise the majority
of students chose the work they had done on infinity ... When I discussed their
choices of work with them I realised that for a number of them their view of
learning and themselves as learners had changed in a small but important way.

Mark also offers an account of a more ‘commonplace’ lesson, a surface description of
which might have much in common with classrooms predicated on a very different
epistemology. We have to read through the lines in order to hear the validation of
specific experience, the centrality of dialogue for building shared meaning, the respect
for what the learners bring and the call to justify their knowledge claims within a
community of learners.

I think my students get a lot from the collective strength of tackling a problem
together ... One lesson I wanted my 14-year-old students to get practice in using
Pythagoras’ theorem, a new topic for them. I saw an opportunity to explore trial
and improvement methods at the same time. I didn’t have a clear idea of exactly
where the lesson was going to go, preferring to let the students’ response guide me.

I started by setting out a problem from recreational maths. Sue, a forest ranger,
is 300 m east from a river when she sees smoke from a fire 1000 m north and
400 m east from her. She has to run to the river, collect a bucket of water and
then run to the fire to put it out. Obviously she needs to do this in the shortest
time possible and so must run the shortest distance from her position to the river
and then to the fire.

The students’ first task was to agree in pairs on a diagram that would model the
problem. We then shared these on the board. A class discussion then followed on
what might be the best solution, some students asserting that she should run
directly east and then diagonally to the fire, others stating that she run diagonally
to the river and then go east, whilst the rest argued for two diagonal runs. The
students came and drew diagrams on the board of their proposed solutions, iden-
tified right-angled triangles and quickly realised that all of their proposals would
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need to be tested by using Pythagoras. We worked through one triangle together
to make sure everyone was happy about applying the rule in this context.

They set to work in pairs to calculate distances for their preferred solutions...
Comparing answers we agreed that we couldn’t be certain that any of the solu-
tions was the shortest distance. A little nudging led to the idea of searching for a
solution and we agreed on steps of 50 m. The work was divided up and more
distances calculated.

We collected the solutions in a table. The design of the table provoked some
controversy but the majority wanted as much information as possible in it. All possi-
bilities were attempted by at least two pairs and this meant that the class checked each
other’s results. When differences of opinion occurred we all worked through the
triangles and had the chance to discuss some common errors. In the situation of a
shared goal the error makers didn’t seem particularly embarrassed but rather valued
for adding a useful contribution to the experience. Examining the table led to the
decisions to narrow the range of the search and we tackled the problem again at 5 m
intervals and then finally we narrowed the solution down to the nearest metre.

We discussed some extensions and most students worked through the problem
again setting their own initial distances at home. One pair tried to see if they
could find the point Sue would get to the river given the total distance and
another decided that Sue wouldn’t be able to run as fast once she was carrying a
bucket full of water and with some guidance found a new solution to the original
problem taking this into account — although their assumed running speeds would
have made Sue a world record middle distance runner by a long way! All
homeworks were completed on time — a very unusual occurrence with this class.

Tasks that can be approached in a variety of ways and that depend upon a range of
different responses can provide a particular opportunity for nurturing an alterative
epistemology. Mark and Corinne were together involved in two lessons when a class
of 15-year-old students, during a visit to the university, worked on the idea of
geometric construction. In groups, the students spent part of the time using a variety of
materials — geostrips, tissue paper circles, pairs of compasses — to construct a square in as
many different ways as they could, sharing their results later with one another and
explaining what they had produced. They were also asked to reconstruct a particular
figure (of an equilateral triangle produced by two circles) using dynamic geometry soft-
ware, to set themselves the task of constructing some other constrained triangle (for
example, isosceles or right-angled) and finally some polygon(s) of their choice. Groups
compared and contrasted their approaches and needed only a little encouragement to
believe that alternative paths might lead equally to success. The fact that all the pairs set
themselves to work with a will, and had no difficulty in setting themselves a task and
tackling it, is a result of patterns of working that Mark had established over time. Never-
theless, the students noted and valued particular features of these sessions. Lucy said:

I liked doing them circles best, the ones with the triangle, we thought about trying
to do a scalene triangle but we didn’t have time. We thought that were good when
we were trying to work out about why [the equilateral triangle] did that ... it took us
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more than once to try and work out the first time and then once we’d got that we
could like go on to other things ... I liked it because we had to experiment.

The students were asked to write up their reflections on the experience.

JOANNE: The work we did was quite challenging and I enjoyed it a lot. I enjoyed
puzzling things out and trying my ideas. I also enjoyed being part of the
‘group’ and knowing that I was there to not just work on my own but to
work with someone I could talk to, work with and relate to. It also felt good
to be able to talk to other people about my work.

PATRICK: [ also learnt that maths isn’t just writing, there are lots of practical
things you can do.

MATTHEW: lalso learntalotabout myself. I learnt that I can work with a partner
and in groups to solve problems, and I can work on a puzzle until it is solved,
correcting mistakes I make and learning from them.

ZOE: ... the work we did involved more thinking and remembering what we had
done, at school we usually write everything that we learn or have learnt in the
past.

Mark, in turn, reflected on the students’ responses.

Studies have shown that students from working-class schools spend a signifi-
cantly greater amount of time than other students writing. The approaches to
learning that the students described and valued have been an important part of
the way I have tried to work. Nevertheless the unspoken realities and culture of
school life have nudged me in the direction of ‘write it down’. There is a strong
fear that if there is not a written record of work done then the work will be less
valid. I recognise how this displays a lack of confidence that students really will
learn more through discussion: they had better have a written record to help them
‘revise’ in case the content is not learnt ... Is the current emphasis in the [UK]
National Curriculum on record keeping, evidence, inspection and testing a pres-
sure away from the oral and group work these students so enjoyed? ... It is ironic
that the students who were critical of their usual diet of ‘writing things down’
were much more enthusiastic when writing their own record of the visits: here the
process of writing was a creative individual act.

These visits helped Mark in his attempts to look behind the taken-for-granted prac-
tices of schooling and the epistemology on which they are based, which restricts the
use of a caring and accountable dialogue in the construction of mathematical
meaning. Corinne describes how a pupil-shadowing exercise illuminated for her how
those practices inhibit the voice of the student and neglect the potential of the knowl-
edge-making community, which is the class.

I was involved recently in a shadowing exercise, following a 14-year-old puplil,
which amongst other issues brought home to me just how ‘silencing’ the
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classroom environment is. In an art lesson, I watched as a teacher tried to interest
her students in a display of lettering whilst they were otherwise occupied. Even-
tually one of the girls listened and started to ‘argue/discuss’ but she was repri-
manded for talking out of turn even though she was the only person willing to
engage. The message goes out that sitting and silently ignoring a teacher is more
commendable than taking issue. This observation was repeated in technology
where again a girl made a pertinent observation and started asking insightful
questions but was ignored then fobbed off. Later in science it was the same story
when a boy started to question the structure of the atom. Just the same thing
happens in maths lessons. We appear to be determined to make our classes walk
along predetermined paths that are called lesson plans, schemes of work and so
on.

During my pupil-shadowing day I talked to three 14-year-old students for an
hour. I asked them to tell me about any experience in school where they felt they
had really learned something. One of the boys described a lesson the previous
week when a supply teacher had taken them for science and he had answered all
of the boy’s questions, engaging in conversation and discussion for nearly an
hour. I asked one of the other students whether this hadn’t been a bit boring for
the rest of the group. ‘Oh no’, he replied, ‘it was great. We were all listening and
joining in a bit, it’s just that Tim asked most of the questions’. It is a classical way
of learning. It is how most pre-school learning takes place and fortunate children
have a parent or friend who is willing to go on engaging in discussion on the
child’s terms. It seems to be a rarity in school. We are so locked into an ideology
of performance and testing that we dare not depart into the realms of true
enquiry. We do not allow ourselves the time to meander in directions chosen by
our pupils.

Skovsmose notes that ‘when the orientation is decided by the child, an epistemic
‘energy’ is released’ (Skovsmose, 1994, p. 69). This epistemic energy can be seen ‘as
something people possess which must be annexed in order for larger systems of
oppression to function’ (Collins, 1991, p. 166, drawing on the work of Audre Lorde).
This epistemic energy needs to be released if mathematics classrooms are to be the site
of critical education.

Conclusion

In this chapter we have explored how the characterisation of mathematics learners as
authors can help us uncover aspects of liberatory classroom practice. We have argued
that fostering an epistemological perspective of author/ityamong teachers and learners
will support a renegotiation of the relations of dominance embedded within current
conceptions of the nature of mathematical knowledge. Such an epistemological
perspective takes the concrete and the personal as the starting point for meaning-
making; it recognises the vitality and significance of dialogue in the process of knowl-
edge construction within a community; it relocates the privileging of the read and
written in the mathematics classroom into a more coherent approach drawing upon
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speaking, listening, reading and writing and emphasising meaning construction and
negotiation; and it nurtures within that community an ethic of care and of personal
accountability. Sal Restivo (1992) has written,

Some of the representations of dominant groups are likely to be labelled as self-
evident, and put to use to enforce conformity, put a subject beyond dispute, and
deal with ambiguities and anomalous events.

(p. 125)

Much mathematics has functioned as such a representation. It is our hope that the
ideas in this chapter will support a challenge to mathematics thus viewed and will help
open up the power of the subject to learners within communities to whom it has so far
largely been denied.
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4  Paradigmatic conflicts in informal
mathematics assessment as sources

of social inequity

Anne Watson

Abstract

Mathematics teaching in the UK has undergone several major externally imposed changes
during the last decade. Current practices display a range of epistemological and pedagogical
assumptions and behaviours, depending on teachers’ interpretation of, adoption of and belief
in current statutory requirements for teaching and assessment. This paper examines in detail
differences within the informal assessment practices of 30 UK mathematics teachers. It is
Jound that these illustrate several of the paradigmatic differences that permeate studies of
human behaviour on a grander scale. Since informal assessment decisions can lead directly or
indirectly to differentiated access to the curriculum and high-stakes grading, the use of
teacher assessment as a focus for examining differences illuminates the possible inequities
which might arise for pupils. Examination of differences within one system and one society
gives information about effects of different educational practices which, were they to show
up between societies, might be attributed to other social and cultural factors.

Introduction

The recent publication of the TIMSS report (1997) has generated much interest in
international comparisons of the mathematical performance of school children. Many
attempts have been made to make sense of different outcomes relative to features of
national culture, such as predominant teaching styles, social structures, educational
intentions and so on (Jaworski and Phillips, 1999). In this paper I will look closely at a
subgroup of differences of practice within one highly structured national system, that of
the UK National Curriculum (NC), in order to show a range which cannot be explained
solely by national features. These differences reveal a collection of paradigmatic conflicts
within one national culture, expressed as variations in classroom cultures.

In the context of educational research Gage (1989) suggests that ‘paradigm differ-
ences do not require paradigm conflict’. He shows how it should be possible for three
apparently unreconcilable perspectives, which I shall roughly classify positivist, relativist
and emancipatory, to contribute three compatible forms of knowledge about teaching,
learning and schools. The kinds of questions one can pose within each paradigm, and
the ways one might answer, are different but the ultimate purpose of improving educa-
tion is the same. However, Brown (1993) describes conflicts that arise when these
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different paradigms are used to design usable curricular and assessment systems. She
collates the subjective and emancipatory paradigms and describes how an interpretivist/
relative/subjective view of knowledge, such as one might need for the problem-solving
aims of the mathematics NC, can be emancipatory for learners by allowing them to use
pragmatic forms of knowledge they have developed outside school, or for the specific
purpose of solving the current problem. These approaches inevitably clash with the
absolutist/positivist/objective approach which led to the structures of the NC and
require mathematics to be a formal, abstract, testable, hierarchical body of knowledge
(Lawton, 1993). Cresswell and Houston (1989) examine contextual assessment tasks
for mathematics, introduced in an attempt to reconcile these views, and conclude that
the effect of context on performance led them to be ‘less accurate, reliable and fair’ in
producing abstract statements of achievement than conventional assessment proce-
dures, which are well known to be unfair (Gipps, 1994). Cooper and Dunne (1998)
provide evidence of inequities created by contextual mathematics test questions
demanding situational and linguistic flexibility which appears to discriminate along
class and gender lines (see also Bernstein, 1990). In other words, some methods of
summative assessment which have the appearance of supporting an interpretivist view of
knowledge can be as unfair as positivist approaches, thus challenging Brown’s implied
collation of interpretivist and emancipatory approaches within the current system.
Individual classroom cultures are, however, created only in part by the external system
within which teachers operate; teachers’ interpretation of statutory requirements in prac-
tice varies according to their own beliefs and philosophies. As Thom (1973) said: ‘All
mathematical pedagogy, even if scarcely coherent, rests on a philosophy of mathematics’, a
point elaborated in Thompson’s (1992) substantial review of the relationship between
teachers’ beliefs and their practices. Beliefs are expressed in a range of ways, most power-
fully in how (and in what circumstances) the teacher evaluates and responds to students’
attempts to express their mathematical understanding, for it is partly through these mech-
anisms that learners decide what mathematics is (Nickson, 1994). In recognition of the
importance of classroom beliefs, Steiner (1987) has called for the development of:

A meta-theory (of mathematics) which is based on a systems approach based on
human activity and social interaction ... a system from the point of view of
human object-related cooperative activities.

Similarly, Ernest (1998) has attempted to develop a philosophy of mathematics which
includes an adequate account of how it is learnt, arguing that any philosophy which
excludes such features cannot account for the development and use of the subject.

The aspect of dlassroom culture discussed in this paper is teachers’ informal, ongoing
assessment of students” mathematics. Assessment both contributes to, and is partly formed
by, the classroom culture as a whole. The mechanisms of assessment reflect what is valued by
teachers and others, explicate such values, bestow status and also shape classroom activities so
that valued behaviour is generated. “We interpret, theorise, teach, test, assume, expect,
measure and thus confirm our initial expectations of children’ (Lerman, 1994, p. 192).

In the UK educational system informal assessment practices contribute to discrimi-
natory curriculum decisions from an early age through grouping, tracking and setting
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practices which, according to OFSTED (1994), are used increasingly. They also
contribute to grading decisions at 7, 11 and 14, which may be used for high-stakes
decisions, and to high-stakes decisions at 16+. Teachers’ assessments, as well as struc-
turing and reflecting what is valued in school mathematics, therefore partly control
access to the curriculum and hence to future educational and social opportunity.
Indeed it is usually in-school assessments which generate the information used to
place pupils in differentiated groups for mathematics teaching, groups which tend to
fracture the student cohort in terms of class and ethnicity (Boaler, 1997). For these
reasons it is important to look at informal assessment to see if, and how, inequities
might arise in its associated practices.

Research

Thirty primary and secondary teachers were interviewed about their informal assess-
ment practices over a period of three years during which they were using an early version
of the Mathematics National Curriculum which was very prescriptive both in terms of
what has to be studied, and in the detail of the accompanying assessment criteria. The
sample was selected to represent primary, middle and secondary school teachers of Years
6 and 7 in three local authorities. Early interviews were arranged through personal
contacts and a balanced total sample was achieved by approaching other schools by
letter, sampling from appropriate lists. To a certain extent all the teachers were self-
selected as being interested in talking about their assessment practices. All the teachers
had received some training in the objectives, content and assessment requirements.

The NC provides a framework for UK mathematics teaching which emphasises
process as well as product, expects understanding as well as performance, and encour-
ages the development of practical, problem-solving and investigative skills alongside
knowledge of the conventional canons of the subject (DfE, 1995). Within this system
of a prescribed curriculum, detailed assessment criteria and trained teacher-assessors it
will be instructive to look at varieties of practice. However, it must be emphasised that
the assessment criteria required by the NC were summative statements of capability,
understanding and performance; while what teachers look for in their informal assess-
ment includes, as well as these features, useful working habits and notions of ‘ability’
and ‘potential’ which help a teacher decide what to say, and how, to whom (Lorenz,
1982; Ruthven, 1987; Dunne, 1994; Watson, 1996).

Interviews typically lasted an hour, taking place after a day’s observation and
support in the teacher’s classroom, and were semi-structured around a core question
and a core prompt: ‘How do you find out and recognise what children know and can
do in mathematics? Tell me about <child’s name>’s mathematics’.

Interview transcripts were analysed in several ways, including an analysis of the
interviewer’s role. Firstly, many features of the teacher’s narratives about assessment
were identified and coded. Then these were grouped into categories that describe
assessment practices from various perspectives. The relevant process for this paper was
the recognition of several levels of power in the practice of teachers-as-assessors. These
were identified by looking for features of the reported assessment practices in which
teachers exercised choice, explicitly or implicitly, and where they reported having to
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‘fit in’ with real or perceived constraints, as they interpreted them, imposed by various
authorities. In this analysis the teacher is seen as subordinate or superordinate to some
of the components of teacher assessment, thus exercising power over or being subject
to the power of others. For instance, the teacher is subordinate in the NC assessment
structure, being the servant of the government and answerable to it through inspec-
tion. The teacher is subordinate to the school governing body, carrying out its poli-
cies, working within the staffing structure it provides, and answerable to it through
league tables and appraisal. The teacher is superordinate to the pupils; they are
expected to learn through her actions, obey her, fulfil her expectations, and will be
assessed by her and have certain decisions about futures made by her, and yet they also
bring aspects of other parts of their lives and other knowledge into the classroom.

Figure 4.1 describes these power relationships, producing a network of relations in the
classroom. It is not a complete picture of power relations in the classroom, because it only
sets out to describe those that affect the actions and intentions of the teacher-as-assessor.
For the purposes of this illustration I have taken ‘mathematics’ to be an academic structure
in which the teacher is servant to a higher notion of mathematics as an academic subject;
this is represented to the teacher by the NC and the statutory assessment requirements. I
have selected this view of mathematics so that Figure 4.1 presents the maximum possible
power superordinate to the teacher, and hence describes the teacher as under most pres-
sure to conform to outside influences. The final powerfulness of the teacher is expressed
through interpretation of the pupils’ work, leading to an assessment judgement. Of
course, the teaching process does not end there; such judgements then affect teachers’
actions, pupils’ dispositions, and possibly, eventually, teachers’ own attitudes.

This structure having been suggested by an initial analysis of the interviews, the
transcripts were then re-analysed with this framework in mind. Statements about
actions, methods, systems, beliefs from the 30 interviews were sorted within the struc-
ture of relationships, and the reported practices then examined for similarities and
differences within each grouping. This proved to be an effective method of exposing
differences within the collected practices of all 30 teachers, showing how far inten-
tions and actions were shared between the teachers, and what sort of differences could
occur. The differences I report here are those which emerged from this analysis and
might lead to inequity. By inequity I mean the making of different decisions and the
offering of different opportunities, in similar circumstances, by different teachers, in
ways which might affect pupils’ futures. Operational differences which were explicitly
mentioned by the interviewees are dealt with elsewhere (Watson, 1998). Similar
contradictions appeared in several places in the data, so I will report them under the
following headings rather than as features of the power relationships:

differences in perception of how pupils can change;

differences in teaching practices which can affect assessment;

differences in assessment practices which could lead to different outcomes;
different learning styles of students;

differences in desired learning outcomes;

different views of mathematics; and

different personal experience.
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Differences in perception of how pupils can change

Teachers differ in their perceptions of stability of certain traits in their students. For
instance, impoverished socio-economic background was sometimes given as a reason for
underachievement, yet some teachers had high expectations as a norm and did not
mention background as relevant. For some teachers motivation, interest, boredom, confi-
dence and preferred learning styles were treated as given, but other teachers regarded it as
part of their job to affect these through their expectations or teaching styles.

The influence of the teacher’s existing knowledge of a pupil is important. Some
teachers were aware that they would react differently to different pupils doing the same
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thing because they had formed judgements about the capability in advance. The expecta-
tion that pupils will follow patterns of learning behaviour, and that the teacher can get to
know these patterns thoroughly enough to spot when an incident is a manifestation of
normal behaviour, and when it is an aberration, is high. One teacher was sure he would
know whether an error was evidence of misunderstanding, or merely a ‘slip-up’, because of
who had made it. The question here is whether real changes in learning behaviour will be
interpreted as such by a teacher who already has a strong opinion of a pupil.

Differences in teaching practices which can affect assessment

All teachers used investigative activities for assessment of mathematical processes,
although some only used them for assessment purposes. Some teachers gave regular tests
and practice sessions for national tests, while others did not. Some teachers give practical
tasks as an assessment tool, believing application to be the ultimate demonstration of
understanding. Others give practical work first to motivate the topic. Those students
who are encouraged often to work investigatively or practically, or have practice tests
will, presumably, be better at working that way when being assessed, or applying their
knowledge with different strengths in different circumstances.

Teachers talked of different groupings and expectations of pupils, offering different
levels of challenge and expecting different outcomes. It is well known that this
approach creates or confirms difference as well as responding to it (e.g. Nash, 1976).
For instance, a teacher’s actions generate similar behaviours for most pupils who
conform to a notional norm, but noticeably different behaviour in those who do not
fit the norm (Walkerdine, 1984). The tension here could be between individual and
group approaches to education, but could also be between the maintenance or
improvement of past standards.

In teaching interventions some teachers prefer to show similar examples, similar
explanations to the ones which have previously failed to help the pupil understand,
while others look for different approaches and examples. The teacher who uses a trans-
mission model of teaching offering pupils opportunities to fill in gaps of a message
previously received, and the teacher who expects the pupils to construct their own
meanings offering a variety of metaphors to aid construction, encourage different
learning styles. The former may lead to a solely procedural view of mathematics, the
latter to a broader, more adaptable view of mathematics.

Many teachers acknowledged that working from written texts is difficult and they
have to mediate frequently, very often the difficulty being with the text and not with
the mathematics. It was found that often the same teachers use texts not just as sources
of questions and ideas but as a major teaching method thus further disadvantaging
pupils already recognised as having difficulty.

Differences in assessment practices which could lead to
different outcomes

Many teachers were doubtful about the use of tests: they are ‘limited’ and ‘not the be
all and end all’. Others regarded them as a way to verify what they already knew in a
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way that would be acceptable to outside eyes. Many teachers referred to well-known
problems with regard to national tests, for instance, they believed that use of contexts
could bias results for certain students; some students reacted badly to test pressure;
tests could only test certain things and not tell you about the whole of a student’s
achievement; test questions can be ambiguous; and so on. But they did not raise the
same issues about their own ‘home-made’ tests.

Time was a huge problem; teachers frequently said that assessment of individual
pupils required time to be done accurately, and time was not realistically available.
Therefore they had to prioritise. Teachers vary in how they prioritise what they want
to find out about new pupils. For instance, some wanted to know first how pupils
work, especially in investigative situations. Others wanted to find out what pupils
already know by using specially designed assessment. Thus teachers gain different
kinds of knowledge about individuals during the early lessons of a course and may
therefore base their initial assessments on different kinds of evidence.

Different learning styles

Teachers talked of achievement and display of understanding as an exploratory,
discursive and reflective practice which nevertheless could cause frustration in some
students. They described students who are goal oriented and dislike explaining before
moving on to something else; who prefer a conformist approach and linear progress
through textbooks; who aim for mastery; who need to see how a concept could be
useful. In contrast, teachers used words like ‘imagination’ and ‘intuition’ to describe
good learners of mathematics. But in general there was more concern voiced about
those who could not work in unstructured, relational or creative ways, than those who
could not work in structured or instrumental ways. Learners with some preferred
styles of learning may not be encouraged to develop a repertoire of other ways to learn
(Scott-Hodgetts, 1986).

Differences in desired learning outcomes

One difference in desired outcomes is the perceived importance of pupils’ own methods.
Almost all teachers valued these, but traditional layouts are taught and given higher status
by teachers because they believe these to be the desired artefacts of the prevailing assess-
ment culture. Teachers have largely adopted the aims expressed throughout the NC, of
understanding, explaining and valuing own methods. But these aims cause problems with
some puplils, especially those who find writing about their mental processes hard, and
conflict with a perceived aim of producing traditional algorithms.

There are different views about written work: some only accepting it if accompa-
nied by discussion or other oral work, others seeing it as the summit of achievement.
In the end, disembodied written communication is important in exams and tests, yet
most teachers say that there is a gap between understanding, successful doing of math-
ematics and being able to write it appropriately. The order in which teachers expect
work done (oral-written or written—oral) varies. Quality of written work may be
confused with good presentation, and very messy work is not always a demonstration
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of failure to understand. These differences may lead to different classroom practices
for similar pupils, and different judgements being made about the mathematics repre-
sented by written work.

Teachers make judgements about pupils’ normal achievements in classrooms, and
these are influenced by their own values in mathematics. Several different aspects of
doing maths in classrooms have to be balanced. For instance, ad hoc problem-solving
skills and replicable mathematical skills, memory for rules and ability to adapt rules,
may be valued differently by different teachers. Even with similar views of mathe-
matics, teachers may interpret evidence differently because their idea of how mathe-
matics should be represented may differ. If the ultimate aim of an activity is an
algebraic expression in correct form, other forms of that expression (diagrammatic,
verbal, unconventional algebra, etc.) may or may not be valued, depending on the
teacher.

Language weaknesses may mask the level of understanding. Some teachers might
say that if a pupil understands they will be able to communicate it, others that these
are separate processes and understanding may precede communication.

Different views of mathematics

Strong links exist between teachers’ views of mathematics, how they teach it, how they
interact with pupils about mathematics, and therefore how the pupil views mathe-
matics, does mathematics and achieves in mathematics (Thompson, 1992; Nickson,
1994). Hence there is an inevitable link between views of mathematics and ideas
about its assessment. There are differences in views about order in mathematical
learning so that a display of understanding will lead to different assumptions, made by
different observers, about what else the pupil knows. Also views of understanding may
vary. For instance, a teacher with a utilitarian view of mathematics may see successful
use as indicative of understanding, where one with a logicist view might require a full
explanation of meaning or deduction (Ernest, 1990). Hence achievement may be
‘measured’ differently.

Different personal experience

Some of the interviewed teachers seemed implicitly to be assuming that those who
could follow their expectations, or communicate in a way they understood, or
responded well to them in class, were the ‘able’ ones. One teacher, a highly qualified
and articulate mathematician, described the ‘good’ ones as ‘the ones who always
answer, and have the right answers’, but another teacher believed that struggle and
discomfort were an essential part of her learning, and that work should be difficult. A
third teacher pointed out that some of her students do not answer, but follow pains-
taking, insecure, logical pathways that demonstrate their mathematical ability. Yet
another teacher knew from her own experience that one can make leaps into the
abstract that are so different from the way others work that one can be ridiculed for
doing so. So different teachers’ own experience of learning leads them to value, and

devalue, different kinds of effort.
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Summary

To summarise, therefore, there are several differences in the practices of teachers-as-asses-
sors. One might query whether there exists a professional understanding of common prac-
tice. In terms of political positioning there is; it is at the interface between politicians,
assessment authorities, industry, parents and pupils. Teachers form a clear group who
administer the wishes of the first two groups, have to fulfil the desires of the next two
groups and do their best for the last group. There is no reason why such a community
should not have its internal tensions and contradictions, but those described above affect
the futures of the pupils because they all contribute towards assessment decisions which
would lead to different pedagogic, organisational and social choices. It would be possible
for the same pupil producing the same work in different circumstances with different
teachers to have the work, and her future, assessed differently.

Underlying each of the differences described above there appear to be six major
contrasting beliefs and perceptions which are manifested in various ways. These may
look like dichotomies below, but should really be seen as spectra represented by two
ends of a range of views:

1 Personal change is a result of natural maturation, or education. The sections above
on perception of change, teaching practices and learning styles show differences
between teachers who think they can affect change, that it is part of their job to
influence change, and those who accept personal traits and learning habits as
‘given’. This is a manifestation of a ‘nature versus nurture’ debate, a version of the
difference between psychology and anthropology, or of the difference between
positivist and emancipatory views of education.

2 Mathematical knowledge is universal and transferable, or situationally specific. The
discussions above about teaching practices, assessment styles and desired learning
outcomes show contrasts between those who see mathematics as generated in and
for a specific situation and those who expect it to be transferred without problem
to other situations; this is most marked in cases where the assessment styles differ
markedly from usual teaching and learning styles, and in the suggestion that
number is easiest to assess. This is a manifestation of the difference between posi-
tivist and relativist views of mathematics, and of Brown’s demonstration of the
emancipatory power of valuing ad hoc approaches to mathematics.

3 Students learn through transmission, or through construction. The discussion about
teaching practices, assessment methods, desired outcomes and views of mathe-
matics shows contrasts between actions which ‘fit’ a transmission metaphor of
teaching and those which ‘fi’ a constructivist approach (e.g. Jaworski, 1994).
However, the above discussion of learning styles shows a strong understanding of
constructivism as a learning approach, but this is not necessarily carried through
into the assessment practices which may function as if knowledge is transmitted
in unchanged forms. This is a manifestation of a conflict between positivist and
relativist/transformative views of learning.

4 Education is for development of individuals, or for the development of the group.

Contrasts in teaching and assessment practices reflect this confusion of purpose.
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Most marked is the expectation that students will have different assessment
outcomes, rather than a description of successful teaching as ‘everyone achieved
the objectives of the lesson’. As well as illustrating differences between a psycho-
logical and social approach to education, this also questions whether individual
emancipation will be more likely in private or social domains.

5 Thought and language develop consecutively or together. This contrast is manifested
through the role oral work plays in assessment, and how much it is encouraged
and deliberately developed in lessons. Again, here we have a difference between
the private and the social domains of learning.

6 Mathematics is a set of rules and correct procedures, or is a way of thinking. This
contrast shows itself in teaching and assessment methods, and in teachers’ own
experience; most often it is manifested in the different weighting given to
processes or products by teachers explicitly or implicitly. Here is another manifes-
tation of the positivist/interpretative difference.

It is not the case that each teacher is positioned similarly on each of the spectra. For
instance, a teacher may believe that her role is to educate individuals, but may see mathe-
matics as a set of tools to be used in the socio-economic activities of the community.
However, this is not to say that Gage’s (1989) vision of coexisting paradigms is possible.
Differences in assessment lead to social inequity and can thus more usefully be seen as
conflicting than as coexisting. Conflicts and inequities partly result from positivist,
summative, assessment outcomes (used mainly for accountability and selection purposes)
being applied within a NC framework which purports to value discussion, reasoning and
mathematical thinking. Furthermore, national targets for minimal cohort achievement
(social) are applied to an education system which is constructed to provide differentiated
expectations and differentiated outcomes (individual). Further conflicts result from teach-
ers’ different interpretations and adaptations of the system, as shown above.

Conclusion

This research revealed differences in assessment practice which could result in social
inequity, that is that students acting in similar ways might be assessed and treated
differently by different teachers so that future opportunities which are available to
some are not to others. Inequities due to measurement, labelling and irreversible deci-
sion-making which arise from one end of each of the six spectra above are often in
accordance with the operation of NC assessments and league tables. These might
therefore be avoided to some extent by a change of assessment policy. Inequities arise
because of the social effects of assessment, so those which appear to be due to unavoid-
able factors (there is no single right way to view mathematics or bring about its
learning) could be separated from inequitable decision-making by a review of the
purposes and uses of assessment. In particular, one could hope for a separation of
assessment for pedagogic purposes from assessment for the purposes of selection,
management and accountability. However, policies do not solely determine systems.
It should be remembered that all the differences in belief and practice described
above take place within one system which has a detailed national curriculum,
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universal assessment criteria, frequent national testing, frequent inspection, with
competition between students, teachers, schools and regions structurally encouraged.
Yet fundamental conflicts between different paradigms of human endeavour still
run through this small but important subset of teachers” actions. Psychological,
linguistic, sociological, and epistemological arguments about the nature of knowl-
edge, its universality and situatedness, and the determination of human behaviour
individually or in social groups all emerge in the above analysis of teachers’ assess-
ment, even in such a highly regulated system. This analysis confirms the centrality of
the classroom culture created by the teacher’s interpretation of roles and policies,
seen through her own beliefs and perspectives, in influencing children’s futures
(Thompson, 1992; Lerman, 1994). The teacher acts out the summative assessment
requirements of the state while valuing, selecting, and advantaging according to local
and personal beliefs. In the absence of shared philosophies about the teaching of
mathematics, such as those advocated by Steiner and Ernest, inequities can therefore
occur which may be exacerbated by the apparent formalism of the system, rather than
removed by it.

The overarching finding of this research is that a highly regulated national system,
with closely defined curricula and a universal testing regime, does not result in a
monoculture of mathematics teaching and assessment. An obvious final question is
whether such a monoculture is desirable at all, given that it is not achievable.

References

Bernstein, B. (1990). The Structuring of Pedagogic Discourse, Routledge, London.

Boaler, J. (1997). Experiencing School Mathematics: Teaching Styles, Sex and Setting, Open
University Press, Buckingham.

Brown, M. (1993). Clashing epistemologies: The battle for control of the National Curriculum
and its assessment. Teaching Mathematics and its Applications. 12, pp. 97-112.

Cooper, B. and Dunne, M. (1998). Social class, gender, equity and National Curriculum tests
in mathematics. In P. Gates (ed.) Proceedings of the st International Mathematics Education
and Society Confference, University of Nottingham.

Cresswell, M. J. and Houston, J. G. (1989). Assessment of the National Curriculum: Some
fundamental considerations. Educational Review, 43, pp. 63-78.

Department for Education (DfE). (1995). Mathematics in the National Curriculum, HMSO,
London.

Dunne, M. (1994). The construction of ability: A critical exploration of mathematics teachers’
accounts. Unpublished PhD thesis, University of Birmingham.

Ernest, P. (1990). The Philosophy of Mathematics Education, Falmer, London.

Ernest, P. (1998). Social Constructivism as a Philosophy of Mathematics, SUNY, Albany.

Gage, N. L. (1989). The paradigm wars and their aftermath: A ‘historical’ sketch of research on
teaching since 1989. Teachers College Record, 91, pp. 135-150.

Gipps, C. (1994). Beyond Testing: Towards A Theory of Educational Assessment, Falmer, London.

Jaworski, B. (1994). Investigating Mathematics Teaching: A Constructivist Enquiry, Falmer, London.

Jaworski, B. and Phillips, D. (eds) (1999). Comparing Students Internationally: Research on Prac-
tice in Mathematics and Beyond, Symposium Books, Wallingford.

Lawton, D. (1993). Political parties, ideology and the National Curriculum. Educational
Review, 45, pp. 111-118.



68  Mathematics education

Lerman, S. (1994). Changing focus in the mathematics classroom. In S. Lerman (ed.) Cultural
Perspectives on the Mathematics Classroom, Kluwer, Dordrecht.

Lorenz, J. H. (1982). On some psychological aspects of mathematics achievement assessment
and classroom interaction. Educational Studies in Mathematics, 13, pp. 1-19.

Nash, R. (1976). Teacher Expectations and Pupil Learning, RKP, London.

Nickson, M. (1994). The culture of the mathematics classroom. In S. Lerman (ed.) Cultural
Perspectives on the Mathematics Classroom, Kluwer, Dordrecht.

OFSTED. (1994). Science and Mathematics in Schools: A Review, HMSO, London.

Ruthven, K. (1987). Ability stereotyping in mathematics. Educational Studies in Mathematics,
18, pp. 243-253.

Scott-Hodgetts, R. (1986). Gitls and mathematics: the negative implications of success. In
L. Burton (ed.) Girls into Mathematics, Cambridge University Press.

Steiner, H. G. (1987). Philosophical and epistemological aspects of mathematics and their
interaction with theory and practice in mathematics education. For the Learning of Mathe-
matics, 7, pp. 7-13.

Thom, R. (1973). Modem mathematics: does it exist? In A. G. Howson (ed.) Developments in
Mathematical Education, Cambridge University Press.

Thompson, A. G. (1992). Teachers’ beliefs and conceptions: A synthesis of research. In D. A.
Grouws (ed.) Handbook of Research on Mathematics Teaching and Learning, Macmillan, New
York.

TIMSS. (1997). Mathematics achievement in the middle school years. The 3rd International
Mathematics and Science Study, Chestnut Mill, MA.

Walkerdine, V. (1984). Developmental psychology and the child-centred pedagogy: The inser-
tion of Piaget into early education. In J. Henriques (ed.) Changing the Subject: Psychology,
Social Regulation and Subjectivity, Methuen, London.

Watson, A. (1996). Teachers’ notions of mathematical ability in their pupils. Mathematics
Education Review, 8, pp. 27-35.

Watson, A. (1998). Potential sources of inequity in teachers’ informal judgements about math-
ematics. In P. Gates (ed.) Proceedings of the Ist International Mathematics Education and
Society Conference, Nottingham, September.



5 Constructing the ‘legitimate’ goal of a
< . . b] .
realistic’ maths item

A comparison of 10-11- and
13—14-year-olds

Barry Cooper and Mdiréad Dunne

Introduction

Sociological approaches to assessment have taken a variety of forms. Broadly macro-
structural perspectives have focused on the relations between the criteria for assess-
ment, social selection and the wider, socio-economic context (for example, Bowles
and Gintis, 1976). Broadly micro-structural perspectives have focused instead on the
ways in which assessment outcomes are constructed within classrooms or testing
contexts (for example, Mehan, 1973; Newman ez 4/, 1989). Both of these approaches
have produced important contributions to our understanding of the origins, the prac-
tice and the consequences of assessment. Notwithstanding their different emphases
these authors have had many useful things to say about the relations between social
structure, culture and the processes of meaning construction in the contexts in which
assessment actually occurs. Bourdieu’s work (for example, Bourdieu, 1974) on the
nature of assessment practices in French higher education serves as an early example of
work of this type. Turning to maths education, there has been a considerable body of
research in recent years focusing on the ways in which the contexts within which
mathematical problem-solving occurs can affect radically both the processes and the
products of such cognitive activity (Nunes ez al., 1993; Lave, 1988). In parallel, there
has also been much research on children’s ‘failure’ to take a ‘realistic’ perspective
during mathematical problem-solving when it would seem appropriate to do so (for
example, Siljs, 1991). Our recent research on maths assessment, on which we will
draw here, is intended as a contribution to these relational and contextual approaches
to the study of assessment in maths (for example, Cooper, 1998b; Cooper and Dunne,
2000; Dunne, 1994).

We will draw on our research programme on the assessment of the mathematical
knowledge and understanding of 10-11- and 13—14-year-old children in England.
This research was partly motivated by a concern that the national testing of children’s
mathematics mainly via ‘realistically’ contextualised items might have a variety of
unintended consequences, especially for the validity of the assessment of working-
class children’s knowledge and understanding. Children are often required by ‘realis-
tic’ test items to make quite subtle judgements about the relevance to the process of
solution of their everyday knowledge and experience (Cooper, 1992, 1994). There are
sociological grounds for expecting working-class children to find it more difficult to
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make these judgements in ways in which the designers of school maths tests define as
legitimate (Holland, 1981; Bernstein, 1996; Bourdieu, 1986). There have also been
suggestions that girls might find particular types of ‘realistic’ items more difficult to
negotiate than boys (for example, Boaler, 1994). Exploratory empirical work had
confirmed that children’s confusion about the boundary between the everyday and
the ‘mathematical’ could lead sometimes to an underestimation of their mathematical
knowledge when it is tested by ‘realistic’ items (Cooper, 1998a, 1998b). This problem
seemed worthy of further research, which we have subsequently been able to under-
take in three primary and three secondary schools.'

In these six schools, this programme of research has collected performance data on
UK National Curriculum tests from more than 600 children, as well as data from
some 250 individual interviews, in which a subsample of the same children have
responded to a subset of test items (Cooper and Dunne, 2000). We have also collected
data on children’s social class backgrounds, sex and measured ‘ability’. This dataset
has enabled statistical analyses of children’s comparative performance on ‘realistic’
and ‘non-realistic’ items. We have defined ‘realistic’ items as those which place mathe-
matical operations within contexts including everyday objects, events and people.
‘Non-realistic’ items, which we have termed ‘esoteric’, do not. An example of each can
be seen in Figures 5.1 and 5.2. Our analyses have shown, for example, that for 10-11-
year-olds, both social class and sex differences in performance are greater when ‘realis-
tic’ rather than ‘esoteric’ items are used to assess children in the group testing context.
These social class differences in performance are large enough to produce substantial
differences between the social classes when entered into two simulations of an educa-
tional selection process using, respectively, either the ‘esoteric’ or the ‘realistic’ scores
achieved by these children (Cooper and Dunne, 2000). Twice as many of the
working-class 10-11-year-old children in our sample win through in a process
selecting the top-performing quarter of the sample when scores from the ‘esoteric’
rather than the ‘realistic’ subsets of test items are employed as the basis for judging
performance (Cooper and Dunne, 2000). We have also been able to use a comparison
of our qualitative interview data with our test data to show that children’s actually
existing mathematical knowledge and understanding is not always validly accessed by
‘realistic’ items in test contexts — and that this results at least partly from the problems
some children experience in reading the ‘everyday’/’esoteric’ boundary in ways defined
as ‘legitimate’ by the test designers (Cooper and Dunne, 1998).

We intend here to examine the responses of children to one ‘realistic’ test item orig-
inally intended as a ‘difficult’ item for 10—11-year-olds, but which we also have used
in our research with 13—14-year-olds. The item (Figure 5.2) concerns an imaginary
tennis competition. The ‘Statement of Attainment’ which this item was intended to
assess is: Identify all the outcomes of combining two independent events. The marking
scheme gave this solution:
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n stands for a number
n+7=13

What is the value of n + 10? %I:I

Figure 5.1 Finding ‘#’: an ‘esoteric’ item
Source: SCAA (1996).
Organising a competition

David and Gita’s group organise a mixed doubles tennis
competition. They need to pair a boy with a girl.

They put the three boys’ names into one bag and the three
girls’ names into another bag.

4 Find all the possible ways that boys and girls can
be paired. Write the pairs below. One pair is
already shown.

Rob and Katy

G J/

Figure 5.2 Tennis pairs: a ‘realistic’ item

Source: SEAC (1993).

Rob and Katy
Rob and Ann
Rob and Gita
Rashid and Katy
Rashid and Ann
Rashid and Gita
David and Katy
David and Ann
David and Gita



72 Mathematics education

There should be exactly nine pairings, all different. One way to check is as
follows:

Are there three with Bob? Are they all different?
Are there three with Rashid? Are they all different?
Are there three with David? Are they all different?

We might note that an ‘esoteric’ version of the item might have been: Find the Cartesian
product of the sets {a, b, ¢} and {d, e, f}. It is an indication of the shift in the climate of
opinion in maths education circles since the heyday of ‘abstract’ algebraic approaches in
the 1960s that it is the tennis competition rather than these sets that children meet in
their tests (Cooper, 1985). It is partly with the consequences for the validity and fairness
of assessment of this shift from the ‘esoteric’ to the ‘realistic’ as the context for assess-
ment in mathematics that our research has been concerned. In the case of the tennis
item, a child has first of all to see through the ‘noise’ of the setting in order to realise the
intended meaning of the item which, as can be seen from the marking scheme, concerns
a Cartesian product with ‘names’ acting as the tokens which are to be arranged in pairs.
Several other features of the tennis item and its marking scheme can be noted
straightaway. First of all, it is possible that not all children will make sense of the refer-
ence to ‘mixed doubles’. Second, where they do, they may be misled by the ‘realistic’
context with the result that they produce just three pairs using the six names rather
than the expected nine pairs. After all, these three pairs would form a basis for
proceeding with games of tennis and are also the type of outcome children might be
familiar with from televised draws for sports competitions (Cooper, 1994). The fact
that the pair ‘Rob and Katy’ is given — and in bold type — might help to overdetermine
such a response if children believe they should not disturb this pair. Third, children
might, and do, respond to the item in terms of ‘ways’ of producing pairs (process)
rather than in terms of the pairs themselves (product). Lastly, it is interesting to note
the particular ‘esoteric’ manner in which the pairs are set out in the model answer.
This given arrangement of the names seems to bear no relation to the tennis context.
However, a child might also set out nine pairs in a more ‘realistic’ manner thus:

David and Ann David and Gita David and Katy
Rashid and Katy ~ Rashid and Ann Rashid and Gita
Rob and Gita Rob and Katy Rob and Ann

Here, each grouping of three pairs using all six names could engage in a series of mixed
doubles, as long as one pair was willing to act as spectators! We have coded children’s
responses in our interviews as ‘esoteric’ or ‘realistic’ on the basis of whether they have set
out nine pairs in one or other of these ways. It should be noted that a child who has
produced three pairs, but used each of the six names just once, has his or her response
coded as ‘realistic’. We will now describe children’s responses to and performances on this
item, beginning with 10-11-year-olds. Since we have already reported the responses of
these younger children elsewhere (Cooper and Dunne, 1998), we will summarise their
case here before moving on to consider the responses of 13—14-year-olds in more detail.



Constructing the legitimate’ goal 73
10-11-year-olds

The first point we might note is that many 10—11-year-old children do not respond to
the tennis item as if the names are merely ‘realistic’ tokens representing abstract
elements of sets of items. Indeed, when asked in interviews to explain why they had
chosen particular sets of three pairs, children referred, amongst other things, to the
assumed ethnicity or nationality of the children (Cooper and Dunne, 1998). One
working-class boy, for example, argued against putting Rashid with Gita on the
grounds that ‘Rashid and Gita sound like different country names, so that it wouldn’t
exactly be fair if Rashid and Gita got together, because you’ve got to give them a
chance to meet other people’. Other children, on the other hand, thought they should
go together for similar reasons. The crucial point here is that, in the sense of
Bernstein’s (1996) recognition rules for reading the specialised nature of contexts,
these children are not ‘recognising’ the intentions of the designers of this item ‘cor-
rectly’. The marking scheme, with its ‘esoteric’ setting out of nine pairs, makes no
reference whatsoever to such issues as the children’s origins or methods of choosing
pairs; but children, when accounting for their choices, often do. We have argued
earlier that responses of three pairs, as well as nine pairs set out in a tennis-friendly
manner, can be seen as ‘realistic’ responses to this item. Bernstein (1996) has argued
that children from working-class backgrounds are more likely than children from
middle-class backgrounds to misrecognise the intended nature of specialised problem-
solving contexts. With his co-workers he has shown, for example, that when children
are asked to sort food items into groups, there are modal differences in the ways in
which working- and middle-class children sort items (Holland, 1981). Working-class
children were found to more often sort these by reference to the ways the items of food
appeared together in their everyday life settings or, in our terms, ‘realistically’.

We have been able to explore whether comparable social class differences (and anal-
ogous sex differences) appear in the case of ‘realistically’ contextualised maths test
items. For this purpose, we have categorised children’s social class by reference to the
occupations of their fathers and mothers using the ‘dominance’ approach set out by
Erikson and Goldthorpe (1993) (see the appendix at the end of this chapter). We have
collapsed the underlying categories of the social class schema used by these authors
into three broad categories: a service class, an intermediate class and a working class.
For the tennis item, we have categorised children’s initial responses in the interview
context as either ‘esoteric’, ‘realistic’ or ‘other’ (a category which typically involves a
setting out of the pairs which mixes elements of an ‘esoteric’ and a ‘realistic’
approach). The 28 responses of these 120 10—11-year-olds coded as ‘realistic’ include
four cases where children have not produced pairs but, instead, make various points
concerning how they would go about choosing pairs if they were actually undertaking
the ‘real’ task. The remaining 24 ‘realistic’ responses comprise 18 sets of three pairs,
one set of six pairs and five sets of nine pairs.

Table 5.1 sets out the relation between a child’s initial response and social class, while
Table 5.2 shows the relation between initial response and sex. While there is no evidence
in Table 5.2 of any overall difference between the sexes in the nature of the initial
response on our chosen dimension, Table 5.1 shows considerable differences between
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children from the three social class groupings. Working-class children are nearly three
times as likely as service-class children to produce ‘realistic’ pairings (including, we
should recall, a set of three pairs using each of the six names). A further breakdown of the
data, which we will not reproduce here, shows that this pattern of social class differences
holds when boys and girls are considered separately. However, the sex differences are not
constant across the three social class groups. Within the service class, girls are more likely
to be ‘realistic’ responders than boys (girls: 16.0 per cent, boys: 11.8 per cent). Within
the intermediate class this is reversed, with boys being more likely than gitls to respond
‘realistically’ (girls: 23.1 per cent, boys: 29.4 per cent). Similarly, in the working class,
boys are more likely to respond to this item ‘realistically’ (girls: 33.3 per cent, boys: 42.1
per cent).

The distribution of marks awarded for children’s initial response to this item in the
interview is shown in Table 5.3. There is a clear relation between mark and social class
for both boys and girls. Part of this relationship can be ‘explained’ via the greater
tendency of working-class children than others to produce three pairs, coded by us as
‘realistic’, and which gains no mark. What we want to briefly consider, now, however,
is whether the children who produced three pairs were capable of producing the
required nine, had they not apparently misrecognised the demands of the item as
more ‘realistic’ than ‘esoteric’. In our interviews, when a child had produced three

Table 5.1 Response strategy on the tennis item (interview) by class (10—11 years)

‘Esoteric’ Other (typically Realistic’ Totals
pairings mixed) pairings
Service class 47 4 8 59
Percentage 79.7 6.8 13.6
Intermediate class 20 2 8 30
Percentage 66.7 6.7 26.7
Working class 14 5 12 31
Percentage 45.2 16.1 38.7
Totals 81 11 28 120
Percentage 67.5 9.2 23.3

Table 5.2 Response strategy on the tennis item (interview) by sex (10-11 years)

‘Esoteric’ Other (typically ‘Realistic’ Totals
pairings mixed) pairings
Girls 34 5 11 50
Percentage 68.0 10.0 22.0
Boys 47 6 17 70
Percentage 67.1 8.6 24.3
Totals 81 11 28 120

Percentage 67.5 9.2 23.3
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Table 5.3 Marks achieved (one mark available) on the tennis item in the interview context:

initial response (10-11 years)

Female Male Total

Mean Count Mean Count Mean Count

Service class 0.84 25 0.85 34 0.85 59
Intermediate class 0.77 13 0.82 17 0.80 30
Working class 0.75 12 0.63 19 0.68 31
Total 0.80 50 0.79 70 0.79 120
pairs and seemed to have finished her or his response, we asked whether s/he was sure

that all the possible pairs had been found. Given this cue, 12 of the 18 children who
had produced three pairs produced another six, to give nine. Here is an example, an
intermediate-class girl, who writes the three pairs thus:

Rob and Katy
Rashid and Gita
David and Ann

MD: Done that one?

SARAH: Yeah.

MD: OK, so tell me how you worked that one out.

SARAH: I put those two names and —so I did those two there can and I did those.

MD: David and Ann, Rashid and Gita, OK.

SARAH: Mm.

MD: OK, see where it says there find all the possible ways that girls and boys can
be paired, do you think you’ve found all the possible ways?

SARAH: No.

MD: You could find some more?

SARAH: Yeah.

MD: OK, let me just do that, so I'll know where you stopped for the beginning.
[The interviewer adds a mark at this point to indicate the first response (for
later coding)] OK, go on then. [Sarah works at the problem, silently. She
then adds six pairs to give:]

Rob and Katy Gita and David Katy and David
Rashid and Gita  Gita and Rob Ann and Rob
David and Ann Katy and Rashid Ann and Rashid

MD: OK, so have you finished that one now?
SARAH: Mm.

MD: And you think you’ve got all of them?
SARAH: Yeah.
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MD: OK, do you know? — when you first did it you stopped, after three, why did
you stop after three?

SARAH: Idon’t know.

MD: You don’t know, but why didn’t you continue?

SARAH: I didn’t think that you were supposed to.

MD: OK, that’sa good reason, but why didn’t you think you were supposed to?

[The interview continues with Sarah being apparently unable or unwilling to give
a reason. |

We cannot be sure why Sarah chose three pairs initially. However, we have shown
elsewhere that the relation between the choice of a ‘realistic’ or ‘esoteric’ approach and
class holds for other items and we have also shown that there is a positive correlation
between children’s choice of either a ‘realistic’ or ‘esoteric’ strategy on tennis and on
an item concerning a traffic survey (Cooper and Dunne, 2000). We believe it is plau-
sible that children like the one quoted above are, at the level of practical consciousness,
captured by Bourdieu’s concept of a social class linked habitus, misrecognising the
actually ‘esoteric’ demands of test items because of a cultural predisposition to engage
‘realistically’ with problems (Bourdieu, 1986). We have shown elsewhere that it is
working-class and intermediate-class children in our sample who are more likely to fall
into the group who initially produce three pairs but then produce nine after the cue
(Cooper and Dunne, 1998). The result of this can be seen in Table 5.4, which shows
marks achieved affer children had been cued to reconsider their initial response. This
table shows a quite different relation between class and success than Table 5.3. Here,
social class differences are reduced and sex differences become greater. Overall success
is higher. This tennis item seems therefore to have the potential to underestimate chil-
dren’s actually existing understanding of and skills in ‘mathematics’. The children
concerned are more likely to be from working and intermediate class backgrounds.
For 10-11-year-olds, the item seems to be differentially valid by class. Interestingly,
however, while both boys and girls from the working- and intermediate- classes
improved their mark after being offered a second chance, it is girls in these two groups
whose scores have improved the most between the two tables.

13-14-year-olds: overall results

We have shown that, for some children, the intended goal of the problem setters as set
out in the marking scheme is not immediately perceived and/or chosen as their own. We
will return to this issue of the ‘obviousness’ or otherwise of the goal of the item below,
but first we wish to compare the overall nature of the responses of the older children
with those of the younger children. Having had three more years of experience of
schooling — and of the culture of school maths — are these older children less likely to
read the item ‘realistically’” as indexed by the ‘inappropriate’ production of three pairs?

Tables 5.5 to 5.8 are the parallel tables for the older children to Tables 5.1 to 5.4 for the
10-11-year-olds. Table 5.5 shows a markedly higher frequency of ‘realistic’ responses
from the working-class children than others, as did Table 5.1 for the 10-11-year-olds. In
absolute terms, however, the percentage of the working-class children? responding in this
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Table 5.4 Marks achieved (one mark available) on the tennis item in the interview context
after cued response (10-11 years)

Female Male Total

Mean Count Mean Count Mean Count

Service class 0.92 25 0.88 34 0.90 59
Intermediate class 1.00 13 0.94 17 0.97 30
Working class 1.00 12 0.74 19 0.84 31
Total 0.96 50 0.86 70 0.90 120

Table 5.5 Response strategy on the tennis item (interview) by class (13—14 years)

‘Esoteric’ Other (typically ‘Realistic’ Totals
pairings mixed) pairings
Service class 31 3 2 36
Percentage 86.1 8.3 5.6
Intermediate class 25 3 3 31
Percentage 80.6 9.7 9.7
Working class 40 3 9 52
Percentage 76.9 5.8 17.3
Totals 96 9 14 119
Percentage 80.7 7.6 11.8

Table 5.6 Response strategy on the tennis item (interview) by sex (13—14 years)

‘Esoteric’ Other (typically Realistic Totals
pairings mixed) pairings
Girls 51 4 5 60
Percentage 85.0 6.7 8.3
Boys 45 5 9 59
Percentage 76.3 8.5 15.3
Totals 96 9 14 119
Percentage 80.7 7.6 11.8

Table 5.7 Marks achieved (one mark available) on the tennis item in the interview context:
initial response (13—14 years)

Female Male Total

Mean Count Mean Count Mean Count
Service class 1.00 17 0.95 19 0.97 36
Intermediate class 0.87 15 0.88 16 0.87 31
Working class 0.86 28 0.88 24 0.87 52

Total 0.90 60 0.90 59 0.90 119
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Table 5.8 Marks achieved (one mark available) on tennis item in the interview context: after
cued response (13-14 years)

Female Male Total

Mean Count Mean Count Mean Count

Service class 1.00 17 1.00 19 1.00 36
Intermediate class 0.87 15 0.94 16 0.90 31
Working class 0.89 28 0.96 24 0.92 52
Total 0.92 60 0.97 59 0.94 119

manner has dropped dramatically between Table 5.1 and Table 5.5 (from 38.7 per cent to
17.3 per cent). Turning to sex, Table 5.6 shows twice as many boys as girls responding
realistically. The sex difference is much greater here than it had been amonggst the younger
children (Table 5.2). Considering the social class distribution of responses for boys and
girls separately, as we did for the 10—11-year-olds, we have found that the class differences
in ‘realistic’ responding hold for both boys and girls. Within each class taken separately,
boys more often respond ‘realistically’. No service-class girls respond ‘realistically’, though
two of the 19 service-class boys do. Here it is boys who, on our coding of responses, are
more likely to fall into the trap of responding ‘inappropriately’.

Of the 14 older children who responded ‘realistically’, ten produced three pairs and
four nine pairs. Of the ten children producing three pairs, four then produced nine
after being encouraged to consider their response further. Of the remaining six, one
produced the ‘super-esoteric’ response of 18, two produced six pairs, two produced
eight pairs, and one stuck at three. Two of the five girls, and three of the five boys,
moved from an initial three to a final nine or 18 pairs. These five children comprised
one each from the service and intermediate class, and three from the working class.

Summing up, we can see by comparing Tables 5.1 and 5.5 that, amongst the older
children, fewer within each social class group initially read this item ‘realistically’.
Similarly, a comparison of Tables 5.2 and 5.6 shows that both boys and girls, taken
separately, were less likely initially to respond ‘realistically’ at the older age. Children
at 13—14 years of age seem to have a better ‘feel for the game’ (Bourdieu, 1990).
Nevertheless, some children apparently remain unaware of these rules, and a compar-
ison of Tables 5.7 and 5.8 shows that, as in the case of the younger children, some
older children did succeed in improving their mark when encouraged to reconsider
their initial response. For some older children, as for some younger children, this item
seems to have underestimated their combinatorial capacities.

13—14-year-olds: three individual cases

In the remainder of this chapter, we will examine in depth several older children’s
accounts of their problem-solving in order to bring out more clearly which features of
the item, in interaction with what the children bring to the situation, produce these
problems of invalidity. We will look in detail at some interview transcripts,
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concentrating on those where children did recover from their initial ‘choice’ of three
pairs. We will start with Charlie, an intermediate-class boy, who almost recovered
from his initial three pairs, moving on to obtain nine pairs, but with one repeat, with
the result that he produced eight valid pairs. Now, it is the ‘obviousness’ of this ques-
tion’s demands that seems clear to some children and not to others. For those for
whom it isn’t ‘obvious’ that this is a request for 3 x 3 pairs, an activity of extended
sense-making has to be undertaken in collaboration with the interviewer. In the case
of Charlie we can follow his thought processes fairly readily. He began, as did a
number of children, by being confused by the wording of the question, thinking that
he should address the issue of what process might be used to choose pairs (line 5 of
transcript following). The interviewer helps him remedy this reading of the question
(lines 10-16). Charlie then writes down two pairs, to give as his initial response:

Rob and Katy
Rashid and Gita
David and Ann

In answer to the question why he had chosen Rashid and Gita, he produces an expla-
nation which refers to the way the names are placed on the page (lines 23-24). This
works for Rashid and Gita who, like Rob and Katy, can be seen as diagonally related.
It does not work for the residual pair David and Ann (line 26). So far, what we see is
Charlie apparently undertaking something akin to Popper’s (1963) conjecturing and
refuting, or in other words, a form of scientific reasoning.

When the interviewer invites him to consider whether he has found all the possible
pairs (lines 29-33), his response brings out another aspect of the item which those
who consider its demands to be ‘obvious’ might miss. Rob and Katy appear in the
item in bold print. They are given, and the bold type seems to lend this pairing some
special authority, some fixedness. Charlie asks (line 34) “What, still having Rob and
Katy as that one ... and these four?’ (pointing, one assumes, to the pair in bold type
and then to the other four names). The interviewer, who seems not to have considered
this ‘problem’, comes to understand Chatlie’s perspective and explains that Rob and
Katy can be changed around as well. It might not be stretching the data too far to say
that Charlie seems not to believe he has the right to disturb Rob and Katy, defined by
the authority of the text as a pair in advance of his thinking. Charlie then adds three
pairs to his original three to give:

Rob and Katy David and Ann
Rashid and Gita ~ Rashid and Katy
David and Ann Rob and Gita

As he verbalises these, he also asks, ‘and some more?, apparently secking either
instruction or permission from the interviewer to proceed further. His second three
pairs form a set which could engage in tennis, but he has reused a pair already chosen
(David and Ann). When the interviewer suggests that, if Charlie can think of any
more, he should add them, he adds four pairs to give:
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Here is a dice with faces Here is a drawing pin.
numbered 1 to 6.

The dice can land with any face up.
The drawing pin can land on its side, or on its top.

5 b

The dice and the drawing pin are dropped at the same
time.

List all the possible ways that the dice and the pin
can land. One pair has been done for you.

1 and top. G and Sipe

2 C""").)ioe
. and 10,‘3
Vend si0e
3 and tip
Zand Swe
L and rp
Land sio e

Figure 5.3 Die/pin item and Charlie’s written response

Source: SCAA (1994).

Rob and Katy David and Ann
Rashid and Gita  Rashid and Katy
David and Ann Rob and Gita

David and Gita David and Katy
Rob and Ann
Rashid and Katy

It appears that the interviewer did not notice that, alongside the repeated David and
Ann, there was also a repeated Rashid and Katy. It also seems likely that the interviewer,
but perhaps not Charlie, was concerned about the production of different pairs (line 52).
The final eight pairs have been co-constructed by the child and the interviewer. Later in
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the interview, Charlie was asked to tackle an item whose structure was very similar to
that of the tennis item, shown in Figure 5.3, with his response. While we have not coded
this item as ‘esoteric’, it does seem to be one step further away from everyday life than a
tennis competition. This may be one reason why Charlie produces the wanted response
of 12 pairs straightaway in this case, and in a systematic fashion. It is also the case that
the die/pin item does not seem to invite quite as strongly as the tennis item a response in
terms of ‘method’ as opposed to ‘pairs’. However, Charlie has also been encouraged,
earlier in the interview, to take the required approach in the tennis item, and he may
have drawn on this very recent experience in responding to the die/pin item. It is worth
discussing this further, in the light of the analysis of similar combinatorial tasks
presented to children by Newman ez a/. (1989).

1 CHARLIE: Does this mean like, er, you put, you can choose them by putting
2 them in a bag, and you can choose them another way, not in a
3 bag, choose them all different ways?
4 BC: So what would you need to write down then do you think?
5 CHARLIE: Oh right, you can like, muddle them up and like put them in a
6 box and you could pick ‘em out together or you could like put
7 them on a table and like close your eyes and like pick two.
8 BC: Ah-ha!
9 CHARLIE: Muddle them up and pick two.
10 BC: Right, OK, well you’re saying that because it says find all the
11 possible ways aren’t you?
12 CHARLIE: Yeah.
13 BC: You're thinking of ways, but then it says, so it says find all the

14 possible ways that boys and girls can be paired, then it says, write
15 the pairs below. One pair is already shown, Rob and Katy, so I
16 think what it’s actually thinking is

17 CHARLIE: just in the bag

18 BC: write the result down, what the pairs would be.

19 CHARLIE: Roband Katy, Rashid and Gita, and Ann and David, 'm not sure.
20 BC: Well, write down what you think they’d be, go on.

21 CHARLIE: [writes]

22 BC: OK, any special reason why you put Rashid and Gita together?
23 CHARLIE: Because like, er, Rob and Katy are like diagonals going like
24 that, and that’s why I done Rashid and Gita,

25 BC: Right, isit ...

26 CHARLIE: but I didn’t know about David and Ann.

27 BC: OK, now, you've got three pairs yeah?

28 CHARLIE: Yeah.

29 BC: It says find all the possible ways that boys and girls can be paired,
30 write the pairs below. Do you think there are any other pairs you
31 could get, do you think there are any other pairs you could get if
32 I said, write all the possible pairs you could get, do you think

33 there are any others?
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34 CHARLIE: What, still having Rob and Katy as that one ...

35 BC: Well I'm thinking of all the possible ...

36 CHARLIE: ... and these four.

37 BC: I'm thinking of all the possible pairs you could get, changing

38 them around.

39 CHARLIE: What, changing them around using Rob and Katy as well?
40 BC: Yeah.

41 CHARLIE: Oh! right having ’em going across like that to each other.
42 BC: Well could you write any more, if I call that your first three pairs,

43 can you think of any others, as many as you can.
44 CHARLIE: You could get David and Ann, Rashid and Katy, and Rob and
45 Gita — and some more?

46 BC: Ifyou can think of some more, yeah, you’ve got six so far.

47 CHARLIE: [Charlie writes some further pairs.]

48 BC: Right, any more you can get? Do you think?

49 CHARLIE: Mm-hm ...

50 BC: Umm, what’s that one?

51 CHARLIE: David and Katy.

52 BC: Are you sure you haven’t got that one already?

53 CHARLIE: Yeah, David and Ann, David and oh, I've done it, I've got David
54 and Ann twice.

55 BC: Oh I see right, OK, so take, right do you want to take one of the
56 David and Anns out then, take

57 CHARLIE: Just take that one out

58 BC: I'll just put a little dotted line through one of your David and
59 Anns, so, right.

60 CHARLIE: David and Katy, so I can’t get any more.

61 BC: OK.

Newman ez al. compared children’s responses to several tasks. These tasks included
one task in which children had to produce, working with the experimenter, all the
possible pairs of cards picturing movie stars, and in which the children were ‘trained’
by the experimenter to answer the question. Here the ‘problem’ of finding pairs was
made explicit to the children. They did not have to discover it for themselves. Then, in
a subsequent ‘isomorphic’ task, children were given four household chemicals and had
to explore, in small groups, what happened when pairs of these chemicals were mixed.
Here they needed to discover the ‘problem’, that is, of finding all the possible pairs, for
themselves ‘as they began to run out of pairs of chemicals to mix’ (1989, p. 33).
Newman ez al. describe the contrasting situations in these terms:

In the laboratory setting, we expect the task to be presented clearly to the subject. It
is part of the experimenter’s job. We conduct pilot studies to find out how to do
this effectively; we arrange training on the task and choose criterion measures that
let us know whether the subject ‘understands’ the task that we have constructed.
These procedures are certainly socially constructed. In everyday situations people
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are not always presented with clearly stated goals. They often have to figure out
what the problem is, what the constraints are, as well as how to solve the problem
once they have formulated it. In other words, in everyday situations people are
confronted with the ‘whole’ task. There is no experimenter responsible for doing
the presentation part ... This broader conception of the whole task is important to
our analyses of the transformation of a task when it is embedded in different social
settings. When we look for the ‘same task’ happening outside of the laboratory, we
have to look for how the work of specifying and constraining the task is getting
done and who is doing it. This kind of analysis provides us with the basis for
arguing that the practical methods of maintaining control in the laboratory veil a
crucial process: formulating the task and forming the goal.

(Newman ez al., 1989, pp. 33-34)

The key point here is that there is no one problem embedded in the text, but rather a
whole range of possible problems which might be constructed by children. Earlier we
have referred to Bernstein’s concept of recognition rules as one way of making sense of
children’s use or otherwise of ‘everyday’ knowledge in responding to test items. What
these remarks of Newman ez /. remind us is that, within the choice of an ‘everyday’ or
‘esoteric’ response mode, there are still other issues for the child to confront. In Char-
lie’s case he had to work through, with the interviewer, several possibilities. Was the
item about ‘methods’ of producing pairs? Was he allowed to disrupt the given pair? It
seems likely that without the intervention of the interviewer he would not have
resolved these issues so as to produce something like the ‘right’ goal for the problem,
and therefore that he would not have produced more than three pairs. He wrote
nothing in the pre-interview group test for this item, and probably had not reached it.
We can not therefore compare his two responses, aided and unaided. It does, however,
seem quite likely that the work done by the interviewer, with Chatlie, in trying to
construct the ‘right’ goal for the tennis problem provided the basis for Charlie to
construct the ‘right’ goal for the die/pin item. Taking responses to both items
together, it seems that he can undertake the required combinatorial task with some
degree of success, but that this would not have become known as a consequence of his
attempting the tennis item in an unaided group testing context.

We will look now at a child who recovered from producing three pairs, in this case
fully, to produce nine pairs. In the group test, Emma, a working-class girl, had written
nothing for this item, but had attempted subsequent questions. In the interview, she
initially wrote:

Rob and Katy
Rashid and Gita
David and Ann

She is worried that her three pairs do not constitute a complete answer, but her worry
perhaps concerns ‘methods’ (lines 8-9 of the transcript). As she says, the item asks for
‘all the possible ways™ as well as referring to ‘pairs’ (lines 15-16). Her subsequent
remark, ‘I thought it meant write these pairs below, in the bag’, is open to a number of
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plausible interpretations. One is that she has set up pairs to play tennis, and that this is
a ‘goal’ which has been successfully addressed. Another is that she has read the item as
asking her to copy the pairs in the bags, though the diagonal placing of Rob and Katy
in the bags makes this less likely. However, whatever her interpretation is, when the
interviewer tries to explain what the ‘goal’ of the item is not, and stresses ‘all the pairs’
(lines 28-34), Emma quickly responds ‘there are loads of other names that you could
do’ (line 35). The following exchanges make it clear that Emma has now formulated a
‘goal’ which is broader than that intended by the test designers, one in which she can
draw on the whole universe of boys” and girls’ names (line 47). The interviewer limits
the population (lines 48—49). There is laughter, of recognition. Emma checks her
understanding (line 50). She then decides a pair starting with a girl’s name is not
different from the corresponding pair starting with a boy’s (lines 58—62). Only then
does she proceed to produce her nine pairs, systematically, thus:

Rob and Katy Rob and Ann
Rashid and Gita  Rob and Gita

David and Ann
David and Gita
David and Katy
Rashid and Katy
Rashid and Ann
1 EMMA: What have we got to do, explain, ’cos I've never done this one,
2 I've done that one and the others, but I think I've skipped this one.
3 BC: What you don’t think you did that one at all?
4 EMMA: No.
5 BC: So, you've done three pairs, yeah?
6 EMMA: Yeah.
7 BC: What are you worried about now, what you have to
8 EMMA: Well, what do you have to do, like find out a way how they can

9 be paired up together?
10 BC: Er, well, it says write the pairs below, have you written the pairs
11 below do you think?
12 EMMA: Yeah.
13 BC: Right, so what, I'm not quite sure what you’re thinking of, what are
14 you thinking of exactly?
15 EMMA: Well, it says find all the possible ways, that boys and gitls can be
16 paired.
17 BC: Yeah, write the pairs below.
18 EMMA: I thought it meant write these pairs below, in the bag,.
19 BC: Ah, well, what I'm going to say to you is that, if I call this your
20 first answer yeah,
21 EMMA: Mm.
22 BC: Because you think, you’ve more or less finished there haven’t you?
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EMMA: Mm.

BC: Do you agree, you think?

EMMA: Mm.

BC: Er, what it is, you’ve found three pairs haven’t you?

EMMA: Mm.

BC: When it says find all the possible ways that girls and boys can be
paired, sometimes people think that means what method you
could use, you know, put your hand in, blindfold people, swing
them about, that sort of thing, what it actually means is find all
the possible pairs, and the answer, the question is do you think
you’ve found all the pairs you could make out of boys and gitls
or do you think there are others that you could do?

EMMA: There are loads of other names that you could do.

BC: What, other pairs, OK, if you can think of some more, write
them down outside my

EMMA: What, just names?

BC: Dairs of names, boys and girls pairs, like those.

EMMA: Yeah, but they’re just two names ain’t they?

BC: Give me an example of what you’re thinking.

EMMA: They’re just names, like David and Katy.

BC: Yeah.

EMMA: They’re just names and Rashid and Gita, they’re just names and

Robert and Ann.

BC: Yeah, well, they’re pairs aren’t they of names, yeah? Two together.

EMMA: You could go on for ages though, thinking of names.

BC: Well see how, well, you’re only allowed to use the names that are
here.

EMMA: Oh, only the names that are there.

BC: O, I see, you were thinking that you could use others.

EMMA: Yeah.

BC: OK [laughter]

EMMA: Shall I do, can you use the same ones that I've put here, or
different ones from there?

BC: Well, don’t use the same pairs, but you can use names again, but
you’ve got to mix them up into new pairs, yeah?

EMMA: Mm-hm [thinking] Don’t need to do it the other way round for
the girls do you, ‘cos the girls are like already there look?

BC: What you mean you don’t have to do Ann and Rob, because
you’ve got Rob and Ann already.

EMMA: Yeah.

BC: I agree you don’t. OK, and one more question about this one, if I
cover those up

EMMA: Mm.

BC: including the pair they had already, how many pairs do you think
you’ve got altogether.
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EMMA: Nine.

BC: How do you know?

EMMA: Because there’s six and you’ve got three to each one, because
there’s only three girls, so it’s nine.

BC: OK, now, when you started you did three, that’s the right answer,
nine, why do you think you only did three and didn’t do nine
straight away?

EMMA: Because I didn’t understand what they were saying.

BC: Right, a lot of people do this, they do three and then when I say,
you’re sure, they do nine, so it’s obviously not a very good question
is it, that one

EMMA: They didn’t explain it properly.

BC: Oh, which bit do you think was most confusing, do you know?

EMMA: This bit where they say find all the possible ways that boys and
girls can be paired, write the pairs below, one pair is already
shown. Rob and Katy, they probably think, Oh, we’ll write those
two down so that’s three are paired, they’re paired up with a
person, and then write the way, so it can be paired, like pick it
out of a bag or something like that,

BC: Yeah.

EMMA: Because they’re not explaining it properly, they’re just

BC: No.

EMMA: saying that, that can mean anything.

BC: Right, OK, that’s very helpful, That was 19, number 13.

Finally, she produces an account of why there are nine pairs to be found, and a critique
of the item’s construction (lines 75-90). As in the case of Charlie, when she arrived at
the die/pin item, she had no difficulty in constructing the require ‘goal’ and answer.

She wrote:
1 and top 1 + side
2 + top 2 +side
3 + top 3 +side
4 + top 4 + side
5 + top 5 + side
6 + top 6 + side

Her understanding of what is required here is demonstrated in the discussion:

EMMA: Do I have to write ‘and’ or can I just ... ?

BC: No leave it out if you like then we might get in a couple more quickly.
EMMA: [she writes]

BC: You're using up that last one, 6 and side, OK, how many of those are there

all together are there? [Interviewer has covered responses with his hand.]

EMMA: Twelve.



Constructing the legitimate’ goal 87

BC: How do you know that?

EMMA: Because there’s six on the dice and there’s six ways you can go with that,
so that’s twelve.

BC: OK, right even though it’s covered up, you know it’s twelve, good. Number 17.

We will look briefly at one last child from amongst those who recovered from three
pairs to produce nine. Mike, a working-class boy, did write something for the tennis
item in the group test:

Rob and Katy
David and Gita
Rashid and Ann

He received, of course, no mark. In the interview, he initially wrote the same three
pairs, with one reversed:

Rob and Katy
Gita and David
Rashid and Ann

In this case, almost immediately the interviewer began to probe, Mike recognised
what the required ‘goal’ of the problem was (line 6), and produced a further six
different pairs (not shown here). There is a suggestion later in the interview that he
found three pairs an appropriate response for the incorrect ‘goal” he had formulated
(lines 16-20).

1 MD: Finished?
2 MIKE: Yeah.
3 MD: OK so how did you work that out?
4 MIKE: Easy, I just looked at that and just paired them up.
5 MD: See it says here it says find all the possible.
6 MIKE: Oh all the possible, oh yeah.
7 MD: OK let’s do that and you carry on. [child works]
8 MIKE: That’s another one.
9 MD: Is that all of them? [He now has nine different pairs.]
10 MIKE: Done it.
11 MD: OK so how did you do that then?
12 MIKE: It’s just don’t know really, I just looked at that and just paired
13 them up in different places.
14 MD: And was that easy or?
15 MIKE: Yeah easy.
16 MD: So if it was like a real competition, how do you think they would
17 have done it?
18 MIKE: They would have just
19 MD: What like you did in the first place?



88  Mathematics education

20 MIKE: Yeah.

21 MD: Yeah so they would have stopped there, have you seen competitions
22 done like that before? No, you don’t. OK, that’s 19 good,

23 13 now.

Conclusion

In this paper we have discussed children’s responses to a ‘realistic’ maths test item. We
have shown that, at both 10-11 and 13-14 years of age, a considerable minority of
children experience difficulty in reading the intentions of the test designers in a way
which enables them to show their ‘mathematical’ skills and understanding in their
best light. These children, at both ages, are more likely to be from intermediate- and
working-class backgrounds than from the service class. However, the older children
are less likely than the younger children to misread the demands of the item,
suggesting that between the ages of 10-11 and 13-14, children do succeed in gaining
a better understanding of the peculiar ‘rules of the game’ which characterise much of
school maths. Of course, we must be aware of the danger of overgeneralising from this
case — though much can be learned from it. However, elsewhere, in an analysis of
performance on more than one hundred National Curriculum maths items, we have
shown more generally that there are greater social class differences at age 10-11 in
children’s performance on ‘realistic’ items than on ‘esoteric’ items (Cooper and
Dunne, 2000). It is of course likely that some part of this difference is due to problems
in the design of ‘realistic’ items. No doubt some of the ambiguity of meaning children
experienced in the wording of the tennis item could be removed. Notwithstanding
such remedial action, there will nevertheless remain an underlying problem for chil-
dren to tackle before they can attend to the ‘mathematical’ operation embedded in the
noise of the everyday context. Should they or should they not import ‘everyday’
considerations? Does the appearance of children’s names, in the context of tennis,
imply that these are not merely tokens to be arranged as elements of abstract sets? Test
designers need to give further careful thought to just what it is that they are testing. An
examination of recent test papers suggests that it seems to have been decided, for the
moment at least, that the testing of maths in the English National Curriculum will be
via the use of mainly ‘realistic’ items. Given the interpretative problems that these
items can produce — especially for children from intermediate- and working-class
social class backgrounds — we would urge that further thought be given to their unin-
tended consequences for both the validity and the fairness of the assessment of what
children know and, in some contexts at least, can do.
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Appendix: Social class groups
(Combined from Goldthorpe and Heath (1992) and Erikson and Goldthorpe (1993).)

1 service class, higher grade: higher grade professionals, administrators and offi-
cials; managers in large industrial establishments; large proprietors

2 service class, lower grade: lower grade professionals, administrators and officials;

higher grade technicians; managers in small industrial establishments; supervi-

sors of non-manual employees

routine non-manual employees

personal service workers

small proprietors with employees

small proprietors without employees

farmers and smallholders

foremen and technicians

skilled manual workers

semi- and unskilled manual workers

—
— O \O 00 N O\ Nk W

—_

agricultural workers

We have collapsed 1 and 2 into a service class, 3-8 into an intermediate class, and
9-11 into a working class.

Notes

1 Funded by the ESRC via grants R000235863 and R000222315.
2 Itshould be noted that these younger and older children are not matched samples.
In particular, the older children have lower mean ‘ability’ scores.
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6 Establishing a community of
practice in a secondary
mathematics classroom

Merrilyn Goos, Peter Galbraith
and Peter Renshaw

Introduction

We have been developing a research programme in mathematics education based on
key concepts from socio-cultural theory that foreground the interactive and commu-
nicative conditions for learning, and the inherently social and cultural nature of cogni-
tion itself (Goos, Galbraith and Renshaw, 1994; Goos, Galbraith and Renshaw,
1996; Renshaw, 1996). The socio-cultural perspective is one of a number of contem-
porary models of learning that is attempting to reform classroom practices by
promoting less hierarchical, more interactive, more networked forms of communica-
tion within the classroom, and more explicit consideration of the connection between
classrooms and the cultural and institutional practices of related communities, specifi-
cally in this context, knowledge communities where mathematics is an important
cultural tool. The centrality of community in socio-cultural theory reflects the view
that knowledge acquisition should be seen as progress to more complete participation
in the practices, beliefs, conventions and values of communities of practitioners, and
not primarily as the acquisition of mental structures per se.

In this chapter we focus on how a particular type of mathematics classroom can be
created, a classroom that enables the practices, values, conventions and beliefs charac-
teristic of the wider communities of mathematicians to be progressively enacted and
gradually appropriated by students. One case — a mathematics classroom at the upper
secondary school level — is analysed in detail in order to reveal the working assump-
tions, the tacit classroom culture, that underlie the interaction patterns between the
teacher and the students. Leone Burton (1999) presents a view of mathematics
learning as a narrative process in which mathematical knowledge is validated by the
community of knowers, and outlined the different agendas for teachers and different
responsibilities of learners that this position presents. Our own analysis highlights
changes to the roles of teachers and students that are required for this local community
of practice to take hold and thrive.

The current research programme has taken shape in various partnerships with
teachers, where our suggestions about possible classroom practices consistent with
socio-cultural theory, have been taken up selectively by the teachers and implemented
in ways that they considered were feasible, and compatible with the complex condi-
tions of their particular schools. The research programme, therefore, should not be
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considered as theory applied to practice, or practice derived in some principled way
from theory, but rather as a research partnership in which key theoretical ideas
become better understood in the context of classroom practice, and possibilities for
changing classroom practices are created by theoretical insights.

In the majority of contemporary classrooms, learning mathematics is seen as
mastering a predetermined body of knowledge and procedures. The teacher’s job
involves presenting the subject matter in small, easily manageable pieces and demon-
strating the correct procedure or algorithm, after which students work individually on
practice exercises. However reasonable this approach may appear, numerous research
studies (e.g. Schoenfeld, 1988) have shown that such mathematics instruction can
leave students with imperfect understanding and flawed beliefs about mathematics.
When students’ activity is limited to imitating the technique prescribed by the
teacher, they can create the appearance of mathematical competence by simply
memorising and reproducing the correct way to manipulate symbols, and may even
come to believe that producing the correct form is more important than making sense
of what they are doing (Cobb, 1986; Cobb and Bauersfeld, 1995).

Associating competence with symbol manipulation is but one of many undesirable
consequences of the traditional approach to teaching mathematics. As Hilary Povey
and Leone Burton point out in Chapter 3, this epistemology of external authority
silences learners and leaves them dependent on authoritative others for validation of
their knowing. Reliance on the teacher or text as the source of knowledge reduces
students to a passive, accepting role, and leads them to expect that there must be a
readily available method or rule for every kind of problem. The term ‘problem’ is itself
problematic, as students know that the practice exercises on which they work constrain
them to use the algorithm most recently taught, a situation that is not only highly
contrived, but also leaves them helpless when faced with genuine problems where the
solution method is not immediately obvious (Schoenfeld, 1992). As a result of school
experiences such as these, students equate mathematics with meaningless practice on
routine exercises, and learn that mathematics is not meant to make sense.

The last decade has seen the emergence of an international reform movement in
mathematics education that has promoted notions of communication, collaborative
interaction and group problem-solving — goals and practices that stand in contrast to
those of traditional instruction. In the United States, for example, the National
Council of Teachers of Mathematics (NCTM) has set new goals for students’
learning, including the need to develop reasoning and problem-solving skills, to learn
to communicate mathematically, and to work collaboratively as well as individually
(NCTM, 1989, 1991). A similar shift in priorities has occurred in Australia, where the
intent of the NCTM documents is echoed in the National Statement on Mathematics
for Australian Schools (Australian Education Council, 1991). Like the NCTM agenda,
the reformist goals for school mathematics in Australia are concerned with the devel-
opment of collaborative learning and communication skills, the development of
problem-solving capacities and the experience of the actual processes (e.g. conjecture,
generalisation, proof, refutation) through which mathematics develops. In part, this
reform agenda is consistent with the interests of employers who have criticised schools
for the perceived communication and problem-solving skills of graduating students.



Establishing a community of practice 93

In part, it reflects the changing circumstances of contemporary society where mathe-
matics has become a crucial tool for anyone wishing to participate in public discussion
of current social, ecological, technological and economic issues. It is important that
the reform agenda reflects, in addition, specifically educational concerns about the
nature of mathematical thinking, and classroom conditions that will help students to
learn to think mathematically. Research into mathematical education is no longer
limited to studies of knowledge resources and heuristics (concerns more in keeping
with the traditional approach to instruction outlined above), but also examines the
role of metacognitive monitoring and control, beliefs and affects, and classroom prac-
tices that promote constructive engagement in mathematical communities (Schoenfeld,
1992). To provide such an educational perspective on recent efforts to reform mathe-
matics teaching and learning we have employed socio-cultural theory. In the next
section of the paper we summarise the key concepts from the theory and illustrate how
we have made use of these concepts to guide out classroom research. Unlike Booth
et al. (1999), our aim is not to juxtapose different theoretical perspectives; however, it
is worthwhile noting again that our appreciation of socio-cultural theory itself has
grown through the research project.

The socio-cultural perspective
Cognition is a social and cultural phenomenon

A key theoretical claim of socio-cultural theory is that human action is mediated by
tools, and that such mediation not only changes the relationship of people to the
world by extending their capacity to transform it for their own purposes, but tool use
also transforms the individual, incorporating the individual into new functional
systems of action and interaction that are culturally and historically situated. Cogni-
tion is not located purely within the individual, therefore, but in the functional system
— it is stretched across the individual, the cultural tools, the activity and its context
(Lave and Wenger, 1991).

Cultural tools do not simply amplify cognitive processes — they fundamentally
change the nature of the task and the requirements to complete the task. The rapid
development of computer technology and its application to classrooms provide
numerous examples of how cultural tools transform the task and the cognitive require-
ments (Crook, 1991), For instance, students can use either graphics calculators or
computer spreadsheet and graphing programs to rapidly solve the cubic equation
x° 44 =x, a task for which there is no ready algorithm if one is working ‘by hand’
(Kemp, Kissane and Bradley, 1996). Similarly, graphics calculators can lead to less
tedious and more efficient execution of calculus problems (Berger, 1996). However,
the most powerful use of technology is in enabling students to explore ideas and tackle
problems that would otherwise be beyond them. From this perspective, therefore,
learning should not be considered simply as the accumulation of internal mental
processes and structures, but as a process of appropriating cultural tools that transform
tasks, and the relationship of individuals to the tasks as well as to the other members of
their community. How does such appropriation occur?
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The ZPD as scaffolding

To understand how learning occurs, how people come to appropriate the cultural
tools that transform their relationship to each other and the world, we need to appre-
ciate what Vygotsky meant by the zone of proximal development — the ZPD. He
formulated it in different ways depending on the particular problem he was analysing
(see Lave and Wenger, 1991; Minick, 1987; Valsiner and van der Veer, 1992). The
most widely quoted definition describes the ZPD as the distance between what a child
can achieve alone, and what a child can achieve with the assistance of a more advanced
partner. In our research programme this notion of the ZPD has highlighted the
productive role peer tutors can play in scaffolding the learning of their fellow students.
It also places the teacher in a pivotal role in the classroom, particularly to support
students in becoming more self-regulating participants in classroom activities. Initially,
the teacher and peer tutors act as the guides, who scaffold and support the performance
of the less expert partners by directing their attention to key aspects of the task, simpli-
fying the task, monitoring ongoing performance and adjusting the degree of assistance
depending on the partner’s competence in completing the task. The movement towards
self-regulation requires the more expert partner to withdraw support as competence
grows, and to provide opportunities for independent task completion. The students
receiving help, however, should not be considered as passive or compliant in the situa-
tion. We have observed many instances in classrooms where students actively create
their own supportive scaffolds — formal tutoring arrangements don’t need to be organ-
ised, because students become accustomed to looking around for assistance from peers
and the teacher where a culture of collaboration has been established.'

The ZPD in egalitarian partnerships — distributed complementary

(in)competence

The second context in which Vygotsky analysed the notion of the ZPD was in relation
to children’s play. Vygotsky noted that when children played together they acted above
their normal level of development and were able to regulate their own and their part-
ners” behaviour according to more general social scripts, and take the perspective of
others. Unlike the scaffolding notion, which is based on differential levels of expertise
between partners, this view of the ZPD involves egalitarian relationships. Applied to our
interest in mathematics education, we see learning potential in peer groups where there
is incomplete but relatively equal expertise — each partner possessing some knowledge
and skill but requiring the others’ contribution in order to make progress. In the class-
rooms that we have been studying, we have identified such egalitarian groups as contexts
where uncertainty leads to exploration and speculation. Such situations approximate the
actual practices of mathematicians striving to go beyond the established boundaries of
their knowledge, and so provide a more authentic experience of doing mathematics
under conditions of uncertainty. Another advantage of these groups is that, removed
from the direct influence of the teacher, the students take personal responsibility for the
ideas that they are constructing, so the authorship of mathematical knowledge is vested
in themselves and their partners. (The notions of authorship and authority are further
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elaborated by Leone Burton and Hilary Povey in Chapters 3.) One memorable inci-
dental comment from a student highlighted the issue of authorship for us — after
working together on a problem and making progress the student turned to his partner
and said, “That was really good thinking X’. It is unusual for students in most classrooms
to compliment each other in this way — except in a mocking tone — so the comment
stood out as representing something novel and suggested that these students had begun
to see each other as real contributors to knowledge construction.

Nevertheless, it is important to recognise that social validation of knowledge by
students themselves is a necessary but not a sufficient condition for a successful
learning community to operate within the mathematics classroom. This is because the
concept of what is acceptable as knowledge varies with the maturity and experience of
the learner. For example, in relation to proof, research shows that in the early years a
simple reassertion of a statement may be deemed adequate by the student. At a later
stage there is appeal to evidence, driven by the awareness of a need to write supporting
arguments. Even at the secondary level, however, the base of this evidence is empirical
for many students, with a sequence of numerical checks tendered as conclusive proof
of a generalisation. Only at advanced levels is the need for cogent reasoning from
initial assumptions recognised, an appreciation that requires an understanding of the
public status of discipline knowledge and the importance of public verification or
falsification. Consequently, social validation in classrooms will not be sufficient when
personal perceptions of learners allow the acceptance of mathematically inadequate
forms. This serves to emphasise the essential role of the teacher in a classroom commu-
nity of enquiry as the one who facilitates vigorous mathematical debate and who
simultaneously ensures that the substantive arguments of students are tested against
disciplinary knowledge. Not all constructions are equally valid; however, all are
equally legitimate as a basis from which to proceed towards greater understanding.
Indeed, the presence of a variety of incomplete constructions provides a rich environ-
ment for the exercise of critical collaborative approaches to the establishment and
defence of authenticated knowledge.

The ZPD as the interweaving of everyday and scientific knowledge

The third context in which Vygotsky theorised the notion of the ZPD was in relation to
schools and the access that schools provide to more organised and systematised forms of
knowledge. He proposed two broad types of knowledge — everyday or local knowledge
that is based on the experiences and cultural tools available in the child’s immediate
community, and scientific knowledge, which has a coherent organisation and a history
of development that gives it greater consistency and generality than everyday knowl-
edge. In terms of the ZPD, the child’s everyday knowledge represents their established
competencies, whereas the challenge presented by using and understanding the scien-
tific knowledge defines the upper limits of the ZPD. Scientific concepts do not simply
replace everyday concepts during the process of learning and development — that would
produce only an empty formalism, and reduce the notion of the ZPD to a transmission
model of teaching. Rather, to ensure the development of personal understanding, scien-
tific concepts must be linked to the fabric of the children’s existing concepts. In the
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ZPD the teacher and the students need to weave together the two conceptual forms so
that the everyday, or previously acquired, concepts are transformed by the more general
and abstract concepts, while the scientific concepts are tested and made accessible by
being applied to the students’ experiences and represented in a way that is relevant to
them. For example, in the context of senior secondary school mathematics this inter-
weaving may occur when constructing mathematical models of real world phenomena,
or when students’ previously developed knowledge of real number systems and opera-
tions is connected to the algebra of complex numbers or matrices.”

This notion of the ZPD places the teacher in a pivotal role in the classroom because
it is the teacher who needs to have an expert grasp of the discipline of mathematics,
and the capacity to see in the students’ ideas the link to the more general forms and
conventions of mathematics. The teacher’s own beliefs, about the nature of mathe-
matics and how it is learned will also determine whether such opportunities are recog-
nised and exploited (Fennema and Loef-Franke, 1992; Thompson, 1992). Limitations
of the effectiveness of transmissive teaching have often been documented, but the
significance of the outlook of the teacher in providing alternatives has been less
frequently addressed in depth. Some time ago Howson (1975) lamented:

The major concern for worry was that teachers in many cases never learned to
learn — their university and college preparation had turned them into absorbers of
predigested information, but they had not been encouraged or trained to learn or
create mathematics by themselves. They had been trained to accept what was
offered to them, but not to question the criteria underlying the selection and
methods of presentation of the material, they had not learned to view mathe-
matics as an ongoing activity.

However, by emphasising the role of the teacher and the significance of disciplinary
knowledge, we are not advocating a return to a transmission model of teaching; nor in
our own study are we merely concerned with a change of instructional mode for
students as consumers. The teacher is an integral part of the community of learners,
and the actions of the teacher in our study display features illustrating that the
approach we take is incompatible with the characteristics described by Howson.
Instead, the teacher has to establish the conditions in the classroom where students
become engaged in the process of enquiry and are willing to share their insights
initially using familiar forms of representation and language. Thus the interweaving of
concepts at differing levels of abstraction renders the separation of teacher from
learner, and knowledge from individual, an impossibility.

There is another aspect of this weaving metaphor for the ZPD that requires clarifi-
cation. The notion of scientific knowledge implies a compendium of handed-down
wisdom, as if scientific knowledge were a product and not a process. Knowing is not
an inert accumulation but an active process, a way of speaking and acting in various
communities of practice. Thus, as students appropriate knowledge from a particular
community of practitioners, they become participants in ongoing social and institu-
tional practices, even if they are only peripherally engaged at first.

This interpretation of the ZPD is consistent with the view that learning to think
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mathematically involves more than acquiring skills, strategies and declarative knowl-
edge. It involves the development of habits and dispositions of interpretation, and
meaning construction, that is, a mathematical point of view (Schoenfeld, 1994).
When students adopt the epistemological values of the discipline they ‘come to see
mathematics as a vehicle for sense-making’ (Schoenfeld, 1989, p. 81), rather than a
collection of arbitrary rules for symbol manipulation. Our goal, therefore, is not to
recreate in the classroom some idealised image of the professional mathematical
community, but to foster a local hybrid culture, where the mathematical point of view
is constantly being applied to students’ experiences and concerns. In this sense
authentic knowledge is not simply the students’ personal constructions per se, or
formal mathematics per se, but the combination of both.

The ZPD — created by the challenge of participating in the

classroom culture

The ZPD is normally applied to individuals, but recently it has been applied to whole
groups, and it seems to us that this is both consistent with socio-cultural theory, and of
practical significance in removing the implication that effective teaching in the ZPD
requires sensitive diagnosis of the diverse levels of development of students, followed
by one-to-one instruction. Ann Brown and her colleagues (Brown, A, 1994; Brown
and Campione, 1995) consider the class a community of learners where children are
inducted into more disciplined and scientific modes of thinking that involve explora-
tion, speculation, conjecture, gathering evidence and providing proof. Students are
viewed as having partially overlapping zones that provide a changing mix of levels of
expertise that enables many different productive partnerships and activities to be
orchestrated. Through the establishment of participation frameworks such as peer
tutoring sessions, reciprocal teaching episodes, teacher-led lessons, individual and
collaborative problem-solving sessions, students become enculturated into taken-for-
granted aspects of classroom life that promote a shared knowledge base, a shared
system of beliefs, and accepted conventions for communicating and verifying knowl-
edge claims. The lived culture of the classroom becomes, in itself, a challenge for
students to move beyond their established competencies, and to enter more fully into
disciplined and scientific modes of enquiry and values.

This final version of the ZPD subsumes the other three notions that we identified
above. Included in a community of learners are episodes of scaffolding, peer-initiated
exploration and speculation, as well as weaving together informal and scientific
perspectives during teacher-led and peer-directed activities. Only a handful of studies
have documented the formation of such classrooms (e.g. Alibert, 1988; Borasi, 1992;
Brown, R. A. J., 1994; Brown and Renshaw, 1995; Elbers, Derks and Streefland,
1995; Lampert, 1990). In each case, the participating teachers worked from the
premise that mathematics is learned through engagement in social and communica-
tive activity, and they organised an environment in which students were actively
engaged in mathematical sense-making. However, since models of practice derived
from the literature can appear unrealistic to teachers, we decided not to list particular
practices for teachers to follow, but indicated in general terms the type of classroom
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activities we were interested in documenting. In particular, we indicated a special
interest in videotaping or audiotaping peer group discussion whenever it might occur in
their classrooms.

In the second section of this chapter we report a case study of one classroom where a
culture consistent with our guiding theoretical principles appears to be taking hold, and
we provide our view of the conditions and practices that have enabled this to occur.

The classroom study

The study reported here is part of a two-year research project investigating patterns of
classroom social interactions that improve senior secondary school students’” mathematical
understanding, and lead to the communal construction of mathematical knowledge. Four
mathematics classes (three Year 11 and one Year 12) and their teachers participated in the
first year of the study; three of the teachers, each with a new Year 11 class, continued their
involvement in the project’s second year. Multiple methods were used to gather data on
features of classroom interaction and students’ individual thinking. At the beginning of
each year questionnaires and associated written tasks were administered to obtain infor-
mation on students’ beliefs about mathematics, perceptions of classroom practices, and
metacognitive knowledge. From March until September one mathematics lesson per
week was observed for each class to record teacher—student and student—student interac-
tions. At least 10 lessons were videotaped in each classroom in the first year of the project.
The research plan for the second year included an additional two-week period of intensive
observation, during which every lesson in a unit of work nominated by the teacher was
videotaped. Stimulated recall interviews (Leder, 1990) have been conducted with teachers
and students on a number of occasions to seek their interpretations of selected videotape
excerpts, and students’ views about learning mathematics have been elicited in individual
and whole-class interviews, and in reflective writing.

Categories of teacher—student interaction were identified from our observations
that were consistent with the theoretical principles outlined earlier in this chapter.
Table 6.1 shows the list of categories for both the teacher and students. Although the
categories of interaction were derived from observations of all four classrooms partici-
pating in the first year of the study, they were exemplified to varying degrees in each of
the classrooms. Evidence from field notes and videotapes indicated that one class-
room, more than the other three, approximated a community of enquiry. The mate-
rial in the remainder of the chapter is based on data gathered from this teacher and his
Year 12 and Year 11 classes over the two years of the study.

The categories of teacher—student interaction tell only part of the story. Taken
together they reveal the emerging culture of the classroom as a community of practice.
The teacher’s actions were crucial in establishing the culture, but it is impossible to
describe the actions of the teacher without considering the corresponding actions of
the students. The teacher’s invitations or challenges to students can be resisted,
rejected or subverted. (Some signs of resistant behaviour are described later in the
chapter.) That almost all students accepted these invitations to participate in new
ways in the classroom indicates the teacher’s high level of professional expertise, but
also a certain entering competence on the part of the students — as if they were now
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Table 6.1 Assumptions about and learning mathematics implicit in teacher—student

interactions

Assumptions

Teacher actions

Student actions

Mathematical thinking is

an act of sense-making, and
rests on the processes of
specialising, generalising,
conjecturing and convincing,.

The processes of
mathematical inquiry are
accompanied by habits of
individual reflection and
self-monitoring.

Mathematical thinking
develops through teacher
scaffolding of the processes
of inquiry.

Mathematical thinking can
be generated and tested
by students through
participation in equal-
status peer partnerships.
Interweaving of familiar
and formal knowledge
helps students to adopt
the conventions of
mathematical
communication.

The teacher models
mathematical thinking
using a dialogic format

to invite students to
participate.

The teacher invites students
to take responsibility for
the lesson content by
providing intermediate

or final steps in solutions
or arguments initiated by
the teacher.

The teacher withholds
judgement on students’
suggestions while inviting
comment or critique from
other students.

The teacher asks questions
that encourage students to
question their assumptions
and locate their errors.
The teacher presents ‘what
if?’ scenarios.

The teacher calls on students
to clarify, elaborate, critique
and justify their assertions.
The teacher structures
students’ thinking by
asking questions that lead
them through strategic steps.

The teacher structures
social interactions between
students, by asking them

to explain and justify ideas
and strategies to each other.

The teacher makes explicit
reference to mathematical
language, onventions and
symbolism, labelling
conventions as traditions
that permit communication.
The teacher links technical
terms to commonsense
meanings, and uses multiple
representations of new terms
and concepts.

Students begin to offer
conjectures and justificatons
without the teacher’s
prompting.

During whole class
discussion students initiate
argumentation between
themselves, without teacher
mediation.

Students begin to point out
and correct their own and
each other’s errors, and those
made by the teacher.
Students ask their own ‘what
if?” questions.

Students spontaneously
provide clarification,
elaboration, critiques, and
justifications.

Students take increasing
responsibility for suggesting
strategic steps.

Students form informal
groups to monitor their
progress, seck feedback on
ideas, and explain ideas to
each other.

Students begin to debate the
appropriateness and relative
advantages of different
symbol conventions.
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ready to take up the challenge to be more active in classroom activities and to extend
their thinking. The culture of the classroom, therefore, represents the joint produc-
tion of the teacher and the students.

In Table 6.1 we have listed the five assumptions about doing and learning mathe-
matics that appear crucial to creating the culture of the community of mathematical
inquiry. The assumptions were derived over time from our observations of class-
rooms, dialogues with teachers, and reflections on these experiences drawing on the
theoretical and research literature reviewed above. The assumptions are:

1 Mathematical thinking is an act of sense-making, and rests on the processes of
specialising and generalising, conjecturing and justifying;

2 The processes of mathematical enquiry are accompanied by habits of individual
reflection and self-monitoring;

3 Mathematical thinking develops through teacher scaffolding of the processes of
enquiry;

4 Mathematical thinking can be generated and tested by students through partici-
pation in equal-status peer partnerships;

5 Interweaving of familiar and formal knowledge helps students to adopt the
conventions of mathematical communication.

Illustrative classroom episodes

An annotated observation record of two sequential lessons with the Year 11 class is
provided in Tables 6.2 and 6.3. These lessons have been chosen because it is during the
early stages of Year 11 (the first year of students’ senior secondary schooling) that the
teacher plays a crucial role in establishing the classroom community of enquiry. The
annotations refer to the previously developed categories shown in Table 6.1. In these
records the abbreviations T and S refer to the teacher and unidentified students, while
other letters of the alphabet are used to identify specific students. Following the presen-
tation of the classroom episodes we draw together specific incidents that illustrate how
the culture of the classroom was being formed through teacher—student interaction.

Specifying the teacher’s role in creating the tacit culture of
mathematical inquiry

The classroom culture should be considered as an interrelated system that has been built
through the actions of both the teacher and the students. By highlighting the teacher’s role
here we do not disregard the contributions of the students in responding to the teacher’s
challenge to enter into the community of inquiry. (Further elaboration of the students’
response is left to a later section of the chapter.) It follows also that we are not presenting
here a list of prescriptive actions — as if there were a recipe that any teacher could follow to
create a community of enquiry. Instead we acknowledge the complexities of educational
settings in which teachers and learners find themselves (see Burton, 1999), and view the
underlying assumptions of the classroom culture as providing goals for teachers, guides to
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Table 6.2 Year 11 maths lesson 1: Finding the inverse of a 2 x 2 matrix

101

Annotation

Interaction

Blackboard

Structures Ss’
thinking
(backward)

Encourages self-
checking

Models
mathematical
thinking
Authorship

Sense-making
Models

mathematical
thinking

Structures Ss’

thinking (forward)

Structures Ss’

T reminds Ss of procedure for finding
inverse of a 2 x 2 matrix using
simultaneous equations. Asks Ss to solve
the resulting equations.

Ss provide equations and solution.

3 1 2 -1
T: So the inverse of is
5 2 -5 3

T: Can you check via matrix
multiplication that you do get the identity
matrix?

Ss confirm this is so.

T: Is it inefficient to do this every time?
Ss concur.

T: Could we find a shortcut?

L suggests reversing the position of zand d,
and placing minus signs in front of fand c.
T elicits symbolic representation and
writes on blackboard.

T: How could we verify this?

Ss suggest doing another one. T provides
another example; asks students to use

‘L’s conjecture’ to write down the
hypothetical inverse and check via matrix
multiplication. Ss do so — they are
convinced the method works.

T gives another example for Ss to try.
Gradual increase in S talk as they realise
L’s conjecture doesn’t work’ for this one
(matrix multiplication does not yield the
identity matrix).

T reminds Ss they can still find the inverse

thinking (backward) by solving simultaneous equations. Ss do

Structures Ss’

so and verify via matrix multiplication.
T: How is this related to L’s conjecture?

thinking (forward) (which is half right).

Structures Ss’
thinking
(consolidation)
Models
mathematical
thinking
Sense-making and
authorship

Ss reply that the first attempt is too big by
a factor of 5, so they need to divide by 5.
T: What did you divide by in the previous
example?

Ss realise they could divide by 1.

T: So the new method (dividing by
something) works. But how do you know
what to divide by?

Homework: Find a rule that works for
these two cases. Test it on another matrix
of your choice

s

(o

3a+c=1

54+ 2c=0
3b+d=0
56+ 2d =1

0
1

a=2,b=-1,c=-5,d =3

Inverse of

e

Inverse is

¥

d -b
?

— a
21 inverse 1

—_—
11 -1
) inverse [
—_—

2
5

s
5

b).
dlS

)

-1

5
4
5

21 inverse
_—
11

S W
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Table 6.3 Year 11 maths lesson 2: Inverse and determinant of a 2 x 2 matrix

Annotation Interaction Blackboard

on last lesson (homework). The 3 21-3 4

T asks Ss to remind him of the matrix worked (4 1) 2 -1} (5 0
05
first try gave (O 5} you had toadjustby 2

-1

dividing by five. (Ss were to find a rule 5

for the divisor). 3 4
5

W N

T: What was the divisor? -

Sense-making  D: ad- bc.
T: Did you invent your own matrix
and test it?
Ss: Yes, it worked.
T names ‘this thing’ (ad — bc) as the

determinant.

Mathematical T: Let’s formalise what you’ve found.
conventions What would 1 write as the inverse of

and symbolism (5, b
>
(E d ].
AV volunteers the formula, which T 1 (d —bJ

writes on blackboard. ad —be
L: Would the inverse of a 3 x 3 matrix be

similar?

T: Yes, but it’'s messy — you can use your

graphics calculator to do it. You need to

be able to find the inverse of a2 x 2

matrix longhand.

R: What part of that is the determinant? V=uad — be
T labels ad — bc and writes the symbol

—C a

and name ‘del’ on blackboard. el
Models T puts another example on blackboard and 3 6Y)"
mathematical  asks Ss to find the inverse. Find [ )
thinking (test  After working for a short time Ss begin to 2 4
conjecture murmur ‘zero’. They find that ad - bc, the
with another  determinant of the matrix, is zero, therefore
example) the inverse cannot be calculated.

R: Is our method s#z//wrong?

Authorship of  T: No. Remember, some elements of the real
knowing number system have no inverse. So what is the
test to find if a matrix is non- invertble?
L: The determinant is zero.
T: A non-invertible matrix is called a singular
matrix. What happens if you try to invert this
matrix using your graphics calculator?
Ss try it: see ‘error’ message.
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Annotation Interaction Blackboard

thinking Remember how to use simultaneous

Structures S’ T: We can think about this another way. (2 1)(4 b) (1 OJ
o1

. 11 d
(consolidation) equation method to find the ¢
inverse ... What happens if the matrix is 2a+c=1
singular? First find the inverse of this 2b6+d =0

matrix, using simultaneous equations.
Ss work on solving the simultaneous
equations. b+d=1

a=1l,c=-1,b=-1,d =2
Structures Ss” T tours the room. Asks AG ‘Have you done it?’

a+c=0

social AG: No.
interaction T: Then ask AR (sitting beside him) to explain it.
Structures Ss”  Ss finish finding solutions.
thinking T: What is this related to, from Junior maths?
(backward) Ss: Finding the intersection of two lines.
T: These are all linear equations so we could
solve them by graphing.
Ss use graphics calculators to find graphical
solutions.

T: So one way to find the inverse is to set up
simultaneous equations and solve
(algebraically or graphically). Now try to

find the inverse of 5 (which we just

4

found is singular) by solving simultaneous
equations graphically

Structures Ss”  Ss find parallel lines — no solution. 4 2Ya 10
thinking T: Another interesting thing ... you know =
. L 1 1)\6 3
(forward) how to turn a matrix equation into
simultaneous equations ... (Ss do the 4a+26=10
conversion and solve the equations) a+b=3
T: Can we do the reverse? What if 1 gave you
. . a=2,b=1
the simultaneous equations — how would you
make a matrix equation?
Structures Ss” AR explains how the numbers and the letters
thinking are arranged in matrix formation.
(backward) T: What was the reason we wanted to 4 2Ya _ (10
find matrix inverses in the first place? 1 1lel {3
R: We couldn’t divide by a matrix! 3y =6
.=

T reminds Ss where they left off previous
work on solving a problem that required
division of one matrix by another (like the
equation on blackboard).

Sense-making  T: Recall the parallel with the real number
and authorship system ... to solve this algebraic equation
you'd multiply both sides by the
multiplicative inverse of 3.
Homework: Solve the matrix equation (by
‘inventing’ matrix algebra).
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the direction of their actions. In each local context, the teacher will need to creatively
devise means to move towards the goals.

Mathematical thinking is an act of sense-making, and rests on the
processes of specialising and generalising, conjecturing and justifying

Although the teacher had a specific agenda during the lessons he did not merely
demonstrate how to do the mathematics — even though it would have been a simple
task to show the students how to find the inverse of a 2 x 2 matrix. Instead. he
involved the students in the processes of mathematical enquiry by:

1 presenting a problem for them to work on. For example, the teacher first chose
the matrix 5 9 and asked the students to find the inverse by using their

existing knowledge of the simultaneous equation method. Because this matrix
has a determinant of one, it represented a simple case which would allow the
students to see part of the pattern linking the matrix to its inverse;
2 eliciting students’ conjectures about the general form of the inverse matrix, based
on the specific case they had examined;
3 withholding judgement to maintain an authentic state of uncertainty regarding
d —b

the validity of conjectures. Thus the students’ initial conjecture of as
— a

the inverse (which, although incorrect, did satisfy the conditions of the specific
case) was treated as an hypothesis, rather than an error;

4 asking students to test conjectures and justify them to their peers. Rather than
rejecting students’ initial conjecture, the teacher offered a counter-example,

4 1 d —b
3 2 whose inverse the students found to have the form ”
—

were then asked to find a formula for 7, and test their new conjecture on another

Students

matrix of their own choice.

In the lessons illustrated above, it is the students who ‘invent’ and test an algorithm for
inverting a 2 x 2 matrix — although the teacher’s guidance certainly facilitated their
process of invention. The teacher acknowledged and validated their authorship by
labelling one student’s initial suggestion as ‘L’s conjecture’ (see Table 6.2). Students
also asserted their author/ity, as demonstrated by the student’s question as to whether
their discovery of non-invertible matrices makes ‘our method’ wrong (see Table 6.3).
The teacher interactively explicated the nature of mathematical thinking, rather than
presenting himself as a model to be observed.
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The processes of mathematic enquiry are accompanied by habits of
individual reflection and self-monitoring

Self-directed thinking is initially prompted by teacher questions (‘Can you check via
matrix multiplication that you do get the identity matrix?’). As the students become
accustomed to the teacher’s expectations (particularly in Year 12), more subtle inter-
ventions are used to promote reflection; for example, allowing time for students to
read textbook explanations and examples in order to provide substance for a whole-
class discussion. Here, the teacher acts in the role of ‘reviewer’ of students’ work, in
much the same way as a journal referee.

Mathematical thinking develops through teacher scaffolding of the
processes of enquiry

The teacher helped the students make sense of the mathematics by asking questions
that prompted the students to clarify, elaborate, justify and critique their own and
each other’s assertions. These interventions can move students’ thinking either
forwards towards new ideas (‘Could we find a shortcut?’, ‘How is this related to L’s
conjecture?’) or backwards towards previously developed knowledge or a previously
identified goal (“What is this related to from Junior maths?’, “What was the reason we
wanted to find matrix inverses in the first place?’); or they can serve to consolidate
students’ thinking by drawing together ideas developed during the lesson (“What did
you divide by in the previous example?’).

Mathematical thinking can be generated and tested by students through
participation in equal-status peer partnerships

The teacher also signalled that social interaction with peers was valued in working on
mathematical problems. This was particularly noticeable during the early weeks of
Year 11, when classroom norms were being established. (For example, in the lessons
illustrated above, the teacher asked students to explain their solutions to each other.)
Later in the year, and particularly in Year 12, these forms of argumentation and social
interaction appeared in both small-group and whole-class discussion without explicit
support from the teacher, their appropriation by the students a sign that certain
patterns of interaction could be taken for granted. While some of these episodes
involved peer scaffolding or tutoring, the main purpose was to demonstrate the
process of socially validating knowledge claims in a community of enquiry,

Interweaving of familiar and formal knowledge helps students to adopt
the conventions of mathematical communication

The teacher avoided using technical terms until students had developed an under-
standing of the underlying mathematical ideas (“This thing is called the determinant.’
‘Let’s formalise what you’ve found.’). The availability of precise language then helped
the students to make their thinking visible while discussing ideas with their peers.
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The teacher’s beliefs about learning and teaching mathematics

We pointed out earlier that teachers’ beliefs about learning and teaching mathematics
influence the features of the classroom environment they create. These beliefs can be
inferred from the actual practices of the classroom, but we acknowledge that classroom
constraints and institutional pressures often prevent teachers from acting according to
their beliefs. The stimulus for the teacher to elaborate his beliefs was a videotape of a
lesson with his Year 12 class. As the videotape was played, the teacher was asked to
comment on the interaction, explain what he was doing and why (as in Meade and
McMeniman, 1992). From the interview we identified three core beliefs, which are
illustrated below with excerpts from the transcript.

Students learn mathematics by making sense of it for themselves

I want to try as much as possible to get them to work it out for themselves.

(Having the students reconstruct a mathematical argument developed in a
previous lesson), you’re getting them to try to build some sense into it, by getting
them to reconstruct it themselves they have to be able to make some sense out of
iteven if it’s only internal consistency with the mathematics ... you hope that way
that’s building in a more robust cognitive structure they can use later on.

The other important thing about it as well, by doing it this way you’ve got a degree
of ownership involved ... the kids are engaged, and I really think that’s because
they’re owning what’s going on, it’s not just sitting there, listen to this and away you go.

If you never gave them the opportunity, if you just told them, then they’re
expecting you — or it’s easy enough to wait to be told again. I don’t think, long
term, that’s a great advantage.

The teacher’s strategy of engaging the students actively in the lesson is related to
beliefs about personal responsibility and sense-making. The teacher is also looking
forward in the students’ development rather than focusing on the present situation —
noting the advantage of ‘robust cognitive structures’ that the students can use later on,
and justifying the push to independence by considering the ‘long-term’ perspective.
The teacher’s beliefs here are entirely consistent with the notion of the ZPD: he wants
them to appropriate the mathematics, and be prepared for independent engagement
in the future. It is worth noting also that there is no preoccupation with examinations
or covering the syllabus — concerns that normally justify greater teacher control, and
less emphasis on in-depth understanding.

Teachers should model mathematical thinking and encourage students
to make and evaluate conjectures

There’s an element of attempting to model the problem-solving process in this as
well ... at the beginning of Year 11 they do a unit on it and I attempt to keep
coming back to these things.
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...they won’t always offer information and it’s important they’re encouraged
to guess and just have a go. So then other people can criticise it, or they can criti-
cise themselves once they’ve had a guess.

Having taught the class in Year 11, the teacher is himself a part of the history of experi-
ences of these students, and is able to make connections across time, reminding them of
related prior knowledge and helping them compose the required mathematical knowledge
for the present task. Thus modelling mathematical thinking involves demonstrating how
one searches for related prior knowledge and tests its relevance to the current situation.
The teacher more than anyone else in the classroom is able to provide this continuity —
connecting the past with the present and anticipating future developments.

Nevertheless, the students show resistance to some of the practices required in a
community of enquiry — not always offering information, or being prepared to guess.
The teacher’s comments here suggest he accepts this type of resistance, and sees his
role as challenging them out of their reticence.

Communication between students should be encouraged so they can
learn from each other, sharpen their understanding, and practise using
the specialist language of mathematics

I do think it’s important that they’re able to communicate with other people and
their peers. They will learn at least as much from each other as they will with me.
To be able to do that they have to talk to each other. It’s also a part, one of the
reasons I often force them to say things because they need to be able to use the
language because the language itself carries very specific meanings; and unless
they have the language they probably don’t have the meanings properly either.
They need the language to be able to obviously communicate, but I think it also
has something to do with their understanding as well.

Again the teacher sees himself as pushing against the students’ resistance to communi-
cating with clarity and precision — ‘T often force them to say things’. This has two
aspects — to promote peer interaction, which is seen in itself as a learning experience of
at least equal importance to teacher-led sessions, and to give the students the experi-
ence of using conventional mathematical language.

All of these features of the teacher’s beliefs correspond to key aspects of the ZPD —
notably the importance of weaving the language of the everyday with mathematical
language, and the potential of peer interaction to promote development — and are
consistent with the cultural assumptions of the classroom we had inferred from the
teacher—student interaction patterns.

Students’ emerging beliefs

Students’ responses to interview questions and reflective writing tasks showed that
they were remarkably well attuned to the teacher’s goals, and were aware that their
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classroom operated differently from others they had experienced. They also felt that
there were benefits in the approach practised by their teacher. Below we use excerpts
from transcripts to illustrate their emerging beliefs.

Knowledge claims have to be validated by convincing one’s peers. This
process involves proof that is acceptable to peers, not mere assertion

Stimulated recall interview with three Year 12 students, based on a videotaped lesson
segment capturing their discussion about a problem (I is the interviewer, R is a
student).

I: One of the interesting things is that you don’t just accept what each other says.

R: We always assume everyone else is wrong about it!

I: Butit’s not just saying, ‘No it isn’t’, ‘Yes it is”.

R: Yeah, we've got to be proven beyond all doubt!

Explaining to peers is a context that promotes self-evaluation, and
consolidation of understanding. Without such opportunities, learning
becomes rote transmission

Whole class interview with the Year 12 class.

D: So many times I find myself trying to explain something to other people, and
you find something you’ve kind of missed yourself ... Even if they don’t
really know what they’re doing, explaining it to them imprints it to your
mind.

Yeah, and if you can explain it to someone else it means you know.

e2

B: In other subjects like (names a non-mathematics subject), the teacher doesn’t
give you much time to talk to other students. Most of the time, she’s (i.e. the
teacher) talking. When I talk to D (another student) about something, we
get in trouble for talking.

D: It’s more like learning parrot fashion.

B: It’s mostly pure learning, so what do you discuss? It’s already all proven ...

Learning involves engagement in activities — doing — during which peer
interaction and teacher guidance enable personal understandings to develop

Reflective writing (Year 11 class). Responses to the questions: How did the teacher
help you to learn this topic? How did your classmates help you to learn?
AV: The teacher mainly guided us — we learned most things by ourselves. Class-
mate discussion was very important in this unit, i.e. comparing answers,
discussing and explaining things to each other.

Whole class interview with the Year 11 class.
L: In other subjects the teacher asks the questions; here we do.

It is clear from the above examples that the students’ beliefs about mathematics
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learning and teaching were consistent with those of their teacher, and compatible with
socio-cultural theory. In the next section we show how the students’ beliefs were
manifested in their classroom interactions with each other, and with the teacher.

Students’ participation in the community of enquiry

Earlier we noted that a classroom community of enquiry is interactively constituted as
teacher and students respond and adapt to each other’s challenges, questions, and
beliefs, and we presented detailed observations of two lessons to illustrate the teacher’s
role in establishing such a community with a Year 11 class. We now draw on our
observations of the mature community that operated within the Year 12 class in order
to demonstrate how students eventually appropriated both the modes of reasoning
and the patterns of social interaction valued by the teacher. Here we describe two
contexts within which students asserted their author/ity: whole-class discussion, and
individual practice on problems.

Student—student talk during whole-class discussion

During whole-class discussion, the teacher expects students to clarify and justify the
ideas they contribute, as well as critique the contributions of other students. In
contrast with traditional classrooms where such public talk must be channelled
through the teacher, students in this classroom frequently directed their comments to
each other without the teacher’s mediation, thus sparking the kind of argumentation
that was previously orchestrated through the teacher’s intervention. The following
instance comes from a lesson introducing Hooke’s Law.

The class had again interrogated a worked example demonstrating how to describe the
motion of a mass executing simple harmonic motion while suspended from a spring.
During the, ensuing whole-class discussion, some students the change of notation from x = »
cos O (as used in the lesson mentioned above) to x = « cos 7¢ (a more general form that
applies to all kinds of simple harmonic motion, not just that derived from a projection of
uniform circular motion on a diameter of the circle). Rather than providing a rationale, the
teacher withdrew from the discussion to allow students to resolve the issue for themselves:

ROB: Why did they suddenly skip to 22

BELINDA: Because x is equal to a cos 7.

BEN: Why use zand 7, when we have the exact same formula with 7and ®? Does
it refer to ® involving radians?

ROB: On this side [referring to the handout containing the example — also used in
the lesson mentioned earlier] they said x = rcos ®z on the other side x= z cos 7.

BELINDA: Excuse me, I have a point to make here! You can’t always use rbecause
— (to teacher) Oh, sorry! (Teacher indicates she should continue.) I don’t
know if anyone will agree with me — because you’re not always using a circle,
it’s not always going to be the radius.

ROB: Radius, yeah.

BELINDA: So the amplitude’s not always the radius.
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By ceding control of the debate the teacher provided another opportunity for students
to engage in the processes of mathematical thinking, and to deal explicitly with
symbol conventions.

Informal discussion while working on problems

Students rarely worked individually on textbook problems, but clustered into informal
groups so that they could discuss their progress with each other. Although such inter-
actions sometimes involved little more than periodic checking of results and proce-
dures, the discussion reached a deeper level if a student was unable to resolve a
difficulty or if a disagreement arose. One such instance occurred towards the end of
the Hooke’s Law lesson mentioned above. Rob, Ben and Duncan had been working
together on the task shown in Figure 6.1.

After the trio had completed parts (a) to (c), Ben noticed the unusual conditions for
part (d), in which the initial displacement of the mass is negative rather than positive
(d=-0.1). In the discussion that followed the boys clarified their understanding of
‘amplitude’ and agreed that it would be unchanged from part (c). Then, instead of
simply carrying out the calculations for (d), they compared the problem conditions
for (c) and (d) in order to decide which aspects of the motion would be the same and
which would be different in these two situations. A mutually agreed representation of
the problem was established only after vigorous debate in which the boys challenged
each other to justify their conjectures, as the following edited transcript shows:

ROB: Oh, the same — it’s the same: £ equals, let me guess ...

BEN: (pause) No ... no.

DUNCAN: The only thing that’s going to change is the amplitude.

BEN: It doesn’t change the amplitude.

DUNCAN: Yes it does!

BEN: (after a slight pause) How?

ROB: Because that’s all that changes — the acceleration’s the same, because it’s the
mass that —

BEN: The amplitude doesn’t change —

DUNCAN: Yes it does!

BEN: How?

DUNCAN: See, if you pull it down, it depends on how much you pull it down.
You pull it down a little bit —

ROB: — it’ll be a small amplitude.

BEN: No, no, but isn’t the amplitude the amount away, either up or down, from
the stationary point? (uses hands to demonstrate).

DUNCAN: Yeah —

BEN: If it goes up point one it’s not going to go down point one.

DUNCAN: No, I know, but it should be. If it was a perfect system.

BEN: (expression of sudden understanding on his face) No, it’s going to be
exactly the same as the last —!

DUNCAN: (pause, thinks) Oh, of course, that’s just negative (pointing to 4=-0.1).
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A mass M is attached to the end of an

elastic of natural length a and reaches its
equilibrium position when the string is a
extended by /. The mass is then displaced
downwards a further distance d and

released. Find the period and amplitude

of the motion for each set of data:

(@ M=6kg,/=1m,d=05m /

() M=1kg,/=04m,d=03m

(©) M=10kg,/=05m,d=0.1m

d) M=10kg,/=0.5m, d = -0.1

(d) g m m |__M_|
d

[m]

Figure 6.1 The elastic problem

ROB: Why are we doing it? But the, the other thing, the period’s going to be the
same.
BEN: (confident now) The period’s going to be the same. Everything’s going to
be the same.
Perhaps the most crucial contributions to the discussion were made by Ben, whose
insistence on asking ‘How?’ caused all three boys to critically examine their and each
other’s explanations. Booth ez 2/ (1999) examined the diverse interpretations that
students bring to mathematics tasks. What the above discussion shows is the produc-
tive potential of this diversity in promoting dialogue and the development of shared
understanding.

Student resistance

Although the results of our study are encouraging and enlightening, we do not wish to
imply that all students have accepted their teacher’s goals for learning and doing
mathematics. In both the Year 11 and Year 12 classes there were a few students who
preferred to work alone, and rarely joined in whole-class discussions. One instance
will serve to illustrate this point. The Year 11 students completed a written task that
asked them to reflect on their learning during a self-paced, computer-based unit of
work. Most students commented favourably on the opportunities for engagement
with each other, the teacher, and the mathematics (see the earlier section on students’
emerging beliefs). Nevertheless, the resistance of one student is clear in his answers to
some of the questions that were used to structure students’ writing.

How did the teacher help you learn this topic?
Making us do the work.

How did your classmates help you learn this topic?
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Ignored me.

What kind of help was the most effective for you?
Teacher. He paid some attention to me.

Clearly, this student perceives himself as isolated from his classmates, and somewhat
marginal even to the concerns of the teacher. Students in these marginal positions may
be unwilling to move from their comfort zones and expend the effort that participa-
tion in a community of mathematical enquiry entails. Others may lack the maturity to
interact effectively with peers. The challenge for the teacher is to find ways for such
students to live on the fringe of the community, in the hope that they might benefit
through vicarious, rather than actual, participation.

Discussion

This chapter has been concerned with explicating a socio-cultural approach to the
reform of mathematics education that is consistent with the changing conceptions of
mathematics teaching and learning expressed in both new curriculum documents and
the mathematics education research literature. These changes represent a move
towards regarding mathematics as a discipline of humanistic enquiry, rather than of
certainty and objective truth, and they pose a significant challenge to teachers to
develop classroom practices in keeping with new goals for learning that emphasise
reasoning and communication skills, and the social origins of mathematical knowl-
edge and values.

Possibilities for new approaches to mathematics teaching are suggested by the
concept of the classroom as a community of practice, within which students learn to
think mathematically by participating in the intellectual and social practices that char-
acterise the wider mathematical communities outside the classroom. This chapter has
described how one teacher created such a community. Of central importance were the
teacher’s beliefs about mathematics, which were the source of both the learning goals
he held for his students and the teaching practices he sought to implement in the class-
room. To achieve his goals of sense-making and communal authorship of ideas the
teacher modelled mathematical thinking processes, provided scaffolding to support
students’ appropriation of cognitive and metacognitive strategies and the language of
mathematics, and through consistent everyday patterns of interaction with the students
communicated the values of the discipline.

Despite the success of this teacher in socialising his students into mathematical
practice, the widespread adoption of the classroom culture that we have documented
here remains unlikely. The first, and most obvious, barrier is that raised by teacher
beliefs. As beliefs appear to be formed as a consequence of teachers’ own experiences of
schooling, it is difficult to see how the cycle of teacher beliefs — student beliefs —
teacher beliefs can be broken without substantial and long-term in-service education.

School structures and philosophies represent a second barrier to change, especially
since in community of practice classrooms teachers need to adopt new roles and move
out of their traditional position as the dispensers of knowledge. Students also need to be
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flexible and adaptable in taking up the challenges and new responsibilities that member-
ship of the classroom community entails. The problem may be less serious in primary
schools, where teachers work with the same class all day and students’ learning experi-
ences therefore have some consistency and continuity. Secondary school teachers face
greater difficulties in establishing a sense of community in their classrooms, first,
because they teach many classes, and second, because their students are also members of
many other classroom communities, whose values may not coincide with those of the
mathematics teacher. The task of the teacher who participated in the research study
described in this chapter was made easier by his school’s espoused philosophy of encour-
aging negotiation and collaboration between teachers and students.

Finally, it is important to realise that changes to teaching practices can be resisted
by students, whose views about mathematics have been formed through long experi-
ence with prescriptive teaching methods (Nickson, 1992). Participation in a commu-
nity of enquiry makes unfamiliar demands on students as well as teachers, and it is
unreasonable to expect students to quickly embrace changes that challenge their ideas
about what mathematics is, and how it is best learned. However, the positive
responses of the students in the present study suggest that a teacher’s patience and
persistence will eventually be rewarded.

Although the study described in this chapter has identified actions that teachers
might take to bring about changes in their classrooms, perhaps the most difficult task
confronting the teacher is to learn what 7oz to do, that is, to resist the urge to do the
mathematics for the students, and to let them grapple directly with ideas in what
might appear to be a messy and inefficient fashion. However, it should be clear from
the results presented here that such a teacher is far from being an irresponsible or
passive participant in the classroom; rather, he or she is the representative of the
culture into which students seek entry, and is responsible for structuring the cognitive
and social opportunities for scudents to experience mathematics in a meaningful way.

Notes

1 Ultimately an individual might extend the limits of existing mathematical knowl-
edge and understanding. In his celebrated essay on mathematical creativity, Henri
Poincaré describes several examples of the way in which he was challenged to
develop new understandings and new knowledge without social mediation or the
direct involvement of peers. These creative insights were achieved during periods
of reflective inner dialogue on challenging dilemmas presented by the existing
discipline, and involved the systematic selection, testing and verification of emer-
gent ideas against the corpus of discipline knowledge previously attained as a
member of the mathematical community. Poincaré played both the role of tutor
and learner during these inner dialogues, with insights being generated and guided
by previously acquired cognitive resources, themselves the product of prior learning
socially validated within a community of practice.

2 Here, it is worth pointing out that the power associated with such disciplined
mathematical reasoning comes from its universality. A mathematician ascribes the
same significance to necessary and sufficient conditions or strategies of proof
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whatever the domain of mathematical discourse. As teachers, we assume this porta-
bility property each time we apply reasoning to a new area, each time we argue by
analogy, each time we generalise across contexts. The Piagetian tradition has
supported various ‘concrete’ approaches to teaching mathematics, including the
use of manipulatives, use of numbers rather than letters, and a range of enactive
and iconic supports for formal learning. However, the concreteness is defined with
respect to one particular type of mathematical ‘object’, and the rules by which these
‘objects’ are manipulated, and according to which conclusions are drawn, are
seldom treated as problematic. That is, a common pedagogical assumption is that
while students may be ignorant of the specific concept or result that is the object of
the forthcoming lesson, they share a common understanding with the teacher
concerning other mathematical concepts and practices that are used in the lesson,
such as the modes of reasoning employed.

In pointing out a counter-example to a proposition, the teacher may assume that
the students share a common perception of what has been achieved. Similarly, if a
student agrees with each individual component of a chain of reasoning it tends to
be assumed that the student will comprehend inferences deduced from a proof as a
whole. However, past research (e.g. Galbraith, 1986) has shown that such assump-
tions are ill-founded. Regarding counter-examples, for instance, it was common
for students to require several, and in some cases to even vary the number required
across contexts. Such evidence demonstrates that many students bring notions
about mathematical reasoning that do not reflect a shared meaning with their
teachers or the world of mathematics, The constructivist view argues that no
matter how clear and precise are a teacher’s examples and explanations, students
will take these notions, couple them with their existing beliefs and understandings,
and fashion some version of the intent at a personal and subjective level. The
notion of the ZPD as a community of learners is squared directly at this problem.
In such a classroom community it is the discourse and processes of mathematics
that are elevated to the central role, and the meanings and significance of mathe-
matical reasoning and concepts are generated and stabilised through social dialogue
mediated by rigorous appeal to the canons of the discipline.
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Section 2

Communication in
mathematics classrooms

Communication in mathematics classrooms includes teacher—pupil dialogue, the role
of diagrams, pupil-pupil dialogue that is often missed in the classroom and the inter-
action between pupils and technology. Some forms of communication adopted in
classrooms militate against some students being able to display mathematical skills in
favour of other students. While some students have strong preferences for oral or
written communication, others find written or diagrammatic communication more
effective. Not all of these forms of communication are valued in the same way by
teachers even though teachers may claim that they are. Pupils appear to cope differen-
tially with apparent inconsistencies and hidden messages, when a teacher says one
thing and means another.

In Chapter 7, Robyn Zevenbergen argues that pedagogical practices can be socially
biased and may contribute to a learner’s success or failure to participate in classroom
dialogue. She looks particularly at the social context of mathematics and how this is
implicated in social disadvantage. Her interest is in the ‘linguistic habitus’ of primary
children, the ways they interact and talk in classrooms, and how this affects the way
they are recognised or marginalised as learners.

She found the patterns of interactions in middle-class families are most similar to
the discourse of primary classrooms. This means that pupils whose linguistic habitus
matches that of the formal school setting will have greater access to knowledge
through the pedagogic practices. For example, the statement “Will you get out your
mathematics books’ can be interpreted as a question or an instruction. If pupils inter-
pret an intended instruction as a question then they are immediately disadvantaged.

Zevenbergen describes the type of talk that goes on in classrooms as ‘triadic’ dialogue
where the teacher remains in control and the interactions are highly ritualised. In this
form of dialogue the teacher maintains control over the structure and content of the
lesson and over the behaviour of the pupils. She argues that the ‘triadic’ dialogue
precludes a community of practice where the pupils have control over their learning.
This suggestion has an impact on the notion of a three-part lesson currently being
recommended by government agencies in England — the first part often being entirely in
the form of a triadic dialogue. This begs the question whether it is possible for teachers
to create a community of practice when starting lessons with a triadic dialogue.

The use of diagrams can show pupils’ ability to communicate in a variety of forms
and use of a diagram can be helpful in solving problems. In Chapter 8, Candia
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Morgan raises the issue of inequity again when she talks about the role of diagrams in
mathematics classrooms and the values that teachers place on them. Even though she
found that teachers encourage pupils to draw diagrams, they tended to approve of
some forms and not of others. Although teachers saw diagrams out of context as valu-
able, once they viewed them in context then a value was attached to particular forms of
diagrams. For example, teachers often view an analytic diagram as evidence of
thinking and a naturalistic diagram as evidence of low mathematical attainment by a
pupil. She argues that if pupils follow a teacher’s advice to draw a diagram this might
result in a lower teacher assessment of their achievement.

Jenny Houssart’s article (Chapter 9) is about informal classroom communication
between pupils and she presents evidence of communication between pupils that is
hidden from their teachers. This communication in the form of ‘whispering’ is part of
the unofficial culture within the classroom, where the discourse is different from the
official one. The key point in the article is that the whisperers, low attaining pupils,
show evidence of an enquiring mathematical perspective that is normally attributed to
competent adults. The type of comments the whisperers make do not match the
teacher’s perception of their attainment. Houssart identifies that the whisperers tend
to speak for one of three reasons: when making a discovery, when extending or supple-
menting an idea or when pointing to errors.

In this article, Houssart shows that whisperers possess high order skills but they are
not accurate at completing worksheets. If the school mathematics culture is one where
the accurate completion of worksheets is valued then the achievements of the whisperers
may not be recognised. This appears to be another example of the way in which the
practice of relying on communication in the form of written mathematics may be
discriminatory and lead to inequity in classrooms.

In Chapter 10, Celia Hoyles’ research shows how interaction with a computer can
offer a window onto possibilities and a way of illuminating pupil meaning and inter-
pretation. A teacher can use computers as a medium for pupils’ communication using
mathematics. Hoyles is concerned about how pupils can become better learners of
mathematics through the use of technology. She finds that by using the computer
technology pupils can, for example, see through particular cases to a general case.
Whilst computers can give pupils a tool for communicating their thinking, Hoyles
identified that pupil beliefs about mathematics may impact on their interaction
with technology. If pupils believe that mathematics is only a collection of sums with
right and wrong answers, then the interaction with any form of technology will be
less effective than it might otherwise be.

Further reading

Mercer, N. (1995). The Guided Construction of Knowledge: Talk amongst Teachers and Learners,
Multilingual Matters Ltd, Clevedon.

Morgan, C. (1998). Writing Mathematically: The Discourse of Investigation, Falmer, London.

Pimm, D. (1987). Speaking Mathematically: Communication in Mathematics Classrooms, Routledge
and Kegan Paul, London.



7  Mathematics, social class and
linguistic capital
An analysis of mathematics classroom
interactions

Robyn Zevenbergen

Introduction

The role of classroom interactions in the construction of mathematical meaning has
been well documented, particularly by those working in the area of constructivism.
This body of literature has been powerful in illuminating the role and importance of
interaction in the negotiation and development of mathematical meaning. What is
less researched is the political dimension of such interactions whereby the competen-
cies needed to participate effectively, as determined by the hegemonic culture embedded
with such interactional practices, are closely aligned to the social background of the
students. This chapter seeks to explore one aspect of interactional patterns in mathe-
matics classrooms in terms of the social milieu within which such interactions occur
and the subsequent potential for students to participate effectively within such
contexts. In so doing, my purpose is to raise awareness of how some pedagogical prac-
tices can be socially biased in order that they may be identified as contributing to the
successful (or failed) participation in classroom dialogue. As a consequence of this
analysis, some of the apolitical assumptions that have been built into the constructivist
writings may also be challenged.

Using the theoretical constructs offered by Pierre Bourdieu, this chapter critically
analyses the three-phase interactional practices offered by ethnomethodologists in
order to understand how the social context of mathematics is implicated in the
construction of social disadvantage. In so doing, the purpose of the chapter seeks to
raise awareness of how some students are (further) disadvantaged through the prac-
tices of classroom interactions that are often taken as normal within the everyday life
of the classroom. The focus of this chapter is on practices within the primary school
setting and draws on the theoretical constructs of habitus, cultural capital, and field.

It is argued that students enter the school context with a linguistic habitus that
predisposes students to interact and talk in ways that will be recognised or marginal-
ised in and through the pedagogic practices of the classroom. Where students enter
the classroom with a linguistic habitus congruous with the legitimate linguistic prac-
tices of the classroom, such habitus becomes a form of capital that can be exchanged
for academic success.
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Theoretical constructs

The notions of habitus and field are integral to this analysis of classroom talk. For
Bourdieu, habitus is the embodiment of culture and provides the lens through which
the world is interpreted. Habitus predisposes (but does not determine) thoughts,
actions, and behaviours. Harker (1984) argued persuasively that habitus can alter over
time, thereby challenging those (such as Jenkins, 1982) who suggest that habitus is
deterministic. In some contexts, such as the classroom, some habitus may have the
effect of conveying more power and status than in other contexts. For example, where
a child has been socialised within the familial context to have particular attributes,
likes, dislikes, and language forms, she or he may be able to exchange such dispositions
for power within that context. The student whose language is that of the middle-class
register may be positioned as a more authoritative voice within that community and
hence may be positioned as having more power and status than her or his peers whose
linguistic register is that of the working class. The embodiment of such characteristics
of tastes, dispositions, and language can be seen to be the constitution of habitus, that
is, more simplistically, the embodiment of culture.

A range of studies of home—school differences has shown that the patterns of interac-
tions are substantially different for many students. In her comprehensive study, Brice
Heath (Heath, 1982, 1983) has shown that students from socially disadvantaged back-
grounds are more likely to be exposed to declarative statements when they are expected
to undertake tasks. In contrast, middle-class parents are more likely to pose a pseudoquestion
when requesting their children to undertake tasks. Such practices come to be embodied
in the habitus so that the student perceives task requesting within this framework.
When entering the formal school context, their habitus predisposes them to frame tasks
within their pre-existing habitus so that when a teacher poses the task as ‘Could you get
out your maths books’ it is interpreted quite differently depending on the previous expe-
riences. For the purposes of this chapter, it is important to note that the patterns of
interactions within middle-class families are most similar to those of the formal school
setting, whereas the converse is the case for working-class students. In this way, it can be
argued that middle-class students are more likely to have a habitus that has embodied
such patterns of interactions than their working-class peers. However, as Harker (1984)
suggested, the habitus can be reconstituted so that, for students whose habitus is
different from that of the formal school context, there is potential for it to be brought
closer to that which is legitimated through school practices, thus suggesting a transformative
component of pedagogy rather than a deterministic reading. However, such reconstitu-
tion must be undertaken with considerable effort.

In concert with habitus is the construct of field. Habitus can be seen to be the
subjective component of analysis, whereas field can be thought to be the more objec-
tive aspect of analysis. For aspects of habitus to have more power than others — such as
the familiarity with pseudoquestions over declarative statements — there must be some
external, or objective, factors that determine the importance of some things over
others. Such power and status are conveyed through the structuring practices of the
field. Within the context of the schools and classrooms, certain practices are seen to be
more legitimate than others, and those students who are able to display or assimilate
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those practices within their own repertoire of behaviours are positioned more favour-
ably. For example, students who are able to display effective use of the mathematics
register, test-taking skills, and the like, are more likely to be positioned as effective
learners of mathematics than their peers who do not demonstrate such characteristics.
The skills that are seen to hold status and power within the field of mathematics may
be very different from another context. This is borne out in the ethnomathematics
studies where students who display the street talk and skills within street selling may
be positioned as marginal within the field of education. For these students, the dispo-
sitions that have become embodied within their habitus and predispose them to be
effective in bartering due to the structuring practices of the market place are posi-
tioned less favourably within mathematics education where the structuring practices
do not legitimate the practices of the market place. The practices within these two
divergent fields differentially convey power on the participants. Mathematics educa-
tion, as a field, values and conveys power and status on those who display the charac-
teristics, attributes, and dispositions seen as desirable within the field at any given
point in time. As a field, the characteristics seen as desirable are transitory and change
over time as can be readily observed through changes in what is seen as valuable
knowledge within mathematics education research and publications. An example of
such changes is the emergence, and later dominance, of constructivist writings.

When considering the objective structuring practices of the field in concert with the
subjective components of the habitus, it can be seen that some forms of habitus are more
empowering than others depending on the field within which one is operating. Within
the field of mathematics education, there are particular forms of habitus that are more
likely to be recognised as legitimate and valued. In terms of this chapter, it is argued that
the patterns of interaction with which the student has familiarity due to familial
contexts are more likely to facilitate the construction of a habitus that has greater or
lesser synergy with the interactional patterns of the classroom depending on the types of
interactions within a family. The structuring practices of the field of mathematics value
particular practices over others so that those students for whom there is a greater synergy
between the home practices and the school practices, and hence habitus, the greater the
chance of being constructed as an effective participant and learner of mathematics. To
this end, various characteristics embodied within the habitus have the potential to be of
greater or lesser worth depending on the field. As such, such cultural characteristics can
be seen to have greater or lesser value and subsequently can be exchanged for differing
positions within the field. For example, the students whose habitus is more congruent
with those aspects valued within the field of mathematics are more likely to be posi-
tioned as effective learners of mathematics and as a consequence reap the rewards associ-
ated with such positioning. In this way, aspects of culture can be seen to be forms of
capital that, when embodied in the habitus and legitimated through the field, can be
exchanged for other gains, including success in mathematics.

Language as a form of capital

In considering aspects of culture that can be exchanged for other rewards, the impor-
tance of language needs to be considered, particularly in relation to mathematics



122 Mathematics education

education. In appropriating Bourdieu’s constructs, his premise that language is not
just words for the expression of ideas, but rather is generated through and within
social hierarchies, is central to the chapter. Linguistic exchanges are not simple
exchanges of language but bring into play complex relationships of power between the
student(s) and teachers.

Linguistic competence — or incompetence — reveals itself through daily interac-
tions. Within the mathematics classrooms, legitimate participation is acquired and
achieved through a competence in the classroom dialogic interactions. Students must
be able to display a discursive competence that incorporates a linguistic competence,
an interactional competence along with a discursive competence, if they are to be seen
as competent learners of mathematics. Classroom interactions are imbued with
cultural components that facilitate or inhibit access to the mathematical content. To
gain access to this knowledge, students must be able to render visible the cultural and
political aspects of the interactions. Bourdieu, in response to questions posed by
Wacquant (Bourdieu and Wacquant, 1992) argued that:

Linguistic competence is not a simple technical ability, but a statutory ability. ...
what goes in verbal communication, even the content of the message itself,
remains unintelligible as long as one does not take into account the totality of the
structure of the power positions that is present, yet invisible, in the exchange.

(p. 146)

As noted earlier, from their early years, students are located within familial structures
and practices that will facilitate the development and embodiment of particular
cultural features, the least of which is language. For these students, the embodiment of
their cultural background into what Bourdieu referred to as the habitus predisposes
them to think and act in particular ways. This embodiment of culture includes a
linguistic component. Students whose linguistic habitus is congruent with that of the
discursive practices represented in mathematics classrooms are more likely to have
greater access to the knowledge represented in and through such practices.

From this perspective, language must be understood as the linguistic component of
a universe of practices that are composited within a class habitus. Hence, language
should be seen to be considered as another cultural product — in much the same ways
as patterns of consumption, housing, marriage, and so forth (Bourdieu, 1979). When
considered in this way, language is the expression of the class habitus that is realised
through the linguistic habitus and is evidenced in the following comment:

Of all the cultural obstacles, those which arise from the language spoken within
the family setting are unquestionably the most serious and insidious. For, espe-
cially during the first years of school, comprehension and manipulation of
language are the first points of teacher judgement. But the influence of a child’s
original language setting never ceases to operate. Richness and style of expression
are continually taken into account, whether implicitly or explicitly and to
different degrees.

(Bourdieu, Passeron and de saint Martin, 1994a, p. 40)
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To this end, the linguistic habitus of the student will have substantial impact on his or
her capacity to make sense of the discursive practices of the mathematics classroom
and hence their subsequent capacity to gain access to legitimate mathematical knowl-
edge along with the power and status associated with that knowledge. The processes
through which the schooling procedures are able to value one language and devalue
others must be systematically understood. Through this process, we can better under-
stand how mathematical pedagogy both inculcates mathematical knowledge and
imposes domination.

Pedagogic discourse

The study of language within the pedagogic situation can be identified within two
quite distinct areas — quantitative linguistics, which is seen to embrace the objectivity
associated with sociolinguistics, and the subjectivist position identifiable through
interactional linguistics (Collins, 1993). Greenfell (1998) suggested that to this
coupling social psychology also should be added to include those writings that address
feelings, attitudes, and motivations. Bourdieu’s work seeks to unite this objective—
subjective dualism.

In considering the more specific language of classrooms, three principle approaches
have been identified by Edwards and Mercer (1987) — linguistic, social, and anthro-
pological. It is the linguistic approach that is of particular importance to this
chapter. Within the linguistic approach, the ethnomethodological approaches of
Sinclair and Couthourd (1975), Lemke (1990), and Mehan (1982) identified
particular ritualised practices within the classroom interactions through which
classroom knowledge is structured and built. The interactions occurring within the
classroom have been found to have highly ritualised components with clearly identi-
fiable discursive practices (Lemke, 1990; Mehan, 1982). They argue that these
components are not explicitly taught but are embedded within the culture of the
classroom. The highly ritualised practices of classroom interactions can be seen in
the types of interactions that occur across the various phases of the lesson. For
example, the most common form of interaction consists of a practice in that the
teacher asks a question, the students respond, and the teacher evaluates that response
that Lemke (1990) referred to as ‘triadic dialogue’. This interactional practice can be
observed in the following:

: What does area mean?
: The outside of the square.

T
S
T: Not quite, someone else? Tom?
S: When you cover the whole surface, that’s area.
T: That’s good.
Lemke (1990) argued that this practice allows teachers to keep control of the content
and flow of this phase of the lesson. Although Lemke focused on the science class-
room, the style and purpose of this interaction can be just as readily applied to the
mathematics classroom and are aptly summed up as follows:
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Triadic dialogue is an activity structure whose greatest virtue is that it gives the
teachers almost total control of the classroom dialogue and social interactions. It
leads to brief answers from students and lack of student initiative in using scien-
tific language. It is a form that is overused in most classrooms because of a
mistaken belief that it encourages maximum student participation. The level of
participation it achieves is illusory, high in quantity, low in quality.

(Lemke, 1990, p.168)

This practice is not made explicit to students; rather it must be learned through
implicit means. To participate in the classroom interactions effectively, students must
have knowledge — either intuitive or explicit — of these unspoken rules of interaction.

Mehan (1982) identified three key phases of a lesson — the introduction, the work
phase, and the concluding/revision phase. In each of these phases there is a shift in the
power relations between the students and teacher. Such shifts permit different forms
of interactions to occur (Mehan, 1982; Schultz, Florio and Erickson, 1982). For the
purposes of this chapter, I discuss the introductory phase only for this is the phase
where triadic dialogue is most common. Mehan (1982) argued that, during the intro-
ductory phase of the lesson, the teacher maintains tight control over the students,
initially to ensure that the students are ready for the content of the lesson. Once
control has been established and attention gained, the lesson can then proceed.
Triadic dialogue is commonly observed in this phase in order to keep control of the
academic content of the lesson and the control of the students. Dialogue between
students and between teacher and students is not generally part of this phase. If the
teacher initiates a question but the student is not able to respond, it is not appropriate
for students to express their lack of understanding because this will interrupt the flow
of the phase, If there is a misunderstanding or lack of understanding, it is more appro-
priate for this to be voiced in the work phase of the lesson (Lemke, 1990).

What is not apparent from the above corpus of knowledge of classroom interac-
tion is the recognition that these interactions recognise a particular linguistic form
that will be more accessible to some students than others. Social and anthropological
studies (such as Bernstein, 1986; Heath, 1983; Willis, 1977) focused on how social
background is implicated in academic achievement. Heath’s (1983) and Walkerdine’s
(1988) work with parents and children have found the forms of interactions very
class-oriented. Using Bernsteinian notions of register and relay, it is understood that
the content of the mathematics lessons is embedded within discursive practices that,
at the level of register, are more likely to be those of the middle class. For example,
the common practice of asking pseudoquestions such as “Would you like to get the
Lego blocks?” is typically a middle-class register. For working-class students to then
enter the classroom, there needs to be some reconstruction of the linguistic habitus
if the students are to be able to participate effectively in classroom interactions. In
this sense, the interactions within the classroom can be considered another cultural
product that is more familiar and hence accessible to some students and not others.
The linguistic habitus of the students will facilitate or hinder a student’s capacity to
render visible the mathematical content embedded in the pedagogic action. As

Collins (1993) argued:
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... such cues [triadic dialogue] are not necessarily understood by all participants,
but they are certainly part of the functional conflict between dominant and domi-
nated languages in (and out of) educational settings.

(p. 131)

In the preceding sections, I have drawn on the work from a number of traditions —
theoretical and methodological —and have proposed that the social background of the
student will facilitate the construction of a particular linguistic habitus. The field of
mathematics, having its own regulatory discourses and discursive practices, will recog-
nise and value some linguistic practices and not others.

The study

A year-long ethnographic study of two classrooms was undertaken. The two class-
rooms were located in socially divergent sites — one an independent school that serves
a middle to upper class clientele (Angahook). Parents typically were high-income
professionals. The other classroom was in a state school serving a predominantly
working-class clientele (Connewarre) where parents were typically low income,
engaged either in manual occupations or in receipt of government welfare. The class-
rooms were in the second last year of primary school and most students were approxi-
mately 10 to 11 years old. Mathematics lessons were videotaped and later transcribed
noting the language used and annotated with student actions. The videotapes and
transcriptions were supported with classroom observations, field notes, and inter-
views. The transcripts were then analysed using a variety of discursive analyses. For the
purposes of this chapter, the analysis was on the use of triadic dialogue in the introduc-
tory phase of the lesson and how the students responded to the practice.

As an ethnographic study, the data used in this chapter seeck to demonstrate a
commonality that becomes apparent over a sustained period in the field. Over the
year, aspects of the lessons would vary, but a consistency in interactional patterns was
apparent, and it is these patterns that are the focus of this chapter. The data used for
the following analysis could be analysed from a number of perspectives, but this would
deny the repetitiveness that could be observed across the sustained period of observa-
tion and videotape data. For example, the teacher at Angahook may be seen to be
using a technique in which students are asked to define the term degrees of difficulty,
whereas the extract from Connewarre is more of a funnelling technique in which the
students are required to guess the word (prism). These forms of analysis are substan-
tively different in intent from that of this chapter. Rather, what is clear across the
sustained research period is that both teachers engage in the patterns of triadic
dialogue, and the transcripts used in this chapter are representing this aspect of
teaching rather than other forms of analysis. Although such alternative analyses would
be valid, they would represent the immediacy of the two transcripts, rather than seeing
the transcripts more holistically within the context of the prolonged study. As such,
the transcripts included in this chapter should be seen to be representative of the year-
long study in terms of the means through which teachers introduced concepts rather
than isolated events.
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Angahook

In the lesson extract presented here, the students were undertaking an activity in the
calculation of diving scores at the Olympic Games. Prior to the extract shown, the
teacher (T) used a number of short mental arithmetic tasks. The following is the intro-
duction to the lesson.

1 T: You are asked to judge the diving for the Olympics, you will need to
know the degree of difficulty because what if someone did just a plain dive
and did it perfectly and got full marks for it and what if someone else did a
triple somersault, back flip, side swinger double pike and knocker banger
and only got half marks for it because they entered the water and made a bit
of a splash. Is that fair?

2 ¢C: No.

3 T: So we have to talk about degrees of difficulty. What do you think that
means? What does that actually mean? Robert?

4 ROBERT: You have to add a bit more to the score because of the degrees of
difficulty.

5 T: Good boy. Yes, good. Daniel?

6 DANIEL: Well the performance of their dive, how they dive, and well like
they might have a very good dive and make a very big splash and may even
get off.

7 T: Right, good. OK you are on the right track. What do you want to say
about degree of difficulty Cate?

8 CATE: How hard it is?

9 T: How hard it is. Tom what would you like to say about degree of diffi-
culty? That’s not a word we use much in our everyday language ... degree of
difficulty.

10 TOM: The percentage of how hard it is.

11 T: Good. Because you're focusing on the word degree though, aren’t you?
So, a really hard dive. Now you can see on this sheet they’re talking about
DD, which is short for degree of difficulty and a really hard dive. What
would be a really hard dive? What would be the highest number for a degree
of difficulty be? Have a look at your sheet. Try and work out the degree of
difficulty. Vicky?

12 VICKY: 8.

From this extract it can be seen that the teacher follows the triadic dialogue identified
by Lemke and others. The teacher retains control of the content and interactions
through the use of the three phases of interactions. Using this approach she is able to
control the flow of the lesson as can be seen in the last interaction where Tom has
mentioned ‘percentages’, which she then takes as a cue for linking percentage and
degree in a way that suits her purposes. She is very focused in what she is seeking from
the students and, through the use of the triadic dialogue, is able to control the content
of the lesson in a manner congruent to these goals. In this extract from the introductory
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phase, she is seeking from the students some definition as to the meaning of ‘degree of
difficulty’. In the subsequent transcript, she then applies this definition to an example,
again using the triadic dialogue to elicit responses as to how the students would use the
construct in the worked example. The work phase consisted of the students working
through a number of examples on a worksheet. The conclusion employed the triadic
dialogue to elicit ‘correct’ responses to the worked examples.

Examining the flow of the interactions indicates that there is a complicit agreement
between the teacher and students to participate in the interactions. There are no trans-
gressions or challenges to the teacher’s authority. This allows for the content to be
covered as the teacher desires.

The teacher is able to maintain control over both the form and content of the lesson
and over the students through a mutual compliance with the implicit rules by both the
students and the teacher. She has used triadic dialogue to structure the interactions
and students infrequently transgress the rules. This allows her to retain the focus of the
lesson and, in so doing, the students are exposed to a significant amount of mathemat-
ical knowledge that is embedded in that dialogue. In this extract, the students are
exposed to the mathematical signifier degrees of difficulty. Similar examples are found
in the other mathematics lessons. In this way, the use of the triadic dialogue acts as
conduit for the relay of mathematical language and concepts. The complicity of the
students in this linguistic exchange enables the teacher to expose the students to this
language thereby creating an environment that is potentially rich in mathematical
language.

The work of Heath (1982), for example, has shown that middle-class students are
more likely to be familiar with these forms of school interactions due to their simi-
larity with the linguistic patterns of the home environment. Similarly, Bernstein’s
notion of elaborated codes suggests that the linguistic patterns of middle-class families
prepare the children for the language used in the schools. The complicity evident here
suggests a familiarity with the discursive practice of triadic dialogue.

The methodological approach derived from Bourdieu’s work has as its central focus
the notion of habitus and field. The field of mathematics education has as one of its
central features the specificity of the mathematical discourses so that it is expected that
students will be conversant with the language of the field. From this extract, the
teacher has an important role in the induction of the students into this discourse. One
of her roles is supporting and extending student learning such that they are able to
learn or assimilate the appropriate modes of expression. Her leading of students as
they come to express what they understand to be degrees of difficulty indicates a
process through which students come to learn the accepted forms of language within
the field of mathematics education. The way in which she achieves this is through the
pedagogical relay, which in this case was triadic dialogue. Students’ familiarity and
complicity with the implicit rules of interaction allow them to gain access to the
concept of degrees of difficulty.

The capacity of the students to participate in this form of interaction is due, in part,
to their prior experiences at home and earlier years of schooling. The patterns of interac-
tion they have come to see as part of typical school procedures have become embodied
into a habitus — this may be seen to be a middle-class habitus as well as a school habitus.
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This embodiment of legitimate school interactions offers greater access to legitimate
school knowledge such that this habitus can be seen to be an empowering aspect of the
repertoire of potential behaviours. To this end, such familiarity can be quite useful in
gaining access to knowledge but equally in teachers’ interpretations of performance and
subsequent positioning within the classroom hierarchy.

Connewarre

Connewarre is a large government school that is located within a large housing
commission estate. The clientele of the school is predominantly working class with
many of the parents receiving government support. The classrooms are smaller than
Angahook with approximately 25 to 30 students in each class. The mathematics
curriculum is generally more open and hands-on at this school. The teacher intro-
duces mathematics lessons with problem-solving activities undertaken in small
groups. Students are physically involved in the activities, and it is not uncommon for
the students to draw on the carpet with chalk to represent the task or physically
construct the problem. The following transcript extract is the introduction to a lesson
in which the teacher has drawn a net on the board that the students have to draw onto
a card and then construct. Students are then required to develop a number of nets for
nominated prisms.

1 T: SoifI put those together we start talking more about a shape I am talking
about. It’s sort of a rectangle on the sides, all the way round but you don’t
call it is a rectangle, because a rectangle is just the flat surface. What do you
call the whole thing if that was one whole solid shape. What do you call that?

2 C: A cube.
3 [calling out]
4 T: He said a cube. Don’t call out please.
5 C: A rectangular rectangle.
6 T:You're on the right track.
7 C: A 3D rectangle.
8 T: Three dimensions, technically I suppose you're right.
9 C: A rectangular.
10 T: It’s a rectangular something. Does anyone know what it is called?
11 C: A parallelogram.
12 T: Put your hand up please.
13 C: [unclear]
14 T: No.

15 [more calling out]

16 T: Iguessyou could have a rectangular parallelogram, but no. A rectangle is
a special parallelogram.

17 C: A rectangular oblong.

18 T: The word we are looking for is prism.

19 C: Yeah, that’s what I said.

20 T: Say the word, please.
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21 C: Prism.

22 T: Notlike you go to jail, prison, that’s prison. Excuse me, could you return
those, please.

23 [calling out]

24 T: So one thing that we think about with rectangular prisms and that this
shape on here is, excuse me ... Now you can leave them down, please. You
need a little bit of practice at lunch because you can’t stop fiddling. This
shape here is drawn out on the graph, this grid here [net for a rectangular
prism]. We're going to try and do the same thing. Draw the shape and then
cut it out. If you look at the shape, it’s made up of rectangles and squares.

In this extract, the triadic dialogue does not function effectively for the teacher to
control the class or the content. The challenges to the teacher’s authority can be
observed throughout the extract, thereby distracting from the flow of content. In lines
10 and 11 of the extract, it is apparent that a student has violated the more explicit
interactional rule of indicating willingness to answer by putting up a hand. In this line
the student has violated this rule by calling out, and his response is ignored and his viola-
tion of the rule acknowledged. A similar violation occurs in line 18 where the student
calls out that he has said this, but this response is ignored by the teacher. In both cases,
the responses made by the students are rendered silent by the teacher’s actions.

In this extract, it is apparent that the teacher had as his purpose the need to intro-
duce students to the term ‘Prism’. He attempted this through a guided approach after
the students did not recall the correct response (line 1). Using the responses offered by
students, he evaluated and extended on their responses, attempting to lead them to the
response he desired. Throughout the text, his reliance on triadic dialogue can be
observed, although often fragmented by the challenges made by the students. Some of
the challenges are at the level of explicit challenges, whereas others are transgressions
of the triadic dialogue.

In line 10 he asks a question as to the name of the solid, yet in spite of earlier
responses leading to the name, and with evaluations of responses suggesting that the
term rectangular is a component of the name, a student suggests (improperly and
incorrectly) that the solid is a parallelogram.

By line 18, it becomes necessary for him to introduce the term himself whereupon
he asks the students to repeat the name. This is not an uncommon strategy. In this
case, a number of the students say the word ‘prison’ rather than prism. In line with
notions of linguistic registers, it is likely that many working-class students would not
be exposed to this mathematically signifier in their non-school contexts so that they
misread the word to be prison — a far more common word. The teacher attempts to
correct this misreading of the word and reiterates the word with emphasis on the
ending of the word so that the students can hear the subtle difference. This example
indicates the difference in linguistic registers that may be apparent in working-class
schools and the need for teachers to be aware of such differences.

Unlike the interactions at Angahook, the students here are not as complicit in the
patterns of triadic dialogue being attempted by the teacher. The reasons for this non-
complicity cannot be ascertained from the existing data. The transgressions made by the
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students could be seen to be resistance to the imposition of a dominant culture as has been
noted in the studies of Willis (1977). Alternatively, the non-compliance with the triadic
dialogue of classroom interactions may be a result of the students’ lack of familiarity with
such practices due to the differences in the home—school discursive practices. These differ-
ences have been noted by Heath (1982, 1983) and Bernstein (1986). The discursive prac-
tice of triadic dialogue is not found within the home practices of working-class families so
that the students have not had the opportunity to incorporate this practice into their
repertoire of interactional skills. As such, the interactional practices of the home environ-
ment have facilitated the construction of a primary habitus that is incongruent with that of
the school. In order for students to be complicit in this practice within the school context,
they must reconstruct their primary habitus. However, as Lemke (1990) is at pains to
recognise, these practices are not explicitly taught, so that working-class students are
potentially excluded from this practice unless they can ‘crack the code’ of classroom inter-
actions. In order to be an effective participant in these interactions, working-class students
must be able to identify and assimilate such practices into their school habitus.

Where the students have been able to reconstitute their primary habitus and have
recognised the implicit rules of classroom interactions but continue to challenge the
teacher’s authority — as may be the case in this classroom — the outcome is still the
same. Effectively such action excludes them from the mathematical content and their
positionings are marginal within the dominant practices of school mathematics.
However, in this case, there is a suggestion of agency on behalf of the student.

The linguistic habitus of the student implies a propensity to speak in particular
ways that, as can be observed in the case of the interactions in this extract, work to
exclude students from the mathematical content. The students are not as competent
in the linguistic exchanges of the mathematical interactions as their middle-class
peers, thereby marginalising them in the process of learning. The teaching of mathe-
matics in this way tacitly presupposes that the students will have the discursive
knowledge and dispositions of particular social groups, namely, the middle class.
The students are not as complicit in the classroom practices and in so doing are
being excluded from active and full participation in the mathematics of the interac-
tions. In this way, students have been exposed to the symbolic violence of formal
education.

Conclusion

The data support Voigt’s (1985, p. 81) claim that ‘the hidden regularities, the interac-
tion patterns and routines allow the participants to behave in an orderly fashion
without having to keep up visible order’. The data, of which the transcripts used here
are representative samples, confirmed the use of triadic dialogue in the mathematics
classroom. The transcripts from both classrooms confirm a low level of questioning
aimed at the students guessing the outcome desired by the teacher. In the instances
cited here, these were both focused on guessing a particular word — degree of difficulty
and prism. These do not constitute high levels of mathematical reasoning. The use of
triadic dialogue in these classrooms confirms Lemke’s concerns that the participation
encouraged through this strategy appears to involve many students, but it is low in
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quality. This, in itself, raises questions about the usefulness of this practice in mathe-
matics teaching and learning but is outside the realm of this chapter.

What appears to occur across the classrooms in this study, as represented in these two
transcripts, is that the middle-class students comply with and participate in the triadic
dialogue. In contrast, the working-class students appear to either resist or fail to recog-
nise the structure of the interactions. In identifying the socio-cultural norms of the class-
rooms, in this case, triadic dialogue, I have sought to identify a way in which some
students are able to gain access to mathematical content and processes more readily than
others. The compliance of the middle-class students allowed the teacher to progress
through the introductory phase more easily and in so doing is able to expose the students
to more mathematical content. Compliance with such practices also positions the
students more favourably with the patterns of interaction most likely to occur in the
secondary school context. Conversely, the non-compliance of the working-class students
positions them as marginal and excludes them content while simultaneously failing to
prepare them for the interactional patterns most common in the secondary school
context. As such, I propose that one subtle and coercive way that some students are
advantaged and others excluded in and through the practices of mathematics is through
the dis/continuities between the linguistic habitus of the students and the practices of
classroom interactions. Some students enter the formal mathematics classroom with a
habitus that is akin to that which is valorised within that context. These students will be
able to participate more effectively and efficiently than their peers for whom the patterns
of interaction are foreign to their habitus. The practice of triadic dialogue becomes a
form of symbolic violence for those students whose linguistic habitus is different from
that valorised within the school context. It is symbolic in that most educators are not
aware of the subtle differences in patterns of language use between the home and school
contexts for working-class students.

The modes of expression within classrooms are rarely explicitly taught, yet it is
expected that students should participate and comply within such practices. As I have
shown in this chapter, triadic dialogue is one such mode of interaction. Mathematics
is embedded within these interactions, and students need to be able to crack the code
of the unspoken rules of classroom interaction in order that they gain access to the
mathematics. In contrast to models that suggest that violations of cultural norms
within a classroom may be due to a deficit in understanding how language works as a
medium for conversation, there is a need to recognise that such patterns of interaction
are an integral component of school and classroom cultures. Accordingly, classroom
interactional styles may be socially biased and as a consequence exclude or embrace
students, depending on the interactional styles that they may bring to the classroom.

Pedagogies that tacitly select the privileged and exclude the under-prepared are
not regrettable lapses; they are systemic aspects of schooling systems serving class-
divided societies.

(Collins, 1993, p. 121)

Triadic dialogue may be implicated in the stratification of student outcomes. As a
component of the culture of mathematics classrooms, and for that matter most
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classrooms, triadic dialogue as a practice facilitates or hinders effective participation in
classroom interactions.

Quite clearly, the patterns of interaction that have been the focus of this chapter are
dominant in mathematics classrooms. What is less well known are other patterns of inter-
actions that may be found in classrooms and are influential in hindering or supporting
learning of mathematics. Further studies are needed to identify and document patterns of
interactions within homes and schools. These will be useful in developing a greater under-
standing and awareness of how schools and mathematics are implicated in the construc-
tion of advantage and disadvantage in mathematics education.

For students whose habitus is dissimilar to that valorised within the context of the
classroom, in this case the working-class students, changes need to be made in order
that such students can gain access to the mathematical content more readily. In most
cases, such changes would be seen to be the reconstitution of the habitus whereby the
students would need to learn the new codes of the classroom interactions in order to
be able to participate effectively. However, it could be argued that, as educators
become aware of the cultural norms of classroom practice that effectively exclude
some students, it could well be the classroom practice that needs to be reconstituted.
Such change may involve a radical reconstruction of classroom practice, or more
simply, the making explicit of such cultural norms — in this case, triadic dialogue.

Habitus becomes a form of capital that can be exchanged for academic success
within this context. The linguistic habitus of the middle-class students predisposes
them to act in ways congruous with the goals of the teacher so that their possession of
knowledge of what constitutes appropriate classroom linguistic exchanges is similar to
that which the system values. This allows them to participate in effective classroom
practice. Alternatively, the linguistic habitus facilitates the appropriation of what the
system offers. The dispositions, as per the linguistic habitus, of each of the classes has
facilitated or hindered their acquisition of mathematics. The linguistic habitus is
differentially valued within the mathematics classroom. The linguistic code with
which students are familiar and use within the classroom becomes a form of capital
that can be exchanged for other culturally recognised goods — in this case, grades and
the subsequent academic success conveyed to the individual.

The more distant the social group from scholastic language, the higher the rate of
scholastic mortality.
(Bourdieu, Passeron and de saint Martin, 1994b, p. 41)
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8 What is the role of diagrams in
communication of mathematical
activity?

Candia Morgan

Introduction

In investigating the ways in which teachers assess pupils’ texts, 11 experienced teachers
were asked to read and assess three piece of student’s coursework on tasks set by LEAG
(LEAG, 1991). Six of the teachers read work on the ‘Inner Triangle’ task (investi-
gating the relationship between the dimensions and the area of trapezia drawn on
isometric paper) while the rest read work on the “Topples’ task (investigating the point
at which piles of Cuisenaire rods starting with a small rod and adding successively
larger rods will topple over). All of the children’s texts on both tasks contained
diagrams of one sort or another. It is the ways in which teachers read these diagrams
and the values that they placed on them that I intend to address in this paper.

Diagrams as a ‘good thing’

The first point to note is that all the teachers at some point expressed approval of
diagrams. This approval was several times expressed in general terms, suggesting that
diagrams are valued in their own right, regardless of their contribution to the solution
or communication of the particular mathematical problem. Charles described his
approach to assessment in these terms:

Well, shall I say we would do the thing like this, OK? Have a look for children
being systematic in their approach, I've got a couple of things written down here ...
putting down, tabulating results, perhaps drawing diagrams, putting down ideas,
putting forward hypotheses, testing out ideas, um what else? ... perhaps coming up
again eventually at the other end with algebraic formulas, things like that ...

(Charles: 4-8)

Such lists of features are typical of the descriptions teachers gave of their practice. There
is little distinction drawn between items related to the act of solving the problem (like
hypotheses, testing ideas) and those to do with the form in which the work is presented.
According to Chatles’ self reports of his practice, tables and diagrams, like ideas and
hypotheses, do not need any context in order to justify their existence.

While actually reading the children’s texts, individual diagrams were, on the whole,
ascribed meanings and sometimes values within their contexts; when considering the
whole text, however, the mere presence of diagrams in the text appears to be signifi-
cant in coming to an overall evaluation. Thus, in summing up their evaluations of
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complete pieces of coursework, some teachers summarised by listing an inventory of
plete p y g ry
‘bits’, including diagrams, which appear to form part of a list of context-free criteria.

g diag

He’s got some patterns here and he’s done a few diagrams ... no algebra, oh he’s
found, yes he has done a formula, he hasn’t done an extension.
(Fiona: 288-290 Craig)

.. used a variety of forms ... a results chart. I wonder if it would have been
possible to do a graph for it — I don’t know without working it through.
(Joan: 118-119 Sam)

Reading as a teacher/adviser (see Morgan, 1993), Joan’s suggestion that it might have been
possible to do a graph seems to be related only to the fulfilment of this criterion in order to
gain a higher grade rather than to the quality of the mathematical solution of the problem.
One of the few general justifications for this valuing of diagrams was given by Charles:

Umm yeah, I mean I think erm there definitely is a need for diagrams. One thing the
pupils don’t usually draw themselves decent diagrams to help them with problems
definitely. But I think given the fact that this is actually a practical thing, you’re actu-
ally doing that practically, I think there’s probably less need for a diagram. Umm,
well quite a lot of things you do, I mean, diagrams do count obviously and to actually
get them, one of the big problems they’ve got even with like in the sixth form is that
they don’t draw diagrams to help themselves work things out. They try and do it all
in their head ... they never do ... It’s all right but I mean it’s not, it’s not that valu-
able. It actually, it doesn’t help the problem. No, that’s one thing I would look for
actually is if they are actually using sensible diagrams to help them with problems and
things like that. That’s one thing I would look for in assessment.

(Charles: 248-259)

He has some difficulty here in reconciling his knowledge of the specific “Topples’ task
as one in which physical objects are manipulated (hence lessening the need for
diagrams to help solve the problem) with the general principle that there is ‘a need for
diagrams’. This difficulty is manifested in the repeated shifting between the specific
and the general. In spite of his admission that, in this case, drawing a diagram ‘doesn’t
help the problem’, Charles concludes this passage by restating the fact that “That’s one
thing I would look for in assessment’, resolving his difficulties by reaffirming the non-
contextualised performance indicator. The absolute value given by these teachers to
the drawing of diagrams may have been influenced by their perception that this is
something that pupils (even those in the sixth form) do not generally do.

Diagrams as signs of ‘low ability’

In spite of the value ascribed to diagrams described in the previous section, there were
also a number of indications given in the interviews that in some cases diagrams might
not be appropriate or might even be a sign of work done by a ‘less able’ child. Too
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many diagrams or diagrams which are not arranged according to an easily recognisable
system may be taken as evidence that the child was working at a more concrete, prac-
tical level. Thus Dan, having described a boy he remembered who had very quickly
‘seen’ a formula as a solution to the ‘Inner Triangles’ task, went on to describe in
general terms the characteristics of work by other groups of children:

But if they don’t see that [the formula] then I think I'd be looking for somebody who
would be quite carefully and systematically looking at some diagrams that they could
make that had 8 units and then sort of transferring those ideas into 32 trianges. I
can’t remember ... as this was offered as an Intermediate/Higher level piece of work I
don’t remember anybody having enormous difficulties. If it was offered lower down,
maybe children might get a little bit, might find it a bit difficult, might try varying
kinds of diagrams before they actually come up with some answers to that.

(Dan: 20-27)

He has identified a hierarchy of types of children in terms of the way in which they
make use of diagrams in attempting to solve the problem. The highest level of abstrac-
tion is characterised by an absence of the practical activity which is embodied in the
drawing of diagrams. Thus Andy states as one of the things he would look for when
assessing that the child should be able to:

calculate the area of a triangle [sic] just by looking at the dimensions given for any
particular trapezium without drawing them and counting.
(Andy: 27-29)

There comes a point in the assessment of a solution to the problem at which the
absence of a diagram becomes a positive performance indicator. Similarly, while ‘good
presentation’ is valued, it is also possible that a teacher may interpret some forms of
presentation as detracting from the mathematical content of the work. Thus Harry,
reading Sally’s “Topples’ text, begins by praising her presentation:

Three dimension illustrations to start with, very nice, nicely presented.
(Harry: 190 Sally)

but quickly moved on to criticise the form of the presentation:

Oh, she’s colour coded anyway. She’s used some sort of key. Um, not really
necessary. She could have just put the numbers on, ...

(Harry: 195-196 Sally)

There is a suggestion here that the use of colour is an unnecessary elaboration. Using
numbers to label her diagrams would not only have saved her time but might also be
interpreted as a more abstract, and hence more highly valued, way of thinking about
the problem.

These qualifications of teachers’ reactions to the presence of diagrams and elaborate
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presentation in children’s texts imply that the context-free approval of diagrams
described above does not reflect the way in which the teachers actually read. Their
advice to their pupils to ‘draw diagrams’ may not be helpful to pupils as it does not
provide any means of distinguishing between those uses of diagrams which will be
approved and those which will be taken as signs of a low level of mathematical achieve-
ment or will be judged to have been a waste of time.

Some examples of readings of specific diagrams

I shall now move on from general issues to consider teachers’ readings of some specific
diagrams, attempting to make some connections between the forms of the diagrams
and the understandings that the teachers appear to have constructed from them and
the value’s ascribed to them. It is interesting to note that there were in several cases
contrasting readings made by different teachers.

An analytic diagram as evidence of thinking

Richard’s ‘Inner Triangles’ text contains a hexagon with a diagonal drawn in, dividing
it into two trapezia Figure 8.1.
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Figure 8.1 Richard’s ‘Inner Triangles’

The structure of this diagram is analytic and, having no numeric labelling, appears to
represent a ‘general’ hexagon. It may thus be interpreted as making a statement like ‘A
hexagon consists of two congruent trapezia’. This led Joan to comment:

Iwonder ... the fact that he’s drawn that dotted line across the middle makes me
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think he was looking at it in terms of two trapezia but he hasn’t said that here, yet
anyway unless it’s further on, so that seems like a very sensible idea ... , but it
would have been a good idea perhaps if he’s written in there

(Joan: 143—147 Richard)

While the diagram is enough to make Joan think she knows how Richard was
approaching the problem, she is not satisfied that the diagram can stand by itself. Her
suggestion that ‘it would have been a good idea’ to provide the same information in
words may indicate her own uncertainty about the inference she has made but the
impersonal construction suggests that her criticism is based on a more general crite-
rion about what she considers to be appropriate methods for communicating such
ideas. Similarly, Dan commented on the same diagram:

D: He’s moved into hexagons which he’s seen as being two trapeziums and there-
fore fairly simply got

I: How do you know he’s seen them as two trapeziums?

D: Cos he’s drawn it on there. He’s taken basically the same formula and multi-
plied by two, and my guess is that [...] that’s how he saw it. But again there’s
no writing whatsoever.

(Dan: 157-162 Richard)

Here Dan makes a connection between the form of the diagram and the formula on
the page next to it; this corroboration surely contributes to his greater confidence in
the inference he has made. Nevertheless, like Joan, he remarks ‘on the absence of writ-
ing’. In this case, given Dan’s confidence in his ‘guess’, the criticism of the lack of
writing appears to be being made from the position of an examiner concerned with
fulfilment of criteria rather than with understanding the student’s thinking. In
contrast to Dan’s use of Richard’s diagram to deduce the way in which the hexagon
formula was derived, Andy completely ignores the diagrams on this page:

Now he’s probably got enough evidence there to sh ... to produce that formula.
He’s produced what appear to be five pieces of data and ... because of his experi-
ence with the trapezia in the first part I would be confident that he could produce
that formula for the second part. Although it’s not apparent just from looking
again, it look as if the formula has been produced ...

(Andy: 211-216 Richard)

The five pieces of data he refers to must be the entries in the table (as there are only
three diagrams altogether) and it is assumed that the formula has been achieved by
pattern spotting using the table. Much of Richard’s text consists of a series of pages
with very similar structures (diagrams, table, formula) for each of the shapes he has
considered. This structure may be influencing the way in which Andy is reading each
individual page. From Andy’s reference to the earlier ‘experience’ on trapezia it
appears that he has constructed a picture of Richard’s text as a series of self-contained
pieces of work, each of which independently follows the same pattern of working. Any
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changes in Richard’s achievement in later parts of the work may be explained by a
greater facility gained through repeating and practising the same set of techniques
rather than by the use of earlier work to derive later results in a new way.

Dynamic counting diagnzms

Craig’s response to the first part of the ‘Inner Triangles’ task is presented using
roughly drawn diagrams on isometric paper, cut out and pasted onto lined paper so
that they are embedded within the written answers to the questions Figure 8.2.
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Figure 8.2 Craig’s response

The small triangles in each of the trapezia are marked in sequence with numbers, indi-
cating a systematic counting process. This is taken as evidence that this is the way that
Craig himself has found the number of triangles in each of the trapezia:

Um he’s immediately got into that and shown that he is actually working it out
and then he’s showing clearly that he’s got an 8 unit triangle and a 32 unit
triangle it can be no, even without writing, there’s no doubt in your mind that
he’s done it, he’s worked it out, he’s got the answer ... Now again, he’s used the
same technique in investigating it. He’s shown that he’s gone from one trapezium
to another and he’s counted and it’s not the same trapezium that he’s used, he’s
used a separate one, although it’s a bit small he’s actually shown what’s happened.

(Dan: 263-270 Craig)

The numbering, together with the ‘roughness’ of the diagrams suggests for Dan not
only that Craig has counted in a particular way, but also that he has done the work
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himself rather than copying answers. While several other teachers also read Craig’s
diagrams in a similar way, Joan appears to see them as a method of communication
with the reader rather than as a tool for solving the problem:

He’s started off in quite a nice way with the diagrams next to the working out
which is useful.

(Joan: 166-167 Craig)

While Dan has read Craig’s diagrams as self-contained messages, apparently ignoring
the verbal and symbolic part of the text or seeing it as merely a label for the diagram,
Joan is integrating her reading of the whole page. The positioning of the diagrams offset
to the right of the questions and answers may suggest that they are re-presentations of
that information rather than working out that might have preceded the answers.

A dynamic diagram as ‘explanation’

Richard’s diagram of a trapezium has a number of features which mark it as a form of
explanation rather than as a piece of data Figure 8.3.
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Figure 8.3 Richard’s trapezium

Firstly, its position on the page after the table of results for the number of inner trian-
gles in a trapezium means that, even if the page is read as a narrative of the author’s
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method of solution, the diagram cannot be taken as chronologically prior to the table.
It is also labelled with variable names rather than with numbers; it must, therefore, be
read as a generic trapezium rather than a specific example. The arrows which connect
the variable names to the corresponding parts of the diagram stress the importance of
these labels; they may be read as instructions to the reader to pay attention to the way
in which the diagram is labelled. This interpretation appears to coincide with the read-
ings by Andy:

He’s indicated on a diagram what the variables stand for and that’s fine
(Andy: 187-188 Richard)

and by Joan, although she is initially less specific about the diagram’s role:

And he’s explained it quite nicely with the diagram.
(Joan: 136137 Richard)

In contrast, Fiona, looking for evidence of working out, did not even recognise the
existence of the diagram:

This is a major problem because he’s got these results but unless one is there in the
class and you’re a teacher you don’t know whether this is his results or somebody
else’s. He hasn’t shown any diagrams of where these results have come from. He
hasn’t done any drawings as far as I can see. He’s come up with a formula which is
zequals. z must be the slant height. Is equal to x plus y equals =

(Fiona: 57—61 Richard)

Fiona is looking for diagrams as evidence of data generation. Because this diagram
does not fulfil Fiona’s expectations about the functions of diagrams within the genre,
its existence is not even acknowledged. In spite of the arrow joining the variable name
z to the slant height of the diagram, she appears to have to construct this correspon-
dence for herself using her existing knowledge of the problem rather than reading it
from the diagram.

Dan, on the other hand, accepted this diagram as evidence of working out by
constructing a story about how Richard might have made use of the single diagram to
generate several pieces of data:

He’s written out a table and although there’s not a great deal of, there doesn’t
appear to be a great number of diagrams he could have used the diagrams as he
was going along, in other words he could have blanked off some of them to get his

. to get his table [demonstrates how to use a single diagram to represent many
trapezia by covering part with his hand). It’s a little bit difficult to see where he got
perhaps all of these but he might well have done them from as he was working
along the shape. He’s trying a systematic system of working by doing the one two
three one two three making the top length, looking at the top length, extending
the top length and that’s why ’'m suggesting that you don’t necessarily have to
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draw simple diagrams all the time. Children do but it wasn’t actually necessary in
this piece of work.

(Dan: 105115 Richard)

In this case, the very lack of diagrams has led Dan to hypothesise about the method
Richard might have used. He had previously identified Richard as of ‘high ability’, which
may have influenced the way in which he has interpreted this minimalist diagram.

The multiplicity of readings of this single diagram is indicative of the variety of
expectations that teachers bring to their reading and of the influence of these pre-
existing expectations on the meanings that they construct from the text.

Naturalistic diagrams as signs of practical activity

In her response to the “Topples’ task, Sally drew a large number of diagrams showing
three-dimensional representations of the piles of rods Figure 8.4.

Level Level Level

so[ddor

so[ddoy

se|ddor

Figure 8.1 Sally’s response to the “Topples’ task

The naturalism of these diagrams is enhanced in two ways: firstly each rod is coloured
(using the same colour scheme as the original Cuisenaire rods used for the practical
activity) rather than labelled with numbers; secondly, where the length of a rod in a
pile is greater than 12 units it is drawn as a combination of two smaller rods. This
again corresponds to the structure of the concrete materials used by all the pupils
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whose work was read and by the teachers in preparing for their interviews. Although
the other pieces of work on this task also contained the results for piles that must have
been built in this way, neither included diagrams for any but the smallest piles.

As shown earlier, Sally’s presentation was appreciated aesthetically by the teacher-
readers but was simultaneously devalued as over-elaborate and a waste of time. The
naturalism of her diagrams, however, seems also to have contributed to the way in
which Harry made sense of her mathematical activity. Whereas in the case of the other
two texts, the activity was presented and read as being largely about abstract patterns
of numbers, Harry questions the validity of Sally’s results based on the story that he
has constructed about her practical activity.

H: Now one of her illustrations here shows I think that she’s used, she’s actually
using split rods. We haven’t actually tried that but 'm sure that would have
an influence on the result.

I: Probably the rods only go up as far as twelve don’t they?

H: Yeah [laughs] I wonder what she makes of that. One that—I’d be interested to
see if the results show anything different.

(Harry: 198-203 Sally)

Although the constraints of the materials used mean that the other pupils and Harry
himself must also have used split rods, the effects of this on the results generated by the
practical activity are only considered in Sally’s case. The naturalistic form of her
diagram creates a story about the nature of her activity:

[Diagrams] ... represent events taking place over time as spatial configurations
and so turn ‘process’ into ‘system’ — or into something ambiguously in between.
... Diagrams are therefore akin to expository writing, while naturalistic images
... are akin to story writing.

(Kress and Van Leeuwen, 1993)

This story is used to explain why her results are different from those produced by the
others:

I: Yeah but she actually came up with different answers there as well in her original
data.

H: Mmm, I think this is just going to go back to what was said about the blocks
being split. So I think that’s had an effect there. Um ... when it’s five at the
bottom ... yeah she’s got twelve um I'm not convinced that would make it
topple. But in her illustration, is that is that I can’t see which one.

I: This is the one with five on the bottom. That isn’t split.

H: Right. So I'm not sure that that’s— I’'m not sure that it would topple then. But
if she’s convinced that it did topple — again we said about the accuracy of the
actual modelling of it the setting up of it. If it toppled it may be something to
do with it but she’s convinced that it toppled. Then we have to accept that.
Um but it’s the six one the next one I think where the problem may be.
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Because she feels that she’s gone, she’s extended it to one next level and she’s
spotted that it’s still two extra um that I think that’s what's made her
convinced that that is the correct solution. Um, but it would be this, and I
would I would — post investigation again I would try to see if can get any — go
down to CDT or whatever and get some blocks of wood and chop them up
and see you know if it does make a difference. I would get actually longer
lengths um to try and eradicate this. So that’s what’s done it I think. That’s

what’s caused the damage.
(Harry: 213-229 Sally)

Although he suggests alternative sources for Sally’s errors — general inaccuracy in
building the piles even when they are not split or blindly continuing a pattern of
numbers — the remedy he prescribes for her difficulties is still based on the persistent
idea that the split rods are causing the errors. The naturalistic form of Sally’s diagrams
so strongly presents her work as being of a very concrete nature that this overrides all
the other possible interpretations that Harry had identified.

Summary

When considered out of context, diagrams are seen by teachers to be valuable in their
own right. This value seems to be ascribed to them either because they are seen as a
demonstration that a pupil has the ability to use a variety of forms of mathematical
communication or because they are believed to be helpful in solving problems. Within
the context of a particular problem, however, the use of a diagram to help solve the
problem may be given a low value by being seen as a sign of a concrete, practical
approach rather than a more prestigious abstract approach to the problem. Naturalistic
diagrams in particular may give rise to a reading of the author’s activity as concrete; such
a reading may affect the ways in which the rest of such a text is interpreted.

From the variations in the interpretations of the same diagram by different teachers,
it is clear that diagrams are not ‘transparent’ unambiguous forms of communication.
Readers’ expectations about the nature of the text that they are reading and about
generically appropriate functions of the diagrams within that text are influential in
shaping the meanings that they construct from a diagram and the values that they
place upon it. Indeed, if the form of a diagram diverges too far from the reader’s expec-
tations, it may be ignored or passed over with little effort to incorporate it into a
coherent reading of the whole text.

The variability in the teachers’ readings of diagrams in the children’s texts calls into
question the general advice to draw diagrams that many of them give to their pupils.
While the mere presence of a diagram in the text may be taken as a positive perfor-
mance indicator the meanings ascribed to that diagram seem to be more important in
contributing to the teacher’s evaluation of the text as a whole and of its author. Where
the diagram does not conform to the teacher’s expectations of the genre it may be
passed over without making a significant contribution to the meanings constructed by
the reader; where it is taken to indicate a concrete way of working it may lower the
teacher’s judgement of the whole text. The teachers’ general approval of diagrams
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when expressed out of context shows little conscious account being taken of the vari-
ability of the ways in which diagrams may be used or of the variability in their own
judgements about specific diagrams read in context. In this general form, it cannot
therefore be useful to pupils. Indeed, by following the advice to draw a diagram, it is
actually possible that a pupil may lower the teacher’s evaluation of their achievement.
In order to be useful, such advice needs to form part of a more general awareness of the
features of the coursework genre as a whole and of the functions that diagrams may
play in teacher’s constructions of meanings within this genre.
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9 “The whisperers’

Rival classroom discourses
and inquiry mathematics

Jenny Houssart

Introduction

A class of nine- and ten-year-old children was working on fractions of shapes.
Two worksheets were given out and the children were asked to look first at the
one starting with a rectangle. This caused some confusion as one sheet started
with a circle and one with a square. In response to this, the teacher asked, ‘Do
you know what a rectangle is?” He pointed to the sheet in question and one of
the children said, ‘But it’s a square’. The teacher looked again at the sheet,
admitted that it was a square and apologised for calling it a rectangle. As the
teacher started to explain the sheet, one of the children sighed slightly and said
in a whisper, “Well, anyway, it is a rectangle’.

The last remark uttered in the above was one of many unsolicited comments heard
during a year of participant-observation research in a mathematics classroom with
myself in the role of a classroom helper. This article will focus on these remarks and
those who made them.

The class in question comprised nine- and ten-year-olds in a British primary
school. They were a ‘bottom set’: in other words, they were all considered to be ‘less
able’ as far as mathematics was concerned. There were four children in the class who
regularly made unsolicited comments about the mathematics being considered. I call
them ‘the whisperers’, as many of the comments were made as whispered asides
without apparent expectation of a response. Sometimes the contributions were louder
and represented a challenge to official classroom discussion.

The whisperers formed an unofficial culture within the classroom, with a discourse
which differed from the official classroom one. Comparing the two discourses and the
two cultures which they represent shows that the whisperers adopted an inquiry math-
ematics perspective, whilst their teacher followed a school mathematics tradition. The
two cultures failed to interact successfully and the whisperers continued to be consid-
ered as relatively unsuccessful at mathematics.

This study contrasts with existing work which suggests that inquiry mathematics
is something introduced by teachers and often met with resistance by children. It
also highlights the difficulties of categorising children according to ‘mathematical
ability’.
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Background

Examination of the literature confirms that the discourse style favoured by the teacher
in this study follows a familiar pattern. Discourse in primary mathematics classrooms
can be limited and follow predictable patterns (Brissenden, 1988). Instruction and
explanation can be dominant features of classroom talk, often driven by the need to
maintain institutional norms (Bauersfeld, 1995). Also familiar in classrooms are
‘question—answer—evaluation’ sequences (Sinclair and Coulthard, 1975). The final
part of this sequence is often used by the teacher to comment on the pupil’s answer as
it compares with the teacher’s own ‘ideal response’ (Brissenden, 1988).

Pimm (1987) points out that pupils do not speak only in response to the teacher
and he distinguishes between them talking for others and talking for themselves.
Studies of the culture of mathematics classrooms assert that pupils generally become
familiar with the unwritten rules controlling classroom discourse. Such rules are part
of the customs and practices which develop in classrooms and become taken-as-shared
by the participants (Voigt, 1998; Cobb and Yackel, 1998).

The idea of mathematical discourse reflecting classroom culture is further explored
by Richards (1991), who identifies four domains of discourse associated with different
cultures. He asserts that these cultures have different assumptions, goals and method-
ologies and that each is associated not only with a different linguistic domain, but with
a different mathematics. The ‘school math’ culture identified by Richards and the
associated discourse of the standard mathematics classroom matches the assumptions
and dominant discourse of the particular classroom under discussion.

However, many of the unsolicited comments made by the whisperers seem more
reminiscent of the ‘inquiry math’ culture Richards associates with mathematically
literate adults. Closer analysis suggests that the whisperers also differ from the teacher
in their assumptions, goals and methodologies and can therefore be seen as
comprising a separate, unofficial culture within the classroom. Richards suggests that
in linguistic exchanges between different cultures using different discourses there is
often an exchange of words without communication taking place. It is only when
consensual domains are established that the exchange of words can become
communication.

I use Richards’ distinctions to examine the culture and discourse of the whisperers,
attending both to the nature of the discourse and to the shifting and complex interplay
between the whisperers’ marginal culture and the dominant classroom culture.

Context, cultures and domains of discourse

I gathered information about the class and the teacher by means of participant-obser-
vation in one lesson each week for an entire school year. Supporting information came
from interviews and discussions with the teacher and from examining documents such
as lesson plans and children’s work. The teacher was very experienced and had worked
in both primary and special schools. He was used to working with bottom sets and
often emphasised repetition of simple ideas in order to ensure success for all children.
He demonstrated considerable patience in assisting children who had difficulty in
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grasping new ideas. He was also concerned about the children’s performance in
written assessments carried out at the end of the year and was under some pressure to
make this a priority.

The teacher therefore emphasised the need to complete written tasks correctly. He was
not a mathematics specialist, but felt the subject could be made ‘fun’. This was sometimes
done by emphasising non-mathematical contexts or diversions. He was helped by class-
room assistants, a role I assumed while researching. Assistants sat at the tables with groups
of children and were therefore in a good position to hear children’s comments.

The classroom operated with familiar rules. Discussion was usually initiated and
controlled by the teacher, while pupils spoke mostly in response to teacher questions
and were expected to put their hands up and be given permission to speak. Generally
such rules were observed and the classroom was relatively orderly without being totally
silent. I use the term ‘official talk’ to refer to the open discussions which were in accor-
dance with these unwritten classroom rules. Such talk was either initiated by the
teacher or acknowledged by him, either by giving children permission to speak or by
commenting on what they had said. Official talk was carried out in normal voices so
that everyone could hear and the teacher expected everyone in the room to listen to
the official talk.

There was a certain amount of low-level talk on occasions, sometimes caused by
several pupils wanting to answer questions at once, sometimes caused by them seeking
help from the other adults in the room. Although it is not possible to say how much of
this talk was audible to the teacher, it seems likely that he was aware of and tolerated it,
though he sometimes reminded children to put their hands up. I will refer to this talk
as ‘unofficial’. It was often carried out in whispers, was not aimed at everyone in the
room and was usually not acknowledged by the teacher.

Listening to this unofficial talk revealed that some pupils regularly made unsolic-
ited comments about the mathematics being considered. Throughout the course of
the year, I recorded such comments, or whispers, in all but two lessons. These
whisper-free lessons focused almost entirely on the completion of worksheets under
test conditions. Most lessons contained several whispers, with 11 being the most I
recorded in a single lesson. My notes suggest that about four whispers per lesson was
the mean over the year, though this is likely to be an underestimate as I was not always
near enough to the whisperers to hear everything they said. Although the comments
are referred to as ‘whispers’, there is evidence that about a third of them were eventu-
ally heard by the teacher, sometimes as a result of repetition.

There were four children, out of 20 in the class, who regularly made such
comments, though a few others made similar contributions on occasions. All four
whisperers were boys, all from relatively disadvantaged backgrounds. Two, Pedro and
Wesley, were African-Caribbean and two, Sean and Darren, were white. Although
discussion of gender, race and class are beyond the scope of this article, it is worth
noting that when the study was carried out there was concern about the performance
within British schools of boys (Arnot ez 4/, 1998) and African-Caribbean children
(Commission on the Future of Multi-Ethnic Britain, 2000). There are also many
studies which show that the process of organising pupils into sets by ‘ability’ disadvan-
tages black and working-class children (Sukhnandan with Lee, 1998).
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I consider the whisperers as a group for the purposes of this article primarily because
of their regular, unsolicited comments. They also had many other features in common.
However, they did not all sit together and were therefore not always in a position to
hear each other’s comments. Seating in the classroom, both of children and adult
helpers, was determined by the teacher and frequently changed. Children felt to be
working at a similar level tended to be grouped together, with adults sitting with those
judged to need help.

I tended to be asked to sit with those judged to be about ‘middle’ of the set as far as
their attainment was concerned. Sean worked on my table for most of the year, Wesley
for about one term and Darren for a few weeks. On the other weeks, these boys were
usually at a table near me (as was Pedro), though occasionally individuals were too far
away for me to hear unless they raised their voices.

Wesley and Darren preferred to sit together and were sometimes allowed to. Sean
and Wesley also sometimes sat on the same table, as did Pedro and Darren. The
whisperers sometimes showed awareness of each other’s comments when they were
close enough to hear them. Occasionally, one of the other whisperers responded to a
comment, though this was not usually the case. Comments were primarily one-off,
editorialising asides, apparently made for the benefit of those making them, rather
than to elicit a response from others.

A striking common feature of the whisperers is that all made only modest mathe-
matical progress over the year, failing to realise the potential shown in their whispered
comments. Although the teacher sometimes acknowledged their positive oral and
mental performance, they were never among those he discussed as possible high
performers in the end-of-year test, or as candidates for moving to a higher set. All four
boys seemed to have some non-mathematical difficulties, including problems with
reading and recording, which hampered their performance in written tasks. On the
positive side, they all did reasonably well in mental arithmetic tests which required
them to write answers only. Sean, in particular, achieved success in more extended oral
or practical tasks which required little or no recording (Houssart, 2000a).

Another common feature of the whisperers is that their preferred approach to
calculation differed from that encouraged by the teacher. This can be seen in some of
the examples given in the next section. Other incidents throughout the year
confirmed that the boys were reluctant to use the procedures and algorithms intro-
duced by the teacher. They showed a preference for working mentally and for using
methods which dealt with numbers holistically, rather than digit by digit. The
comments of the whisperers also suggest that they were able to link work introduced
to ideas they had met before. They also showed an enthusiasm for extending ideas and
saying what they noticed, even if this meant going beyond what the teacher had
planned for the lesson.

Thus, the whisperers had many things in common regarding their approach to
mathematics. In many respects, their approach differed from that of the teacher, with
the result that they had things to say which he was unlikely to ask for. This may begin
to explain why these four boys whispered and others in the class, who accepted the
teacher’s approach to mathematics, did not. Another factor is their attitude to the
teacher and to authority. Although not seriously badly behaved in any of the lessons I
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observed, these boys did have a slightly ‘laddish’ reputation. They were certainly
prepared to question the teacher’s authority, albeit in a fairly mild way, and they did
not totally accept the unwritten rules of classroom behaviour which may have deterred
others from whispering.

Like most of the children in the class, the whisperers sometimes responded to the
teacher’s questions to the whole class. Sometimes they did this openly as part of the
official discussion, sometimes they were not called upon to answer, but did so anyway
in a whisper. Their answers were usually correct. The whisperers were also similar to
other children in the class in that they sometimes made comments concerning the
work set. Such comments from the whisperers usually referred either to the ease of the
work itself or the difficulties they had with the reading and recording involved.

In addition to the two types of comments above, which were made by many chil-
dren, the remaining comments made by the whisperers were all unsolicited comments
about the mathematics being considered. Closer examination suggests that these
remarks fall into three main categories. The first occurred when they had noticed or
discovered something. The second was when they had something to add and the third
was when something had been said which they did not like or disagreed with.

The discourse initiated by the whisperers therefore differed from that initiated by
the teacher. This is a reflection of the difference between the unofficial culture of
the whisperers and the dominant classroom culture, which is based on acceptance of the
goals, assumptions and methodologies of the teacher. A summary of the nature of
the dominant culture in the classroom and that of the whisperers appears in Table 9.1,
together with their associated domains of discourse. In the sections which follow, I
examine more closely the discourse initiated by the whisperers, paying particular
attention to what happens when their remarks are loud enough to be heard and hence
to represent a threat to the presumptions of the dominant culture.

The whisperers make discoveries

Comments arose when the whisperers had noticed something, sometimes involving
generalisations, such as asserting that all multiples of six are even or that all rectangles
have four right angles. On other occasions, the comments were about ways of reaching
answers, such as ‘it’s two more’ when forming a sequence of odd numbers. Sometimes
a more complex discovery was made, such as Darren’s realisation that three distinct
digits could be arranged to make six different numbers.

The majority of such discoveries remained as whispers and thus the teacher had no
opportunity to comment. Sometimes, however, the teacher became aware that the
whisperers had noticed something. Two contrasting examples of this are given below.
In the first example, Sean and Darren started by whispering their discoveries, but then
repeated them and were heard by the teacher. He was impressed and invited them to
share their discoveries with the class.

The children were drawing round plane shapes, then cutting out the shapes,
folding them and marking on the lines of symmetry. A few children showed
particular interest in how many ways a circle could be folded. Darren said the
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Table 9.1 Comparison of cultures and domains of discourse

Teacher: assumptions,  Teacher-initiated Whisperers: Discourse initiated by

goals, methodololgies  discourse assumptions, goals, the whisperers
methodologies

Work needs to be Clear and simple Much of the Say what they have

kept simple explanations mathematies noticed or discovered

Introduce one idea
at a time

Master ideas before
moving on

Written work is
important and needs
to be completed

Ideas often repeated
Harder ideas
introduced only when
the teacher thinks
children are ‘ready’

Closed questions
asked and answers

considered is too
casy for them

Work introduced
can be linked to ideas
they have met before

Try to extend or
supplement ideas

Take issue with things
they do not like or
disagree with
Completing written

tasks can be

correctly evaluated problematic
Standard procedures More open questions For mal procedures
for calculation need  sometimes asked, 1mpﬁsed by the |
to be taught and teacher knows teachers are rarely
mastered the answers used
Instructions given Prefer to calc.:ulate
about completing mentally, using non-
written tasks standard methods
Standard procedures
introduced and
reinforced
circle could be folded ... in any way’. Sean said, * ... it can go anywhere through

the middle, any line on the circle’. They were later invited to tell the rest of the
class what they had discovered.

In the example above, the discoveries had been made as a result of working on the task

set by the teacher. In the next example, however, the discovery arose when the child
had abandoned the official task because he had noticed something interesting.

The teacher asked the children to do 101 — 79 using a calculator and then gave
the correct answer. Wesley became interested in the incorrect answer obtained by
the boy behind him who sometimes had difficulty with the calculator due to poor
hand control. The teacher moved on to discuss the next task, but Wesley
continued to press buttons on his calculator. At one point, he appeared to copy

down a number from the calculator on the back of a digit card.

The teacher started to introduce the written task which was to do a page of
subtractions using a standard written method before checking the results using a
calculator. The teacher admonished Wesley for turning round and talking to the
boy behind him. Wesley said, ‘I was telling him something about maths’, but the
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teacher did not reply. As the books were given out later, Wesley told me what he
had been whispering about. He showed me that repeatedly pressing the equals
symbol changes the answer. I asked what was happening and he explained by
clearing the calculator, entering 3 and repeatedly pressing equals to generate the
three times table. I asked, ‘So can you do any table?” And he replied that ‘you can
do the twenty-four times table.’

In this example, Wesley seemed to be offering the teacher the opportunity to discuss
his discovery by saying that he was ‘telling him something about maths’. Wesley may
have felt that his action was justifiable and a contribution to the lesson. However, the
teacher did not seem interested in what Wesley had to say, but was more concerned
about him being off-task.

These two contrasting examples are supported by similar incidents of both types.
They suggest that if the whisperers drew the teacher’s attention to the fact that they
had noticed something, he sometimes responded positively with the result that the
whisperers’ discourse merged with the official classroom discourse. This usually
occurred when they were working on a task set by the teacher. Sometimes, it seemed
that the task was set up with the hope of them noticing something, perhaps the teacher
had even decided what this might be. Noticing something not on the agenda, such as
Wesley’s discovery about the constant function on the calculator, provoked a different
reaction. In such cases, the whisperers were ignored and did not persist.

Occasionally, comments about noticing something met with a reaction from one of
the other whisperers, rather than from the teacher. One such occasion was when
Darren made a comment about the digits in multiples of nine being ‘turned round’.
Darren was actually talking about odd and even digits, but his comment may have
influenced Pedro who soon made a comment about 81 being 18 ‘turned round’.
There was a similar incident between Sean and Wesley on another occasion, concerning
fractions. On neither of these occasions did real discussion ensue, but rather, one
whisper led to another.

There is other evidence that the whisperers were sometimes aware of each other’s
comments. Analysis of the whispers in any given lesson shows there were often similar-
ities in the whispers which suggests that the boys may have been influenced by each
other. When I was on the same table as two whisperers, I also felt that their body
language and facial expressions suggested that they listened to each other.

The whisperers extend or supplement ideas

Sometimes the whisperers added something to an answer which had been given, or to
what the teacher was saying. In many cases, this involved simply moving on to the
next question or part of the question, but it could also involve continuing apparent
patterns or predicting what would happen next. For example, in a task which involved
colouring answers on a hundred square, the numbers coloured already were 6, 12, 24,
18, 36. Sean whispered that he thought the next answer would be 30. In a place-value
task, the teacher asked for the next odd number after 319. Pedro answered 321 in a
normal voice, but then continued the sequence 323, 325, ... in a whisper.
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Another example of a child taking an idea further than the teacher suggested is
given below. In this case, Sean related the idea being introduced by the teacher to
something which had been done in a previous session.

The teacher was introducing the idea of converting metres to centimetres, though
a previous session had involved converting centimetres to millimetres. When the
teacher said that one metre is a hundred centimetres, Sean whispered, ‘A hundred
centimetres is a thousand millimetres’. The teacher moved on to talking about a
piece of string, which he said was just under a metre long. Sean said in a whisper,
‘nine hundred and ninety nine millimetres perhaps’.

In all the examples above, the whisperers were content to make these additions
quietly. They made no attempt to break into the ‘official’ classroom discussion and
did not seem concerned that their comments were not acknowledged. However, there
were exceptions to this. Of the three categories of whisper, it was the extensions which
appeared to be heard most frequently, though with limited effect.

An example of this occurred during a block of work on fractions. For some weeks,
the teacher had been dealing with simple fractions via folding, cutting and colouring.
He seemed to be avoiding discussion of equivalence and this was raised by the
whisperers on several occasions. An example of this is given below.

The teacher was going through a sheet on fractions which the children had just
completed and was giving them the answers. The sheet consisted of shapes which
were partly coloured. The instruction read, “Write the fraction that is coloured’, but
actually three alternatives were given for each shape and children had to put a ring
round the correct answer. For one shape, the teacher gave the correct answer as %

(the alternatives offered on the sheet were ¥4 and 34). Pedro added, “That’s a half.

Pedro made this contribution in a normal voice rather than a whisper, though it was
not acknowledged by the teacher and Pedro did not persist. There were occasions
when the teacher acknowledged such remarks with responses such as “We’re not doing
that yet’ or “We're doing that next week’. There was one occasion on which a whis-
perer persisted and was allowed to share his idea with the class. Darren wanted to go
beyond checking the answers to a mental arithmetic test and to discuss how the
answers were reached.

The teacher was reading out answers to the mental arithmetic test. Darren wanted
to explain how he had done one of the questions (from 26 take away 11). The
teacher seemed to ignore this for a while and continued to give answers. However,
Darren persisted and was eventually allowed to explain how he had reached the
answer. Darren said, “Take away 1, 25 are left. Take away 10 leaves 15°. The teacher
moved on to the next question. Darren’s comment was not used or praised.

Although the whisperers” attempts to extend ideas were made in a normal voice more
frequently than other comments, this was to little effect. The teacher had a range of
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responses which effectively neutralised their comments. One response was to ignore
their comments and often they did not persist. If their ideas were acknowledged, it
could be with a polite reminder that they were not doing that yet, thus potential
discussion was effectively closed down by the teacher. A final possibility was to allow
the child to share what they had to say, but then move on without embracing or
engaging with the comment. Thus, the whisperers attempts to extend ideas were
excluded from the official discourse. The two types of discourse coexisted and
impinged on each other, but had not merged.

The whisperers point to errors or things they do not like

Sometimes, comments were made about errors made by other children. This usually
arose when children were asked to write or draw on the board or to give answers to
completed work. Usually, the whisperers merely pointed out errors and inaccuracies
under their breath, though sometimes they did this in a normal voice. In all of the
instances I recorded, the whisperers were correct in their identification of errors.

On occasion, the whisperers went beyond identification of errors and exhibited a
feel for what is important and correct in mathematics.

The teacher had written %2 and % on the board and was talking about which is
bigger. He pointed out that although 4 is bigger than 2, ¥ isn’t bigger than ¥2. He
speculated about why this is and a girl put her hand up and said, ‘Size doesn’t
matter’. Sean said in a whisper, ‘Size does matter’.

The teacher was drawing the children’s attention to the line in a fraction which he
said is like the division symbol except for the dots. A child said, ‘Dots aren’t that
important’. Sean whispered, “They is’.

Comments were also made disagreeing with the teacher rather than other children.
Sometimes this was about checking answers, but occasionally the whisperers took
issue with him on more fundamental issues.

The teacher wrote a 5 on the board with a 9 underneath it and asked if it could be
a ‘take away’. The teacher was leading to the point that it must be an addition
because ‘you can’t take nine away from five’. Although no one disputed this
openly, Sean did say in a whisper, ‘You’d go below zero, it would have to be a
minus’.

In this incident, Sean was content to whisper and this was the case for the majority of
comments involving dissent. However, there were some occasions when the
whisperers were more open in their disagreement. This sometimes led to exchanges
with the teacher in which both sides defended their point of view. The first incident I
give below arose when the teacher was trying to introduce non-mathematical humour.
It suggests, like the dots remark above, that the whisperers were unhappy with un-
mathematical comments.
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In what seemed to be an attempt to reinforce the words ‘numerator’ and ‘denom-
inator’, the teacher pointed to the parts of a fraction and suggested giving them
names such as Anne. Pedro appeared not to like this and said to the teacher, It’sa
number’. The teacher replied, “Why can’t it have a name?” Pedro responded, ‘It’s
got a name’.

The second incident is chosen as it demonstrates differing views on calculation. This
was perhaps the most important difference between the whisperers and their teacher
and one which apparently caused frustration on both sides.

The teacher was discussing economical methods of calculation. He was encour-
aging a formal written method for halving or dividing by two, on the grounds
that other methods could not be used with larger numbers. To prove his poin, he
said, “What would you do if it was a half of two hundred and eighty six?” Sean
seemed to want to take issue with the teacher’s assertion that you cannot use
subtraction as the numbers get bigger and he answered, “Take away’. The teacher
used a challenging tone and asked, ‘Take away what?” and Sean responded ‘One
hundred ... and ... forty ... three’. Sean’s ability to answer this seemed to
surprise the teacher.

In these last two examples, the two types of classroom discourse are no longer separate.
They have clashed rather than merged. The issue of calculation in particular was one on
which neither the whisperers nor the teacher shifted throughout the year. Often they
coexisted, occasionally they clashed, but they never appeared to reconsider their views.

Discussion

Why did these boys continue to make whispered comments, despite their apparently
having little effect? Were they talking for others or for themselves? In most cases, they
seemed unconcerned that their comments were not heard by the teacher, though it is
possible that they were still talking for ‘others’ in the room, but not the teacher. They
may have been whispering for each other.

Responses to comments from the other whisperers were infrequent, but suggest
they were able to see the value of each other’s comments. It is also possible that Sean,
who often sat next to me, was whispering to me in my role as a helper. He may have
perceived me as less likely to judge than the teacher, as well as knowing that I was
unlikely to respond because the teacher was talking. Another possibility is that the
whisperers were talking for themselves, trying to formulate their ideas.

Whether the boys were making comments for themselves or others, the comments
provided evidence of unofficial mathematical activity in which the boys were
engaging. It showed that they were taking opportunities to do some mathematics
which matched their own view of the subject. Whispering may have aided their
thought processes. It also meant they were able to register their understanding and
sometimes their dissent. Thus, the whispering can be seen as having a dual function,
partly for the benefit of the person making the comment and partly for any potential



156  Mathematics education

Table 9.2 Outcome when whisperer’s discourse is audible

Type of discourse Circumstances Teacher response Outcome

Making discoveries Discovery based on  Teacher responds Communication based
official task, possibly  positively: discussion  on agreement
anticipated by teacher ensues

Making discoveries  Discover based on Teacher ignores Whisperers
off-task activity neutralised: no
communication
Extending ideas Child does not Teacher ignores Whisperers
persist neutralised: no
communication
Extending ideas Child does not Teacher Whisperers
persist acknowledges: neutralised: words
‘closes down’ exchanged, but no

true communication

Extending ideas Child persists Teacher Whisperers
acknowledges: allows neutralised: words
comment, moves on  exchanged, but no

true communication

Disagreeing Child takes issue Teacher engages: Communication based
directly with teacher ~ disagreement ensues  on disagreement

audience. The whisperers got ideas ‘off their chest’ by expressing them in a whisper,
with the possibility that someone with a similar view might hear.

The whisperers’” discourse reflected their cultural assumptions and differed from
the teacher-initiated discourse. Returning to the model proposed by Richards (1991),
these observations confirm that the dominant classroom culture was reminiscent of
‘school mathematics’. The whisperers had more in common with ‘inquiry mathemat-
ics’: for example, they asked questions, solved problems and proposed conjectures.

Even when the whisperers were heard, discussion did not necessarily result, and
when it did, it could take the form of disagreement. In fact, the most common
outcome when the whisperers were heard was that their comments were neutralised by
the teacher (see Table 9.2). These findings are in line with those of Richards, in that
the different assumptions of the teacher and the whisperers meant that words could be
exchanged or acknowledged without genuine communication taking place.

Where these findings differ from some of the examples given by Richards is in the rela-
tive positions of the teacher and the pupils. Richards associates the inquiry culture with
mathematics as it is used by mathematically literate adults. It is ironic that while the
teacher adopted the discourse associated with ‘school mathematics’, the whisperers’
discourse was close to that of the ‘inquiry mathematics’ culture. However, the whisperers
were nine- and ten-year-olds judged to be in the bottom 25 per cent of their year group
and not expected to pass the formal tests they were due to sit the following year.

Other perspectives also encourage the view that the whisperers were acting like
mathematicians rather than mathematical failures. In their oral contributions, the
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whisperers demonstrated features which some teachers associate with ‘able mathema-
ticians’, such as trying to generalise and showing an interest in pattern (Watson, 1996;
Allebone, 1998).

In fact, the spontaneous behaviour of the whisperers was similar to that many
mathematics educators see as desirable but difficult to elicit. For example, the art of
asking questions is highly regarded in mathematics, with emphasis placed on the type
of questions likely to promote mathematical thinking (Watson and Mason, 1998;
Martino and Maher, 1999).

However, it seems that in the case of this particular group of children, mathemat-
ical statements were made without questions being asked. Some of the most inter-
esting comments by the whisperers arose when the teacher simplified matters to the
point of saying things which were not, strictly speaking, mathematically correct. His
claiming that you cannot subtract 9 from 5, that a square is not a rectangle and that
large numbers can only be divided using a standard method all provoked the
whisperers into dissent.

Despite their demonstration of mathematical understanding and occasionally
mathematical knowledge in advance of that expected by the teacher, the whisperers
consistently performed at a level well below that expected for their age in formal work.
They were considered by the teacher to be correctly placed within this low-ability set.

One approach to this contradiction might be to suggest that there are obstacles
preventing these children from showing their ‘true ability’. Certainly, there is some
evidence that non-mathematical difficulties hampered the completion of written tasks
on which they were judged. Such difficulties included poor reading skills, slow
recording skills and difficulty with organisation of work and materials (Houssart,
2000b).

Another possibility is that the idea of ‘mathematical ability’ is a vast oversimplifica-
tion. In particular, the experiences of the whisperers suggest that it is perfectly possible
to possess supposed ‘higher-order’ skills, such as the ability to generalise or extend
ideas, without being accurate in the completion of worksheets.

A further possibility is that the differences between the cultural assumptions of the
whisperers and those of their teacher contributed to their ‘failure’. For example, the
priority given to written tasks in terms of assessment meant that these boys were not
considered to be doing well and were not seen as needing extension work. Assessment
based on oral contributions might have reached the opposite conclusion. The provi-
sion of worksheets designed to help children carry out calculations in standard ways
was also a hindrance, as it forced them into a method of recording which was
unhelpful and did not relate to their own methods of calculation.

The failure of the two cultures to engage with each other created discontent on
both sides and tended to emphasise their compartmentalisation. For the teacher,
there was disappointment that children who sometimes made promising comments
consistently failed to perform on formal tasks. For the whisperers, there was discon-
tent at lack of recognition, coupled with boredom when the harder work they
sought did not materialise. It seemed that, despite their potential, as long as the
presumptions of ‘school mathematics’ prevailed, these boys were unlikely to experi-
ence success.
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10 Steering between skills and creativity

A role for the computer?'

Celia Hoyles

Background

Children’s and adults’ mathematical knowledge frequently appears to be in a state of
crisis — a crisis of skills or a crisis of creativity. In the UK and the USA, there are now
waves of enthusiasm for basic skills, mental arithmetic and target setting. Studies
comparing England’s performance in mathematics with other countries have shown
England to be performing relatively poorly in comparison with others. For example,
evidence from the Third International Mathematics and Science Survey (TIMSS)
indicated that our Year 5 pupils (aged 9 and 10) were among the lowest performers in
key areas of number out of nine countries with similar social and cultural backgrounds
(Harris, Keys and Fernandes, 1997). A huge, multi-million pound National Numeracy
Strategy is now underway in the UK and in its first report (DfEE, 1998), the TIMSS
studies were cited as one reason for the new focus on numeracy.

At the same time, the news from the Pacific Rim reports rather different pressures for
change. For example, Lew (1999) describes Korea, a country which scores very highly
on most international comparisons of mathematics attainment, as being in ‘total crisis’
in mathematics. He illustrates graphically how most students seem quite unable to relate
their well-developed manipulative skills to the real world. Lew argues that:

the direction of the mathematics curriculum in Korea should change from
emphasis on computational skills and the ‘snapshot” application of fragmentary
knowledge to emphasis on problem-solving and thinking abilities.

(p. 221)

Similarly, Lin and Tsao (1999) present a picture of test obsession in Taiwan, where
college entrance examinations dominate students’ (and parents’) lives. Both of these
countries are encouraging more ‘open’ curricula to include opportunities for mathe-
matical creativity: that is, adapting their curricula to be more like those currently
being vilified in the UK and the USA.

Other data from TIMSS suggest that English children are comparatively successful
at applying mathematical procedures to solve practical problems and are generally
positive about mathematics. Is it possible to retain these strengths while at the same
time consolidating arithmetic skills and developing the ability to construct deductive
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arguments? (The latter area is one in which we have shown our students to be surpris-
ingly weak: see Healy and Hoyles, 2000.)

The challenge for the international mathematics education community perhaps
appears at first sight to be the design of a globally-effective balanced curriculum. From a
UK perspective, this would build on the wealth of informal mathematical knowledge
students bring to school, while at the same time drawing attention to mathematical
structures and properties and introducing them more systematically to mathemat-
ical vocabulary. The mathematical curriculum of the next millennium should harness
children’s motivation without losing their mathematics — and I envisage that the
computer might offer just the context to help do this.

A role for the computer

I was inspired in the early 1980s by Seymour Papert’s (1980) radical vision of a mathe-
matics that was playful and accessible, but at the same time rigorous and serious. We’
dreamed (and still do) of children actively expressing mathematics in different ways.
We wanted children to learn by conjecture, reflection on feedback and debugging, as
part of their own meaningful projects that required planning, sustained engagement
with mathematical ideas represented in diverse ways and the bringing together of a
range of skills and competencies. Logo was the vehicle or the catalyst for many of us to
try to achieve those dreams. In doing this work and studying the work of others, our
eyes were opened to students’ strategies and potential — computer interaction was a
window onto possibilities, an environment to illuminate pupil meanings and inter-
pretations (Hoyles, 1985; Hoyles and Noss, 1992).

Since that time, we have designed a range of microworlds around different ‘open’
software and have further developed the notion of technology as a means by which
knowledge can become concretised and connected. We have also undertaken more
systematic investigation of the nature of the child’s activity and how it can be better
understood. Inevitably, the boundary of what is and is not mathematics has been
explored (Papert, 1996): some say that working experimentally with the computer
counts as mathematics, some that it is not, and many are not sure. The software may
have changed but the issues have not and the location of this boundary is still a matter
of hot dispute.

If we want to design investigative environments with computers that will challenge
and motivate children mathematically, we need software where children have some
freedom to express their own ideas, but constrained in ways so as to focus their atten-
tion on the mathematics. Are there lessons to be learned from all the work that has
been done with these sorts of environments over several decades? What do we actually
know about how children can better learn mathematics with technology?

Mathematics comprises a web of interconnected concepts and representations
which must be mastered to achieve proficiency in calculation and comprehension of
structures (for elaboration of this theoretical framework, see Noss and Hoyles, 1996).
Mathematical meanings derive from connections — intra-mathematical connections
which link new mathematical knowledge with old, shaping it into a part of the mathe-
matical system and extra-mathematical meaning derived from contexts and settings
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which may include the experiential world. Yet how are these meanings to be
constructed? How is the learner to make these connections? To what extent can the
software tools encourage this process of meaning-making and connection-making?
A critical weakness of many mathematical learning situations has been the gap
between action and expression and the lack of connection between different modes of
expression. Over many years, our central research priority has been to find ways to
help students build links between seeing, doing and expressing (see, for example,
Noss, Healy and Hoyles, 1997). We have shown that technology can change pupils’

experience of mathematics, but with several provisos:

o the users of the technology (teachers and students) must appreciate what they
wish to accomplish and how the technology might help them;

o the technology itself must be carefully integrated into the curriculum and not
simply added on to it (see Healy and Hoyles, 1999);

e most crucially of all, the focus of all the activity must be kept unswervingly on
mathematical knowledge and 7oz on the hardware or software.

Computers and the curriculum

To date, work with computers in mathematics education has largely been concerned
with construction and the potential of software to aid the transition from particular to
general cases — specific instances can be easily varied by direct manipulation or text-
based commands and the results ‘seen’ on the computer screen (see, for example,
Laborde and Laborde, 1995). Yet, even if students develop a sense of how certain
‘inputs’ lead to certain results, there remains the question of how to develop a need to
explain, a need to prove, as part of (rather than added on to) this constructive process.

In countries like the UK, where proof has all but disappeared from the school
curriculum, this issue must be addressed urgently if we are to avoid limiting the math-
ematical work for most children by the introduction of computers. If we fail, the
majority of our students will simply be subjected to even more convincing empirical
argument — for example, using powerful dynamic geometry tools simply to measure,
spot patterns and generate data.

There is an alternative which we are in the process of investigating. We have
designed tasks where, through computer construction, students have to attend to
mathematical relationships and in so doing are provided with a rationale for their
necessity. Thus, the scenario we envisage is one where students construct mathemat-
ical objects for themselves on the computer, make conjectures about the relationships
among them and check the validity of their conjectures using the tools available.

This forms part of a teaching sequence which also includes reflection guided by the
teacher away from the computer, and the introduction of mathematical proof as a
particular way of expressing one’s convictions and communicating them to others. It
is in this way, we suggest, that constructing and proving can be brought together in
ways simply not possible without an appropriate technology: formal proof is simply
one facet of a proving culture, revitalised by the ‘experimental realism’ of the

computer work (Balacheff and Kaput, 1996).
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Lulu Healy’ and I have devised algebra and geometry teaching sequences which
follow these criteria. Our activities were developed after analysing students’ responses
to a nationwide paper-and-pencil survey to assess students’ conceptions of proving
and proof (see, for example, Healy and Hoyles, 2000). This survey was completed by
2459 15-year-old students of above-average mathematical attainment from across
England and Wales. Each teaching sequence was designed ‘to fit into the curriculum’
and to fill at least some of the gaps the survey had revealed in the understandings of
students. Overall, 18 students from three schools have worked through the sequences,
each of which took nearly five hours of classroom contact supplemented by
homework.

I now present snapshots from case studies of two students who engaged in these
sequences. The first illustrates the gains that can be made by connecting skills to
creative exploration through computer interaction, while the second points to poten-
tial pitfalls in planning ‘the best’ mathematics curriculum incorporating technology.

Tim: making the step to explaining in algebra

Tim was a quiet and diligent student who knew about proof as something that
involved verification and explanation, though only recognised it in the context of
algebra — a natural consequence of our curriculum with its emphasis on generalising
and explaining number patterns (see Figure 10.1).
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Figure 10.1 Tim’s initial view of proof

m

It was also clear from Tim’s choices in the paper-and-pencil survey that he had a pref-
erence for visual argumentation: he evaluated the visual ‘proof’ by Yvonne in exactly the
same way as a ‘correct’ formal algebra proof; when asked about this, it was clear he ‘saw’
the general structure through this particular visual example (see Figure 10.2).

In the first algebra session of our teaching sequence, students are introduced to our
microworld, Expressor, in which they build ‘matchstick’ patterns of number sequences
by constructing simple programs. They are encouraged to connect their computer
constructions to corresponding mathematical properties and hence find a general
formula for the number sequence explaining why any conjecture is true or false, by refer-
ence to computer feedback and to the mathematical structures they have constructed.
Similar work with more complex number sequences is undertaken in the third session.
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Yvonne’s answer

So Yvonne says it’s true.

Yvonne’s answer: agree don’t know disagree
Has a mistake in it 1 2 ®
Shows that the statement is always true @ 2 3
Only shows that the statement is true for some even numbers 1 2 ©)
Shows you why the statement is true CD 2 3

Is an easy way to explain to someone in your class who is unsure @ 2 3

Figure 10.2 Tim’s evaluation of a visual proof

Tim found this work of generalising through programming both engaging and
challenging — in fact, he described it as the most enjoyable part of our teaching. He
also saw a strong connection between proving and his computer work.

I liked the programming stuff — that helped [to write proofs] because it sort of
showed how it was constructed so ... It helped prove because it showed you how
they were made ... how that construction was made step by step.

In the second session, students are introduced to writing formal algebraic proofs and
helped to ‘translate’ their Logo descriptions of the mathematical structures into
algebra. They are also taught how to construct deductive chains of argument — system-
atically starting from properties they had used in their constructions in order to
deduce further properties. Both of these tasks are unfamiliar to UK students.

Here is an example. Students are asked to investigate the properties of the sums of
different sets of consecutive numbers. They construct by programming a visual repre-
sentation of numbers as columns of dots (shown in Figure 10.3).* Students can, for
instance, move the bottom right dot to the bottom left, see that it would ‘even up’ the
three columns, and convince themselves that the conjecture that the sum of three
consecutive numbers is divisible by three is always true.

Although these moves can be achieved by, for example, using counters, in Expressor,
the visual arrangement has a simultaneous ‘algebraic’ description which is constructed
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Figure 10.3 A typical Expressor screen to explore the sum of three consecutive numbers

by the children. In Figure 10.3, a program co/has been written to generate 6 (), 7 and
8 columns. The dots can be dragged into columns as with real counters; but as this is
done, a recorded ‘history’ of the actions is stored (see the history box in Figure 10.3) in
the form of fragments of computer program.

This code is executable: that is, it can be ‘run’ to produce the output (or part of the
output) which produced it. There is, therefore, a duality between the code and the graph-
ical output of the dots; the action (on the dots) to produce a new visual arrangement and
the expression (in the form of pieces of program) are essentially interchangeable. The code
is a rigorous description of the student’s action to construct a particular image, and her
actions are executable as computer programs. A box 7 is used to store the smallest of the
three numbers and our student might see that what is in the box 7 hardly matters, and
therefore come to realise that the theorem is independent of the first number.

How did Tim cope with this activity? In his first session, he had been seeking expla-
nations for a general rule in the general symbolic expressions he had constructed (in
the form of programs). He built his three columns of dots in Expressor and was faced
with a screen rather like Figure 10.3. Then he wrote:

n+m+1)+m+2)=3n+3

Bug, he obtained this equivalence not as a result of a manipulating algebra but by refer-
ence to our microworld: he noted that the three original columns could be changed to
three columns of length 7 and a ‘tail” of three.

Tim generalised this method to find factors of sums of different numbers of consec-
utive numbers — always considering columns of dots and a tail, but flexibly using
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a. Predict whether you can find 4 consecutive numbers that add up to 44

—

If you think yes, then find these 4 numbers then go to b.
If you think no, go straight to b.

b. Either write down these 4 numbers or explain why it cannot be done.
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Figure 10.4 Tim’s proof that the sum of four consecutive numbers is not divisible by four

visual manipulation and argumentation. For example, to show that it was impossible
for the sum of four consecutive numbers to have a factor of four, and so could never
add up to forty-four, he visually moved dots, as he describes in Figure 10.4.

Finally, together with his partner, Tim also came up with a new, visual ‘proof’ that
the sum of five consecutive numbers must have a factor of five. He again focused on
the tail of dots, but combined their total using inductive reasoning starting from the
case when 7 was 0.

e. Choose one property and write a formal proof to show how this can be deduced.
It neo
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Figure 10.5 Tim’s inductive proof that the sum of five consecutive numbers is divisible by five

By this time, it was clear that Tim had found two well-connected ways to explain it:
constructing symbolic code and manipulating visual expressions. His explanations
came from linking logical and general arguments with visual representations (columns
of dots) — and not from algebra, even though he clearly recognised its importance.
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18. Prove whether the following statement is true or false:

When you multiply any 2 odd numbers, the answer is always odd.
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Figure 10.6 Tim’s two explanations

This gap in his repertoire of skills is well illustrated in his final homework (Figure
10.6). Tim creatively generalised ‘the dots’ microworld into thinking of multiplica-
tion as a rectangular array of dots, whose rows could be paired off leaving ‘one left
over’. But, he was still unable to multiply out brackets correctly.

In contrast to Tim, Susie could say nothing about what proof was and appeared
clearly confused about the generality of a mathematical argument. She selected empir-
ical arguments as her own approach in all the multiple-choice ‘proofs’ in our survey,
both in geometry and algebra, and described these as both general and explanatory.
She thought mathematics was quite complicated and, in fact, admitted to hating it.

Although Susie offered no description of proof or its purposes, it emerged in inter-
view and by watching her computer work that she did have a view about proof — it was
about examples (many examples). It was enough to have shown a statement was true
many times. Additionally, for Susie, there was another important aspect of proof,
which was a rule or formula. But, its role was to obtain more marks from the teacher
rather than to confer generality — the examples were enough for this.

Although Susie could write formal proofs, she did not see them as general and
found them no more convincing than empirical evidence: her two ‘modes of proving’
— examples and formal proofs — were apparently completely disconnected. She
believed, for example, that, even after producing a valid proof that the sum of two
even numbers is always even, more examples would be needed to check that the state-
ment holds for particular instances.
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12. In the last session, you looked for properties associated with summing
consecutive numbers. Write down ail the properties you found.
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Figure 10.7 Susie’s rule for consecutive numbers

In our teaching experiments, both in algebra and geometry, we noticed that Susie
followed all the instructions carefully, but rarely if ever experimented with the
computer. She found it hard to see the computer as a means to try things out when
unsure, hard to learn from feedback.

I will illustrate Susie’s work in algebra by reference to the same tasks described
earlier. Susie was considering the sum of four consecutive numbers. She constructed
the columns of dots and came up with the formula 47 + 6, ostensibly by making the
connection of the ‘+6’ with the ‘tail of dots’. For five consecutive numbers, she appar-
ently used the same method to come up with the correct sum of 57 + 10.

Then she changed her mind. She crossed out the ‘+10’, explaining this by writing
that she had checked and ‘it was 6. From this point on, her written work and explana-
tions were disconnected from any generality suggested by the visual display she had
constructed in the microworld, except she persisted in showing pictures of columns of
dots with a six-dot tail, as illustrated in her homework following this session.

The rupture between particular examples and generalisations can be explained by
reflecting on what we had discovered as Susie’s goal in mathematics — to find examples
and then a rule. She had achieved this: she had found a rule in which numbers could
be substituted and even had pictures to illustrate it, but the pictures did not represent
the structure of consecutive numbers.

Susie’s story is not completely negative. She did make progress after engaging in
these teaching sequences. By constructing matchstick patterns, Susie was beginning to
appreciate how an algebraic expression could express generality (and not serve merely
as something to be manipulated) and, although proving for Susie remained solidly ‘a
rule plus examples’, she did seem to be beginning to want to explain as well.
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Some snapshots from the geometry sequence

Briefly, here are some insights gained from the teaching sequence in geometry, simply
to illustrate further some points raised in the previous sections. This sequence
followed a similar pattern to that in algebra. In the first session, students are encour-
aged to construct simple geometrical objects on the computer with dynamic geometry
software, to describe their constructions, connect each with a corresponding mathe-
matical property and use the computer to explore or reject conjectures.

In the second session, students are encouraged to construct familiar geometrical
objects (parallelograms, rectangles) on the computer, identify properties and relations of
a figure that had been used in their constructions and distinguish some properties that
might be deduced from those given by exploring with the computer. In much the same
way as in algebra, students are also taught at this point to construct logical deductive
chains of argument and write formal proofs based on their computer constructions.

In the third session, students are faced with more unfamiliar constructions and
proofs, which again they can tackle experimentally on the computer.

So how did Tim fare in geometry? Geometry for Tim, as for most of our students,
was far more problematic than algebra. He did make some progress in that he learnt to
write clear descriptions of his constructions, translate them into given properties and
‘se¢’ deduced properties. The computer work helped Tim ‘see’ relationships and
convinced him of their necessity, but the links he could make between constructions
and proofs or even explanations were much more tenuous than in algebra.

T: Well, you could actually see like if they were congruent — you could take
however much you were allowed to take and actually make a triangle. If it
was congruent then you could ... tell it was.

CH: Tell it how?

T: Just by seeing.

CH: And did that help you write your formal proofs?

T: Not really — not the formal stuff. But, well it made it more enjoyable.

Tim found it hard to appreciate and reproduce ‘the game’ of proving: that is, systemati-
cally separate givens from deduced properties and produce reasons for all his steps. He
found the language of formal geometry proofs inhibiting — it stopped him ‘secing it all’.

The construction task in the third session was important in his progress. He had to
construct a quadrilateral where adjacent angle bisectors were perpendicular and
describe and justify its properties. Tim found this hard, but, after much experimenta-
tion and ‘measuring’ lots of angles, he eventually ‘saw’ the key relationship — two
parallel lines — not by just seeing them’ but by noticing two numerically equal angles
and dragging. The important point is that the measurements for Tim were not simply
collecting empirical evidence: they were not only part of the conjecture but also and
crucially part of his proof. When he talked about two angles of 44°, it was clear to us
that he was seeing through the numbers to the general case — just as he had done in
Expressor. As in algebra, Tim was using his interaction with the computer to help him
to find explanations.
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Susie again presents us with a different picture. When it came to constructing
proofs, Susie’s responses were quite unlike the majority of students in our survey. Her
proofs in geometry were far better than in algebra and the proof she constructed for
the more complex geometry question (a standard Euclidean geometry proof) was
much better than almost all the survey students.’

Yet despite being able to write these perfectly formal proofs, we found on interview
that they were, for Susie, rituals, disconnected from any appreciation of the generality
of the mathematical properties and relationships she used. As in algebra, she believed
that even after proving a statement, its validity had to be verified in any specific set of
cases (see also Chazan, 1993). In her response to the survey, for example, Susie was
certain that she needed examples to check that the statement (the sum of the angles of
a triangle is always 180°) held for right-angled triangles. These findings point to the
complexity of proving in geometry.

So how did Susie manage in our teaching experiment in geometry? In fact, we
found rather little evidence that Susie made any progress in geometry as a result of
engaging in these tasks. Computer interaction did not seem to help Susie come to
appreciate the generality of a proof and the proving process. Also, before she started
the sequence, Susie could already construct formal geometry proofs in the context of
familiar and fairly routine problems. Faced with more unfamiliar situations such as
those described above, she was lost and, unlike Tim, was unable to use the computer
to help her.

We can throw light on this lack of progress, by reference to two factors: her interac-
tions with the computer and her interpretation of feedback. First, as I have
mentioned, Susie did not exploit the computer to test hypotheses or try things out.
But success in our tasks relied on experimental interaction — we did not expect our
students to know immediately what to do. Second, Susie interpreted the feedback
from the dynamic geometry software in a way which certainly was unexpected. For
her, dragging a Cabri construction was 7ot testing a relationship, exploring a property
— but merely a way of generating many examples.

Once we had noticed this, we could see it was completely consistent with Susie’s
view of proof. Susie’s reflections on the use of the computer in mathematics are also
relevant. When interviewed, it was clear that she thought the computer had given her
ideas about ‘what it was all about” and had done so quickly: but, rather crucially, it
makes examples and checks them.®

There were positive outcomes for Susie in relation to her response to mathematics.
All through the teaching experiments, Susie picked the most enjoyable aspect of her
mathematical work as ‘finishing it’, ‘getting it right’, ‘writing down the results’. Yet, in
algebra, we were beginning to catch glimmers of enjoyment and engagement: Susie
began to mention her activity rather than simply its end point. In her final interview
after the teaching sequences too, she spontaneously offered how much she had
enjoyed the work with the computer, although it must be admitted this was only as a
contrast with ‘normal maths’. Even so, this more positive attitude might be a key to
Susie’s further development.
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Discussion and conclusion

To begin an explanation of the two very different student responses to our teaching
sequences and work with computers, we have to consider cultures and curricula —
huge issues well beyond the scope of the article, but which simply cannot be ignored.
Susie’s profile is somewhat less ‘odd’, if it is known that she had only studied mathe-
matics in an English school for one year — she was, in fact, from Hong Kong and had
been educated there, although the language of instruction had been English. Unlike
most other students in our survey, Susie had been taught formal geometry proofs as
well as algebraic formulae and manipulation and had little experience of ‘doing
investigations’.

As T have tried to show, Susie’s lack of progress might at least partly be explained by
the disjuncture between the assumed starting points of our tasks, particularly those
with computers — in terms of sense of proving and student—computer interaction —
and Susie’s world. We had students like Tim in mind when we designed our
sequences; students reared in an investigative culture — who wanted to explain but
who lacked the tools to do it.

Susie was at odds with this culture in terms of her beliefs about mathematics and
about proof. Our activities did not build on /er existing framework for proof, did not
help her to connect her informal mathematics to our agenda. Our story of Susie
provides compelling evidence that we must take seriously prevailing beliefs about
mathematics and computers in our curriculum planning and resist the temptation
simply to import ‘exemplary tasks’ from other cultures.

The comparison of Tim’s and Susie’s work cautions against any assumption that
the computer will lead to a single set of learning outcomes or bring about particular
changes. We can only design optimal activities within very limited parameters, given
that how children interact with and learn from software depends on their expectations
and beliefs. Curricula must seek to build on student strengths — in the case of the UK,
on a confidence in conjecturing and arguing — and connect these strengths to new
representations. Students like Tim respond positively to the challenge of attempting
more rigorous proof alongside their informal argumentation. Susie was less successful
as the culture which had shaped our teaching and task design was not shared by her.

Clearly, not all UK students are like Tim or students from Hong Kong like Susie.
But the purpose of elaborating their stories is to guard against the stupidity of ‘trans-
ferring’ curricula simplistically across cultures, replacing a curriculum which overem-
phasises an empirical approach with one in which students are simply ‘trained’ to
write formal proofs. It is all too easy for countries simply to flip between two states of
the ‘skill and creativity’ crisis while attempting to model curriculum innovations
which look so alluring to the distant observer. (For an interesting discussion of the
cultural implications of traditional Chinese views, see Leung, 1999.)

So, returning to my initial question about the desirability of a globally-effective
mathematics curriculum, I can only conclude that this goal is fundamentally
misguided. We should not set our sights on the same curricular sequences and targets,
because these are not the same in any reality. Incorporating what look like comparable
tasks into our curricula will not mean that the meaning derived from them will be
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comparable.” Cultural effects might even be magnified when activities involve tech-
nology, which carries its own sets of beliefs and agendas. I have tried to illustrate how
the power of microworlds to engage our students with mathematics rests first and
foremost on what they believe about curriculum goals and intentions and about what
they can learn from computer interactions.

Our aim in mathematics education may be to reach a common goal — a mathematical
literacy comprising a better balance between skills and competencies on the one hand and
engagement with mathematical thinking on the other. We might even agree that the
computer might have a useful role to play. Although it is deeply illuminating and exciting
to move beyond the surface features and slogans of international comparisons and focus
on what mathematics and what education we are striving to achieve in our countries, ulti-
mately we have to tease out different routes toward this common goal for ourselves.

Notes

1 This paper is a modified and updated version of a keynote address presented to the
ICMI-East Asia Regional Conference on Mathematics Education.

2 “We, in this article, refers to my close colleague in Mathematical Sciences at the
Institute of Education, Richard Noss.

3 See the UK ESRC project, Justifying and Proving in School Mathematics (Ref.
R000236178). I wish to acknowledge the central work of Lulu Healy in all aspects
of this project.

4 Noss (1998) borrowed this task in Expressor, along with some student work from
our pilot study, to illustrate how alternative representations can be used to offer ‘a
channel of access to the world of formal systems’ (p. 10).

5 She produced an almost perfect formal proof — something only achieved by 4.8 per
cent of the students in the survey and one which 62 per cent of students did not
even start.

6 Shealso thought that the computer helped her to remember, but there was a disad-
vantage: ‘you can’t use the computer in exam’.

7 Similar points have been made in relation to the meaning of test items in TIMSS
which are not the same simply because it is the same test (Keitel and Kilpatrick,

1999).
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Section 3

Pupils’ and teachers’
perceptions

In Section 3 the articles are about pupils’ and teachers” perceptions. Over recent years
there has been a shift in focus of research from considering the single perspective of the
teacher towards listening to the learners. Much of the research with teachers looked at
possible changes in classroom practice while the learner’s perspective shows how the
creation of a collaborative community of practice can impact on the development of
mathematical thinking. Although much research has looked at pupils’ learning and
their opinions (for example, Rudduck, 1996) the focus of this research was not mathe-
matics and the research had a tendency to look at the whole school issues rather than
those which pertain specifically to teaching and learning mathematics.

In Chapter 11, Alba Thompson is concerned with the possible link between teach-
ers’ views of mathematics and their pedagogic practice. Although this research dates
back to the early 1980s it is still relevant today because it shows how a teacher’s
perception of the nature of mathematics may affect their practice. Thompson presents
her research in the form of case studies showing how three teachers behave in different
ways depending on their perception of mathematics. She is quick to point out that the
way teachers view mathematics and their subsequent classroom practice is not simply
down to cause and effect. Not only did she find differences in the classroom practices
of the three teachers but also in their view of what evidence of mathematical under-
standing looked like. There were also differences in the way that teachers planned
lessons and this had an impact on the flexibility they displayed in their teaching.

Jo Boaler’s research (Chapter 12) was set in two schools that used different
approaches to teaching. One school was traditional in its style with pupils in sets while
the other was progressive with pupils in mixed ability groups. Boaler found that
setting had an impact on pupils’ ideas about, and responses to, mathematics as well as
their eventual achievement. She found that pupils had four main complaints about
setting: the pace of lessons; pressure and anxiety; restricted opportunities; and setting
decisions. Boaler also found that a disproportionate number of working-class pupils
were placed in the lower sets, which may indicate inequity within the setting system.
Some of the students became disillusioned with mathematics due to the pace of
lessons and the expectation on them that resulted from their positioning in a partic-
ular set. Boaler’s findings are significant at a time when setting is becoming increas-
ingly prevalent in UK schools. If the impact of setting is to cause learners to become
disillusioned then it may be time to reconsider its use.
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Diane Reay and Dylan Wiliam’s chapter (Chapter 13) is based on data collected
from Year 6 pupils during the term before the National Curriculum tests. They
discuss the way that pupil’s views of the tests affected their perception of themselves as
learners. They were interested in how children are identified and positioned as
learners and how this positioning is constructed through the assessment process. They
found that pupils have a clear idea about the influence of external assessment in
narrowing the curriculum. They also found a shift in the way pupils were working, in
that their culture changed from a collaborative environment to one of individualised
and competitive working. The regular practice for the National tests also resulted in a
change of positioning for some pupils within their peer group. The positioning as an
effective learner may become based on the gaining of good marks in tests. The
competitive element in lessons leads to a growing polarisation of pupils as learners.
There appears to be a need for more research on the way that pupil and teacher identi-
ties and practices are changing through the assessment process. What is the impact of
the assessment processes on both pupils and teachers?

In Chapter 14, Barbara Allen focuses purely on pupils’ perceptions. She was inter-
ested in finding out from middle-school pupils how their experiences in mathematics
classrooms affected their attitude to the subject and their learning of it. She found that
external authority was continually reinforcing a pupil’s position in the classroom as a
successful or unsuccessful learner of mathematics. The placing of pupils in sets
affected their identity and this was supported by the culture of the classroom. By the
end of Year 6 many of the pupils were disillusioned with mathematics and the
competitive and repetitive nature of the work they faced. She believes that if pupils are
to continue with mathematics in school they need to have some control over their
learning environment and not be constantly faced with external authority that posi-
tions them as successful or unsuccessful learners.
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11 The relationship of teachers’
conceptions of mathematics and
mathematics teaching to
instructional practice'

Alba Gonzalez Thompson

Abstract

Case studlies were conducted to investigate the conceptions of mathematics and mathematics
teaching held by three junior high school teachers. Examination of the relationship between
conceptions and practice showed that the teachers’ beliefs, views, and preferences about
mathematics and its teaching played a significant, albeit subtle, role in shaping their
instructional behaviour. Differences among the teachers in their conceptions and practices
are explained followed by a discussion of properties of their conceptual systems.

Introduction

Most research on the relationship between the effectiveness of mathematics teachers
and their knowledge has focused on the teachers’ knowledge of mathematics (Begle,
1972, 1978; Eisenberg, 1977). The questions of how teachers integrate their knowl-
edge of mathematics into instructional practice and what role their conception of
mathematics might play in teaching have largely been ignored. With regard to
research on teaching in general, Shavelson and Stern (1981) noted:

Very little attention has been paid to how knowledge of a subject matter is inte-
grated into teachers’ instructional planning and the conduct of teaching. Never-
theless, the structure of the subject matter and the manner in which it is taught
(e.g., with integrity or improbability, contempt or respect; see Fenstermacher,
1980) is extremely important to what the students learn and their atticudes
toward learning and the subject matter.

(p. 491)

Teachers develop patterns of behaviour that are characteristic of their instructional
practice. In some cases, these patterns may be manifestations of consciously held
notions, beliefs, and preferences that act as ‘driving forces’ in shaping the teacher’s
behaviour. In other cases, the driving forces may be unconsciously held beliefs or intu-
itions that may have evolved out of the teacher’s experience.

There is strong reason to believe that in mathematics, teachers’ conceptions (their
beliefs, views, and preferences) about the subject matter and its teaching play an



176  Mathematics education

important role in affecting their effectiveness as the primary mediators between the
subject and the learners. Yet, very little is known about the role that these conceptions
might play in the formation of instructional practices characteristic of their teaching.
Inquiry into this issue calls for an examination of teachers’ cognitive and metacognitive
processes during instruction. Yet, for various reasons, these processes have been typi-
cally slighted by researchers who, instead, have largely concentrated on teacher perfor-
mance in the classroom (Shulman and Elstein, 1975).

Fenstermacher (1978) suggested two reasons why the study of teaching has focused,
for the most part, on teacher behaviour as opposed to teacher cognition. The first
reason is the belief of many educational researchers that the teacher’s thought ‘is not
the proper object of empirical inquiry” because ‘it is accessible only by inference — a
precarious and imprecise way to undertake controlled inquiry’ (p. 173). Teacher
behaviour, in contrast, ‘is directly accessible by observation’, thus making it the proper
object of study. The second reason has to do with the view of external causation; that
is, ‘the view that the causative factors which account for a person’s behaviour are
external to the person’. According to Fenstermacher, ‘both reasons are part of the
legacy of strong versions of behaviourism’ (p. 173).

Recently, however, the need to study the mental processes of teachers to gain
understanding of their behaviour has begun to receive increased attention.

Though it is possible, and even popular, to talk about teacher behaviour, it is
obvious that what teachers do is directed in no small measure by what they think.
(National Institute of Education, 1975, p. 7)

Several researchers who have studied teachers’ thoughts and decision-making processes
during instruction have questioned the rationality of teachers’ behaviour, by pointing
to findings that suggest that their behaviour is mostly instinctive and intuitive, as
opposed to reflective and rational (Clark and Peterson, 1976; Jackson, 1968; MacKay
and Marland, 1978; Morine-Dershimer and Vallance, 1975). Insofar as teachers’
behaviour is rational, it is reasonable to assume that their conceptions of the subject
matter and its teaching will have some bearing on their actions. However, even if
teachers’ behaviour is mostly reflexive and spontaneous, it remains worthwhile to
examine their conceptions because of the potential influence that these might have in
the formation of behaviour patterns which may have become habituated.

If teachers’ characteristic patterns of behaviour are indeed a function of their views,
beliefs, and preferences about the subject matter and its teaching, then any attempt to
improve the quality of mathematics teaching must begin with an understanding of the
conceptions held by the teachers and how these related to their instructional practice.
Failure to recognise the role that the teachers’ conceptions might play in shaping their
behaviour is likely to result in misguided efforts to improve the quality of mathematics
instruction in the schools.

The objectives of the study reported in this paper were to investigate the concep-
tions of mathematics and mathematics teaching held by three junior high school
teachers and to examine the relationship between the teachers’ conceptions and their
instructional practice.
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The investigation sought to answer two questions. One was whether the teachers’
professed beliefs, views and preferences about mathematics and mathematics teaching
were reflected in their instructional practices. The second question was whether the
teachers’ behaviour was influenced by their conceptions. In seeking answers to these
questions the following more specific questions were investigated:

1 Are there incongruities between the teachers’ characteristic instructional behav-
iour and their professed conceptions of mathematics and mathematics teaching?

2 How can incongruities between the teachers’ professed conceptions and their
instructional practices be explained?

3 Are differences among the teachers in their characteristic instructional practices
related to differences in their beliefs and views about mathematics and mathe-
matics teaching?

In addition to investigating these questions, a cross-sectional analysis sought to iden-
tify the formal properties of conceptual systems that could best be used to describe
differences among the teachers in their conceptions of mathematics and mathematics
teaching.

Method

The method of inquiry used was the case study method (Stake, 1978). Three junior
high school mathematics teachers participated in the study. Each teacher was observed
daily teaching a mathematics class over a period of four weeks. During the first two
weeks the investigation was limited to observations. During the last two weeks, daily
interviews were conducted following the observed lesson. There was no time overlap
among the case studies — no two were conducted simultaneously.

There were several reasons for limiting the initial phase to observations. One reason
was to become better acquainted with the social context before starting the more
direct inquiry in the interviews. Another reason was to generate conjectures about
what the teacher’s conceptions might be, and thus gain a better sense of direction for
later probing. The first phase allowed for inferences that led to a tentative characterisa-
tion of the teacher’s conceptions based only on her instruction, without direct input
concerning her professed beliefs and views. This procedure was intended to avoid the
potential influence that the teacher’s professed views might have on the investigator’s
sensitivity to the different events observed. The interviews provided the opportunity
to test the accuracy of the inferences made by eliciting relevant information. The
inferred and the professed conceptions were examined for consistency.

The lessons were audio-recorded for two purposes: to secure a record of the lesson for
later analysis and to be used during the interviews as an aid in stimulating the teachers’
recall of the lesson’s events. The interview sessions were also audio-recorded for later anal-
ysis. The interviews typically lasted 45 minutes, although occasionally they took longer.

The interview questions were, for the most part, related to specific events of the
day’s lesson. However, other questions were used to fill in missing information or to
test conjectures generated from the accumulated data.
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Each teacher was also asked to respond in writing to six tasks administered at
different times throughout the case study. Five tasks were intended to get at the teach-
ers’ views about various aspects of mathematics teaching. The information sought in
each task dealt with the teachers’ views about: the relative importance of various goals
of mathematics instruction; the relative emphasis that should be given to several
instructional objectives; the relative importance of several pedagogical practices; the
more common reasons for students not making satisfactory progress in mathematics;
and, the more valuable types of information in judging their own teaching effective-
ness. The other task came from an instrument developed by Confrey (1978) for
assessing students’ conceptions of mathematics. This task consisted of six bipolar
dimensions that one might use to describe mathematics. It was used to obtain a
succinct description of the teachers’ view of mathematics in terms of general charac-
teristic qualities of the subject.

At the end of each day, the data obtained that day were reviewed. The new data
were examined in light of data obtained on previous days. Tentative hypotheses and
inferences were made from them. As each case study proceeded, the analysis of the
accumulated observational and theoretical notes provided new focuses for subsequent
observations and interviews (see Schatzman and Strauss, 1974, for a detailed descrip-
tion of the methodology).

The teachers

The teachers who participated in this study were three of a group of 13 teachers who
had cooperated in a pilot study that the author conducted during the 1979-1980
school year. There were no specific criteria used in the selection of the three teachers
other than the fact that they were qualified junior high school mathematics teachers
with more than three years of experience teaching mathematics at that level, and that
they had expressed an interest and willingness to participate in the study.

The three teachers were Jeanne, Kay, and Lynn. Jeanne had been teaching junior
high school mathematics for ten consecutive years and was the mathematics coordi-
nator for the middle school. Kay had taught for five years and was in charge of the
mathematics component of a programme for ‘gifted” students at her school. Lynn had
been teaching junior high mathematics for three and one-half years and was also
mathematics coordinator for her middle school.

Jeanne and Lynn were observed teaching an eighth grade general mathematics class.
Jeanne’s class was fairly homogeneous, consisting mostly of what she described as
slightly above-average students. Lynn described her class as heterogeneous, showing a
very wide range in mathematical preparation and achievement. Kay’s class was a
seventh grade general mathematics class made up of ‘gifted’ students. (See Thompson,
1982, for a thorough description of the teachers and their classes.)

The case studies

What follows is a summary of each teacher’s conceptions of mathematics and mathe-
matics teaching with a discussion of the relationship between the teacher’s professed



Teachers’ conceptions of mathematics 179

views and her instructional behaviour. Following this is a cross-sectional analysis of
the teachers’ conceptions which is then used as a basis to explain key differences
among the teachers with respect to their conceptions of mathematics and its teaching.

Jeanne

Jeanne’s teaching reflected a view of mathematics as a coherent collection of interrelated
concepts and procedures. Although she did not explicitly refer to her views of mathe-
matics during instruction, several teaching episodes seemed to indicate that she regarded
mathematics as a consistent subject, free of ambiguity and arbitrariness. This view could
be inferred from her marked tendency to stress the meaning of the concepts taught in
terms of their relationship to other mathematics concepts and to emphasise the reasons
or logic underlying the mathematical procedures used in class. A view of mathematical
activity as some sort of game of symbols played according to rules whose justification is
an essential part of the game seemed implicit in the way she dealt with the content.
Although not rigorous, her approach to the content was formal. She typically relied on
mathematical symbols in her explanations and frequently referred to the structural
properties of mathematics. She seldom appealed to intuition, hers or the students’, and
did not allude to the practical significance of the topics studied.

Consistently, Jeanne’s remarks in the interviews indicated that she regarded mathe-
matics as the mathematics of the school curriculum. She admitted that she rarely
thought about mathematics as a scientific discipline.

In my world now, I haven’t thought about how I fit in the picture of mathematics
asa...asa...asascience. | don’t see how I fit in that picture at all. I see fractions
and decimals, those little things. My scope is very narrow.

She clearly held two separate, unrelated views of mathematics that seemed to be the
result of two distinct experiences in her study of the subject. One was a positive view
that seemed to have been influenced by a favourable experience with school mathe-
matics. The other view was related to an unpleasant experience with college mathe-
matics — specifically with calculus and linear algebra.

She commented:

For the first time in my whole life I sat in a classroom and heard the teacher
explain something and had no idea of what she was talking about ...

This experience appeared to have caused Jeanne to question her mathematical ability,
which she conceded was not very strong.

Jeanne’s professed views of mathematics are summarised in the following
statements:

e  Mathematics is an organised and logical system of symbols and procedures that
explain ideas present in the physical world.
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e  Mathematics is a human creation, but mathemartical ideas exist independently of
human ability to discover them. Because of this, mathematics is more than just a
system of symbols, it is the idea as well.

e  Mathematics is mysterious — its broad scope and the abstractness of some of its
concepts make it impossible for a person to understand it fully.

e  Mathematics is accurate, precise, and logical.

Mathematics is consistent, certain, and free of contradictions and ambiguities.
Mathematical content is fixed and predetermined, as it is dictated by ideas
present in the physical world.

e  Mathematical content is coherent. Its topics are interrelated and logically connected
within an organisational structure or ‘skeleton’.

e  Changes in the content of mathematics occur only at the extreme as it continues
to expand.

The appeal that mathematics held for Jeanne lay in the logical interrelatedness of its
topics and the organisation inherent in its underlying structure. Although she was
aware of its practical utility, this, she admitted, was not a characteristic that contrib-
uted to her liking mathematics or that she alluded to in teaching. Aside from teaching,
mathematics held little relevance in Jeanne’s life.

Once, while discussing percentages smaller than one per cent, a student indicated
that such percentages frequently appeared in interest rates and the stock market
reports. In response to the student’s remark, Jeanne indicated: ‘I don’t know very
much about that because my husband takes care of those things at home’.

Jeanne’s conceptions of mathematics teaching can be characterised in terms of her
view of her role in teaching the subject and the students’ role in learning it. A precise
analysis reveals that:

e  The teacher must establish and maintain an atmosphere of order, respect, and
courtesy in the classroom.

o The role of the teacher is to present the content in a clear, logical, and precise
manner. To accomplish this she must stress the reasons and logic underlying
mathematical rules and procedures and emphasise the logical relations among
concepts (to establish their mathematical meaning).

o Itis the responsibility of the teacher to direct and control all instructional activi-
ties, including the classroom discourse. To this end, she must have a clear plan for
the development of the lesson.

o  The teacher has a task to accomplish — to present the lesson planned — and must see
that it is accomplished without digressions from, or inefficient changes, in the plan.

e The role of the students is to assimilate the content. ‘Assimilate’ means that the
students ‘see’ the relationships between the new topic and those already studied as
explained by the teacher.

o  Students learn best by attending to the teacher’s explanations and responding to
her questions.

e  Students should not be satisfied with just knowing how to carry out mathemat-
ical procedures; they should seck to understand the logic behind such procedures.
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Most of the views inferred from Jeanne’s instructional behaviour were manifested
either in her remarks during our conversations or in her responses to the written tasks.
For example, she expressed a strong belief in the importance of establishing and main-
taining positive teacher—student relationships. This belief was consonant with the
atmosphere of courtesy and respect that prevailed in her classroom, although her rela-
tionship with the students was not one of open friendliness and warmth.

Some of Jeanne’s professed beliefs and views about mathematics teaching, although
not incongruous with her teaching, were not apparent in her instructional practices.
However, the most striking contrast between Jeanne’s professed views and her
teaching was posed by her indication that it is important for the teacher to encourage
student participation in class and to be alert to clues from the students to adjust the
lesson to their needs. Although Jeanne conducted class in a question-and-answer
fashion, there were no observable signs that she was making an effort to encourage
discussions among the students or between them and herself. The students’ participa-
tion typically was limited to responding to her questions which, for the most part,
were intended to elicit short, simple answers, and she had a tendency to disregard the
students’ suggestions and not to follow through with their ideas. Although she
frequently seemed to disregard the difficulties of individual students in responding to
her questions in class, the difficulties and needs she inferred from their written work
appeared to be her primary source of data for adjusting future lessons.

Besides lack of attention and poor motivation, Jeanne attributed the students’ poor
performance on tests to their failure to retain the material taught earlier in the year and
to their insufficient preparation in previous grades. Although she did not seem to
relate the students’ difficulties in learning mathematics to difficulties inherent in the
subject matter or to her teaching, she did indicate that their successful performance in
examinations was a valuable sign of her own effectiveness in teaching.

Kay

An enthusiasm for mathematics was apparent in Kay’s teaching. Her enjoyment of
mathematics was most clearly manifested during the frequent problem-solving sessions
she conducted in her classes. On several occasions she remarked to the students about
the excitement and satisfaction to be derived from dealing with a challenging problem
and being able to solve it. Whenever the students made insightful comments about
the topic at hand or succeeded in making a discovery, Kay shared in their excitement
and encouraged them in this type of activity.

Kay’s teaching reflected more of a process-oriented approach than a content-
oriented approach. A view of mathematics as a subject that allows for the discovery of
properties and relationships through personal inquiry seemed to underlie her instruc-
tional approach. Her instructional practices suggested that: mathematics is more a
subject of ideas and mental processes than a subject of facts; mathematics can be best
understood by rediscovering its ideas; discovery and verification are the essential
processes of mathematics; the main objective of the study of mathematics is to develop
reasoning skills that are necessary for solving problems; mathematical notational
schemes are not verifiable, they are more or less arbitrarily determined and conventionally



182  Mathematics education

adopted; the nature of mathematical proof is such that conclusions must be derived only
from given or logically (not empirically) substantiated information; mathematics is a
useful tool for the study of science; and mathematical knowledge is necessary and
useful in many professions.

Kay’s view of mathematics, as revealed in her comments during the interviews, were
as follows:

e  The primary purpose of mathematics is to serve as a tool for the sciences and
other fields of human endeavour.

e Mathematical content originates from two sources: from the needs of the sciences
and other practical needs, and from mathematics itself.

e  Mathematics is a challenging, rigorous, and abstract discipline whose study
provides the opportunity for a wide spectrum of high-level mental activity.

e  The study of mathematics sharpens one’s ability to reason logically and rigorously.

e  Except in statistics, conclusions and results in other branches of mathematics are
certain.

o  The validity of mathematical propositions and conclusions is established by the
axiomatic method.

e  Mathematics is continuously expanding its content and undergoing changes to
accommodate new developments.

Kay held an ‘action’ view of mathematics. She regarded mathematics primarily as a
stimulating subject that provides the opportunity for high-level mental work. It was
not its practical value that made mathematics appealing to her. Rather, its appeal lay
in the challenge of its problems, the aesthetic quality of its theory, and the disciplinary
effects of its study. Her enjoyment of mathematics was derived from the many oppor-
tunities its study provides to exercise one’s inventiveness and reasoning skills and from
the self-satisfaction ensuing from succeeding in tasks considered difficult by many.

Kay’s professed views of mathematics were consistent with her teaching. Further-
more, they appeared to have a strong influence on the instructional decisions she
made. The heuristic approach that she often used in presenting the content and the
frequent problem-solving sessions that she conducted in class were consistent with her
view of mathematics as a stimulating and challenging subject. She frequently encour-
aged the students, in a rather persuasive tone, to guess, conjecture, and reason on their
own, explaining to them the importance of these processes in the acquisition of math-
ematical knowledge.

Kay’s view of mathematics as a formal discipline was manifested in discussions of
geometric proofs involving congruent triangles. She insisted on the importance of
deriving conclusions only from the stated information and not from what appeared to
be true about the drawing. In other contexts, however, her instructional approach was
more empirical and intuitive than formal. She explained that, because of the grade-
level of the class, she often needed to compromise rigour in favour of intuition in order
to make the material more meaningful.

Kay was confident about her knowledge of mathematics and her ability to teach it.
This confidence was apparent in her remarks as well as in her instructional behaviour.
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Her confidence seemed to result from her successful experience in studying mathe-
matics, which she attributed in part to a natural inclination toward analytical thinking
and logical reasoning.

Several basic aspects of Kay’s conceptions of mathematics teaching could be
inferred from her characteristic instructional practices. The conception of her own
role as the teacher that was reflected in her teaching is summarised in the following
views:

e  The teacher must create and maintain an open and informal classroom atmo-
sphere to ensure the students’ freedom to ask questions and express their ideas.

o  The teacher must be receptive to the students’ suggestions and ideas and should
capitalise on them.

e  The teacher’ should encourage the students to guess and conjecture and should
allow them to reason things on their own rather than show them how to reach a
solution or an answer. The teacher must act in a supporting role.

e The teacher should appeal to the students’ intuition and experiences when
presenting the material in order to make it meaningful.

e  The teacher should probe for potential misconceptions in the students by using
carefully chosen examples and non-examples.

The practices that Kay identified as essential in teaching mathematics were: using a
variety of approaches to stimulate the students’ interest and to suit the different topics;
asking questions frequently; encouraging the students to ask questions, guess, theo-
rise, and be wrong; using appropriate examples and non-examples; providing a variety
of justifications; showing applications of the topics taught, either practical or mathe-
matical applications; and using games and puzzles as motivational devices.

In addition, Kay expressed a strong belief in the teacher’s knowledge of, and enthu-
siasm for, mathematics as necessary qualities of a good teacher. She expressed a
concern for positive student atticudes toward mathematics and a belief in the impor-
tance of the teacher’s ability to transmit her enthusiasm for the subject to the students,
her ability ‘to sell’ mathematics.

Kay often reflected on methodological issues. Although in theory she favoured the
use of discovery methods and frequently used them in teaching, she was aware of the
potential shortcomings in their implementation. Her comments in this regard
revealed a view of teaching as a non-prescriptive task in which the teacher frequently
has to make difficult methodological decisions. In her view, there was no single most
effective method to teach mathematics. Her judgement was that the appropriateness
of a method was highly circumstantial and generally unpredictable. She explained that
the difficulties experienced at times by some of the students caused her to compromise
her belief in the benefits of discovery. Despite these remarks, she seemed uncompro-
mising in her view of the importance of allowing the students the opportunity to
reason for themselves.

The questions that Kay asked the students in class, her test items, and some of her
interview remarks indicated that in her view mathematical understanding was
evidenced in the students’ ability to identify the relevant attributes of mathematical
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concepts; in the meaning and logic of rules, formulas, and procedures; and in their
ability to integrate these into more general processes used in the solution of problems.

When discussing the students’ difficulties, Kay generally attributed them to diffi-
culties inherent in the content or to an oversight on her part in presenting it. She
believed that the most common reasons for insufficient progress by the students were
their weak backgrounds, misbehaviour, and inattention or lack of motivation. As an
aside, Kay expressed the view that, in general, girls were less motivated than boys in
taking up and persevering in challenging mathematical tasks, such as puzzles and
problems. On the other hand, she believed that girls tended to be more conscientious
about their school work and, consequently, in overall school performance tended to
do better than boys.

An aspect of Kay’s personality that seemed to contribute to the consistency between
her professed conceptions and her teaching was her tendency to reflect upon her
instructional actions vis--vis her students’ apparent progress. By reflecting on her
own actions and their effect on the students, she had developed her own views about
the effectiveness of different instructional approaches and practices. Likewise, she had
gained insights into the sources of students’ difficulties in learning the content that
helped her to anticipate their potential problems and to plan her lessons accordingly.

There was only one inconsistency between Kay’s expressed beliefs and her teaching:
her view concerning the practical value of mathematics — the instrumental role it plays
in the study of science and in other fields of human endeavour — was not reflected in
her teaching. Although on several occasions she referred to this in class, she did so in
general and not in reference to practical applications of a specific mathematical topic.

Lynn

Lynn’s teaching reflected a view of mathematics as prescriptive in nature and consisting
of a static collection of facts, methods and rules necessary for finding answers to
specific tasks. Her comments and responses during the interview sessions were, for,
the most part, consonant with such a view. Her professed views of mathematics are
summarised as follows:

e Mathematics is an exact discipline — free of ambiguity and conflicting interpretations.

e  Certainty is an inherent quality of mathematical activity. The procedures and
methods used in mathematics guarantee right answers.

o  The content of mathematics is ‘cut and dried’. Mathematics offers few opportu-
nities for creative work.

e  Mathematics came about as a result of basic needs that arise in everyday situations.

e  Mathematics is predictable, absolute, and fixed. The content of mathematics has
not changed much in the recent past.

e  Mathematics is logical and free of emotions. Its study trains the mind to reason
logically. Mathematical activity is like ‘mental callisthenics’.

A view of mathematics as exact and certain prevailed in Lynn’s comments. She indi-
cated that, as a student, her enjoyment of mathematics was derived from the fact that
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there were right answers that provided immediate feedback on the correctness of her
work. Although she repeatedly indicated that mathematics appealed to her for its
exactness and certainty, she noted that it was not the mechanical application of rules
and procedures that she enjoyed about mathematics. She expressed a preference for
mathematical activities of the type that call for logical reasoning over others that are
performed mechanically without requiring much thought — specifically computations
and drill activities. Yet her teaching was characterised by a prescriptive approach in
which the objective was clearly to get the students to memorise specific procedures.

Consistent with that approach was her remark that mathematics provided few
opportunities for creative work. She noted that: ‘Mathematics is cut and dried. This is
the answer. Follow this procedure and this is the answer.” These comments accurately
describe the manner in which she presented the content. Although Lynn’s teaching
was in sharp contrast with her expressed preference for activities involving mental
work, it was, nevertheless, consistent with her views of mathematics as ‘cut and dried’
and allowing few opportunities for creative work.

That Lynn did not teach in a manner that encouraged the students to reason and
enquire may be explained by her view of the curricular content as not suitable for such
activities. However, her instructional behaviour appeared to be most influenced by her
low expectations of the students and her pervasive concern to get through the day’s
lesson in a manner that would minimise the potential for student disruptive behaviour.

Lynn’s comments about mathematics during the interview sessions were brief,
simplistic, and somewhat vague, reflecting a rather narrow view of the scope of mathe-
matics and mathematical activity. In none of her comments and responses did she
refer to a particular branch of mathematics or provide examples from its content to
clarify and expand her remarks. The views about mathematics teaching that seemed to
underlie Lynn’s instructional behaviour may be summarised as follows:

e Mathematics instruction is the means for transferring information from teacher
to student.

e  Students learn mainly by attentively watching the teacher demonstrate procedures
and methods for performing mathematical tasks and by practising those procedures.

e  Students’ skills in solving problems are determined by the extent to which they
can: identify the type of problem, or the appropriate operation for solving it by
focusing on key words; recall the appropriate method or procedure for solving it;
correctly apply the method or procedure and obtain the right answer.

e The main goal of mathematics instruction is to produce students who can
perform the mathematical tasks specified in the curriculum, using standard
procedures or methods.

A concern with the managerial aspects of teaching appeared to influence much of
Lynn’s characteristic instructional behaviour. This concern appeared to take prece-
dence over any others. As a result, she conducted class in a way that allowed as little
interaction as possible. Her explanations were brief and aimed at demonstrating the
procedures that the students were to use in working out the day’s assignment. The
bulk of the remaining class time was given to independent seatwork during which the
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students practised the procedures taught. Implicit in her atticude was a belief that little
could be accomplished in terms of teaching and learning given the poor disposition of
the students and the wide diversity in their background knowledge.

Lynn’s conception of mathematical understanding, as revealed in her remarks, was
akin to Mellin-Olsen’s notion of ‘instrumental understanding’ (see also Skemp,
1978). She regarded mathematical understanding as tantamount to one’s ability to
follow and verbalise a specified procedure to obtain the correct answer or solution to a
given task. The students’ knowledge of the content was evidenced in their possession
of ‘fixed plans’ to carry out specific tasks, and their understanding was evidenced in
their ability to carry out those plans.

Lynn indicated a belief in the importance of encouraging the students to ask ques-
tions in class and in providing quick feedback on their work. The provision of quick
feedback was consistent with her usual practice of having the students correct their
work at the end of the class period or at the beginning of the next day’s class. However,
her view of the importance of encouraging the students’ participation was in sharp
contrast with her use of a lecture method that allowed very little interaction.

With respect to pedagogical practices that were specific to the teaching of mathe-
matics, Lynn expressed a belief in the importance of relating the mathematical topics
studied to real life situations and of providing sufficient practice to develop the
students’ mathematical skills. However, the first of these was not reflected in her
instruction. She explained that she had once made an attempt to relate the content to
a real life situation, but that it had failed because of the students’ poor reading skills.

Lynn’s failure to implement the majority of the practices that she identified as
important or desirable in teaching mathematics may be explained by: the little time
that she devoted to preparing for instruction as a result of her multiple commitments
and her almost complete disillusionment with teaching; her low expectations of the
students; and her fear that any departure from the daily routine would increase the
potential for disruptive behaviour.

Lynn expressed a strong belief in the importance of positive teacher—student rela-
tionships. She indicated that the students” decision to do their work and their general
attitude towards learning were largely dependent on the rapport between the teacher
and the students. She attributed the students’ difficulties in learning mathematics to
their lack of attention and motivation which, for most students, she viewed as the
result of their lack of maturity and their weak background in mathematics.

Lynn admitted that she seldom reflected on her actions in teaching. She described
her behaviour as analogous to a tape recorder whose ‘play” key is pressed and plays
automatically. Her analogy accurately described her teaching behaviour.

Cross-sectional analysis

The discussion in this section looks across the teachers, examining those aspects of
their conceptions and behaviour on which they differed most markedly. Three
perspectives or dimensions are used to examine the differences among them:
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1 Differences in the specific elements of the teachers’ conceptions of mathematics
and mathematics teaching.

2 Differences in the ‘integratedness’ of the teachers’ conceptions.

3 Differences in the teachers’ reflectiveness on their instructional actions, the
subject matter, and their beliefs.

Each of these perspectives is treated separately, with a discussion of how such differ-
ences were manifested in teaching.

Differences in elements of the teachers’ conceptions

The case studies show evidence of differences among the teachers in the specific
beliefs, views, and preferences that they held regarding mathematics and its teaching.
Although the complexity of the relationship between conceptions and practice defies
the simplicity of cause and effect, much of the contrast in the teachers’ instructional
emphases may be explained by differences in their views of mathematics. For example,
Jeanne viewed mathematics as a coherent subject consisting of logically interrelated
topics and, accordingly, emphasised the mathematical meaning of concepts and the
logic of mathematical procedures. Kay regarded mathematics primarily as a chal-
lenging subject whose essential processes were discovery and verification. Although
Lynn expressed views that were somewhat contradictory, most of her remarks indi-
cated a view of mathematics as essentially prescriptive and deterministic in nature.

Jeanne and Lynn conceived of mathematics as a rather static body of knowledge. In
teaching, both teachers presented the content as a finished product. However, Jeanne
used a more conceptual approach that conveyed a view of mathematics as a set of inte-
grated and interrelated topics, whereas Lynn used a more computational approach
that portrayed mathematics as a collection of more or less arbitrary rules and proce-
dures for finding answers to specific questions. Kay, in contrast, held a more dynamic
view of mathematics and believed that the best way for the students to learn it was to
engage in its creative generative processes. In teaching, only Kay referred to the
heuristic processes of mathematics, discussing them independently of the content
being studied.

Related to the teachers’ prevailing views of mathematics were their beliefs about the
appropriate locus of control in the teaching process. For example, Kay’s belief that
students learn best by doing and reasoning about mathematics on their own was
consistent with her dynamic view of mathematics. Jeanne, in contrast, believed that it
was her responsibility to direct and control all classroom activities. She attempted to
present the lessons in an orderly and logical sequence, avoiding digressions to discuss
the students’ difficulties and ideas. Lynn’s view of her role in teaching was to demon-
strate the procedures that the students were to use in performing the tasks in the daily
assignments and to allow time for the students to work independently on them.

There was a sharp contrast among the teachers with respect to their views about
what constituted evidence of mathematical understanding in the students. Jeanne was
not satisfied with evidence of the students’ ability to carry out procedures and obtain
correct answers. In her view, it was also necessary for them to know the reasons or logic
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underlying the procedures and to be able to recognise relationships among the topics
studied. Kay took as evidence of the students’ understanding their ability to integrate
their knowledge of facts, concepts, and procedures so as to find solutions to a variety
of related mathematical tasks. To Lynn, mathematical understanding was tantamount
to the students’ ability to follow and verbalise the procedures taught to obtain correct
answers. In short, each teacher’s view of what constituted evidence of the students’
understanding reflected her underlying conception of mathematics.

Likewise, the teachers’ views about planning and preparing for instruction were
related to their conception of mathematics. Because, in her view, learning mathe-
matics was essentially learning a collection of procedures, Lynn saw little benefit in
planning her lessons. Jeanne and Kay, on the other hand, regarded the careful and
thorough preparation of their lessons as an essential first step towards ensuring the
quality of instruction. However, Jeanne’s purpose in planning was different from
Kay’s. Jeanne sought to delineate a logical sequential path for her explanation of the
material, and she used this plan as a ‘mental script’ in teaching. Kay, in contrast,
sought to organise the lesson’s activities and to strengthen her knowledge of the topic
in order to be prepared to handle the students’ questions and potential difficulties. In
preparing her lesson, Kay resorted to a variety of sources, including a notebook where
she entered teaching notes. She acknowledged the limitations of the textbook in
providing her with adequate mathematical information. Jeanne, on the other hand,
generally followed the textbook closely and used no other reference materials. Lynn’s
planning was limited to identifying an objective from a published list of objectives and
selecting worksheets that matched it.

The teachers’ views and practices regarding the planning of instruction seemed to
contribute in part to the flexibility they showed in teaching. Jeanne showed a marked
tendency to adhere to her plan and a resistance to depart from it, whereas Kay’s plan-
ning was intended to afford her greater flexibility in teaching. Lynn held a view that
having lesson plans would somehow hinder her flexibility, and she offered this as one
reason for not putting more effort into planning. In her case, however, flexibility
seemed to take on the meaning of freedom to make whimsical decisions about the
topics she would discuss, how she would discuss them, and what assignments she
would count towards a grade.

Of the three teachers, only Kay showed signs of acute perceptiveness of the
students’ needs and difficulties during the lessons. Only she showed a tendency to
capitalise on the students’ unexpected remarks, incorporating them into the main-
stream of the lesson or shifting the discussion to clarify the students’ difficulties. In
sharp contrast with Kay, Jeanne behaved as if compelled to adhere to her preconceived
plan in order to ensure the thoroughness and clarity of her presentation.

A final difference was in the teachers’ views about the overall cognitive goals and objec-
tives of mathematics instruction. Jeanne regarded practical outcomes as more important
than disciplinary or cultural outcomes, whereas Kay and Lynn saw the disciplinary
outcomes of studying mathematics as more important than the other two. Kay’s view was
consistent with her instructional mode. Furthermore, it seemed to play a significant role in
affecting her instructional decisions. This was not the case with Jeanne or Lynn.

Jeanne and Kay shared a concern for the development of the students’ interest in
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mathematics and of their positive attitude toward the subject. However, Jeanne saw
such affective outcomes as somehow beyond her control and as more likely to result
from the students’ appreciation of the qualities of mathematics than from pedagogical
approaches intended to enhance their enjoyment of the lessons. Kay, on the other
hand, sought to make her lessons lively and to involve the students in activities that
would improve their disposition toward learning mathematics. Although Lynn, too,
was concerned with the affective side of teaching, her concern was with her personal
relationship with the students and their attitudes toward learning in general, and not
specifically with their attitude towards mathematics.

The discussion in this section has looked at the most salient differences among the
teachers in the specific views and beliefs that they held and at how such differences
seemed to be related to differences in their characteristic behaviour. In the section that
follows, the discussion takes on a broader perspective by focusing on differences in
two general characteristic qualities of the teachers’ conceptions and behaviour.

Integratedness

A criterion for inferring the integratedness of someone’s beliefs and views in a given
domain — the extent to which these form a coherent conceptual system, as opposed to
each belief existing in isolation from the others — is the extent to which they interrelate
and interact to modify each other. By this measure, if someone holds incongruous or
contradictory beliefs, then it is legitimate to infer that those beliefs exist in isolation
with respect to each other; inversely, if it appears that someone modifies his or her
beliefs so as to resolve or avoid inconsistencies, either in thought or deed, then it is
legitimate to infer that he or she is holding these beliefs in relation to one another, and
hence has integrated them into a more or less coherent system. Integratedness, as it is
used here, refers to a property of conceptual systems that may be thought of as the
opposite of what Rokeach (1960) defined as ‘isolation’. This, according to Rokeach, is
manifested in a failure or even reluctance to see beliefs that are intrinsically related as
interrelated. Isolation is manifested in the coexistence of logically contradictory beliefs
within the belief system.

By the above criterion, Lynn did not have an integrated conceptual system with
regard to mathematics. Her views of mathematics as ‘cut and dried’ and essentially
prescriptive in nature, allowing little opportunity for creativity, appeared to be in
sharp contrast with her remarks about the mental disciplinary effects of its study.
Although it is conceivable to think of mathematics as having disciplinary effects on the
mind regardless of whether it is learned prescriptively or otherwise, it was clear from
Lynn’s comments that she was referring to mathematical activities that call into play
creativity and inventiveness as well as activities involving formal, logical reasoning
(Rokeach, 1960, p. 199).

Though Lynn’s creative-and-uncreative view was the only apparent incongruity in
her beliefs about mathematics, it was a major one. The two beliefs existing in isolation
allowed her to mould her teaching to administrative and displinary pressures without
any felt conflict between thought and deed. Had she attempted to relate the two,
either in thinking about her beliefs or in reflecting on her actions, she would have had
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to either modify her belief in ‘creative’ mathematics or change her instructional prac-
tice so as to acknowledge the constructive aspect of doing mathematics.

The bulk of the inconsistencies in Lynn’s case lay in the relationship between her
expressed views about mathematics teaching and her practice. The fact that so many
of her views in this regard were discrepant with her instructional practice suggests the
absence of an integrated conceptual system operating to modify her actions. Had she
an integrated conceptual system, one would expect to have seen some evidence that
she experienced conflict between, say, her attempt to individualise instruction and the
fact that she consistently gave every student identical worksheets.

It is not possible to infer the extent to which Jeanne’s beliefs about mathematics
were integrated into a coherent system. They were certainly consistent, as was noted in
the summary of her case study. However, there was no evidence that she juxtaposed
beliefs in order to relate them or modified one in relation to another. The fact that
they were consistent and narrow in scope, and that her teaching behaviour was largely
consistent with her beliefs about mathematics, suggests that she had few occasions to
feel conflict between beliefs, and hence few occasions to relate them.

Kay seemed to have a more integrated system of beliefs about mathematics and
mathematics teaching than either Lynn or Jeanne. Kay often qualified her beliefs in
light of her teaching experience and other views she had expressed, pointing to rela-
tionships among them and acknowledging limitations to their generalisability. Indeed,
on several occasions she provided unsolicited explanations for what, on the surface,
appeared to be inconsistencies between her expressed views and her teaching practice.
That Kay’s conceptual system, as suggested in her remarks, is more integrated than
Lynn’s or Jeanne’s may be a result of her greater reflectiveness upon her actions, her
beliefs, and the subject matter.

Reflectiveness

The case studies show that, besides differences in the integratedness of the teachers’
conceptions of mathematics, they differed in their awareness of the relationships
between their beliefs and their practice, the effect of their actions on the students, and
the difficulties and subtleties of the subject matter. These differences seemed to be
related directly to differences in the teachers’ reflectiveness — in their tendency to think
about their actions in relation to their beliefs, their students, and the subject matter.
Lynn, for example, described her behaviour in teaching as resembling a tape recorder,
admitting her lack of reflectiveness upon her actions and their effects. Jeanne’s
comments typically were based on general impressions of the ease or difficulty she had
experienced in following her lesson plan or in eliciting correct answers from the
students. Kay, on the other hand, showed a marked tendency to reflect on her actions
and their effects on the students. Through reflection she had gained insights into
possible sources of her students’ difficulties and misconceptions, thus becoming aware
of the subtleties inherent in the content.

Given that neither Jeanne nor Lynn appeared to have formed their beliefs through
reflection, it is legitimate to ask from whence they came. In both cases many of their
beliefs seemed to be manifestations of unconsciously held views or expressions of
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verbal commitment to abstract ideas that may be thought of as part of a general
ideology of teaching. A case in point was both teachers’ indication of a belief in the
importance of encouraging student participation. As a result of their failure to reflect
on their actions in relation to their beliefs and in the face of other needs and pressures,
this belief seemed to have little, if any, effect on their teaching. The same can be said
about the their belief in the desirability of using a variety of approaches in presenting
mathematical content.

Kay’s remarks, in contrast, revealed more personalised beliefs about mathematics
teaching. She seemed to have formed and modified them by reflecting on her actions
and their effects. Not only was Kay more discriminating in remarks than the other
teachers, but in discussing her beliefs and views she occasionally justified them in the
light of her experience in teaching. Occasionally, she related a view expressed in one
context to other views expressed in other contexts or to her instructional actions — some-
thing that was not observed in the other teachers. Her reflectiveness in teaching seemed
to account for the integratedness of her conceptions which, in turn, seemed to
contribute to the consistency between her professed views and her instructional practice.

Conclusions

This study was a first step in a line of research whose ultimate goal is to identify key
factors that, because of their influence on teachers’ instructional practice, may play an
important role in their teaching effectiveness. By focusing on the conceptions of
mathematics and mathematics teaching held by three teachers and their instructional
practice, the study examined the content of the teachers’ conceptions and their rela-
tionship to the teachers’ instructional practice.

Consistent with the findings of Shirk (1973) and Bawden, Burke and Duffy
(1979), the study found that the teachers’ conceptions are not related in a simple way
to their instructional decisions and behaviour. Instead, the relationship is a complex
one. Many factors appear to interact with the teachers’ conceptions of mathematics
and its teaching in affecting their decisions and behaviour, including beliefs about
teaching that are not specific to mathematics.

Although the complexity of the relationship between teachers’ conceptions of
mathematics and mathematics teaching cautions against making conclusive state-
ments, the findings supported the original assumption that led to this investigation.
That is, teachers’ beliefs, views, and preferences about mathematics and its teaching,
regardless of whether they are consciously or unconsciously held, play a significant,
albeit subtle, role in shaping the teachers’ characteristic patterns of instructional
behaviour. In particular, the observed consistency between the teachers’ professed
conceptions of mathematics and the manner in which they typically presented the
content strongly suggests that the teachers’ views, beliefs, and preferences about math-
ematics do influence their instructional practice.

Teachers possess conceptions about teaching that are general and not specific to the
teaching of mathematics. They also have conceptions about their students and the
social and emotional make-up of their class. These conceptions appear to play a signif-
icant role in affecting instructional decisions and behaviour. For some teachers, these
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conceptions are likely to take precedence over other views and beliefs specific to the
teaching of mathematics.

Recommendations for future research

In order to gain a better understanding of the role that teachers’ conceptions of mathe-
matics and mathematics teaching play in their instructional behaviour, much more
remains to be learned about their conceptions and how these relate to their instruc-
tional practices. The present study was limited in its potential for finding answers to a
number of important questions. In each case study the observations were conducted
in a single class, although on a few occasion other classes were visited. Consequently, it
was not possible to examine in depth whether differences in the composition of the
class or the content bore any relationship to differences in the teachers’ professed
conceptions and in their characteristic instructional patterns. Studies are needed to
examine the stability of teachers’ conceptions of mathematics and mathematics
teaching, specifically whether or not teachers’ conceptions are likely to change with
changes in grade level, the students” academic aptitude, and the mathematical content
taught. Such studies may identify stable patterns of views, beliefs, and preferences held
by the teachers as well as those beliefs that are most susceptible to contextual factors.
In the quest to understand better how teachers’ conceptions mediate and interact with
contextual factors, there is a need to examine the continuing development of stable
patterns of beliefs over time and under different conditions.

Another important question in need of investigation is whether or not differences
in teachers’ conceptions have an effect on the conceptions of mathematics of their
students. Do teachers communicate their views about mathematics to their students?
Are the teachers’ views communicated explicitly or implicitly? If teachers can effec-
tively communicate their views to their students, do differences in the teachers’
conceptions have any effect on their students’ performance and attitude?

Other issues for investigation are suggested by the following observations, which
are based on the findings of the present study: some teachers apparently have more
comprehensive conceptions of mathematics and mathematics teaching than others;
some teachers apparently have more integrated conceptions than others, and some
teachers appear to adhere to their beliefs and views with greater consistency than
others. A key factor that appeared to account for the consistency between conceptions
and their instructional practice was the teachers’ reflectiveness. Further studies are
needed to examine the relationship between teacher reflectiveness and consistency in
their beliefs and views as well as between these and teaching practice.

As more is learned about teacher conceptions of mathematics and mathematics
teaching, it becomes important to understand how these conceptions are formed and
modified. Only then will the findings be of use to those involved in the professional
preparation of teachers, attempting to improve the quality of mathematics education
in the classroom.

In order to investigate the research questions listed above, in-depth studies of an
anthropological, clinical, or case study nature are needed. Traditional experimental or
large-scale correlational studies are not appropriate for dealing with the kinds of
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questions that have been posed above. Studies employing intensive audio-visual
records and documentation of teachers’ instructional behaviour, followed by system-
atic analysis and stimulated recall in informal interview settings, are necessary in order
to gain access to the thoughts and mental processes that accompany the teachers’
actions.

Note

1 This paper is based on the author’s doctoral dissertation which was directed by
Professor Thomas J. Cooney of the University of Georgia and was partly supported
by a grant from San Diego State University. I wish to express my appreciation to
the teachers who participated in the study and their administrators.
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12 Setting, social class and
survival of the quickest

Jo Boaler

Abstract

The question of whether students should be grouped and taught in classes according ro their

perceived ‘ability’ during their school careers is one of the most controversial issues in educa-
tion. This is partly because the issues that surround setting, streaming and mixed ability
teaching are relative, both to ideology and personal values. Decisions about student
grouping are also of immense importance to the education of students and this importance
extends beyond the development of subject understanding. In the UK moves from streaming
to setting to mixed ability teaching and back again to setting can be related directly to
developments in research, educational theory and the political agenda of the time. In this
chapter I will present a brief overview of the theoretical and historical developments which
surround student grouping. I will then aim to extend theoretical positions further by exam-
ining the way in which setting and mixed-ability teaching influenced the motivations,
perceptions and eventual attainment of students in two schools.

Historical and political developments

In the 1950s almost all of the schools in the UK were streamed and students were
differentiated within, as well as between, schools. Jackson (1964) conducted a survey
of junior schools and found that 96 per cent were streamed and 74 per cent of the
schools had placed children into ability groups by the time they were 7 years old. Jack-
son’s study also identified some of the negative effects of streaming, including the
tendency of teachers to underestimate the potential of working-class children, and the
likelihood that low-stream groups would be given less experienced and less qualified
teachers. This report contributed towards an increasing public awareness of the inade-
quacies of streamed systems. In 1967 the Plowden report recommended the abolition
of all forms of ability grouping in primary schools (Bourne and Moon, 1994).

The 1970s and early 1980s witnessed a growing support for mixed-ability teaching in
the UK. The extent to which this support was influenced by the results of educational
research conducted at that time is salutary to reflect upon in the 1990s. Studies by
Hargreaves (1967) and Lacey (1970) both explored and highlighted the ways in which
setting and streaming created and maintained inequalities, particularly for working-class
students. Ball (1981) also conducted a highly influential study of a school moving from
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setting to mixed-ability teaching that served to establish the link between setting and
working-class underachievement. Schools appeared to be receptive to the results of these
research studies, which fitted with the more pervasive concern for educational equality
at that time. However, the 1990s have witnessed an apparent reversal of this thinking,
manifested by large numbers of schools returning to policies of setting (OFSTED,
1993). This turn around does not seem to have occurred because schools have forgotten
about the reported consequences of setting, or because they have ceased to be concerned
about educational equality. Rather, schools appear to be responding to a set of policies,
emanating directly and indirectly from the Education Reform Act (ERA), 1988, that
have forced them to turn their primary attention away from equality and towards
academic success, particularly for the most able.

The ERA required schools to adopt a National Curriculum and research has shown
that a number of teachers regard this curriculum as incompatible with mixed ability
teaching (Gewirtz ez al., 1993). This is partly because of its levelled nature and, related
to this, the introduction of a tiered examination system. The creation of an educa-
tional ‘market place’, which forces schools to compete with each other for students,
also means that schools have become concerned to create images that are popular with
the parents of ‘valued’ students (Ball ez 2/, 1994). Both setting and streaming appear
to be regarded as positive school attributes, particularly amongst the middle-class
parents that schools generally want to attract. The establishment of league tables
which position schools in order of their General Certificate of Secondary Education
(GCSE) results, also forces schools to pay more attention to potential high achievers
than other students. This has impacted upon setting policies via a widespread belief
that setting enhances achievement for high ability students (Dar and Resh, 1986). In
addition to all of these indirect pressures upon schools, primary schools received a set
of government directives to group their students according to ability. In 1993 all
primary schools were sent reports from both the National Curriculum Council
(1993) and the Department for Education (1993) which explicitly encouraged
schools to introduce or reintroduce setting. More recently Tony Blair has put on
public record his intention to promote setting and actively discourage mixed ability
teaching under the new Labour government (Blair, 1996).

The direct and indirect influences of political pressures have had a clear impact
upon student grouping policies in schools. Unfortunately, the thinking behind such
pressures does not seem to have been informed by research but by memories of times-
gone-by in which setting played a predominant part in traditionalist school policies.
The ‘back to basics’ policies of the Conservative Government and the anti-mixed-
ability stance of the New Labour party derive from a widely-held opinion that setting
advances achievement, particularly for high ability students. But this notion flies in
the face of evidence collected from a wide variety of research studies. Indeed there is
lictle, if any, research, anywhere in the world, that supports this notion. Slavin (1990)
produced a review of all of the research that contrasted setted or streamed ability
grouping with mixed ability grouping and that fulfilled certain methodological
criteria. His review included the results of six randomised experiments, nine matched
experiments and 14 correlational studies that compared ‘homogeneous’ and ‘hetero-
geneous’ ability groupings. Across the 29 studies reported, Slavin found the effects of
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ability grouping on achievement to be essentially zero for students of all levels and all
subjects. The median effect size was +0.01 for high achievers, —0.08 for average
achievers and —0.02 for low achievers; effects of this size are indistinguishable from
zero. Four British studies were included in Slavin’s analysis and these found no differ-
ences in achievement between students taught in mixed ability and setted classes.

A recent piece of research conducted in Israel consisted of four longitudinal studies
that considered mathematical attainment and student grouping (Linchevski, 1995a,
1995b). In one of the studies Linchevski compared the eventual attainment of
students in 12 setted schools with their expected attainment, based upon entry scores.
This showed that ability grouping had no effect on attainment in 10 of the schools
and a small negative effect in the other two. A second study examined the thinking and
performance of similar ability students who were at the border of different ability
bands and assigned to different groups. This showed that the students of similar
ability assigned to different groups varied in attainment, with the students assigned to
higher groups attaining more than students of a similar ability assigned to lower
groups. Linchevski concluded from this that ‘the achievements of students close to the
cut off points are largely dependent on their being arbitrarily assigned to a lower or
higher group level’ (Linchevski, 1995a, p. 11). Ball (1981) also noted the arbitrary
nature of success in a setted system for those students who were at or near the border of
different ability bands. Another of Linchevski’s studies compared the achievements of
two groups of students at the same school assigned either to setted or mixed ability
groups. This showed that the average scores of the most able students placed in setted
groups were slightly, but not significantly, higher than the able students placed in
mixed ability groups. However, the scores of students in the two lower setted groups
were significantly lower than similar ability students in mixed ability classes. Linchevski
found that low ability students in mixed ability classes coped well with tests because
they were used to high demands and expectations. Other studies which have found
differences in achievement between homogeneous and heterogeneous groupings have
tended to replicate Linchevski’s finding with some small, statistically insignificant
increases for students in high sets gained at the expense of large, statistically significant
losses, for students in low sets (Hoffer, 1992; Kerckhoff, 1986).

Consideration of the research, policies and practices that have surrounded student
grouping decisions over the last 25 years reveals two clear trends that are worth
remarking upon. First of all, patterns in the 1960s, 1970s and 1980s have indicated
that research into ability grouping has a potentially important and formative role to
play in shaping policy decisions in UK schools. Second, the number of schools that are
returning to policies of setting in attempts to raise achievement reveal the extent and
strength of belief in the setting process as a panacea to underachievement. It is clear
from this that schools are generally unaware, or unconcerned, that research has failed
to demonstrate any links between setting and high achievement. Both of these
phenomena, taken alongside the achievement-based priority shift in schools, suggest
that there is an urgent need for the results of setting research to reach schools and
policy-makers. A review of the research that has been conducted in this field also
reveals the need for new forms of research that will increase our understanding of the
impact of student grouping policies upon student attainment.
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Research into the effects of setting and streaming in the UK and ‘tracking’ in the
USA has been polarised by virtue of its concerns, its methodology and its geography,
and this polarisation has left important gaps in our understanding of the setting
process. Research in the UK has concentrated, almost exclusively, upon the inequities
of the setting or streaming system for those students who are allocated to low sets or
streams. These are predominantly students who are also disadvantaged by the school
system because of their race, class or gender (Hargreaves, 1967; Lacey, 1970; Ball,
1981; Tomlinson, 1987; Abraham, 1995). These research studies have used mainly
qualitative, case study accounts of the experiences of students in high and low sets and
streams to illustrate the ways in which curricular differentiation results in the polaris-
ation of students into ‘pro’- and ‘anti’-school factions. Such studies, by virtue of their
value-based concerns about inequality (Abraham, 1994), have paid relatively little
attention to the effects of setting or streaming upon the students’ development of
subject understandings. In the USA on the other hand, there has been a wealth of
research studies that have compared the average scores of students taught in homoge-
neous and heterogeneous groups. However, these studies have tended to compare
average group scores rather than consider the responses of individual students to
setting. The quantitative nature of these studies has also meant that they have not
considered the ways in which setting influences achievement or the processes by
which it takes effect. In the following report of a three-year research study I hope to
bridge these gaps, both by combining qualitative and quantitative methods to consider
the responses of students to setted and mixed-ability teaching, as well as by consid-
ering the differential ways in which setted and mixed-ability teaching impacted upon
the achievement of individual students.

The research study
Research methods

The issues reported in this chapter emerged as part of wider, ethnographic (Eisenhart,
1988) case studies of two schools. The aim of the studies was to monitor the learning
of students who experienced ‘traditional’ and ‘progressive’ approaches to the teaching
of mathematics. Particular attention was paid to the influence of the students’
teaching approach upon the degree to which students could use mathematics in new,
unusual or out-of-school situations (see Boaler, 1996, 1997a, 1997b, 1988). The
research involved a longitudinal study of a year group of students in each of two
schools as they moved from Year 9 to Year 11. In one of the schools there were approx-
imately 200 students in the year group, in the other school there were approximately
110. A variety of qualitative and quantitative methods were employed in the study. In
order to learn about the students’ day-to-day experiences of mathematics I observed
approximately 100 lessons in each school, interviewed approximately 40 students in
each school, and gave questionnaires to all of the case study students each year. I also
performed a number of secondary analyses such as recording time-on-task and elic-
iting constructs (Fransella, 1978) from teachers. To learn about the students’ devel-
oping understanding of mathematics I performed a wide range of assessments of the



Setting, social class and survival of the quickest 199

students and analysed their school-based assessments and their GCSE performance.
All of the qualitative and quantitative methods were used to inform each other in a
continual process of comparison and re-analysis. Interviews and field notes were
analysed using open coding (Strauss, 1987) and observation data were collected and
analysed using a grounded theory approach (Glaser and Strauss, 1967). Extensive use
of triangulated data was made in the formation of emergent theories. As the study
developed I used progressive focusing to form and shape new research ideas, in
response to events occurring in the field. Setting was not an initial focus of the research
study but it quickly emerged as a major and significant factor for the students; one that
influenced their ideas, their responses to mathematics and their eventual achievement.

In Year 11, 24 students from each school were interviewed about mathematics
lessons, and the qualitative analysis that forms the first part of this chapter draws
heavily upon the students’ perceptions about setting, which were reported in these
interviews. The students were not specifically interviewed about setting and the 24
students were chosen because they held a range of positive and negative views about
mathematics lessons.

The two schools

Amber Hill

Amber Hill is a mixed, 11-18 comprehensive school located in an area of social disad-
vantage. The students who attend the school are mainly white and working class. In
my case study year group there were approximately 200 students; 68 per cent of these
were classified as working class, using the Office of Population Censuses and Surveys
(OPCS) classification of fathers’ occupations; 20 per cent were from single-parent
families; 47 per cent were girls and 17 per cent were from ethnic minorities. When the
students entered the school they took National Foundation for Educational Research
(NFER) tests; the results of these tests showed that 75 per cent of the students were
below the national average for the examination. Amber Hill is located on the edge of a
large city and recently became grant-maintained, largely due to the wishes and
campaigns of the headteacher. The school is run by an ‘authoritarian’ (Ball, 1987)
headteacher whose commitment to traditionalism is evident throughout the school.
In the classrooms students can generally be seen sitting quietly in rows watching the
blackboard, whilst the corridors display icons of traditionalism.

Amber Hill uses setting as a grouping policy to greater or lesser extents within
different subject departments. The mathematics department used to operate a fairly
loose system of setting whereby they would divide students into three or four bands at
the beginning of Year 9. One year prior to the beginning of my research they were
forced to change this policy at the direction of the head; they now place students into
one of eight or nine sets at the beginning of Year 9. The teachers decide upon the set
students go into based upon their NFER test scores and their work in Years 7 and 8.
The school reviews the performance of students in different sets annually, with the
aim of moving students who are inappropriately placed. However, it is rare for more
than two or three students to move sets in any one year. There are eight mathematics
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teachers at Amber Hill and they are all in favour of some form of setting. Most of the
teachers in the department had never experienced mixed-ability mathematics teaching
beyond Years 7 and 8. This is fairly typical for a department of mathematics; a recent
OFSTED survey showed that 94 per cent of schools use setting in the upper secondary
years for mathematics (7he Guardian, 8 June 1996).

The Amber Hill mathematics department was an interesting place to consider the
impact of setting because the students experienced both mixed-ability and setted
approaches within the same school for mathematics, at different times. This gave the
students important insights into the advantages and disadvantages of the two
approaches. At Amber Hill mathematics was taught using the SMP scheme. As part of
this scheme the students worked through individualised booklets, at their own pace,
in Years 7 and 8, in mixed ability groups. In Year 9 they changed to a setted textbook
system. There was no departmental policy that dictated the way that teachers should
operate in Years 9 to 11, but all of the teachers used the same approach. They stood at
the front of the class and explained methods and procedures from the blackboard for
10-20 minutes; they then set the students questions to work through in their text-
books. At periodic intervals they would stop the students and check answers, then
move them on to the next exercise. This process ensured that the students all moved at
a similar pace through their textbooks. Despite reports in the press, there is evidence
that this traditional, textbook model of teaching is still predominant in secondary
mathematics departments in the UK (OFSTED, 1993).

In the qualitative analysis that forms the first part of this chapter, 20 out of the 24
students interviewed were taken from the top four out of eight sets (because of the
wider aims of the case studies). Their views about setting may not therefore be consid-
ered as representative of students from across the setting spectrum. The other four
students were taken from set seven.

Phoenix Park

Phoenix Park school was chosen as a contrast to Amber Hill because the students who
attended the two schools were very similar but the schools offered different and, in
many respects, opposing approaches. Phoenix Park is also located in an area of social
disadvantage and most of the students who attend the school are white and working
class. Comparisons of the case study students attending the two schools showed there
to be no significant differences between the cohorts in terms of social class, ability
(measured on NFER tests), ethnicity or gender. At Phoenix Park 79 per cent of the
students were classified as working class, 23 per cent were from single-parent families,
42 per cent were girls and 11 per cent were from ethnic minorities. In NFER tests,
which the students took on entry to their school, 76 per cent of the students were
below the national average for the examination. Phoenix Park is a 13-18 upper
school. Prior to joining Phoenix Park all of the students had attended middle schools
that used the SMP scheme. This meant that like the Amber Hill students, they had all
learned mathematics through SMP booklets for the two years prior to the beginning
of my three-year research period. At this point the Amber Hill students changed to
setted groups and textbook teaching, the Phoenix Park students changed to mixed
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ability groups and a project-based teaching approach. There were approximately 110
students in the case study year group at Phoenix Park.

In stark contrast to Amber Hill, Phoenix Park is an extremely ‘progressive’ school.
The staff believe in giving the students freedom, independence, and choice. The
mathematics teachers allow the students to work unsupervised in separate rooms if
they want to, because students are meant to be responsible for their own learning. In
mathematics lessons the students work in mixed ability groups from the beginning of
Year 9, when they start the school, to halfway through Year 11. At this point the
students are moved into one of three ‘examination’ groups according to the level of
examination they have been entered for. In mathematics lessons at Phoenix Park the
students work on open-ended projects at all times — the department does not use any
textbooks or published materials. The teachers generally give the students open
starting points, such as ‘what is the maximum sized fence that can be built out of 36
gates?’ The students are then encouraged to go away and work on this information,
develop questions of their own, extend the problem and use mathematics to answer
their questions, for approximately three weeks. At the end of this time they complete a
description of the activities they have worked on and their results. Discipline is very
low key in Phoenix Park and the teachers show little overt concern to keep the
students ‘on task’. Lessons are extremely relaxed and it is fairly typical for at least one-
third of the students to be off-task at any one point in time during lessons.

In the analysis that follows I will mainly concentrate upon the students at Amber Hill
and their responses to setting. At times I will refer to the differences between the
students at the two schools in relation to their grouping arrangements, but there is not
enough space to analyse Phoenix Park in the same depth as Amber Hill in this chapter.
(For further information on Phoenix Park and the students’ overall responses to a
‘progressive’ approach, see Boaler, 1997a.)

Research results
The students’ responses to setting

Atan early stage of my case study at Amber Hill I became aware that certain features of the
students’ mathematical experiences were causing some students to become disaffected
about mathematics and, subsequently, to underachieve. A number of these features were
intrinsically linked to the setted nature of their learning environments. I have grouped the
complaints of the students which relate to setting into four main areas which, inevitably,
overlap in places. I will now discuss each of these areas in turn, starting with the one that
seemed to have the most impact upon the largest number of students.

Working at a fixed pace

Probably the main reason that teachers place students into sets in mathematics is so
that they can reduce the spread of ‘ability’ within the class, enabling them to teach
mathematical methods and procedures to the entire group, as a unit. Mathematics
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departments that use class teaching tend, therefore, to put students into setted groups,
whilst mathematics departments that use individualised schemes generally teach to
mixed ability groups. This link between classroom pedagogy and classroom grouping
is not inevitable, but it is the prevalent model in the UK. Hence, OFSTED data
showing that 94 per cent of secondary schools use setting for mathematics in the
upper years fit with their reports that the majority of these lessons involve students
listening to the teacher and then working through exercises. In this analysis I have
therefore linked working at a fixed pace with setting, because these two features tend
to go hand-in-hand in the majority of UK mathematics classrooms:

It’s good [setting] because you're putting similar abilities together. I mean it’s
easier to pitch your lesson, to pitch the work at them, to teach them all together,
you know, from the front, as a class.

(Edward Losely, mathematics teacher, Amber Hill)

There is evidence that the way in which teachers proceed in setted lessons is by
teaching towards a reference group of students (Dahlloff, 1971). Teachers generally
pitch their lessons at the middle of the group, on the basis that faster or slower
students will be able to adjust to the speed at which lessons are delivered. At Amber
Hill many of the students were unable to make this adjustment and when they
changed in Year 9 from working at their own pace, to working at a fixed pace, many
students became disaffected and started to underachieve. In interviews conducted in
Years 9, 10 and 11, working at the pace of the class was a major complaint for almost
all of the students and one that they variously related to disaffection, boredom, anxiety
and underachievement. Many of the students were unhappy because they felt that the
pace of lessons was too fast, which often caused them to become anxious about work
and to fall behind; this then caused them to become more anxious. This response was
particularly prevalent amongst the top set girls and I have written elsewhere about the
marked underachievement of many of these students in response to setting arrange-
ments (Boaler, 1997a, 1997b). However, the anxiety caused by fixed paced lessons did
not only prevail amongst the top set students. In the following extracts the students all
relate the fixed pace of lessons to a loss of understanding:

A: I preferred the booklets.
S: Yeah ’cos you just get on with it don’t you?
A: Yeah, work at your own pace. You don’t have to keep up with the others.
JB: Do you feel that now?
A: Inaway because if you don’t do all the work, then you get left behind and you
don’t understand it.
(Suzy and Anna, Amber Hill, Year 11, set 2)

Well in the first two years you worked at your own pace, this last year or two you
got to do it all, with everyone else at the same time, at the same speed, and if we're
too slow or something, you’ve got to be able to do it, guickly, even if you’ve got it
wrong, just to catch up with everyone else, which is bad, ’cos you don’t learn if
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you’re just rushing and trying to make sure you get it done just so you don’t get in
trouble and you can catch up with everyone else.
(Lindsey, Amber Hill, Year 11, set 3)

The majority of students interviewed related their reservations about setting and class
teaching to what they perceived as a resultant loss of understanding. However, whilst
some students, who were generally girls, complained about the fast pace of lessons,
other students in the same groups linked their lack of understanding to the fact that
lessons were too slow. These were usually boys:

Yeah, if the work’s easier, like the pace, it’s normally quite fast and the teacher
will set us questions we have to get up to ... we’ll do that and if it’s hard it will
take longer, but if we find it easy we’ll get it done quicker but there will still be
people that are struggling behind, which means you have to go back ... and go
over it again. It’s a waste of time.

(Colin, Amber Hill, Year 11, set 1)

M: It’s silly now, it’s just, most of the people slow the class down, it gets more
boring.

C: You don’t learn as much.

M: Like people laze around, when they’'ve completed the work ... say we've
completed the work and we can go further up the book, we have to do that
piece of work and then stop, and wait for the others to catch up and then
people laze around.

(Chris and Marco, Amber Hill, Year 11, set 4)

The fact that some students complained about the pace of lessons being too fast, whilst
other students in the same classes complained about lessons being too slow seems to
reveal an important limitation of a class-taught approach. For the teacher it shows how
difficult it is to teach a group at the same pace, even when they are supposed to be of
‘homogeneous’ ability. Amber Hill divided the students into eight sets which should
produce relatively little variation amongst students in the same set. The complaints of
the different students at Amber Hill may also reflect the fact that the ability of a student
does not necessarily indicate the pace they feel comfortable working at, although this is
an assumption that class teaching to setted groups is predicated upon.

Despite the variation amongst gitls and boys in their preferences for the pace of
lessons, they were clearly united in their view that a fixed pace of lessons decreased
their opportunities for learning. None of the girls or boys interviewed expressed a
preference for mixed ability lessons because they allowed them to do less work; the
students were clear that they preferred mixed ability groups because working at their
own pace gave them a greater access to understanding:

JB: What did you think about the booklets you used in the first two years here?
S: I thought they were good.
L: I dunno if the booklets were good — or if it was working at your own pace.
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JB: Do you like going at your own pace?

S: Yes, definitely.

L: Yes, but it’s not like we go slow if we go at our own pace, it’s not that we go
slow, we don’t think, oh going at our own pace, let’s do one sum a lesson
type of thing.

S: It’s good, because you know if you understand something you can move on.

L: And ifyou don’t you can spend more time on it. You spend more time on it, but
she wants to move on, so you just leave that bit and go on to the next bit even
though you don’t know the bit before and you don’t understand the chapter.

(Sara and Lola, Amber Hill, Year 11, set 3)

The view that working at a pace which was determined by the teacher diminished under-
standing was prevalent both amongst students who found lessons too fast and students
who found lessons too slow. But this did not only affect unusual students; almost all of the
students seemed to find some lessons, or some parts of lessons, either too fast or too slow:

C: Ifeltlike I was learning — you feel you was learning more, ’cause the teacher would
help you — if you went up to him and showed him the book he would help you
and I felt I learned more in the first and second year, but in the fourth and fifth
year it’s more slow and like if you finish first you have to wait for the others, or if
you're behind you have to work fast because everyone else is finished.

M: And that’s why I don’t like maths any more ’cause I can’t go at my own pace.

(Chris and Marco, Amber Hill, Year 11, set 4)

The pace that students felt comfortable working at seemed to be determined by a wide
range of factors. These included the difficulty of individual topics, the students’ own
prior experience, individual preferences and, of course, their feelings on that day.

The fact that Amber Hill used setting did not mean that the teachers had to teach
students as a group at a fixed pace, but for many teachers the only reason for establishing
setted groups is to enable teaching from the front to whole classes. There would be very
little point in setting students, given the known disadvantages this confers upon low set
students, if the students then worked at their own pace, which they could do in mixed
ability groups. At Amber Hill the main purpose of setted groups was also the main
source of disaffection for the students, as well as the factor that almost all students linked
with diminished learning opportunities and underachievement.

The students’ second major complaint about setting was also related to class
teaching, but it extended beyond this. A major concern of significant numbers of
students interviewed was the pressure that they felt was created by the existence and
form of their setted environments.

Pressure and anxiety

Various research studies have shown that the presence or absence of mathematical
anxiety is an important determining factor in a student’s response to mathematics
(see, for example, Buxton, 1981). Women and girls, in particular, have been shown to
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be prone to mathematical anxiety (Dweck, 1986; Fennema and Leder, 1990) and this
has been shown to have serious negative consequences for their achievement
(Fennema and Sherman, 1977, 1978; Hart, 1989). At Amber Hill mathematical
anxiety was commonplace, particularly amongst girls. In a questionnaire given to the
students in Year 9, significantly more boys than girls thought that they were good at
mathematics ()2 = 18.04, 2 df, p < 0.001, 7 = 163), whereas at Phoenix Park there
were no significant differences between the attitudes of girls and boys. These patterns
continued throughout Years 9, 10 and 11 at the two schools. In interviews, the girls at
Amber Hill linked their anxiety not to the intrinsic nature of mathematics, but to the
pressure created by setted classes. Some of this pressure derived from the need to work
at a pace set by the teacher:

I don’t mind maths but when he goes ahead and you’re left behind, that’s when I
start dreading going to maths lessons.
(Helen, Amber Hill, Year 11, set 1)

I mean she’s rushing through and she’s going ‘we’ve got to finish this chapter by
today’ but I'm still on C4 and I don’t know what the hell she’s chatting about and
I haven’t done any of it, ’cause I don’t know it, she hasn’t explained it properly
she just says ‘take this off, take that off’ and she puts the answers up and like —
what? I don’t know what she’s doing,.

(Karen, Amber Hill, Year 11, set 3)

Another aspect of the students’ anxiety related to a more reflective pressure. This
concerned the competitive standard that students believed they had to live up to
within their setted groups:

H: You're expected to know more.
M: They expect too much, yeah ... you should know this.
H: You should know that ...
M: You're the top set.
(Helen and Maria, Amber Hill, Year 11, set 1)

The creation of groups intended to be homogeneous in ability caused many students
to feel that they were constantly being judged alongside their peers:

L: I preferred it when we were in our tutor groups.

JB: Why?

L: ’Cause you don’t worry so much and feel under so much pressure then, *cause
now you’ve got people of the same standard as you and they can do the same
stuff and sometimes they can do it and you can’t and you think oh I should
do that and then you can’t ... but if you're in your tutor group you're all a
different status ... it’s different.

(Lindsey, Amber Hill, Year 11, set 3)
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One of the reasons commonly given for the formation of setted groups is that the
competition created by setted classes helps to raise achievement. For some students
this was probably true:

You have to keep up and it actually, in a way it motivates you, you think if T don’t
do this then I'll get behind in the class and get dropped down a set.
(Gary, Amber Hill, Year 11, set 3)

However, of the 24 students interviewed in Year 11, only one student, Gary, gave any
indication that the competition and pressure created by their setted environments
enhanced motivation or learning. At Amber Hill setting was a high profile concept and
the students were frequently reminded of the set they were in. This served as a constant
standard against which they were judged. The students gave many indications that this
continual pressure was not conducive to their learning. Undoubtedly the most intense
pressure was experienced by top set students and at Amber Hill placement in the top set
appeared to have serious negative consequences for the learning and achievement of
students (Boaler, 1997a, 1997b). What I am attempting to show here is not that the pres-
sure of setting is bad for all students, but that individual students respond differently to
setted situations. This individual variation in response is frequently overlooked within
setting debates. Some students, even those placed in high sets, are disadvantaged because
of setting and at Amber Hill there was much evidence that the students who were nega-
tively affected were not the least able in the setted groups. In set 1 for example, the students
who experienced the most difficulties in response to setting were originally the highest
attainers in the group. At the end of Year 8, immediately before the students were setted,
Carly and Lorna attained the highest and second highest NFER scores in the school. At
the end of Year 11 these two students attained the lowest GCSE grades in set 1 (grade E).

JB: Can you think of some good and bad things about being in set 1?
L: I can think of the bad things.
C: I agree.
JB: OK, what are the bad things?
L: You're expected to know everything, even if you’re not sure about things.
C: You're pushed hard.
L: He expects you to work all the time at a high level.
C: It makes me do less work, they expect too much of me and I can’t give it, so I
just give up.
(Carly and Lorna, Amber Hill, Year 11, set 1)

It appeared from a variety of data sources in the two case studies that a student’s
success in their set had relatively little to do with their ability, but a great deal to do
with their personal preferences for learning pace and style. These preferences, in turn,
seemed to relate to the sex of students. The vast majority of students who reported in
interviews that they were disaffected by a fixed pace of lessons were girls. Other data
sources, that I shall discuss later, show that social class also had a significant impact
upon the students’ responses to setting.
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The third major complaint of the students was particularly prevalent amongst
students outside of set 1, and this related to the way in which setting limited their
potential opportunities and achievements.

Restricted opportunities

In interviews, many of the students at Amber Hill expressed clear feelings of anger and
disappointment about what they felt to be unfair restrictions upon their potential
mathematical achievement. The students, from a variety of sets and ability ranges,
cared about their achievement, they wanted to do well and they were prepared to put
effort into their work, but many felt that they had been cheated by the setting system:

L: The thing I don’t like about maths is ... I know because we're in set 4 you can

only geta D.
S: Yeah, you can’t get any higher than a D.
L: So you don’t do as much.

S: Yes you could work really hard and all you can get is a D and you think, well
what’s the point of working for a D?
(Lindsey and Sacha, Amber Hill, Year 11, set 4)

I'm in set 3 and the highest grade I can getisa C ... it’s silly because you can’t,
maybe I wanted to do A level, ’cause maths is so useful as an A level, but I can’t
because ... I can get a C if I really push it, but what’s the point?

(Alan, Amber Hill, Year 11, set 3)

A number of the students explicitly linked the restrictions imposed by the set they
were in to their own disaffection and underachievement. They reported that they
simply could not see any point in working in mathematics for the grades that were
available to them:

JB: How would you change maths lessons? If you could do it any way you wanted
what would you do?

C: Well, work at your own pace and different books.

JB: How would working at your own pace help?

M: Well it would encourage people more wouldn’t it? They’d know they’re
going for an A wouldn’t they? Like what’s the point of me and Chris
working for a D? Why are we gonna work for a D?

C: I'm not saying it’s not good a D, but ...

M: It’s notgood, it’s crap, they said to us if we get 100 per cent in our maths we’re
gonna get a D, well what’s the point?

(Chris and Marco, Amber Hill, Year 11, set 4)

These extracts raise questions about the accuracy of the students’ assessments of their
own potential but, in many ways, the degree of realism in the students’ statements is
irrelevant. For what the students clearly highlight is the disaffection they felt because
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of their setting arrangements. The students may have been unrealistic, but the disaf-
fection they experienced because of their restricted attainment was real:

S: We're more to the bottom set so we're not expected to enjoy it.

JB: Why not?

S: I’m not putting, I'm not saying ’cause we’re in the lower set we’re not expected
to enjoy it ... it’s just ... you're looking at a grade E and then you put work
in towards that ... you’re gonna get an E and there’s nothing you can do
about it and you feel like ... what’s the point in trying, you know? What's
the difference between an E and a U?

JB: How did you feel about maths before you were put into sets?

Kand S: Better.

(Keith and Simon, Amber Hill, Year 11, set 7)

These feelings of despondency were reported from students in set 2 downwards and
many of the students suggested that the limits placed upon their attainment had
caused them to give up on mathematics. The students believed that they had been
restricted, unfairly and harmfully, by their placement into sets.

The fourth and final response that prevailed amongst students primarily affected
the students in low sets and this related to the way in which the sets were chosen.

Setting decisions

Many of the students interviewed did not feel that the set that they had been put into
was a fair reflection of their ability:

I was alright in the first year, but like me and my teacher had a few problems, we
didn’t get on, that’s why I think it’s really better to work really hard in the first
years, "cause that’s when you’ve got a chance to prove a point, you know, that
you’re good and then in the second year you’ll end up in a good set and from then
on you can work. But me in the first year, I got dumped straight into the bottom
set. And I was like huh? what’s going on? you know? and they didn’t teach me
anything there and I was trying hard to get myself up, but I couldn’t, ’cause once
you’re in the bottom it’s hard to get up in maths. That’s another bad thing about
it, and other people now, there’s people now in like higher sets man and they just
know nothing, they know nothing.

(Simon, Amber Hill, Year 11, set 7)

Some of the students, particularly the boys, felt the set they were in reflected their
behaviour more than their ability:

Yes, but they’re knocking us down on our behaviour, like I got knocked down from

second set to bottom set and now, because they’ve knocked me down, they’ve thrown

me out of my exams and I know for a fact that I could’ve got in the top A, B or C.
(Michael, Amber Hill, Year 11, set 7)
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Tomlinson (1987) provides evidence that the behaviour of students can influence the
examination groups which they are put into and some of the Amber Hill students
were convinced that their behaviour, rather than their ability, had determined their
mathematics set, which in turn had partly determined their examination grade.

The impact of setting

The students at Amber Hill were coherent in their views about setting. The 24 students
interviewed in Year 11 were in general agreement about the disadvantages they perceived
and all but one of the students interviewed expressed strong preferences for mixed-ability
teaching. This was because setting, for many of the students, meant one or more of:

a lack of understanding when the pace of lessons was too fast;

boredom when the pace of lessons was too slow;

anxiety, created by the competition and pressure of setted environments;
disaffection related to the restricted opportunities they faced;

and perceived discrimination in setting decisions.

Twenty-four students represents only 12 per cent of the year group at the school, but these
students were chosen because they varied in their views towards mathematics lessons. The
remarkable consistency in their views about setting and class teaching seems unlikely,
therefore, to be a product of the particular group chosen. It was also clear from the
students that setting did not have a single influence that affected all students in the same
way. Some students were probably advantaged by setted lessons, but others had been
negatively affected by processes of setting. In almost all cases the disadvantages students
reported concerned their learning of mathematics and their subsequent achievement.
Nevertheless, some students also experienced other negative repercussions:

K: You walk around the school and you get people in the top set and you get
people in our set and if you walk round the school and you’re talking about
maths, they put you down because you’re not in that set, it’s like ...

S: They’re dissing you and that.

K: They’re saying you haven’t got the ability they’ve got.

(Keith and Simon, Amber Hill, Year 11, set 7)

Despite the labelling associated with setting, the major concern for the majority of
students interviewed was the consequences setting might have for their achievement.
In the next section I shall present various forms of data that give some indication of the
way in which the students’” achievement was affected by their placement in sets.

Setting and achievement

The students’ different responses to setting, given in interviews, indicate that the success
or failure of a student in a setted group related to their preferred learning style and their
responses to competition, pressure and opportunity (or lack of it). Various quantitative
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indicators add support to the idea that success was strongly related to factors other than
ability. For example, at Amber Hill, there was a large disparity between the attainment
of students when they entered setted lessons and their success in GCSE examinations at
the end. This may be demonstrated through a consideration of the students’ scores on
their mathematics NFER tests at the end of Year 8 and the number of correct marks
they attained on their GCSE mathematics examinations at the end of Year 11'. This
information is provided for both of the schools, giving an insight into the different
implications of setted and mixed-ability teaching for students’ achievement.

At Amber Hill a high correlation would be expected between NFER results at the
end of Year 8 and eventual achievement, because the students were setted largely on
the basis of their NFER results and, once inside their sets, the range of their attain-
ment would be severely restricted. At Phoenix Park a smaller correlation would be
expected, because prior to their NFER tests the students had attended fairly tradi-
tional middle schools. At Phoenix Park they experienced considerable freedom to
work if and when they wanted to in lessons which, combined with the openness of the
school’s teaching approach, may have meant that some students would not perform at

(
260
240
220
200
180
160
140
120
100

. . .. 5 . Grades A-C

i . . Grades D,E

.5 . . . Grades F,G

GCSE marks Y11

ey Correlation = 0.48 * Fail
° n=133
20 I L* | |
-2 -1 0 1
NFER Score year 8 (standard deviations from national mean)

FTTTTT T T T T 1112

—
(=)
~

260
240
220
200
180
160
140
120
100

e . Grades A-C

KX
DY
.

. % Grades D,E

o

.

o
wee
ot ®

o
w o o
.

Grades F,G

GCSE marks Y11

Correlation = 0.67
) n=87 Fail
1 | | 1
-2 -1 0 1
NFER Score year 8 (standard deviations from national mean)

I'TTTTTTTTTTT

Figure 12.1 Relationship between mathematics GCSE marks and NFER entry scores at
(a) Amber Hill and (b) Phoenix Park

Note
The actual GCSE marks at the two schools are not directly comparable because the schools used different
examination boards, but GCSE grades are.
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Table 12.1 Means and standard deviations (SD) of GCSE marks and NFER scores

GCSE NEFR

Amber Hill Phoenix Park Amber Hill Phoenix Park
Mean 130.8 132.9 -0.56 -0.41
SD 47.9 42.4 0.83 0.74

the end of Year 11 as would be expected from their performance at the end of Year 8.
However, a comparison of performance, before and after setting and mixed-ability
teaching at the two schools is shown in Figure 12.1 and in Table 12.1.

The figure displays an interesting phenomenon. It shows that at Amber Hill there
was a relatively small relationship between the students’ attainment in Year 8 and their
eventual success, after three years of working in setted lessons, demonstrated by a correla-
tion of 0.48. This meant that some students did well, even though indications in Year 8
were that they were not particularly able and some students did badly, despite being
high achievers at the end of Year 8. At Phoenix Park, where students were taught in
mixed ability groups and given considerably more freedom, there was a correlation of
0.67 between initial and eventual attainment. This correlation is significanty larger
than the correlation at Amber Hill (n = 0.67, n, = 87, r, = 0.48, n, = 133, p < 0.05).
These results support the idea that once inside a setted group a number of factors, that
are relatively independent of initial attainment, influence a student’s success.

A second interesting phenomenon was revealed at Amber Hill through a consider-
ation of the relationship between social class and the set students were placed into. This
relationship could be examined at both schools because the students were put into setted
examination groups at Phoenix Park in the middle of Year 11. Partial correlations from
the two schools enable the impact of ‘ability’ (measured via NFER tests) and social class
upon the sets students were given, to be considered. These showed that at Amber Hill
the correlation between the social class of students and the set they were placed into was
0.25, after ability was controlled for, with students of a ‘low’ social class being more
likely to appear in a low set. A similar analysis of partial correlations at Phoenix Park
showed that there was a small, negative correlation of —0.15 between social class and
examination group, after the effect of ability was taken out. This showed that at the end
of their mixed ability teaching experiences there was a small tendency for students of a
‘lower’ social class to be placed into a higher examination group at Phoenix Park. At
Amber Hill there was a significant tendency for students of a ‘lower’ social class to be
placed into a lower set, irrespective of their mathematical ‘ability’, as measured on the
NFER tests that were used as indicators of the set students should be placed within.

Further insight into the possibility of class bias at Amber Hill is demonstrated by
locating individuals at the two schools who ‘under’ or ‘over’ achieved, in relation to their
initial ability scores. At both schools I located the most extreme 20 per cent of students,
represented by the outliers on the graph. At Amber Hill this amounted to 22 students,
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Table 12.2 Amber Hill overachievers

Social class

Middle class Working class

1 2 3 4 5 6
Girls 1 1
Boys 4 1 1

Table 12.3 Amber Hill underachievers

Social class

Middle class Working class

1 2 3 4 5 6
Girls 2 4 1 2
Boys 1 5

who were made up of seven ‘over’ achievers and 15 ‘under’ achievers. Closer examina-
tion of these students gives the sex and class profiles shown in Tables 12.2 and 12.3.
Tables 12.2 and 12.3 show that amongst the overachievers there was a ratio of 3:1
of middle-class to working-class students, who were mainly boys. Amongst the under-
achievers there was a ratio of 1:4 of middle-class to working-class students, made up of
roughly even numbers of girls and boys. These outliers represent only a small propor-
tion of the students at Amber Hill but they show quite clearly that those students who
did better than would be expected from their initial ability scores tended to be middle-
class boys, whereas those who did worse tended to be working-class students (of either
sex). It is interesting to contrast this with the most extreme 20 per cent of Phoenix
Park students (7 = 18). These students did not ‘under’ or ‘over’ achieve to the same
extent as the Amber Hill students, as can be seen from Figures 12.1a and 12.1b.

Table 12.4 Phoenix Park overachievers

Social class

Middle class Working class

1 2 3 4 5 6
Girls 1

Boys 1 1 4




Setting, social class and survival of the quickest 213
Table 12.5 Phoenix Park underachievers

Social class

Middle class Working class

1 2 3 4 5 6
Girls 1 2 1
Boys 1 1 2 1 2

However, the students who were nearest to the edges of the graph did not reveal any
class polarisation in achievement at Phoenix Park, as shown in Tables 12.4 and 12.5.

Tables 12.4 and 12.5 show that amongst the overachievers at Phoenix Park there was
a ratio of 2:5 of middle-class to working-class students. Amongst the underachievers
there was a ratio of 5:6 of middle-class to working-class students. The overachievers at
Phoenix Park were generally working-class boys, whereas the underachievers were
roughly equal numbers of middle-class and working-class girls and boys.

What these results indicate is that at Amber Hill the disparity between initial math-
ematical capability and eventual achievement shown in Figure 12.1 is partly created
by a small number of mainly middle-class students who achieved more than would be
expected and a relatively large number of mainly working-class students who achieved
less than would be expected. Similar evidence of class polarisation is not apparent at
Phoenix Park. This quantitative analysis enables social class to be added to the list of
factors that appeared to influence achievement in setted lessons. It also re-establishes
the notion that success in a setted environment had little to do with ‘ability’. The
influence of class bias over setting decisions is well documented (Ball, 1981;
Tomlinson, 1987) and some of the students gave some indications, in interviews,
about the way that this process may have taken effect. In the following extract Simon,
a working-class student, talked about the way in which he opted out of the ‘game’ of
impressing the mathematics teacher:

Yes and in a way right, when I came to the school, I was scared to ask questions
man, so I just thought, no forget it man.
(Simon, Amber Hill, Year 11, set 7)

This withdrawal because of Simon’s fear probably served to disadvantage him when
setting decisions were made. The disproportionate allocation of working-class students
to low sets shown by the correlations at Amber Hill would certainly have restricted the
achievement of working-class students. However, it seems likely that the social class of
students may also have affected the way in which individuals responded to the experi-
ences of setted lessons. In the next section I will attempt to draw together the various
results that have been reported so far, in order to illuminate the different factors that
influence a student’s achievement in setted and mixed ability groups. Before doing so I
would like to consider the overall achievement of the students at the two schools.
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Table 12.6 GCSE mathematics results shown as percentages of students in each year group

A* A B C D E F G Fail Non-n
entry

Phoenix Park (mixed ability) 1 2 1 8 11 24 24 17 7 5 115
Amber Hill (setted) 0 1 2 9 1 18 17 12 13 16 217

In any debate about setted and mixed ability teaching it is important to consider the
achievement of students. The approaches of Amber Hill and Phoenix Park schools
differed in many important ways but it is important to note that the setted classes at
Amber Hill did not achieve better results than the students in the mixed ability classes
at Phoenix Park, despite the increased time spent ‘working’ by the Amber Hill
students (see Boaler, 1997a, 1998). The students who learned mathematics in an open
approach in mixed ability classes achieved significantly more A~G grades (x> = 12.5, 1
df, p < 0.001), despite the comparability of the two cohorts of students on entry to
their schools. It is also important to note that this did not reflect simple differences in
teacher effectiveness. There is not the space to expand upon this here, but there were
clear forms of evidence, reported in Boaler (1997a), that the general enhanced success
of the students at Phoenix Park related to their open, ‘progressive’ models of teaching,
combined with the increased ‘opportunity to learn’ (Burstein, 1993, p. 304) that was
provided by mixed ability classes.

The superior performance of the Phoenix Park students was due partly to the effec-
tiveness of the school’s open teaching approach, but the negative responses to setting
reported by students in low and high sets at Amber Hill also contributed to the differ-
ences in achievement at the two schools. Indeed, part of the reason that significantly
more Amber Hill students failed the GCSE examination could be related directly back
to the fact that the students were placed in low sets and this had caused them to give up
on their mathematics education (see Table 12.6).

Discussion and conclusion

At Phoenix Park school the students experienced a great deal of freedom to work when
they wanted to work and talk or wander about when they did not. The students were
grouped in mixed ability classes; the high ability students were not placed in high sets
that would ‘push’ them, the low ability students were not placed in sets in which
teachers could ‘concentrate upon their individual needs’. At the end of three years of
this relaxed and open approach the students who did well were those of a high ability.
Students who did exceptionally well, compared with their entry scores, were mainly
working-class students. Those who did exceptionally badly were both working-class
and middle-class students.

In all of these respects Amber Hill differed from Phoenix Park and although ability
grouping was not the main focus of my research study, there were a number of clear
indications from various forms of data, that at Amber Hill:
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e social class had influenced setting decisions, resulting in disproportionate numbers
of working-class students being allocated to low sets;

e significant numbers of students experienced difficulties working at the pace of
the class, resulting in disaffection and reported underachievement;

e  students became disillusioned and demotivated by the limits placed upon their
achievement within their sets; and

e  some students responded badly to the pressure and competition of setted lessons,
particularly girls and students in top sets (Boaler, 1997a, 1997b).

The two schools reported in this study differed in a number of ways that all contributed,
to greater or lesser extents, towards the students’ achievement (see Boaler, 1997a).

However, the complexity that is inherent in the learning process should not detract
from the clarity of the sentiments offered by the students about their setting experi-
ences, or the clear patterns relating class polarisation and setting decisions at Amber
Hill. It could be argued that the setting system at Amber Hill would have been more
effective with greater flexibility between sets, but I am not convinced that this is true.
This is because there will always be students who are located at the extremes of sets, no
matter how much movement between sets takes place, and the results of this study
indicate that these students will always be disadvantaged by systems that are based
upon assumptions of homogeneity.

For a student, being able and hard working at Amber Hill was not a guarantee of
success within their setted classrooms. Indeed, the students indicated that success
depended more upon working quickly, adapting to the norms for the class and
thriving upon competition than anything else. A number of different results from this
study cast doubt upon some widespread beliefs about setted teaching. For example,
there was no qualitative or quantitative evidence that setting raised achievement, but
there was evidence that setting diminished achievement for some students. A compar-
ison of the most able students at the two schools showed that the students achieved
more in the mixed ability classes of Phoenix Park than the high sets of Amber Hill
(at Phoenix Park 3 per cent of the year group attained A*/A grades, compared with
0.5 per cent of the Amber Hill year group). This may be related to a number of
features of the two schools’ approaches, but there were many indications from the top
set students at Amber Hill that features of their top set learning had diminished their
achievement (reported in Boaler, 1997a, 1997b).

The various forms of data also seem to expose an important fallacy upon which many
setting decisions are based. Students of a similar ‘ability’, assessed via some test of perfor-
mance, will not necessarily work at the same pace, respond in the same way to pressure or
have similar preferences for ways of working. Grouping students according to ability and
then teaching towards an imaginary model student who works in a certain way at a certain
pace, will almost certainly disadvantage students who deviate from the ideal model. The
stress and anxiety reported by the students in interviews at Amber Hill is probably an indi-
cation of this phenomenon. There was much evidence that the students who were disad-
vantaged by this system were predominantly working class, female or very able. The class
polarisation that existed within the setted system of Amber Hill and that was completely
absent at Phoenix Park is consistent with the results of other research studies that have
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considered the links between setting and class bias (Hargreaves, 1967; Lacey, 1970; Ball,
1981; Tomlinson, 1987; Abraham, 1995). A common feature that links all of the findings
of this study concerns the individual nature of students’ responses to setting. Students at
Amber Hill responded to setting in a variety of different ways, indicating that it is too
simplistic to regard the effects of setting as universally good or bad for all students, even
students in the same set. The various quantitative studies that have compared the group
scores of setted and mixed ability classes overlook this fact and, in doing so, overlook the
complexity of the learning process for different individuals.

The results reported in this chapter are based upon a case study of two schools and
the reports given in the first part come from a sample of only 24 students in one of the
schools. It would not be sensible, therefore, to make hard and fast claims about the
generalisability of the data. However, the students interviewed at Amber Hill were
clear that their achievement had been diminished because of factors that related to
setting and class teaching and it would seem unwise to dismiss the students’ reported
experiences or to assume that they were unique to Amber Hill school. If future
research studies are to investigate the prevalence of negative responses to setted
teaching, it seems likely that conversations with students will be the most informative
means of communication, particularly as these have been lacking in existing research
studies that have considered the effectiveness of different student groupings.

To conclude, ‘survival of the quickest’ is probably not the most accurate way to
describe the experiences of setted students, for this research has indicated that it was
the students who were most able to adapt to the demands of their set who were most
advantaged, or least disadvantaged by setting. In predicting who those students may
be, it seems fair to assume that if a student is middle class, confident, thrives on
competition and pressure and is motivated, regardless of limits on achievement, they
will do well in a setted system. For the rest of the students success will probably
depend upon their ability to adapt to a model of learning and a pace of working which
is not the most appropriate for their development of understanding.

The consequences of setting and streaming decisions are great. Indeed, the set or
stream that students are placed into, at a very young age, will almost certainly dictate the
opportunities they receive for the rest of their lives. It is now widely acknowledged in
educational and psychological research that students do not have a fixed ‘ability’ that it s
determinable at an early age. However, the placing of students in academic groups often
results in the fixing of their potential achievement. Slavin (1990) makes an important
point in his analysis of research in this area. He notes that as mixed-ability teaching is
known to reduce the chances of discrimination, the burden of proof that ability
grouping is preferable must lie with those who claim that it raises achievement. Despite
the wide range of research studies in this area, this proof has not been forthcoming,
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Note

1 This information was provided to me by the examination boards of the two
schools.
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13 ‘T’ll be a nothing’

Structure, agency and the construction
of identity through assessment'

Diane Reay and Dylan Wiliam

Abstract

Drawing on data from focus group and individual interviews with Year 6 pupils in the

term leading up to Key Stage 2 National Curriculum tests, this article explores the extent to

which children’s perceptions of the tests contribute to their understandings of themselves as

learners. The tension between agency and structure becomes apparent in children’s differ-

ential dispositions to view the testing process as a definitive statement about the sort of
learner they are. Although children’s responses are varied, what most share is a sense of an

event which reveals something intrinsic about them as individuals. The article also explores

the emotions, in particular the anxiety and fear, which permeate such understandings of
the National Curriculum assessment process.

Introduction and background

The primary purpose of the 1988 Education Reform Act was to create an educational
‘market’ that it was assumed by its proponents, would increase standards of performance
in schools. Freeing schools from the homogenising effects that local education authori-
ties were believed to exert would create a diversity of provision, allowing parents, who
were generally viewed as the ‘consumers’ of education (rather than, say, students, or the
wider community), to choose schools that reflected their aspirations and wishes.
Popular schools would expand, and those that were not, would have to improve, or, if
they could not, would close. However, in order to allow the market to function ‘effi-
ciently’, it was necessary to create an index of performance. The national school-leaving
examination (the General Certificate of Secondary Education) provided such an index
for students at age 16, but of course would provide no information about the perfor-
mance of students in primary schools. The solution enacted in the Education Reform
Act was the creation of a National Curriculum for all students of compulsory school age
in England and Wales, with national assessments for all 7-, 11- and 14-year-olds, the
results of which, at least for 11- and 14-year-olds, were to be published for each school.
Although it was claimed that these results would also be useful for informing
parents of the academic progress of their children, the information on the attainment
of 7-, 11- and 14-year-olds is not available until June or July, and is therefore far too
late to influence choices of junior or secondary schools, or of subject options in upper
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secondary school. The primary purpose of National Curriculum assessment is to
provide information on the performance of schools, rather than individuals, in order
to inform parental choice (Daugherty, 1995).

Over the 10 years since the development and implementation of the National Curric-
ulum, however, it has become clear that parents and students have not relied exclusively,
or even primarily, on aggregate measures of the academic achievement of students in
selecting schools, as might have been hoped for by the proponents of the Education
Reform Act (see, for example, Gewirtz ez al, 1995). A range of other factors, such as the
appropriateness of the school for the individual child, are also taken into account.

More recently, however, the pressure on schools to improve their students’ perfor-
mance on National Curriculum tests and in national examinations has been increased
by the use of aggregate measures of student performance in the national system of
school inspections. The original report of the National Curriculum Task Group on
Assessment and Testing (1988) proposed a system of reporting National Curriculum
assessment results that would allow the increase in students’ attainment over a period
of schooling (the so-called ‘value added’) to be reported alongside any absolute
measures of achievement. Despite the considerable technical difficulties in agreeing an
operational definition of ‘value added” (Wiliam, 1992; Jesson, 1996), it is government
policy that such value-added measures of achievement should be published alongside
absolute measures of students’ academic performance.

In view of this, the insistence of Her Majesty’s Chief Inspector of Schools
(OFSTED, 1997) that inspections of schools take into account absolute levels of
achievement in schools, irrespective of the students’ prior attainment, seems rather
perverse. While it cannot be denied that there are considerable variations in the
academic success of schools drawing students from similar cultural and socio-
economic backgrounds, to subject a school to ‘special measures’ (the preliminary stage
of a process that can result in the school being closed) because its students arrive at the
school with lower attainment than might be expected for their age is clearly unjust.
More importantly for the purpose of the present study, it creates a situation in which
schools, particularly those in socio-economically disadvantaged areas, are under pres-
sure to increase the indices of performance (e.g. the proportion of students achieving a
given level in the National Curriculum tests) at almost any price.

The effects of such ‘top-down’ attempts to improve educational provision on teachers
and on school communities have been the subject of extensive studies (see, for example,
Corbett and Wilson, 1991), but apart from the work of Rudduck ez 2/ (1995) with
secondary school students and that of Andrew Pollard and his colleagues with primary
pupils (Pollard with Filer, 1996; Pollard ez al, 1997), there is virtually no literature which
engages with students’ perspectives. Rather, it is in the silences in relation to children’s
perspectives that it is assumed either that National Curriculum assessments have minimal
impact on children’s subjectivities or that children’s concerns and attitudes are merely a
backdrop to the assessment process; simply part of the social context. On the one hand the
interplay between the assessment process and children’s identities and identifications is not
considered an important area for research and theoretical consideration, while on the other
hand children are subsumed as a means to an end within a process which is primarily an
exercise in evaluating schools and teachers. However, despite the former assumption that
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their agency is unaffected by the assessments and the latter assumption that they are passively
caught up in a process where the main focus is teachers and the institution, children are
simultaneously active in the assessment process and profoundly affected by it.

The research study

Patricia Broadfoot describes the assessment arrangements for National Curriculum
assessment as an example of the ways in which apparently benign and rational tech-
niques of assessment are currently being used to impose norms by reducing value
debates to technical questions (Broadfoot, 1996). However, the consequences of the
new assessment system for pupils have been overlooked in much of the research which
examines changes in assessment. This small-scale study attempts to highlight the impor-
tance of considering children’s perspectives on assessment if we are to glimpse the extent
to which new subjectivities are being constructed in the primary classroom. Although
the research project extended over the full school year from September 1997 until July
1998, this article draws on empirical data gathered over the Easter term 1998 to provide
some preliminary indications of the impact of National Curriculum assessment on Year
6 (age 10-11) students’ self-definitions as learners.

The focus of this article is a class of 20 students in Windermere School — a south
London primary school serving a predominantly working-class, ethnically mixed commu-
nity, and whose students typically achieve levels slightly below the national average.
Initially, all the students were interviewed in focus groups and half the class were then
interviewed individually about their attitudes towards, and feelings about, impending
National Curriculum tests.> Additionally, both the children and their class teacher were
observed over the term as increasing amounts of time were devoted to test preparation.
The themes generated through focus group discussions were strongly supported both in
individual interviews and by the data collected through participant observation.

The SATs: shifting identifications as learners

HANNAH: I'm really really scared about the SATSs [standard assessment tasks].
Mrs O’Brien [a teacher at the school] came and talked to us about our
spelling and I’'m no good at spelling and David [the class teacher] is giving us
times tables tests every morning and I'm hopeless at times tables so 'm
frightened I'll do the SATs and T’ll be a nothing.

DIANE: I don’t understand Hannah. You can’t be a nothing.

HANNAH: Yes, you can 'cause you have to get a level like a level 4 or a level 5 and
if you’re no good at spellings and times tables you don’t get those levels and
so you're a nothing,.

DIANE: I'm sure that’s not right.

HANNAH: Yes it is ’cause that’s what Mrs O’Brien was saying.

This is a particularly stark example but it exemplifies some of the ways in which chil-
dren’s identifications as learners (Skeggs, 1997) are constructed through the assess-
ment process. For Hannah what constitutes academic success is correct spelling and
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knowing your times tables. She is an accomplished writer, a gifted dancer and artist
and good at problem-solving yet none of those skills make her somebody in her own
eyes. Instead she constructs herself as a failure, an academic non-person, by a
metonymic shift in which she comes to see herself entirely in terms of the level to
which her performance in the SATs is ascribed. Although Windermere School had a
general policy of playing down the importance of SATs, Hannah’s teacher, in his
second year of teaching, was still feeling under intense external pressure to ensure his
pupils did well. As is apparent in the following quotation, the fever pitch in the class-
room surrounding the impending SAT's is generated in no small part by his anxieties:

I was appalled by how most of you did on the science test. You don’t know
anything. I want to say that you are judged at the end of the day by what you get
in the SATs and some of you won’t even get level 2.

Some children resist and challenge such all-embracing assignments; for example, Terry
was outraged by his teacher’s comment and shouted out, ‘Hold on, we’re not that bad’.
However, others, like Hannah, appear to accept and internalise its strictures.

Hannah’s account underscores the extent to which SAT's have set in motion a new
set of tensions with which Year 6 students are expected to cope. As the quotations
presented later indicate, all the children, apart from Terry, expressed varying degrees
of anxiety about failure. While there is a gender dimension to this anxiety in that girls
expressed higher degrees of anxiety than boys (see also Shaw, 1995), the overall
impression from the Year 6 interviews was that most pupils of both sexes took the
SATs very seriously. They wanted to do well. At the same time, children expressed a
great deal of concern about the narrow focus of the SATs and not being able to
produce their best under strict (and unfamiliar) test conditions. Their concerns seem
to be borne out by research into the validity of the Key Stage 2 English SATs:

Nicely rounded handwriting and reasonable spelling of fairly simple words seemed
to impress some markers favourably. In contrast, idiosyncratic or jerky handwriting
with insecure spellings seemed to prejudice some markers against the content.

(Close et al., 1997, p. 430)
The students also seemed very aware of the (not-so-) hidden agenda surrounding SATs:

MARY: SATs are about how good the teachers have been teaching you and if
everybody gets really low marks they think the teachers haven’t been teaching

you properly.
and

DIANE: So what are the SATS for?

JACKIE: To see if the teachers have taught us anything.

TERRY: If we don’t know nothing then the teacher will get all the blame.
JACKIE: Yeah. It’s the teacher’s fault.

TUNDE: Yeah. They get blamed.
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Yet, despite frequent rationalisations that SATs were primarily judgements of
teaching, nearly all the children indicated a sense of unease and feelings of discomfort
about what SATs might reveal about themselves as learners. Some of the children
seemed to be indicating far-reaching consequences in which good SATs results were
linked to positive life prospects and, concomitantly, poor results meant future failures

and hardships:

SHARON: I think T'll get a two, only Stuart will get a six.

DIANE: So if Stuart gets a six what will that say about him?

SHARON: He’s heading for a good job and a good life and it shows he’s not
gonna be living on the streets and stuff like that.

DIANE: And if you get a level two what will that say about you?

SHARON: Um, I might not have a good life in front of me and I might grow up
and do something naughty or something like that.

In three of the focus group sessions the children drew on an apocalyptic tale of ‘the boy
who ruined his chances’. There follows an excerpt from the girls’ focus group, but
both the boys” and the mixed group referred to the same example in order to exemplify
how things can go terribly wrong in the SATs if you don’t make the right choices:

NORMA: There was someone so good at writing stories ...
MARY: Yeah, and he wrote a leaflet ...
NORMA: He picked to write a leaflet and then when he wrote the leaflet he blew it.
LILY: He just ruined his whole SAT. He ruined it. If he’d written the story he
would have got a really good mark. He was the best at writing stories. And he
thought he wanted to try it out ... and he just ruined it for himself.
NORMA: Mrs O’Brien said that he was ... what was the word, kind of scared
thing ... ?
DIANE: Got in a panic.
NORMA: Yeah, and he didn’t do the story because he thought he would get that
wrong,.
MARY: So he did the leaflet and he just ruined his chances, totally ruined his
chances.
In this excerpt and the others, performance in SATs is about more than simply getting
a test right or wrong, it is conflated in the children’s minds with future prospects. To
perform badly is ‘to ruin one’s chances’. At other times there was far more disputation
and contention about the importance of SATs for future prospects:

DIANE: So are they important, SATs?
LILY: Depends.

TUNDE: Yes.

TERRY: No, definitely not.

LEWIS: It does affect your life.

AYSE: Yeah, it does affect your life.
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TERRY: No, as if it means you know I do badly then that means I'm gonna be a
road sweeper.

However, while Terry is clear that SATs have no impact on future prospects, other
students lack his certainty:

DIANE: You mean, you think that if you do badly in SATs then you won’t be
able to do well or get good jobs?

JACKIE: Yeah, 'cause that’s what David’s saying.

DIANE: What is he saying?

JACKIE: He’s saying if we don’t like, get good things, in our SATS, when we
grow up we are not gonna get good jobs and ...

TERRY: Be plumbers and road sweepers ...

TUNDE: But what if you wanted to do that?

DIANE: Instead of what?

TERRY: Footballers, singers, vets, archacologists. We ain’t gonna be nothing like
that if we don’t get high levels.

DIANE: And does that worry you about your future?

JACKIE: Yeah.

LEWIS: Yeah.

AYSE: Yeah, it worries me a lot.

TERRY: No, because he’s telling fibs.

Assessment in English schooling in the late 1990s is surrounded by controversy and
disputation (Black, 1998). It has become a political football. Yet, despite heavily
contested changes there are enduring continuities. Students have always informally
assessed their own academic performance and that of their peers. Class 6S is no
different. There is unanimous agreement among the children that Stuart is the clev-
erest child in the class and almost unanimous agreement that Peter is the second
cleverest:

NORMA: Stuart is the cleverest child in the whole school. He'll get level 6 for
everything.

In this short excerpt cleverness is very clearly conflated with doing well in the SATs.
There is an assumption of causation; being clever automatically leads to good SAT
results. Yet, later on Norma talks about her own nervousness and how that might
affect her own performance in the same tests:

NORMA: I’'m no good at tests. I get too nervous so I know I won’t do very well.

Patricia Broadfoot writes of the elements of panoptic surveillance embedded in assess-
ment processes whereby pupils learn to judge themselves ‘as if some external eye was
constantly monitoring their performance’ (Broadfoot, 1996, p. 68), encouraging the
internalisation of the evaluative criteria of those in power.
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Because the commitment to technical efficiency is increasingly being incorpo-
rated at the level of meaning and volition, as well as that of practice, this provides
pressure for the non-bureaucratic, potentially contradictory languages of profes-
sionalism and democratic participation to define their own criteria of value and,
hence, personal accountability in the same terms.

(Broadfoot, 1996, pp. 239-240)

One result is a strong pressure on both pupils and teachers to assume that value can be
quantified.

Belief systems concerning the individual should not be construed as inhabiting a
diffuse field of ‘culture’, but as embodied in institutional and technical practices
— through which forms of individuality are specified and governed. The history of
the self should be written at this ‘technological’ level, in terms of the techniques
and evaluations for developing, evaluating, perfecting, managing the self, the way
it is rendered into words, made visible, inspected, judged and reformed.

(Rose, 1989, p. 218)

The battle over assessment and the triumph of publishable, measurement-based,
competitive, pencil-and-paper tests over diagnostic, open-ended, process-oriented
assessments has resulted in the establishment of assessment procedures which operate
primarily ‘as performance indicators of teacher effectivity’ (Ball, 1994, p. 41). At the
macro-level SAT's can be seen as regulatory mechanisms that link the conduct of indi-
viduals and organisations to political objectives; the assumption being that they will
impact powerfully on teachers’ subjectivities and practices. However, as the children’s
discussions quoted earlier illustrate, at the micro-level of the classroom there are
regular glimpses of the normalising and regulatory function of the SATs on children.
Perhaps Tracey provides the best example of ‘the governance of the soul’ (Rose, 1989):

TRACEY: I think even now, at night times I think about it and I think 'm going
to get them.

DIANE: You think about your SATs at night time?

TRACEY: Yeah, lots. When I'm in bed, because I've got stars on my ceiling, 'm
hoping and I look up and I go, ‘I know I'm gonna get there’. And my mum
goes, ‘Who’s talking in there?” And I goes, ‘Nothing mum’.

DIANE: So what are you hoping?

TRACEY: Um, I think about a three. I dunno. I don’t think I'll get a five. 'm
hoping to get a five. When I look at the stars I hope I'll get a five.

Allan Hanson writes about the increasing disposition of American students to define
themselves in terms of test scores, citing an example of college students who displayed
their scores on the Scholastic Aptitude Test on their T-shirts (Hanson, 1993). While
we are not suggesting that processes of quantifying academic ability were anything like
as extreme as Hanson found in some American colleges, there were disturbing shifts in
how children viewed themselves and others, which could be attributed to the assessment
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process and the ways in which the classroom pedagogy transformed in response to the
imminence of the SATs.

Assessment procedures are implicated in technologies of the self and the struggle to
gain ‘intimate and secure’ social relations — intimate because they feed into the
ordering of subjectivity, and secure because of the apparent naturalness of the catego-
ries they generate (Donald, 1985). As the term progressed children increasingly
referred to the levels they expected themselves and others to achieve. Their talk raises
concerns about the crudeness of the assessments to which pupils have access. The
SATs levels constitute very simplistic judgements purged of any subtlety and complexity
about the sort of learners pupils are judged to be.

Children’s emotional responses to assessment

As is evident throughout the children’s texts cited earlier, there are strong currents of
fear and anxiety permeating children’s relationships to the SATs process:

TUNDE: Because if you get too scared or something, or paranoid, or something
itkind of stops you from doing it, because you just think you are going to get
everything wrong and it’s easy to get paranoid about the SATs.

and

DIANE: Norma, why are you worried about SATs now?

NORMA: Well, it seems like I'll get no points or I won’t be able to do it, too hard
or something.

DIANE: What would it mean to get no points?

NORMA: Well instead of being level three I'll be a nothing and do badly — very
badly.

DIANE: What makes you think that? Have you been practising?

NORMA: No, like I analyse ... I know I worry about loads of things.

DIANE: Like what?

NORMA: I don’t know, I just worry about things and my mum is going to take
me to a special aromatherapy lady, or something like that. I don’t know, but
she said something about that because I am always panicking and I've been
worrying about when it’s SATs.

DIANE: But no one was mentioning SATs last term, were they? What's made
everybody start worrying about it now?

NORMA: Mrs O’Brien came in today and she was doing language and she said
loads of things, well not language, but dictionaries and she said loads of
things about SATs.

DIANE: And you got in a panic.

NORMA: [Laughing] Well, not in a big panic, it was just like, what if T get stuck
here and I don’t finish the story and I don’t get any points or things like that?

and

STUART: What if I get level one?
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DIANE: You won’t get level one. Honestly, I'm quite positive you won’t get level
one.

STUART: I mightin English, since Mrs O’Brien told us about that boy messing up
his chances I've been worried about it ’cause it’s the sort of thing I could do.

After children have marked each others’ practice mathematics SATS there is the ritual
recounting of marks. Nadia, Mary, Jessica, Terry, Peter and Lewis have all got 20 buta
big commotion breaks out when the others realise Stuart has only got 16. Peter says,
‘God did you really only get 162’ Simon tells him, ‘Your brain must have stopped
working’, while Lewis comments, ‘He’s lost his genius man’. Stuart rather forlornly
comments, ‘At this rate I'm only going to get level one for maths’. As these excerpts
indicate, the negative emotions generated by the impending SATs and a changing
classroom curriculum affected all the children, regardless of ability levels.

Impact on pedagogy and the curriculum on offer

Many studies have examined the consequences of high-stakes assessment systems on
the breadth of curriculum that students experience (see, for example, Kellaghan ez 4/,
1982). However, almost all of these studies have taken an ‘outsider’s” perspective on
curricular changes. Even where studies have attempted to work from an ‘insider’s’
perspective, it has been assumed that the students themselves have little to contribute
on this aspect of the social consequences of test use (Messick, 1980). However, the
evidence from the current study is that students as young as 11 have very clear percep-
tions about the influence of external assessment on the curriculum:

JACKIE: We've already had SATs. We've been doing them for so long, all the old
papers we must have done, we must have done three SATs already.

A narrowing of the curriculum was very evident in 6S over the spring term and was a
cause of both complaint and regret among the children:

LEWIS: I wish we did technology.

JACKIE: Yeah, that would be good.

TUNDE: We should do more dance. We should have dance in the SATs.

TERRY: And they never teach you anything about cavemen either.

AYSE: And we don’t do history any more.

TERRY: All I know is because I've read about it on my own.

AYSE: And we don’t do geography. Only science, language and maths. Just over
and over again.

DIANE: So is the curriculum very different this term to what it was last term?

TERRY: Yeah.

JACKIE: Last year we done music and dance, interesting things.

TERRY: The best thing we did is PE. And last week was the best session we've
had in ages "cause it was something different. And I hate football and it was
football but it was the best session we done in ages.
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But it was the emphasis on more individualised, competitive ways of working, which
were increasingly displacing the mutually supportive, collaborative group work to
which the children were accustomed — a shift from a ‘communitarian climate’ to ‘aca-

demic press’ (Phillips, 1997) — that caused the most disquiet:

TUNDE: DPeter helped me, Peter and Lewis.

TERRY: Butwe’re notallowed to help, to help anyone, they’re all on your own.
JACKIE: Yeah, but we’re used to helping each other.

LEWIS: [ still help people.

JACKIE: So do L.

AYSE: I didn’t get no help.

TERRY: We're not allowed to help any more. It’s cheating.

Progressive primary schools like Windermere have not traditionally been subject to
processes of overt differentiation and polarisation (Lacey, 1970). Such processes have
normally been found in selective secondary schools where streaming and setting are
common practice. However, there were indications of both increasing differentiation
and polarisation in the class under study (6S), with negative repercussions for both
teacher—pupil and pupil-pupil interaction. Webb (1993) suggests that the Key Stage 2
teachers in her study appeared to be altering both their curriculum and pedagogic
strategies as a result of the pressures exerted by OFSTED and the new assessment
regimes and this also seemed to be the case in 6S.

Over the course of the spring term 1998 the researcher spent 60 hours observing
teaching and learning processes in the classroom and also amassed extensive field
notes, documenting both changing pedagogic approaches and the children’s responses
to them. During this period there were innumerable mundane examples of overt
academic differentiation as a direct consequence of the teacher’s increasing preoccu-
pation with SATs. Concomitantly, there were many examples within the peer group
of the deepening of existing divisions, as well as the opening up of new divisions based
on academic rather than social criteria as a direct result of SATs and SATs practice, of
which the two examples described next are only the most stark.

In March 1998 the children were working their way individually through an old
science SATs paper. Fumi had protested at the beginning of the session when told the
children were expected to work on their own, telling the teacher, ‘But we're used to
working together’. Every few minutes she would sigh audibly until eventually the
teacher came across to where she was sitting and proceeded to put lines through a
number of the SATs questions, commenting, ‘Don’t try and do these. They’ll be too
difficult for you. Answer the easy ones’. Fumi struggled on for a few more minutes. It
was clear to the researcher and the children sitting near her that she was crying. After a
few more minutes she got to her feet, pushing her chair out of the way and stormed out
the classroom, sobbing. Out in the corridor she kept on repeating over and over again,
‘He thinks I'm thick. He thinks I'm thick. He wants all the others to think I’m thick’. As
we have discussed earlier, children did engage in informal assessments of each others’
academic ability, but prior to the SATs such processes had a benign air and had never
resulted in confrontations between either the teacher and a student or between students.



Tl be a nothing” 229

Even when Fumi was eventually coaxed back into the classroom she was openly rebel-
lious, scribbling all over the SATSs paper and muttering ‘T hate you’ under her breath at
the teacher — behaviour which resulted in her missing her playtime.

Equally worrying was the consequence of regular SATs practice for Stuart’s posi-
tioning within the peer group. In earlier interview sessions, carried out over the autumn
term, children often compared themselves academically to Stuart, citing him as the clev-
erest child in the class. Such comments were presented simply as statements of fact and
there was no malice or ill-feeling expressed. However, towards the end of the Easter
term, with a programme of daily mathematics tests and regular science and English
SATs practice, Stuart’s situation among the peer group, particularly with the other boys,
was becoming increasingly vulnerable. On one occasion, after the teacher had pointed
out that Stuart was the only child to get 20 out of 20 for the mathematics test and that
everybody else must try to do better, Terry leaned over and thumped him hard in the
back. Twice Stuart came back from playtime with scratches either to his cheek or the
back of his neck. He was not sure ‘exactly who was responsible’ but complained that the
other boys had started to ‘gang up’ on him. The language other children used to describe
him shifted discernibly. Before he had simply been recognised as clever; now he was
increasingly labelled as ‘a swot’ by both gitls and boys. There are frequent entries in the
field notes which testify to a growing climate of hostility towards Stuart. For example:

JOLENE: [ hate Stuart, he’s just a teacher’s pet — a spotty swotty ...
and

ALICE: Stuart’s such a clever clogs that’s why no one likes him.
DIANE: But you said you liked him.
ALICE: That’s before he started showing off.

But Stuart had not started to show off. Rather, the classroom practices in 6S over the
spring term had dramatically increased processes of differentiation, which in turn had
led to a growing polarisation among the peer group. In particular, the relationship
between Stuart and the rest of 6S noticeably worsened.

Conclusion

While we make no claims that the shifts in both the children’s self-perceptions and the
teaching regime in 6S over the course of the term are representative of all Year 6 class-
rooms, we would argue that what our evidence does indicate is a need for further
investigation to map out the extent to which both pupil and teacher identities and
practices are being modified through new assessment processes. We believe that the
data that we have presented here provide convincing evidence that students as young
as 10 or 11 are well aware of the effects of National Curriculum assessments, and their
voices are an important part of any picture of the social consequences of the use of test
results as measures of educational effectiveness.

The threat to the continued existence of a school posed by poor SAT's results creates a
situation in which individual teachers are under increasing pressure to improve the
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scores achieved by the students, irrespective of the consequence for students’ achievement in
wider terms. For some, this may be exactly what was intended. By asserting that National
Curriculum assessments embody all that is valid, the narrowing of the experiences of
students to just those aspects that can be assessed in a one-hour written test represents a
return to the certainties of the ‘curriculum of the dead’ (Ball, 1993). However, it seems
to us far more likely that for most observers, this narrowing of the focus of assessment,
together with an emphasis on achieving the highest scores possible, produces a situation
in which unjustifiable educational practices are not only possible, but encouraged.
Whether ‘teaching to the test” in this way is regarded as cheating or not is open to ques-
tion (Smith, 1991), but there is no doubt that such activities rob National Curriculum
assessments of the power to say anything useful about what the students have learnt.
The more specific the Government is about what it is that schools are to achieve, the
more likely it is to get it, but the less likely it is to mean anything.

The teacher of the class we have been describing is relatively inexperienced, and
therefore, perhaps, less able to resist the pressure to concentrate on the narrow range of
achievements assessed in the SATs. However, as the Government’s new requirements
on schools to set targets for aggregate school and individual achievement increases
pressure on schools to improve measured performance, it seems more than likely that
students will be inscribed into school practices entirely in terms of their ability to
contribute to the school’s target for the proportion of students achieving specified
levels in the National Curriculum assessments.

Notes

1 This article was originally presented as a paper at the British Educational Research
Association conference at Queen’s University, Belfast in August 1998.

2 National Curriculum assessment at the ages of 7, 11 and 14 (the end of each of the
first three ‘key stages’ of compulsory education) consists of two components — a
series of judgements made by the school about a student’s performance over the key
stage, generally called ‘teacher assessment’ and an externally set standardised assess-
ment. When the first National Curriculum assessments for 7-year-olds were intro-
duced in 1991, the external assessments were called ‘standard assessment tasks’ or
SATs, following the recommendation of the TGAT report (National Curriculum
Task Group on Assessment and Testing, 1988). However, following representations
from Educational Testing Services, the New Jersey-based developers of the Amer-
ican Scholastic Aptitude Test, which is known by the same acronym, the term Stan-
dard Assessment Task was changed to Standard Tasks. Furthermore, when the
format for the first assessments at Key Stage 3, held in 1992, was changed from that
originally prescribed by Kenneth Clark, then Secretary of State for Education, the
name of the external component of Key Stage 3 National Curriculum assessment
was changed to ‘National Curriculum tests’, as was that for the first Key Stage 2
assessments when they were introduced two years later. The external components of
Key Stage 2 National Curriculum assessment have therefore never been called
‘SATS’, but teachers, students and parents continue to refer to them in this way, and
so for simplicity of presentation, we have followed this usage.
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14 Pupils’ perspectives on
learning mathematics

Barbara Allen

Introduction

There have been numerous changes in UK schools over recent years. These changes
include the introduction of statutory testing, the system of inspecting schools under
the auspices of the Office for Standards in Education (OFSTED) and the Framework
for Teaching Mathematics. However, despite being a time of immense change in
schools, there has been relatively little consideration of pupils’ experiences.

In this chapter I attempt to redress that balance by reporting on pupil perspectives
on their own learning experiences, and the impact this has on the way pupils view
themselves as learners. Significant learner experiences are found to relate to three
aspects of schooling: setting, assessment and rewards. Implications of these findings
for learning mathematics are discussed.

In any social situation people tend to behave in ways that are appropriate for that
culture. In the culture of the classroom the type of behaviour that is generally valued is
that which conforms with learning expectations and discourages disruption. How
pupils’ behaviour and achievement are perceived by their teachers and peers in the
classroom has an impact on the way they view themselves as learners of mathematics.

The way that pupils are perceived within a classroom depends on their positional
identity. Positional identity is a term coined by anthropologists Holland ez /. (2001)
and refers to the way people understand and act out their position within a commu-
nity. Pupils’ positional identities are formed in response to how they participate in
classroom activities and how that participation is seen by themselves and others.

But how do pupils become positioned as successful or unsuccessful learners? What
are the issues that have value within the classroom that have an impact on their posi-
tional identity?

The study

The research reported here was part of a larger study that was concerned with
exploring pupils’ perspectives on their mathematics classrooms. Although I used a
variety of qualitative and quantitative methods of data collection, each meeting with
the pupils included a semi-structured interview. These interviews were carried out
with small groups of pupils, usually in twos or threes. Over five terms I interviewed 18
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pupils in a rural middle school in the UK. The interviews started when the pupils were
in Year 6 and ended in Year 7. Nine girls and nine boys self-selected into the project
and were in each of three mathematics sets. I named the school Marsden Middle
School and all pupil names are pseudonyms that they chose.

During the interviews I used a number of prompts and probes to encourage the
pupils to talk about their experiences. These either involved specific questions,
drawing or sorting tasks. One series of interviews was based on questions about how
the pupils felt in their mathematics lessons and included the prompts: “Tell me abouta
time when you felt happy in a maths lesson’; and “Tell me about a time when you felt
anxious in a maths lesson’.

Another set of interviews was designed to find out the classroom changes that
occurred prior to the pupils sitting the statutory tests (referred to by the pupils as
SATs). These interviews were based on two questions: ‘Have you noticed any changes
in your classrooms in the last few weeks?” and “Why do you think those changes have
happened?’

All the interviews were tape-recorded and were analysed using a grounded theory
approach (Glaser and Strauss, 1967). A number of issues emerged from the pupils’
comments but here I consider the pupils’ perceptions of themselves as learners of
mathematics and how they became positioned as successful or unsuccessful.

Findings

The experiences that impacted on the pupils’ positional identity related to the school’s
systems of setting, assessment and rewards. I deal with each of these in turn.

Positioning in a set

The pupils at Marsden Middle School were placed in years and classes. In Year 6 they
were placed in sets for Mathematics and English. Historically the pupils were allocated
to sets based on teacher assessment and sometimes an internally written and adminis-
tered test. Once they were allocated to a set, over the two years of data collection none
of them moved set. A lack of movement was found by Troyna (1992) to be common
in schools that set pupils. The organisation of the Marsden pupils into sets was entirely
in the hands of the teachers and it had a direct impact on the pupils’ perceived mathe-
matical competence. If the pupils were placed in a set in which they felt comfortable
then it confirmed their feelings about themselves and helped to create a positional
identity as a successful learner.

GUY: Well if we're put in sets then that’s the set for us. We can’t be stupid if we
are in top set. (Set 1)

ABBIE: I always felt quite good about myself when I went into top set. I didn’t
sort of boast about it but at home I was really proud of myself. (Set 1)

ALAN: [ was cheerful when I found out I was in top set maths. (Set 1)

CONNOR: I reckon they should have a set which you feel comfortablein ... And
... the right set for me would be middle, which 'm in now. (Set 2)
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However, if they were placed in a set that they deemed inappropriate then they started
to question their perceived identity.

GUS: I'wasn’tstupid when I was a fifth-year; they put me in bottom set. (Set 3)
CAROLINE: I'm absolutely rubbish at maths even though I'm in top set. (Set 1)

The pupils were initially positioned as successful (or unsuccessful) learners of mathe-
matics by their set allocation. They appeared to be constantly making judgements
about their performance but did not perceive these judgements as lying within their
personal authority. Instead, they relied on the authority of the teacher who placed
them in the set and then marked and commented on their work.

The girls in Set 1 perceived an additional pressure on them to maintain or improve
their position within the set. Since they were already in the top set, the only way to
improve their position was by competing to perform better within the set. They
appeared constantly to be comparing themselves to others in the set in order to verify
and sustain their position. The induced competition was, consequently, an inherent
part of the classroom culture.

SARAH: I try and do my best so that I don’t go down a set because I know I can’t
go up a set ... Instead of getting into the next set up you’re getting into the
top of the year really, aren’t you? ... It’s nice to feel that you are better than
some people below you. It’s nicer to feel that you are not the bottom person.
(Set 1)

CAROLINE: Say you forget about the other sets and there’s just your set you
wanna be somewhere near the top, don’t you? ... You feel you've achieved
something as long as you are not at the bottom. (Set 1)

NATALIA: I mean we're split into groups because we’re all at different standards
but I think in each set there is another different standard. There’s the boffins
and there’s the lower ones. (Set 1)

ABBIE: I know we’re meant to be in top set and we’re meant to keep the standard
up but I sometimes think we get just as confused as other people do and
sometimes she takes it for granted we know what we’re doing and we don’t
always know what we’re doing. (Set 1)

Simply being in Set 1 did not mean the pupils were necessarily viewed as successful
learners of mathematics. This depended on whether their performance and behaviour
were valued within the classroom by both teacher and pupils. Also if a pupil’s view of
what constituted successful work was in conflict with that of others then they could be
viewed as unsuccessful. Natalia drew attention to how these judgements of one pupil
were made by others.

NATALIA: Lydia is like really good at maths but she writes it down really, really
slowly and everything and so people class her as like quite bottom ’cos she
never gets to finish the work and she likes everything to be perfect and pris-
tine and everything. (Set 1)
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In summary, a pupil’s position in a set was not constant; it seemed that it was neces-
sary for them constantly to review their position and continue to demonstrate success
in their classroom.

But it was their performance in formal and informal assessments that dictated
whether or not pupils maintained their position. This ensured that assessment assumed
a central important position for them in their classroom life. I address this next.

Positioning b_y assessment

The types of assessment the pupils talked about were both formal and informal, all
being summative rather than formative, and an assessment oflearning rather than an
assessment for learning (Wiliam, 2000). The responsible evaluator was always either
the teacher, or an examining authority, thereby ensuring that, again, they were
dependent upon the judgements of others.

The pupils’ positioning as successful learners, therefore, was in competition with
their peers and was a consequence of them achieving high marks, rather than demon-
strating understanding or competent mathematical behaviour.

DAVID: [Felt successful] When I got a high score in a test. That’s when I felt
successful. A good amount of a per cent, 80 or 90 per cent out of a hundred.
(Set 1)

TIM: The best memory for me in maths was when ... I got the best marks in the
class in a maths test. (Set 2)

JANE: [Felt happy] When we were doing the maths test I got 81 and that was the
top out of the whole set. (Set 2)

EMMA: [Felt cheerful] When we had a test and I got quite a lot right and I felt
cheerful then. (Set 2)

Getting low marks on a test had a negative effect on their perceived positioning and
they reported feelings of failure and anger.

DAVID: [Felt sad] It’s like the tests when I get a low result, feel a bit of a failure,
and all my friends have got high ones ... you feel sad, you feel angry with
yourself, you feel a failure and you’ve embarrassed all your friends. (Set 1)

ABBIE: [Felt embarrassed] We did the practice SAT test in maths, and I think I
got 68 and even Viki beat me by one point. So I was the lowest, I think there
was one lower and that was Kim who got 54 and I got 68 and I was like,
‘Arrgghh! I just felt a bit embarrassed because everyone goes, “You only got
68.” I was a bit embarrassed about the result ... and then I was embarrassed
about everyone knowing. (Set 1)

CONNOR: [Felt angry] Like this person was sitting next to me and when I had
my maths test ... and he got 20 out of 20 and he goes, ‘Look who’s got 19
then,” and I'm really angry and it’s like I want to hit him really hard because
he’s getting on my nerves. (Set 2)

IAN: [Feltsad] I actually felt sad when I had a test and I only got 2 [out of 10] and
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felt a bit down ... we had another test and you had to get 10 points and I
actually didn’t get none. [I felt] a bit sad. (Set 3)

Sometimes, as with the earlier description of Lydia, the position of a pupil was ques-
tioned when their performance was not what was normally expected.

NATALIA: We had these fake SATs tests and Mrs Boyle came up to me and she
said, ‘I didn’t know you were that good in maths. Why didn’t you show it
before?” (Set 1)

The pupils’ positioning as successful or unsuccessful appeared to be dominated by external
authority. In this situation authority is seen as ‘external to the self’ (Povey, 1995) and
being in the hands of experts. The Marsden pupils did not appear to be able to assess their
own capabilities; instead they relied on the teacher to do so (Povey, 1995). When such
circumstances persist it is likely that the pupils will start to question the position of external
authority as did the pupils in Boaler’s study (1997). She found that this questioning of
external authority emerged at Years 10 and 11 and could result in disaffection.

Duffield ez al. (2000) also found pupils were dependent on assessment as a gauge to
their achievement and used results to compare their performance with others or with
past experiences. These pupils saw themselves as disengaged from the learning process
and believed that schoolwork:

consisted of a fixed content of information or techniques for which they had to
learn right answers and correct performance.

(Duffield ez al, 2000, p. 271)

The lack of personal authority (see Chapter 3, Povey ez al., 1999) meant the pupils
had little influence over the discursive practices in their classrooms because the quali-
ties valued were accuracy and speed, working individually, avoiding collaboration and
consequent negotiation of meaning.

In summary, the pupils’ approach to learning was competency based with perfor-
mance goals rather than learning goals (Middleton and Spanias, 1999). They were
working in classrooms where good test results and getting the work correct were
valued. The resultant classroom culture induced competition.

GUS: Work is just getting down, get your work finished and just getting a good
mark. (Set 3)

Often the school assessment system is related to the reward system. This is the final
way that the pupils felt themselves to be positioned as learners.

Positioning by rewards

Marsden Middle School had a system of external rewards based on merits and
commendations. The awarding of commendations (equivalent to two merits) was a
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public event that took place weekly at a whole school assembly. A pupil could build up
their merits to constitute a certificate, the first being obtained on collection of 20
merits.

Although this was a whole-school policy, the pupils reported that teachers awarded
merits and commendations in different ways. The teacher of the Set 3 pupils appeared
to use a more complex system of rewards, where points built to make merits.

GUS: And we’ve got these points, you've got to sit up straight and all good work
and then you get a point. (Set 3)

TIFFANY: It’s 6 points a merit. (Set 3)

JO: She doesn’t really give you much merits. (Set 3)

The pupils’ perception was that they did not get many merits or commendations. No
pupil suggested that the awarding of merits or commendations was in the hands of
anyone other than the teachers. They did not, for example, describe a situation where
they could request a merit or commendation for themselves or a peer, or that the
rewards were open to negotiation. They did, however, deny the value of the reward
system at the same time as they competed to gain the rewards.

DAVID: All merits are is a piece of writing and paper. (Set 1)

GUS: Because merits just put a tick up on your chart. You only get a bit of card
that says, ‘Gus has got 25 merits.” It’s not an achievement really is it? Not
really. (Set 3)

A successful learner appeared to be viewed as one that finished the sheets and got the
correct answer. The pupils did not seem to question the validity of viewing a successful
learner in this particular way.

The pupils were reliant on extrinsic rewards as a form of motivation. One of the
complications of the reliance on extrinsic rewards in this way is that:

when rewards are used to get someone to engage in some activity, the probability
of subsequent disillusionment with the activity increases significantly.

(Middleton and Spanias, 1999, p. 69)

Whilst the Marsden pupils were focused on performance goals and extrinsic motiva-
tion, in the USA, the National Council of Teachers of Mathematics (NCTM) has
recommended motivation goals alongside learning goals in an attempt to change the
nature of pupil experience of school mathematics (Middleton and Spanias, 1999). In
their research, Middleton and Spanias (1999) found that intrinsically motivated
pupils tend to:

be more persistent when they find work challenging;
spend more time on tasks;
use more complex processing and monitor their comprehension;

select more challenging tasks;
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e employ greater creativity; and

e  take risks.

Stipek ez al. (1998) found that if pupils are offered tasks with which they could persist
they gained greater enjoyment. This enjoyment was associated with:

longer persistence on tasks, greater use of active problem-solving strategies, more
intense and greater creativity, and cognitive flexibility.

(Stipek ez al., 1998, p. 467)

Dulffield, Allan, Turner and Morris (2000) believe that the concentration on raising
standards is leading teachers and educators away from the vital issue of learning and
argue that the assumptions about improvements in schools take little account of how
pupils view their experiences or how they construct their identities as learners. Their
research on groups of 13—14 years olds in Scottish secondary schools found that pupils
in their study, like the Marsden pupils, gave accounts of being extrinsically motivated
and having instrumental goals.

Pollard ez al. (2000) found that primary school pupils were unlikely to be intrinsi-
cally motivated and had an instrumental view of learning. They suggested that:

the structured pursuit of higher standards in English and Mathematics may be
reducing the ability of many children to see themselves as self-motivating, inde-
pendent problem solvers taking an intrinsic pleasure in learning and capable of
reflecting on how and why they learn.

(Pollard ez af., 2000, p. xiii)

Any system of rewards, such as the one used at Marsden, requires that pupils have
performance goals rather than learning goals, external motivation rather than internal
motivation and that they accept external authority over internal authority. If the
pupils accepted this system, which the Marsden pupils appeared to do, then the
system itself was constantly reinforcing the importance of external forms of power
over internal forms of power by the teacher being the only recognised judge of pupil
success.

Implications

In order to be positioned as a successful learner of mathematics the pupils at Marsden
Middle School only had to demonstrate that they could do the mathematics work
correctly. It is easy to see how tenuous this position might be for their learning. If on
one day a pupil got all their work correct they might be viewed as successful whilst on
the next they could get the work wrong. Are they then immediately an unsuccessful
learner? What do they perceive their position to be?

Performance goals and extrinsic motivation influenced the positional identities of
the Marsden pupils with the support of the results of summative assessment. In order
for pupils to develop both learning goals and intrinsic motivation it seems necessary to
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use a form of assessment other than summative. Indeed there has been some interest in
the UK in different forms of formative assessment that could be used by teachers. A
study reported by Lee (2001) showed that teachers who used formative assessment
and focused on learning in the classroom rather than results, found the pupils ‘were
much better prepared to take the statutory tests in their stride’ (Lee, 2001, p. 41).
Formative assessment as described by Lee tends to be of a much more informal nature
and becomes part of everyday life. The pupils are encouraged to discuss their answers
and the processes they have used. All comments are open to discussion but are not
labelled right or wrong.

If pupils are to be encouraged to think mathematically and to develop learning
goals rather than performance goals then these findings suggest that the type of
summative assessment experienced by the Marsden pupils is not appropriate. Indeed
Pollard ez al. (2000) go further and suggest that if this type of assessment persists then
pupils will become not more but less interested in doing mathematics.

Some readers may think this situation does not occur in their classrooms. Without
listening to pupils one cannot be sure how they perceive what is going on in the class-
room or how they view their positioning as a learner of mathematics.

Cullingford (1991) warned that adult egotism leads to ‘an unexamined assumption
that children do not really know what they think’ (ibid., p. 6) and that ‘what children
say is the clearest and most revealing insight into their minds’ (op. cit. p. 8).

Rudduck (1996) held a similar opinion and felt that what pupils tell us:

provides an important — perhaps the most important — foundation for thinking
about ways of improving schools.

(Rudduck, 1996, p. 1)

It is important that teachers of mathematics consider what they are trying to achieve
for the learners with whom they work. Do they want learners simply to be capable of
reproducing techniques and developing skills that will enable them to get correct
answers? Or do they want independent thinkers who can solve problems and see a
variety of ways of reaching a solution? It seems that many pupils may be in the posi-
tion of the Marsden pupils, being required to produce the right answers to particular
questions.

It is time for teachers and policy makers to start listening to pupils and working
with them to support their learning of mathematics and improve the environment in
which they learn. Connor summed up the situation of the Marsden pupils when he
said:

Maths lessons is all sums and hard stuff isn’t it. It’s not something you’d enjoy.
(Set 2)
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