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Preface

The discourses of equity and quality in mathematics education have permeated the
international debates about mathematics education whether they occur in the con-
texts of research, policy, curriculum or teaching and learning. Few would doubt that
both provide valuable objectives to aim for—yet they provide serious challenges
to confront in the planning and implementation of any endeavour in mathematics
education. However, rather than being directly articulated, they often remain im-
plicit and assumed. When they are articulated, their understandings are not clearly
theorised. Arguably, of greater importance is that the relationship between them is
often left unexamined. For some it may seem that equity and quality are distinct as-
pirations—yet not necessarily mutually exclusive. Others may see a necessary unity
between them that one cannot be promoted without the other. Still others place more
emphasis on the potential tension between attempts and resources targeted towards
their promotion.

In putting together this compilation of chapters, we do not take these terms to
have an essentialist meaning. Perhaps many debates in mathematics education can
be constructed as debates about the meaning of equity and quality as much as a de-
bate about their relative worth and ways to promote them. In our call for chapters,
we identified from our review of the literature, some common associations of the
two terms.

Concerns about guality mathematics education are often posed in terms of the
types of mathematics that are worthwhile and valuable for both the student and
society in general, and about how to best support learners so that they can develop
this mathematics. Quality mathematics is sometimes measured from within the dis-
cipline of mathematics itself and is seen as a reflection of its rigor, formality and
generalisability. Alternatively, the value of mathematics is often argued based on
perceptions of its utilitarian importance such as individual mathematical literacy,
the economic and technological well-being of a society, the participation of an
informed citizenry in the challenges of a democratic society, and/or for opening
up future opportunities for students in terms of their career goals and access to
higher education. Trends gleaned from international comparisons have ignited de-
bates within many countries about the low level of achievement of their students

vii
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internationally regardless whether mathematics is valued for its academic rigor or
utilitarian literacy.

Concerns about equity, on the other hand address issues about who is excluded
from the opportunity to develop quality mathematics within our current practices
and systems, and about how to remove social barriers that systematically disad-
vantage those students. Equity concerns in mathematics education are no longer
seen at the margins of mathematics education policy, research and practice. Issues
relating to ability, gender, language, multiculturalism, ethnomathematics, the ef-
fects of ethnicity, indigeneity, and the significance of socio-economic and cultural
backgrounds of students on their participation and performance in mathematics are
widely discussed in the literature. This is not to say, however, that the problem of
equity is exclusive of students who are positioned as disadvantaged due to their as-
sociation with any of the categories above; nor that the growing focus on the issue
has in any way been totally resolved across countries and within any society. Rather,
insofar as access to quality mathematics is thought to confer benefits on individuals
and the larger society, concerns for equity and access revolve around the impacts
on an individual’s life and social participation and on the larger society’s continued
well-being when that access and its benefits are systematically restricted from and/
or systematically provided to people on the basis of their or their parents’ social
placements.

In our international invitation for chapters, we identified one overall aim behind
this collection as mapping the terrain of mathematics education research and prac-
tice—that is on how to understand and advance the quality and equity agendas. The
main requirement for chapters was that they consider both agendas and how they
relate to each other. We did not have a vision that this collection would provide a
comprehensive inventory or a summary of all our individual and collective learn-
ings about them. Rather, we attempted to illustrate the different views and perspec-
tives on the issues in order to move forward the debate on their importance and
promotion in the field.

Process Adopted in the Compilation: The initial idea of the book came out of a
plenary panel discussion at the International Congress of Mathematics Education in
Mexico in 2008 under the topic of Quality Mathematics Education for All'. A call
for chapter proposals was distributed electronically using several electronic lists
of mathematics educators and teachers. Potential authors were encouraged to send
printed copies of the call to others who may be interested but may have had limited
access to email or international contacts. Similarly, we targeted our own individual
contacts from countries that are less technologically developed.

The submitted proposals represented a wide range of academic and profes-
sional backgrounds (school teachers, researchers and university academics), lev-
els of expertise in publications and academic writing (first-time authors, recent
doctoral graduates, published authors and authors of books) and from a range of

! The plenary discussion was lead by Bill Atweh (Australia), Olimpia Figueras (Mexico), Murad
Jurdak (Lebanon) and Catherine Vistro-Yu (The Philippines).
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methodological investigations (from theoretical to empirical qualitative and quanti-
tative studies) and theoretical perspectives (critical, social justice, postmodern and
ethical). We were less successful, unfortunately, in attracting voices from countries
less well represented in international dialogue and from countries of non-European
language background. This remains a challenge to all international collaborations.

Submitted draft chapters were peer reviewed by the authors? in a non-blind re-
view process. Our intention was to create a community of critical friends dedicated
to the improvement of the quality of our publication rather than the traditional gate-
keeping roles. It is fair to say that the reaction of the authors to this process was
mixed. The modified chapters have undergone a second round of review by us as
Editors.

The Structure of the Book: The chapters in the book are grouped into four parts;
each part contains several contributions and a response chapter by one of the edi-
tors. The Part I, The Theoretical Landscape, consists of eight chapters which adopt
different theoretical stances on the issues of equity and quality. As Secada observes
in his reaction to the chapters:

1. Equity and quality are inherently political terms whose common political bed-
rock is obscured by being taken for granted.

2. Equity and quality have nuanced meanings in everyday use and philosophically.

3. Scholarly inquiry about the nature of equity and of quality—either alone or
linked—has taken a decidedly qualitative turn, focused on textual deconstruc-
tion and/or interviews with key informants.

Part II, Mapping Social Constructions and Complexities, consists of 11 chapters
which address issues concerning quality and equity as well as their relationships,
and highlight particular dimensions of what could be called the social and politi-
cal constitution of the discourses of equity and quality in mathematics education.
As Valero notes in her reaction contribution, the chapters in this section illustrate
with empirical material, analysis and discussions, the way in which the discourses
of equity and quality move in constant construction and recontextualisation from
broad societal trends to the constitution of subjectivities, passing through policy, the
media, pedagogy and reaching the learners. Valero concludes her comments on the
chapters by raising the question of the social construction of quality and equity and
the personal responsibility of an academic or teacher to attempt to promote them.
Part III, Landmarks of Concern, consists of ten chapters dealing with the spe-
cial needs of different social groups traditionally identified as equity groups. The
different authors cover a wide range of areas of disadvantage and exclusion from
gender and social class; to race and ethnicity, and to physical and social alterna-
tive abilities. As Graven points out in her reaction to the chapters, discussion in
this Part points to the need to dispel the myth that ‘same education’ for all results
in equity. They illuminate the way in which a one size fits all as an approach, as
often reflected in slogans such as ‘education for all’, tends to only provide quality

2 Special thanks to two additional reviewers Jeanne L Higbee and Irene Duranczyk.
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education for dominant groups. Specific groups require that curriculum and pro-
grams acknowledge their needs, the resources they bring and, perhaps more of a
challenge is that conceptualisations of ‘quality’ need to be reconsidered from the
perspective of marginalised groups.

Part IV, No Highway, No Destination, consists of ten chapters representing dif-
ferent lessons learnt by academic researchers and/or school practitioners from at-
tempts to manage equity and quality within various educational contexts and with a
variety of marginalised populations. As Atweh notes in his reaction to the chapters,
collectively the chapters in this section point to the fact that action towards the
objectives to raise the levels of both equity and quality in mathematics education is
not only essential (as the many other chapters in this book argue) but that it is also
possible. The message that there are many different paths towards promoting equity
and quality and that the pathway may not always be smooth and journey remains
always incomplete.

We submit this collection to the international community in mathematics educa-
tion, not as summary of our collective knowledge in the area, nor as a catalogue of
the different perspectives and views; rather as a means for continuing the dialogue
on the discourses of equity and quality in mathematics education for the general
benefit of the discipline itself and the societies it serves.

The Editors
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Chapter 1

Disrupting ‘Development’ as the Quality/Equity
Discourse: Cyborgs and Subalterns in School
Technoscience

Anna Chronaki

Anita:

Anita:

Anita:

Giorgos:

Giorgos:

I used to like mathematics and I was good at geometry. Yet, there is this
oxymoron [...]. And, indeed, everybody believed —towards the end of
secondary school- that I will become a scientist.

All these years [...] I have come to realise that mathematics and technol-
ogy are fields unfamiliar to women.

No, look, to be more specific the case is different for young children. If
they, already, have family support [..], if they have a computer at home,
they can work creatively. The issue is access to computer at home. Then,
there will be time and space for girls. I believe that the children of tomor-
row will show us that certain taboos can be broken.

Anita, 37 years old, female school teacher, Greek
[Gender, Mathematics, Technology Project Data File]

[...] men are more into technology. They like it. Whilst women —those
who get involved-because not all of them get involved, they do so, I
believe, out of necessity. In other words, men have a passion (for tech-
nology), they buy magazines about technology [...] whilst women do not
care much.

Look, in my school (engineering dept) ... men might get involved much
more with computers, with technology and the like, but, I think that
the girls in my school [...] also cover this gap. Because, they handle
whatever is required from technology. They do not go beyond it. Only to
cover the school demands. Whether they like it or not.

Giorgos, 20 years old, male engineering student, Greek
[Gender, Mathematics, Technology Project Data File]
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Afrodite: I feel very repressed in all possible ways in what concerns school [...].
I can manage many challenging things, but I fear [...] something I can-
not explain even to myself. I have discovered that I have the abilities to
improve my life. And I am not saying this in order to praise myself. At
some stage, [...] my family encouraged me [...]. They (people from her
family) were saying ‘vou make the beginning of a new life’. And this
was for me an important point in my life. It made me think of school as
the most important thing in the world. It made me think like this until I
started coming into contact with completely different things [..]. I then
started re-considering how helpful school is since I knew that I would
not use it in my future. For I knew that I would repeat my parents’ story.
Namely, I will get married, I will raise children, and I will be involved in
housekeeping and child caring. In this way, my world was demolished.
My whole being was demolished. Why? At this moment, I started taking
the words of others seriously, that it is a shame for somebody, especially
for a girl, to attend elementary school.

Afrodite, 12 years old, female school student, Gypsy Greek
[quoted in Dafermos (2005): 257-259]

Women, Mathematics, Technology
and other Dangerous Things

Lakoff (1987) used the catch phrase ‘women, fire, and dangerous things’ as a title
of a book concerned with how human thinking is totally immersed in metaphors
and depended on their role to produce meaning in everyday talk. His choice to place
the word ‘women’ next to ‘fire’ and next to ‘dangerous things’ intended to show the
power of metaphor-use in language-use. It, also, served to produce a certain ‘image’
of the possible meanings concerning the category ‘woman’. First, a woman is a
thing—not really a person. In addition, a woman, like fire, is a dangerous thing. The
semantic categories of ‘mathematics’ and ‘technology’ along with those of ‘women’
and ‘fire’ in Lakoff’s choice of words seem to exemplify, when placed together, a
similar ‘dangerous’ liaison, for good reasons, as will be shown in the sections below.

‘[M]athematics and technology are unfamiliar fields to women’ says Anita, a
primary school teacher in her late 30s, whilst Giorgos, a young engineering student,
argues that although some female students can cope well with what is required to
do with technology during coursework, they lack a passion for it. Coping well with
school subjects, including mathematics and technology, creates emotional conflicts
for Afrodite, an adolescent Greek Gypsy girl, who senses that she will soon need
to abandon school for an early marriage—repeating her parents’ story. Education,
and specifically mathematics education, provides her with a promise of joining the
desired ‘modern’ ways of imagining, organising and controlling her life. Simultane-
ously, this very desire soon becomes an unfulfilled promise, creating frustration,
pain and feelings of failure. Schooling turns out to be an (almost) impossible path
for Afrodite, who, despite being a successful learner, wonders what might be the
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real value of school for her. Schooling demands a cultural border crossing, and
a constant compromise amongst conflicting ‘values’ related either to community
or school formalities. Afrodite becomes ‘voiceless’, ‘hopeless’ or a ‘subaltern’ in
Spivak’s (1992b) words as her struggle for recognition proves futile or un-ending.

Anita remembers being good at mathematics (geometry), but contrary to her
family’s and companions’ belief in her capacities, chooses not to study mathematics
since she feels that ‘science’ is not really suitable for her as a woman. Despite her
choice not to engage in what was perceived as natural for her, she recognises the
fact that the ‘new’ generation has the potential to reverse such stereotypes if, as she
argues, access to both resources and expertise is safeguarded. However, Giorgos, a
young male who belongs to this ‘new’ generation, seems to espouse that women’s
pursuit of science is not out of pure interest or passion but of mere necessity to ac-
quire the skills required in modern society. Lack of passion and ‘pure interest’ show
that women’s relation to technology is weak, subordinated and marginal. As such
their pursuit of technology is taken as ‘different’ and becomes ‘other’.

Giorgos, like Anita, invests on hegemonic discourses which naturalise young
women as non-passionate, non-dedicated participants in techno-scientific practices
arguing that they ‘get involved [...] out of necessity’. Taking into account the fact
that the discourse of an intrinsic ‘passion for science’ is predominant when sci-
entific creativity and innovations are taken into consideration (Turkle 2008), one
easily concludes, as Anita does, that ‘women are not really made for the worlds of
mathematics and technology’. In contrast, the case of Afrodite shows that passion-
ate desire alone does not seem to safeguard a continuous participation to education
(including mathematics education). Afrodite lives at the borders of two competing
discourses; the one depicting school as ‘the beginning of a new life’ and the other
emphasizing that ‘it is a shame for a girl to attend school’. Schooling represents
the risky path towards a ‘new’, yet ‘uncertain’, life. In a similar vein, Anita rejects
“uncertainty’ and chooses a safer area for study and work.

The narratives offered by Anita, Giorgos and Afrodite are inscribed within dis-
courses that carry a ‘negative’ sense of female experience with technology, math-
ematics and education. Not only Giorgos, but also Anita and Afrodite seem to be
captured within gendered discourses espousing a fixed view of women’s relation to
technoscience. Their stories are not interpreted in a positive way, but instead per-
petuate the projection of stereotypic images. According to Foucault (1972, p. 49)
discourses function constitutively towards producing ‘truths’ which ‘systematically
form the object about which they speak’. This approach explains how hegemonic
discourses serve to reproduce women as having distinct ways of knowing (Belenky
et al. 1986) or that technoscience' is mainly a masculine route towards realising
the rational, modern ‘self’ and developing systemic societal change (Ellul 1964).
Within this realm, school mathematics and technology are not seen a ‘female’

' According to Wikipedia ‘Technoscience is a concept widely used in the interdisciplinary com-
munity of science and technology studies to designate the technological and social context of
science. The notion indicates a common recognition that scientific knowledge is not only socially
coded and historically situated but sustained and made durable by material (non-human) net-
works’ (http://en.wikipedia.org/wiki/Technoscience).
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choice since women deal with technomathematics in ‘different’ ways—ways that
potentially can work towards ‘disrupting’ commonly held assumptions and expecta-
tions. Women'’s relation to technoscience can be seen ‘disruptive’ as they embrace
technology and mathematics without revealing a devoted passion. Instead, their
engagement seems to be a continuous struggle towards fitting technoscientific ma-
terialities in the multiplicities of their everyday working, studying and living. Yet,
women'’s struggling to appropriate technoscientific knowledge is often read as prob-
lematic. The issue of ‘woman as a problem’ has been discussed extensively in rela-
tion to technology (Wajcman 2007), but also in relation to mathematics (Fennema
and Leder 1990). And, its assumed ‘normality’ can be oppressive as it does not
allow ‘other’ subjectivities to emerge and does not voice alternative positioning(s).
Following Michel Foucault and Judith Butler, the present chapter attempts to
re-read hegemonic discourses of female relation to techno-mathematics. Foucault
(1972, p. 151) observes insightfully how discourse ‘obeys that which it hides’ and
becomes ‘the path from one contradiction to another’. He argues that ‘to analyse
discourse is to hide and reveal contradictions; it is to show the play that they set
up within it; it is to manifest how it can express them, embody them, or give them
a temporary appearance’. Discourse as contradiction comes close to notions of
‘disruption’ and ‘trouble’ as promoted by Butler (1990, 1997) arguing for the need
to deconstruct what are often seen as ‘normal’ or ‘natural’ assumptions on agency,
subjectivity and identification. Along these lines, the present chapter aims to move
beyond a negative interpretation of women’s relation to technology and mathe-
matics as passive, indifferent or marginal. It argues that female partial and at times
marginal positionings could problematise technological determinism (Ellul 1964)
and bring forward an alternative reading concerning our understanding of techno-
scientific practices where the complex incompatibility of using technology and
mathematics is not concealed but spoken out and negotiated. It is suggested, here,
that an alternative reading might be closely related to disrupting assumed normali-
ties of human-technoscience relation(s) by means of disrupting ‘development’ as
the quality/equity discourse in technology-mediated mathematics education.
Such an alternative approach to technoscience then becomes a dangerous ges-
ture to development discourse(s). Danger is encountered at several levels. First,
opting out technology and science is ‘dangerous’ for the ‘modern’ individual
as it blocks the development of the rational subject and perpetuates the ‘sav-
age’ and emotional self. Second, this very fact becomes dangerous as it holds
up the development of modern systemic changes where ‘self” and ‘society’ is
interchangeably linked. Development here entails both a quality direction (i.e.
towards becoming the rational subject) and an equity dimension (i.e. all subjects
need to become rational or else techno-mathematically literate). However, nar-
ratives concerning women’s relation to school technoscience do not profess this
very notion of development. Instead, they exemplify a ‘dangerous liaison’ as far
as women instrumentally make use of their right to opt out, to resist, or to become
marginal actors (see also Chronaki 2008). The vision of an equitable future within
mathematics education is, also, critically dependent on the potential of reworking
what it means to assume a sense of ‘I’—an agency that is subjectively negotiated.
Specifically, women, instead of committing themselves to the ‘risky’ path of a
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‘passionate’ experience with formal education and ‘new’ technologies they turn
towards a ‘modest’ relationship carefully negotiating boundaries. Haraway (1997,
p- 130), considers technoscience as the story of globalisation and argues for the
significance of a ‘modest witness’ position as a space for feminist work—a space
where technoscientific knowledge is regarded as situated ‘deep and wide through-
out the tissues of the planet, including the flesh of our personal bodies .

This chapter attempts to provide a type of bird-eye view over a very complex
area that, at present, pressurises teachers and students towards adopting ‘new’ me-
dia, ‘new’ roles and ‘new’ identities. This intensity for change is being discussed
under the caveat of development by providing access for all (i.e. equity) via tech-
nology-mediated mathematics education curricula. However, what do we really
mean by development? And how do these relative links among school technosci-
ence appropriation, development, quality and equity affect the daily lives of women
and men and especially of women and men who belong to marginalised, oppressed
and voiceless groups? Taking into account the above, the following sections at-
tempt to re-read hegemonic discourses on ‘development’ as ‘quality’ and ‘equity’
in mathematics education with an eye to disrupt assumed positioning(s)—or, in
other words, to analyse how discourses can ‘hide and reveal contradiction’ (Fou-
cault 1972, p. 151).

Development as Quality: Intensity for Change

Whilst equity, as Secada (1992, 1995) claims has been marginally explored in the
research field of mathematics education, quality has been well emphasised. From
the 1980s onwards, mathematics education research has greatly invested on promot-
ing innovative curricula design in order to promote guality teaching and learning.
Main sources for theorizing quality have been certain psychological perspectives
based primarily on either constructivist or socio-cultural approaches to learning.
Curricula innovations included the cognitively guided instructions for mathematics,
contexts for authentic learning, realistic mathematics education etc. (Schoenfeld
1994; Greeno and The Middle School Mathematics Through Applications Project
Group 1998; Treffers 1987).

Issues of quality were mainly discussed in relation to the micro-context of math-
ematics classrooms taking into account primarily didactic and pedagogical aspects.
Emphasis on how children develop mathematical skills and competences has led
towards focusing on cognitive and meta-cognitive strategies as they relate to social
interactions (teacher intervention, group work, classroom activity). Despite com-
monalities, constructivist and socio-cultural perspectives could hardly agree on
fundamental principles concerning learner agency and knowledge status. On the
one hand, a constructivist perspective?® directs attention to the learner as an active

2 The notion of ‘a constructivist perspective’ is used, here, in an excessive way, but one needs to
keep in mind that more than one constructivist perspectives have been formed within the field of
(mathematics) education, such as interactive, dialectic, radical, social etc. (Chronaki 1992, 1997).
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autonomous subject who potentially reflects on and negotiates ideas by means of
experimenting with suitable materials. Learning and knowledge development, thus,
depend mainly on explorative activity, reflection and active engagement with task
parameters. A mainstream socio-cultural approach?®, on the other hand, emphasises
semiotic mediation, tool-use, and collective engagement with purposefully organ-
ised activity. The learner is conceived as a motivated subject who needs to actively
interact with more knowledgeable others and to purposefully use tools that bridge
the gap among past, present and future historical practices, forming zones of proxi-
mal development (Wertsch 1991).

Stressing the urgency for quality at the micro-level is not isolated from the
macro-level reform agendas in mathematics education at national and international
levels (TIMMS 2007). Certain curricula politics (i.e. prescriptions for content, skills
and competences, assessment methods) act as ‘ideological state apparatus’ (Al-
thusser 1971) that regulate behaviour at the micro-level of human interactions. In
that way, reform implementation mediates the macro-level societal structuring and
creates micro-spaces (e.g. didactic innovations) where self and society develop to-
gether. As such, the stress for quality in mathematics education curricula cannot be
considered neutral. Mainstream constructivist and socio-cultural perspectives work
synergistically towards this end and provide a language for re-producing and legiti-
mizing discourses of ‘quality’. Such discourses materialise by means of curriculum
reforms and innovations in schools and classrooms (i.e. mathematical content and
competences such as active learning, collaborative work, technology-use, etc.) thus
producing fixed identities of the ‘good’ learner and teacher. Walshaw (2001, p. 96)
highlights that the learner is seen as constructing ‘...viable theories of the ways in
which the world works’, the teacher as facilitating and empowering learners to *
give voice to their subjugated knowledge’ and that learner’s personalised and lo-
calised knowledge ‘...generate not only visibility but also are said to offer agency in
terms of identity and position from which they might act for change’. However, she
critiques the view that subject agency can be easily fixed through suitable didactic
interventions.

Within this realm, technology-mediated mathematics learning enjoys a promi-
nent position within recent curricula reforms in mathematics education. For ex-
ample, there is evidence that certain digital tools suitable for dynamic geometry,
computer algebra, data handling, statistics, programming and modelling can be
instrumentally utilised towards encouraging the development of specific math-
ematical skills and competences such as visualising, representing and manipulating
symbolic entities such as mathematical ideas. At the same time, they foster
certain ways of working such as collaboration, reflection, active experimentation,
etc. (NCTM 2000; Hershkowitz et al. 2002; Ruthven et al. 2004). Technology-based
mathematics education becomes a political arena for teachers, learners and curricu-
lum designers towards producing a particular collective identity change in the name

3 In a similar vein, one needs to mention diversification across a variety of socio-cultural perspec-
tives ranging the emphasis from psychological to cultural, anthropological and critical approaches
to learning and communicating (Kontopodis et al., in press).
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of the ‘new’ math teacher who safeguards ‘quality’ learning. Specifically, the ‘new’
maths teacher is required to be a flexible facilitator of knowledge construction,
as opposed to knowledge transmitter in the traditional paradigm (Chronaki 2000).
Stressing the transformative role of ‘new’ technology is an old issue that reflects
broader socio-economic politics in the so-called ‘new’ information age (Castells
1996/2000). The sense of ‘new’ becomes a reference to the most glamorous recent
past and implies that ‘new’ equals ‘better’ and thus ‘new’ is associated with quality.
The ‘new’ signifies ‘the cutting edge’, the avant-garde, the place for forward-think-
ing people to perform (and become) designers, producers and practitioners. Thus,
discourses of ‘change’ tend to become avenues to ‘new’ and relate to long-lasting
modernist views of social progress and development as smoothly delivered by tech-
nology (Lister et al. 2003).

Investment on such discourses emphasises the revolutionary impact of technol-
ogy towards producing profound transformations of maths teachers’ everyday life
in terms of evolving techniques, skills, relations, feelings, communicative practices
and organisational structures. The transformative impact of ‘new’ technologies has
been mainly discussed as far as it concerns epistemological, pedagogic and didactic
potential for change through the analysis of focused teaching experiments (Marrioti
2002). Despite the benefits outlined in such exemplary cases, and the high invest-
ment on time and economic resources, widespread technology integration in mathe-
matics classrooms remains a challenge (Ruthven et al. 2004). In addition, a number
of studies indicate how female teachers and students do not choose related fields to
study and work and rarely report long-lasting transformative experiences (Wajcman
2007). In a similar vein, Anita, Afrodite and the female engineers position them-
selves in discourses that inscribe them as ‘different’ when compared to men on the
basis of lacking not only passion, but also the flair for active engagement and the
competence for deliberative decision making. However, the discourse on ‘differ-
ence’ can easily slip into discourses of ‘gender gap’ and ‘female danger’. Although,
Anita, Giorgos and Afrodite are different cases in terms of age, gender, race and
school role (teacher, undergraduate student and secondary school student), they all
seem to support the view that women'’s liaison with mathematics and technology is
not only uneasy, but it can be a marginalised or a ‘dangerous’ one. How else, could
one explain Anita’s choice to withdraw from a successful future in mathematics
since she senses that aspects of her everyday life might be in danger, and Afrodite’s
conflicting experiences that lead her to consider quitting school? But also, how
could one predict where young female engineering students might end up in their
careers since they, according to Giorgos, lack a passion for technology and science?

In this realm, female teachers and students easily fall into the stereotypic image
of resisting technology. An alternative reading is that some teachers and students do
not resist technology itself but the stressful requirements for immediate ‘change’
towards a predefined quality agenda. They realise technology as a risky terrain and
they set boundaries on technology use. Illich (1972) has argued that good and evil
are not attributes of technology per se, but of technologies-in-use. For example,
Anita realises how incompatible is for her to invest on mathematics or technol-
ogy as a career pursuit. Similarly, female students reject a passionate relation to
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technology and concentrate, instead, on more pragmatic approach in specific locali-
ties. Whilst, males are believed to be passionately attracted by ‘new’ technology, as
Giorgos, the young engineer states, their female counterparts, although competent,
do not perform a passionate desire.

Instead of pursuing uncritically a path towards identity ‘change’, our data of
women narratives urge us to consider the human-machine relation as situated in
everyday practices. This view agrees with feminist perspectives on technoscience
that alert for the importance to move away from a view of ‘change’ as develop-
ment towards a full masculine self-realisation. Specifically, Haraway critiques a
number of Marxist and psychoanalytic epistemological positions on feminism and
turns to explore the complex production of woman/difference/other in relation to
technoscience. Striving for a move away from dichotomies, dualisms or binaries
situated in discourses that indicate a ‘lack’ (e.g. lack of passion, interest, compe-
tence) and reproduce gendered technological essentialism or technophobia, Donna
Haraway introduces the notion of ‘cyborg’* as a metaphor for a hybrid entity that
blurs the boundaries between organic and mechanic. The cyborg refers to the on-
tology of an enhanced command-control-communication-intelligence system (c31)
where human-machine organisms are integrated into a symbiosis that transforms
both (Haraway 2004, 2006/2009).

The cyborg, short for cybernetic organism, is taken to be the image of an ‘aug-
mented human’ suitable for extra-terrestrial explorations, scientific experiments and
science fiction narratives. But, Donna Haraway uses the term as a prime resource to
imagine an alternative kind of material-semiotic world, an alternative perspective
of identity politics, and in consequence an alternative optic of feminist technosci-
ence. The notion of cyborg denotes that dichotomies and dualisms such as nature/
culture, woman/man, body/mind can no longer be used to figure or create the other.
She claims that; ‘/...] Instead, the cyborg is resolutely committed to partiality, irony,
intimacy, and perversity. It is oppositional, utopian, and completely without inno-
cence. Cyborgs are not reverent; they do not re-member the cosmos. They are wary
of holism, but needy of connection’ (cited in Schneider 2005, p. 64).

This particular ‘cyborg’ point of view allows us to re-consider female relation
with technoscience by appreciating its intense partiality. In this sense, Anita’s and fe-
male engineers’ experience as non-passionate, partial, disloyal could be considered
as a ‘cyborg’ position. They can be seen as ‘augmented’ human creatures as they
appropriate, utilise and negotiate varied uses and productions of technology in their

4 Cyborg, short for cybernetic organism, is a term coined by the research scientists Manfred Clynes
and Nathan Kline in the ‘60s as they tried to imagine the kind of augmented man that would be
necessary for extra-terrestrial exploration or space flight. It refers most particularly to an imagined
and actual mix of machine and organism so as to constitute an integrated information circuit. [...]
The first cyborg, from Clynes and Kline’s lab was a white lab-rat with an osmotic pump implanted
to allow the researchers to inject chemicals to control and observe aspects of the rat’s physiol-
ogy. [...]. Donna Haraway has taken cyborg as a metaphor to draw together an array of critical
questions about human-machine relations and varied embodied forms of technoscience as part of
socialist feminism. Recently, the cyborg had emerged as a figure in popular culture and especially
in science fiction (Clynes and Kline 1960; Haraway 1991).
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everyday lives. Through cyborg a more nuanced and complex angle of vision is of-
fered that sees the technoscientific as a field for the contestation of meaning and the
possibility of remoulding and redirecting what looks repressive into something more
subversive and even democratic. While fully aware of the fact that the image of the
cyborg could be as much about global control and domination, or about pre-emptive
strikes and imperialism masked as deterrence or defence, Haraway offers an alterna-
tive possibility; /4] cyborg world might be about lived social and bodily realities
in which people are not afraid of their joint kinship with animals and machines,
not afraid of permanently partial identities and contradictory standpoints. The po-
litical struggle is to see from both perspectives at once because each reveals both
dominations and possibilities unimaginable from the other vantage point’ (cited in
Schneider 2005, p. 72). As such, the cyborg is not only an image or figure, an entity
in reality or imagination, but it is also a standpoint, a way of thinking and seeing.

Calling the late twentieth-century understanding of the relationship between or-
ganism and machine a ‘border war’, Haraway (1997, 2006/2009) recommends in-
stead a pleasure to be found in bringing about the destabilisation of these boundaries
and an accompanying heightened ‘responsibility in their construction’. This means
that intensity for ‘change’ via discourses of ‘quality’ cannot be taken for granted as
if it constitutes a ‘normal’, ‘neutral’ or ‘static’ path for development. Discourses of
quality as identity change towards developing a ‘fixed’ list of goals promotes ‘fixed’
and ‘static’ identities and denies a ‘cyborg’ view on women’s experience with tech-
nology. Specifically, it conceals the fact that ‘development’ happens in multiple,
complex and hybrid ways where boundaries between humans and machines are
disintegrated and destabilised. In the following section, development as equity will
be discussed as the urgency for all to change with/in school maths.

Development as Equity: The Urgency for All to Change

In the field of mathematics education, gender inequity has been, mainly, explored
in two interrelated dimensions using, at large, comparative analysis; first in relation
to boys’ and girls’ achievements in specific mathematical curriculum content areas,
and second, in relation to male versus female participation in areas of study and
work that require mathematical knowledge and competences. As far as achievement
in particular curricular areas of mathematics (geometry, algebra, problem solving)
is concerned, the quantitative data gathered during the last decade inform us that
male-female differences have started not only to disappear but even to reverse, since
in some countries (e.g. Iceland and Cuba) we, recently, witness some female advan-
tage (Xin Ma 2008 based on a meta-analysis of regional and international studies
on student assessment). A number of meta-analytic review studies concerning the
relative interdependence of variables such as gender, class, achievement, attitudes,
cognitive and meta-cognitive strategies seem to agree that the gender gap has gradu-
ally been eliminated (Hanna 2003; Xin Ma 2008). When the dimension of women’s
career paths is considered, recent research outcomes point out that although there
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is some considerable increase in the presence of females in areas of study, research
and work, their participation in scientific fields still remains unsatisfactory (Jutting
et al. 2006). For example, the American Mathematical Society (AMS) reports a
slight increase in the representation of women in academic editorial boards. Spe-
cifically, they explain that between 1994 and 2003 women representation rate has
increased from 9% in 1994 to 16% in 2003.

The situation is far more devastating in countries of the so-called developing
world, where women still have limited access to work and education. Dunne and
Sayed (2002), for example, explain that, in southern African countries only 5%
of all female students enrol in mathematics, computing and engineering. Frantzi
(2008) investigating women who enrol in mathematics related higher degrees in
Greece observes that whilst before the Second World War women mathematicians
were a rare phenomenon and mainly came from the middle or upper classes, dur-
ing the period 1940-1964, more women enrolled to study mathematics and they
came mostly from a lower middle class background. Gender inequity, thus, is not an
isolated phenomenon but rather greatly related to class, colonial, racial and cultural
constraints experienced by the individual as s/he struggles for access and participa-
tion in related practices.

One might observe that although there is noticeable increase in female achieve-
ment and participation, the gap between males and females continues to create so-
cial inequity. Even though female students are as competent as male and enjoy
practising technoscience, they continue not to choose the subject as a main field
for study or work. The narrative of Afrodite, a young Gypsy Greek girl, as seen
in the introductory vignette, indicates how both gender and race discourses pre-
vent not only her continuous participation in schooling practices thus making her
a case at risk, but also constitute her ‘voiceless’. Spivak uses the term ‘subaltern’’
to talk about how certain colonial and postcolonial discourses constitute not really
the “voiceless subject’, but the subject who realises the impossibility of ‘voice’. In
exemplary cases of female struggles in imperial India she problematises how the
colonial world has always been defined by the West. According to Spivak (1999,
1992a) civilisation, progress and even self-identity itself always eludes the subal-
tern. In other words, the West is defined by differentiating amongst the ‘present’,
‘past’ and ‘future’ as well as by excluding the other. The colonial world has no such
self-identity, at least as the Western viewer perceives it. The cry in Afrodite’s diary-
writing, perhaps, denotes exactly this awareness of the impossibility to speak and
become heard about non-easily fixed, almost un-resolvable, issues.

Based on Spivak we realise how Afrodite becomes doubly the ‘other’ as a wom-
an and as a gypsy woman and how she realises her fragile and fractured self as

5 Gramsci has originally coined the term ‘subaltern’ in order to address the economically dispos-
sessed, and today Ranajit Guha reappropriates Gramsci’s term in an effort to locate and re-estab-
lish a voice or collective locus of agency in postcolonial India. In her essay “Can the Subaltern
Speak?”, Spivak acknowledges the importance of understanding the ‘subaltern’ standpoint but
also criticises the efforts of certain subaltern studies emphasis towards creating a ‘collective voice’
through westernised mediating practices.
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she attempts to cross cultural borders amongst home and school. She struggles to
live in-between two worlds that require her to continuously cope with conflicting
choices and feels emotionally devastated as her diary-writing reveals (Dafermos
2005, p. 257-259). Anzaldua (1987) argues that crossing ‘borders’ is not a simple
but instead a process of learning to accept transformations and learning to tolerate
contradictions and ambiguities—a ‘mestiza’ rhetoric in her words. Mendick (2005)
refers to Anelia, a young Turkish Cypriot girl from a UK-based immigrant family,
who also experiences the home/school divide. Anelia, as Afrodite, has a passion for
(mathematics) education, but she also perceives that making the choice to study
could be incompatible for her life because she holds that ‘mathematics’ is not suit-
able for a woman. Participation in formal educational practices means for Anelia, as
well as for Afrodite, engaging in identity-work that creates multiple contradictions
in her life and leads her towards limiting the study of science or considering quitting
school (see the case of Afrodite). While both women cope well with formal edu-
cational activities—including mathematics and technology—they risk being char-
acterised as ‘savage’, primitive or other. Although this view is highly criticised by
contemporary anthropological thinking for being an imposed ‘gaze’ at non-Western
cultures (Appadurai 1996; Harding 1998, 2008), such differentiation serves to re-
inforce the epistemic chasm between savage and rational mind by perpetuating
knowledge hierarchies. In addition, this chasm shows, as Spivak (1992b) argues, a
concern for the processes whereby postcolonial studies rehearse neo-colonial im-
peratives of political domination, economic exploitation and cultural erasure—an
issue referred to by Spivak as ‘epistemic violence’. It can be claimed that this is due
to the fact that ‘development’ for Afrodite and Anelia is counted on an imperialist
conception of the world and of technoscience. Spivak’s post-colonial critique ad-
dresses the western, male, privileged, academic, institutionalised discourses which
classify the ‘other’ in the same measures used by colonial dominance that, ironi-
cally, seek to dismantle.

Most Gypsy girls do not perform as individual ‘entrepreneurs of self”, using Paul
Du Gay’s words, as their decisions in life are depended on extended family and
community values, needs or habits (Du Gay 1996). Living between two cultures,
Afrodite has to confront conflicting discourses about either ‘attachment to com-
munity life’ or ‘pressure to lead a modern life’ (Chronaki 2009). For her, it is not
an either/or situation but instead a desire to be both and this very fact places her in
a painful situation. Afrodite’s dilemma whether to quit school or not is connected
with pathologising her as incapable of making a sensible choice and as destined to
remain subaltern. How could we, then, reconsider ‘equity’ in view of Afrodite? This
means that gender equity cannot be simply viewed in terms of comparative studies
of male’s and females’ skills and attitudes rooted in quantitative analysis or posi-
tivistic interpretations. Afrodite’s urgency to develop is also linked to her urgency
to move towards a certain quality of modern ‘life’ inscribed through masculine and
imperialist agendas of development. Her case, in particular, urges us to consider this
‘move’ as an unfulfilled promise or as potentially unending.

A major consequence of hegemonic discourses of equity is the constitution of
subjects as marginalised, oppressed or voiceless. In an almost pessimistic tone Spi-
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vak concludes that the ‘subaltern’ cannot speak in the context of cultural imperi-
alisms and moreover the ‘subaltern’ cannot be given a voice via a mediator. She
specifically suggests that any attempt from the outside to grant subalterns a ‘collec-
tive voice’ is problematic as first, it assumes cultural solidarity among members of a
heterogeneous group of people, and secondly it depends upon western intellectuals
to ‘speak for’ their condition. Spivak argues that through such a process the sub-
alterns, in fact, re-inscribe their marginalised and subordinate positions. Afrodite
seems to fall into this category. As a gypsy woman she is required to perform a ‘nor-
mal’ gendered positioning as constructed by her community. Taking into account
that ‘normal’ is a fictional category one can claim that there is no normal way for
any gender to act. Gayatri Chakravorty Spivak optimistically argues that although
we cannot ‘give’ a voice, we can clear the space for the subaltern to speak. She sug-
gests that instead of urging for a ‘collective voice’ by means of the Western logos,
it is preferable to focus on clearing the subalterns’ path so that their voice can be
heard. The subaltern, be it a Gypsy adolescent girl or a Western woman who, though
competent with computers and maths, chooses not to make them a priority in life,
seems to live at the margins of hegemonic discourses of ‘development’. Clearing the
path for them to be heard, in the context of this study, is closely related to troubling
and disrupting—in Butler’s words—*development’ within hegemonic discourses by
revealing contradictions and taking seriously the contextual processes that consti-
tute marginalised and voiceless positioning(s). Growth, progress, development all
seem to safeguard quality. And access to quality for all is assumed to be the measure
for equity. Quality and equity, thus, become the two opposite sides of the same coin
called ‘development’.

Conclusionary Remarks

Technoscientific practices, and school technoscience in particular, are central to
both self and society ‘development’. A recent anthropological study shows how
‘namba tok’ (number talk or the use of statistics by colonial officials) is coupled
with ‘kaantri’ (country) creation in the consciousness of the Nimakot people of cen-
tral New Guinea who see their lives changing from nomadic to settled inhabitancy
(Wesch 2007). What we have come to call ‘modern’ society has emerged through
production and appropriation of a variety of ‘technologies’ including arithmetic, ar-
chiving and spacing structural systems utilised to organise and control daily mind-
body practices. Dunne (2008), based on Foucault (1977/1980, 1991) discusses the
political role of mathematics and technology as core values of modernity and ex-
plains how both are utilised to define and fulfil goals of ‘development’. This hap-
pens simultaneously at two levels; first, they are used to measure the achievement
of certain predicted economic, social and educational outcomes, through a broad
application of statistics, and secondly, by applying pressure, via local and national
educational policies, mathematical and technological literacy is promoted. An im-
perialist (and sometimes a post-colonial) agenda of governmentality means that
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women’s access to and participation in these subject areas are measured and evalu-
ated against that of men and western culture. In other words, the dominant discourse
of development serves to legitimise ‘women’ as ‘others’ (i.e. women, as primitives,
need to develop and progress).

From this point of view, technology-mediated mathematics education is not
merely a tool for better understanding mathematical concepts, but can be seen
as a tool for introducing learners to certain standards of ‘modern’ life—and for
some (including women) this can be a risky, unsafe and uncertain terrain. He-
gemonic discourses, based mainly on constructivist and socio-cultural agendas,
tend to overemphasise the ‘active’, ‘rational’, ‘autonomous’ learner who is able to
instrumentally utilise any accessible technology and make timely choices and de-
cisions. However, such a view eschews the ideological underpinnings of an over-
simplified adherence to modernist and neoliberal ideologies. Walkerdine (1993)
and Rose (1999), amongst others, explain that discourses related to an impetus
to govern modern life are based on the virtue of self-reliance (autonomy, self-
regulation, self-efficacy, etc.) and reflect mainstream and conservative psychol-
ogy or sociology. Rose (1999), in particular, supports that the burden of ‘choice’
conceals the broader social context in which jobs for life have disappeared leaving
the fiction of life-long learning instead. Simultaneously, inability to choose, to act
or to make appropriate decisions signifies inability to perform as an ‘autonomous
subject’ which then results into lack of development and leads to marginalisation.
As explained above, self/society development requires both a quality and equity
dimension. Within the confines of imperialist, colonial and patriarchal discourses,
development is taken to be equivalent to the construction of a fixed ‘rationality’ as
the ultimate goal for quality. Rational development is also taken to be at the heart
of technoscientific practices including mathematics and technology-related litera-
cies. Therefore, quality in mathematics education curricula and practices is taken
to be a cornerstone for safeguarding quality/equity and minimising exclusion and
marginalisation.

However, women often seem to either resist or embrace partially and without
passion certain technoscientific practices affecting their daily life or work. Such
a standpoint can be stereotypically interpreted through the ‘woman as a problem’
optic—an interpretation rooted in hegemonic discourses of quality/equity. As previ-
ously seen, on the one hand, some mainstream constructivist and mainstream so-
cio-cultural perspectives strive to prescribe quality in mathematics education, and
on the other hand, certain mainstream feminist perspectives focus on investigating
gender inequity not only at the level of achievement, competences and attitudes
but also at the level of access to and participation in mathematics and technology-
related fields. While constructivist and socio-cultural theorists emphasise quality
curricula, feminists identify gender gaps. In simplified terms, it may seem that one’s
work serves (to sustain) the work of the other. In other words, when a gender gap
becomes identified, a quality curriculum will be there to fill the gap. But life is not
that easy.

In the realm of the present chapter, it has been argued that hegemonic discours-
es of quality/equity as means for self/society development need to be approached
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through alternative perspectives that enable subjects to move beyond a pressuris-
ing emphasis to a singular ‘perfectionist’ relation to technoscience. Hegemonic
discourses tend to read women as ‘others’ by their being considered, perhaps unin-
tentionally, as the passionless and subordinate users of technoscience. By re-reading
these stories we come to realise, that involvement in mathematics and technology
in school practices is neither simply a matter of access to equitable sharing of re-
sources, knowledge and support nor an issue of a particularly passionate interest
and positive attitude towards the subject. Women and men seem to live in complex
localities that require them to simultaneously appropriate not one but a number of
discourses that often become competing forces in both personal and school lives.
The notion of ‘cyborg’ induces a renewed vision of quality, as far as the subject’s
involvement in technoscience is concerned, emphasising partiality and hybridity.
Women as ‘cyborgs’ can be fragile and fractured amalgams of a human-machine
organism and can claim for themselves the right to ‘error’, to express ‘failure’, to
demand ‘connectivity’ and to feel confident with ‘partiality’. According to Haraway
(2006/2009), it is not the ‘machine’ that women reject but the insecurity that comes
as a result of communication breakdown. In other words, it is the fact that they do
not seem to have control over the fluid relation which develops between humans
and machines that requires a ‘holistic’ instead of a ‘connectivist’ relation to technol-
ogy. The cyborg metaphor, thus, has the potential to become a way of thinking and
re-working subjectivity as situated, hybrid and partial.

In addition, the notion of ‘subaltern’, as argued by Gayatri Chakravorty Spivak,
offers an alternative optic on issues of difference or otherness as they affect mar-
ginalised, oppressed and voiceless subjectivities. She claims that by having limited
access to cultural imperialism and by being constructed as ‘different’ or ‘other’, the
subaltern can signify the ‘proletarian’ whose voice can not be heard as it is structur-
ally deleted from the capitalist bourgeois narrative. Furthermore, she objects to the
view that since the subaltern cannot speak, an advocate is required to speak for her,
arguing: ‘Who the hell wants to protect subalternity? Only extremely reactionary,
dubious anthropologistic museumizers. No activist wants to keep the subaltern in
the space of difference [...] You don't give the subaltern voice. You work for the
bloody subaltern, you work against subalternity’ (Spivak 1992a, p. 46). The bur-
den created by the organisation of ‘collective’ or ‘mediated’ voices for subalterns
constitutes, according to Spivak, a rehearsal of a political domination of ‘voice’ via
neo-colonial exploitation that ultimately exacerbates ‘epistemic violence’. Instead,
she voices the need to seriously consider clearing the way for the subaltern to speak.

As it has already been shown, clearing the way is a process of disrupting the
hegemonic discourses of development that either implicitly or explicitly nurture sub-
alternity. While Haraway promotes a notion of the cyborg that opens up subjectivity
to embrace situatedness, hybridity and partiality, Spivak enters the complexities of
marginalised and voiceless subjectivity by encountering the subaltern’s voice. The
impossible task of being heard signifies the impossibility of realising self as part of
society or else the impossibility of belonging. Spivak does not hesitate to criticise
the postcolonial practices that assume a ‘voice’ can be given via the mediation of an
advocate and passionately argues that the subaltern do not need to be given a ‘voice’
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but instead we need to clear the way for them to walk and be heard. This important
gesture means that the responsibility of their having a “voice’ is simultaneously our
responsibility of listening to their voices—a deeply dialogical gesture. As a final
word, I would like to argue for the need to consider involvement in school technosci-
ence as a risky gendered territory where subjects negotiate their positions by taking
the boundaries and affordances of their localities into account. A situated notion of
agency with/in technoscientific practices rejects the utopian and imperialist politics
of ‘holism’, ‘advocacy’, ‘perfectionism’ and, instead, pursues ‘connectivism’ and
‘partiality’. For this reason, a turn towards post-structural and postcolonial theorising
of female experiences with school technoscience may prove most valuable.
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Chapter 2

Beyond Gap Gazing: How Can Thinking About
Education Comprehensively Help Us
(Re)envision Mathematics Education?

Rochelle Gutiérrez and Ezekiel Dixon-Roman

One cannot talk about equity these days without being politically correct. In fact, in
the United States, “equity” has become an empty signifier manipulated in/through
discourse (Dixon-Roman, in press). For example, although many use “the achieve-
ment gap” as an important call for school accountability around needed resources
and additional support for marginalized students, (e.g., Education Trust 2005), such
discourse has done little more than replace “the culture of poverty” in the latest of
deficit frameworks. That is, while equity issues are becoming more mainstream
in the mathematics education community, theoretical framings continue to reflect
equality rather than justice, static identities of teachers and students rather than
multiple, fluid, or contradictory ones (Gutiérrez 2002, 2007; Martin 2009) and
schooling rather than education. Whenever words like “quality,” “democracy,” and
“equity” are used, we must first unpack what these terms mean and then examine
who benefits from the definitions employed.

Let us consider the prevailing equity discourse in the United States: “the achieve-
ment gap.” The excessive focus that U.S. researchers place on the gap between
the mathematics achievement of white, middle-class students and that of African
American, Latin@', American Indian, working-class students, and English learn-
ers and the need to close the gap (termed “gap gazing”) sheds light on issues of
access and achievement from a dominant perspective (maintaining the status quo)
with little concern for how students are constructed in the process, what additional
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skills are needed to negotiate the discursive spaces of education, and/or how power
relations play out in learning. This phenomenon exists beyond the United States as
well, in the form of international comparative studies. Although all comparative
studies are not problematic, they continue to privilege and normalize certain groups
and practices. As such, international studies that seek to compare nations can echo
this preoccupation with an achievement gap. While we recognize the essentialist
underpinnings of such terms as “white middle-class students” or “American Indian
students,” we use these terms as they circulate in discourses and are used to position
individuals in education.

In this chapter, we begin by destabilizing the equity definition implicit in the
achievement gap discourse by first outlining the dangerous effects of maintaining a
gap focus and then by explaining, from a Foucauldian perspective, how the “gaze”
operates. From there, we turn to research on comprehensive education to highlight
the many ways in which people learn or are educated outside of schooling. Finally,
we examine what impact shifting our goals from “closing the gap” to “meaning
making in social interactions” might have for the endeavor of mathematics educa-
tion. Throughout this chapter, we argue that both relying upon discourses like the
“achievement gap” and continuing to privilege schooling as the primary institution
of education will ensure that students of color and other subordinate populations
will continue to be left behind. We show how questioning the concepts of “eq-
uity” and “education” leads to equally important questions such as “What counts
as mathematics?”—an often overlooked issue in debates about equity, access, and
democracy. Considering education comprehensively in this way may offer an op-
portunity to better unite philosophers, sociologists, and cultural anthropologists of
mathematics with those who educate broadly.

Destabilizing the Achievement Gap Discourse

The Problem with Gap Gazing

In order to better understand the meanings operating with respect to the term “equi-
ty”” as well as who benefits from such meanings, we take the perspective of subordi-
nated individuals in society (defined here as African American, Latin@, American
Indian, working-class students, and English language learners). Let us consider the
various ways in which the current focus on “the achievement gap” within main-
stream mathematics education in the United States is problematic. First, although
mainly concerned with the well-being of marginalized students, researchers who
focus on the achievement gap support practices that often are against the best inter-
ests of those students (Gutiérrez 2008). That is, while documenting the inequities
that marginalized students experience daily in mathematics education could be seen
as the first step toward addressing hegemony, most research stops there. Examining
the gap from its many angles and perspectives (what Gutiérrez calls “gap gazing”)



2 Beyond Gap Gazing 23

has done little to change the will or commitment of a nation to engage its citizens in
broader forms of mathematical literacy, in part because closing the achievement gap
suggests nothing is wrong with the system. Although some would argue that gap
gazing seems to relate only to research studies that document the gap and not those
that attempt to reduce the gap, we use the terms “gap gazing” and “achievement
gap perspective” interchangeably to denote the fact that both connote a discourse
that fails to consider equity beyond the narrow definition of “access.” See Gutiérrez
(2008) for further elaboration.

More specifically, because gap gazing draws upon one-time cross sections of
data, it offers little more than a static picture of inequities with inadequate informa-
tion about how those inequities were created. In addition, achievement gap stud-
ies often fail to question the validity of measurement tools or the choice to focus
on measurement. In fact, the best we can achieve under an achievement gap lens
is to close the gap, to show that marginalized students can do as well as middle-
class whites. Most researchers and practitioners fail to question the underlying as-
similationist goal and the ways in which framing the problem as an achievement
gap supports deficit thinking and negative narratives about marginalized students.
That is, such thinking encourages researchers to focus on ways to make subordinate
populations more like dominant ones. And yet, other researchers have made cogent
arguments for framing the issue of equity around other kinds of gaps, including the
opportunity gap (Flores 2007; Hilliard 2003), the education debt (Ladson-Billings
20006); the gap between whites and Asians (Gutiérrez 2008; Martin 2009).

Gap gazing also accepts a static notion of student identity, presuming that stu-
dents can be reduced to a set of cultural markers, rather than recognizing they are
constantly in flux, dependent upon the social structures and social relations in which
they are engaged. By always relying upon a comparison group, the achievement
gap discourse perpetuates the idea that subordinate populations cannot be studied
for their own sake and/or that such populations have nothing to contribute to more
general discussions or theories about education. Ignoring the largely overlapping
achievement patterns of groups, the dividing practices (Foucault 1980) common in
gap gazing research serve to dehumanize students.

Moreover, the achievement gap discourse provides researchers and practitioners
with a “safe” proxy for talking about students of color without naming them or hav-
ing to discuss the institutions of racism, classism, or politics of language that are
endemic in today’s society. And, by failing to interrogate these hegemonic institu-
tions, the achievement gap discourse perpetuates the myth that the problem (and
therefore solution) is technical in nature. Finally, gap gazing relies upon narrow
definitions of learning and equity, assuming both that today’s school mathematics
curriculum is the one to which we should aspire and that access to an unfair system
is a sufficient goal. Yet, marginalized populations have historically shunned the idea
that white student achievement levels signal excellence. Instead, they have tended
to hold broader standards for themselves—defining excellence with an eye toward
not just doing well in school, but also maintaining cultural values and a critical atti-
tude in their young, often privileging ties to the community over individual success
(Hilliard 2003; Kurzweil 2003; Valdés 1996).
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The Impact of the Gaze

Currently, the discourse in the United States around the achievement gap is so
prominent and normalizing that it is almost unimaginable that students, teachers,
and community members can escape its grip. In fact, we argue they do not. Subordi-
nate students and their local communities are assaulted daily with headlines of con-
tinued or growing achievement gaps, constructing them as inferior to middle-class
whites and Asians. Much of the mathematics education community is complicit in
this construction of subordinate populations. In fact, when Gutiérrez first published
an article on gap gazing in July 2008, a search in Google Scholar with the words
“achievement gap” + “mathematics” produced 8,000 hits; today that same search
produces 137,000 hits, signaling that the research community’s absorption with this
discourse is not waning. Beyond the research community, our society in general
seems to have bought into this achievement gap pre-occupation. The same search in
regular Google produces 404,000 hits.

The focus on the achievement gap by mainstream mathematics education allows
for only certain “truths” to arise (Foucault 1980; Walshaw 2007). These “truths”
are not universal or fixed. Rather, they are constructed by our choice of focus. For
example, in the achievement gap story, at best (by closing gaps), we can show that
students of color are capable of doing as well as middle-class whites; at worst (by
failing to close gaps), we reify the notion that perhaps the intellectual capacity of
students falls on a “natural” hierarchy that is coded by ethnicity/race. From a post-
structuralist perspective, it is the gaze and the repetition of that gaze in discourse
that: (1) makes the achievement gap comprehensible, (2) normalizes, and (3) gives
authority to a particular discourse about equity. Here, the discourse is one that fo-
cuses on standardized test scores and the kinds of students who are capable of doing
well in mathematics. As a result, students of color continue to be framed in compari-
son to whites; this comparison then becomes normalized, as if it is a “natural” way
of thinking about achievement, rather than focusing on the excellence of students of
color or the many other ways subordinated students may make sense of their experi-
ences with mathematics.

By providing the categories by which teachers and students see themselves, the
gaze further serves to regulate bodies in ways that shut down other possible dis-
courses and technologies within school. Even when students are not in school and/
or are grown adults, the achievement gap discourse continues to construct our no-
tions of who is good in mathematics and who is not (Martin 2007), as well as influ-
ence how those constructions relate to intelligence overall. The residue of compari-
sons and testing regimes lingers long into one’s life.

Teachers who may have thought of their work in much more complex ways may
find themselves ignoring other signs of excellence (e.g., improved inter-group rela-
tions in students, greater student participation in advanced mathematics courses,
positive dispositions toward mathematics, students having improved/broadened vi-
sions of their futures, the ability to see that mathematics is socially constructed).
This kind of self-regulation occurs because schools shape, monitor, and discipline
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the knowledge, modes of operating, and positionings of teachers (Walshaw 2007).
So, even if an administrator is not explicitly asking teachers to act in particular
ways, the mere threat of broader surveillance, of wanting to fit in with what is
deemed acceptable or professional, is enough to affect the technologies (practices)
seen to be valid. This is especially true, given that the National Council of Teachers
of Mathematics, the professional society for mathematics education in the United
States, embraces the discourse of gap-closing when conceiving of “equity” and in
its annual conferences.

If we decide that doing mathematics equates to scoring well on “achievement
tests,” then the issue is not just whether the measurement tools we develop have
sufficient accuracy or whether the models can become better at predicting or ensur-
ing achievement in school. We now are in the realm of consequences for the kinds
of individuals (e.g., students, teachers, parents) who are constructed, which is an
artifact of the original definition of mathematics that was employed, something we
return to later in this chapter.

Fortunately, individuals are not mere consumers of the discourses that operate
in society. That is, just as gap gazing can close down the identities marginalized
students are seeking to create/act, it also can serve as the means for opening up
new identities. Subordinated students constantly (re)interpret, (re)use, and (re)in-
vent such discourses for their own purposes (Dixon-Roman 2009). As such, what
may have begun as consumption can turn into a form of production. Even so, this
production does not come without costs. Re-signifying/subverting such discourses
(Butler 1993) requires that students do additional cognitive and emotional work
(McGee 2009; Stinson 2008).

What is hidden in our preoccupation with testing and achievement is the fact that
(mathematics) education happens on so many more levels than schooling. More-
over, there is a false dichotomy between the sciences and the humanities (Davis
1994). As educators, we must challenge the wisdom of using the achievement gap
discourse as the means for addressing equity/democracy. Varenne (2008) reminds
us that,

school achievement is but a small part of American education and we must convince policy
makers (and I include everyone here from senators in Congress, to school teachers) that the
main issue for American democracy is not getting everyone to achieve at grade level...it is
our duty, as given by those who maintain our positions as experts, to challenge what policy
makers actually enforce on each other. (pp. 364-365)

In this sense, the debate about what we want for our children/students/society with
respect to mathematics is as important as the products that result from education.
Thus, it is not just important, it is our “duty” to challenge the centering of math-
ematics knowledge in schooling and reveal the multiple levels of mathematics edu-
cation beyond schooling.

The kinds of research questions we ask influence the knowledge that is created
as well as what we might be able to do with that knowledge. We see that maintain-
ing a focus on education as it occurs within schooling ends up (re)inscribing the
inequitable conditions that produce “failing” students as if they are attributes of the
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students themselves. Looking to life more generally, we see people learn everyday
from many sources and for many purposes.

Thinking About Education Comprehensively

In his address to the John Dewey Society, Cremin (2007/1975) states that,

The important fact is that family life does educate, religious life does educate, and work
does educate; and, what is more, the education of all three realms is as intentional as the
education of the school, though in different ways and in different measures. (p. 549)

He further goes on to set forth three assertions:

First, we have to think comprehensively about education; second, that we have to think
relationally about education; and third, that we have to think publicly about education.
(p. 1550)

Cremin’s insightful observations and analysis were a challenge to the theory of
education within educational research, policy, and practice. That is, education had
been (and continues to be) understood as a binary opposition between schooling and
society, in which schooling was/is privileged as the site of education. Cremin points
to this very contention in John Dewey’s Democracy and Education, but argues that
Dewey falls victim to the very dualism that Dewey attempts to reconcile. It is via
this understanding of education comprehensively, relationally, and publicly that Cr-
emin attempts to resolve the dualistic understanding of education and society by
speaking to how one contaminates the other, how schools are related to other soci-
etal apparatuses, and how each of their relational focus is important in the equitable
development of high human potential.

When we recognize the limitations of public schooling, other forms of learning
in society become important, not just so they may (re)engage and validate a subor-
dinate population, but also because they have the potential to (re)engage education
as something broader. Over the years, partly because of racism, sexism, classism,
and politics of language, marginalized populations have not been able to rely upon
public schooling to teach their young. They often rely upon schools to transmit
dominant values and skills, but recognize the need to supplement those values and
skills with other things that affirm the child. Through necessity, families and other
institutions supporting subordinate populations have had to become more deliber-
ate in their teaching because their young have had to negotiate schooling as an
institution in way(s) different from dominant populations. To be clear, we are not
suggesting that dominant populations do not need to negotiate schooling or are not
educated outside of school. But, we highlight the fact that by focusing our attention
elsewhere (to the margins), we find potential solutions for making education overall
better, not just for the subaltern.

For these reasons, and building upon Cremin, others (Gordon et al. 2005;
Varenne et al. 2009) have begun to theorize, examine, and consider many of the
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various forms of supplementary and comprehensive education. Supplementary edu-
cation refers to all of the learning and developmental experiences that occur outside
of schooling; whereas, comprehensive education is concerned with the deliberate
and relational educative experiences in all institutions of society, not just schooling.
They suggest supplementary and comprehensive education might include librar-
ies, museums, childcare centers, health education and clinics, martial arts, hip hop,
after school programs, athletics, parenting practice workshops, financial literacy
programs, prenatal services, among many others. It is via each of these community
institutions, spaces, and practices that we find the various intentional educational
processes that Cremin asserts.

For our work, we rely upon Varenne’s distinction of thinking about education
comprehensively, rather than thinking of some entity we might call comprehensive
education that would replace schooling. Building upon the idea that the arrange-
ments of education are somewhat arbitrary (Garfinkel 2002), Varenne (2007, 2008,
2009) puts forth the idea that we are all ignorant and that leads us to seek knowl-
edge. Individuals are constantly trying to figure out what is happening around them,
as well as learning to be adaptive to their environments (Lee 2008). When people
try to figure out who they are, they rely upon those around them. When people fool
around (do not follow the rules), they are instructed in how to behave. This educa-
tion happens not just with respect to families, but occurs while one is standing in
line at the post office, when one is given medicine, or when one is instructed by
labels as to which product is best for us.

Considering a more comprehensive view of education allows us to move beyond
distributive models of justice (the redistribution of resources in society) toward af-
firming multiple (and unsanctioned) ways of knowing and challenging the norms of
decision-making processes. Both of these are non-material resources of power that
are not addressed by distributive models of justice (Dixon-Romadn, in press; Young
1990). We turn now to what this might mean for mathematics.

Exploring Mathematics Education Comprehensively

The research in mathematics education has not been completely centered on school-
ing. In fact, programs of research in ethnomathematics, social justice mathemat-
ics, and out-of-school mathematics bring us a step in the direction of challenging
school-centered mathematics knowledge (Ascher 2002; D’ Ambrosio 2006; Fran-
kenstein and Powell 1994; Miranda 2008; Nasir 2000; Nasir et al. 2008; Nuiies
et al. 1985; Saxe and Esmonde 2005). However, policy makers and educators are
often left scratching their heads about what to make of the fact that students cannot
transfer their knowledge of mathematics in out-of-school contexts to an ability to do
mathematics in school. These studies do not tend to offer compelling arguments that
doing mathematics as an endeavor should be challenged, as they tend to privilege
school mathematics as a frame for identifying (i.e., judging) what happens outside
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of school. Nor do they explicate the desired relationship between schooling and
institutions outside of schooling, the relational piece that Cremin put forth.

At times, these studies seem to imply that schools simply need to do a better job
of reflecting the real-world problems that people encounter in their lives. However,
such a task would require fabricating false problems that are not really those of
the particular individuals in a classroom. In fact, out-of-school studies do not sug-
gest that because we know African American males do mathematics while they are
engaged in such “cultural practices” as playing basketball or dominoes, we should
necessarily include domino playing or basketball as a means for hooking such stu-
dents into learning school mathematics or highlighting their intelligence. However,
other than chronicling that people do mathematics in various effective ways outside
of school and that these ways should be valued, the aims of out-of-school math-
ematics seem poorly articulated with educational policy in general or schooling as
an institution.

More than just thinking about the forms of mathematical practices and wheth-
er they are valued—be they social justice-oriented, ethnomathematics, or out-of-
school—thinking about education comprehensively pushes us to think about the
ways in which mathematics formats our worlds. Such thinking moves beyond a
sole focus on the practices themselves toward a greater awareness of the role(s)
that mathematics play in decision-making. Without paying greater attention to these
current structuring roles, we are unlikely as a community to (re)interpret, (re)use, or
(re)invent the roles we would like for mathematics to play in our future.

Rethinking (the Roles of) Mathematics

Most researchers writing about equity in mathematics education fail to question what
counts as mathematics and/or what should be its role in helping create a more just
society. This kind of question is typically reserved for the philosopher, anthropolo-
gist, or sociologist. Yet, what counts as mathematics is important to the endeavor
of education because the definition of mathematics is complicit in constructing dif-
ference (Gutiérrez 2010 in press; Wiliam 2003). In fact, the high status that society
confers on mathematics may relate more to the fact it correlates with intelligence
tests and is easy to create large differences in performance between individuals than
the fact that there is something inherent in mathematics that makes it powerful. The
continuation of this falsely earned status in schooling may be due to the fact that
males tend to perform better on such tests (Wiliam 2003; Wiliam et al. 2002).
What would it look like in mathematics to consider education comprehensively?
To answer this question, we need to grapple with the practices in which people are
mathematizing their world and that happens everywhere, not just in schools. We
must ask ourselves when are these practices defined as mathematical, when are they
considered something else, and when do they blur the boundaries? In fact, regard-
less of where they occur, social practices can never really be defined in essentialist
terms such as mathematics or non-mathematics; however, they can be seen as more
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or less consistent with previous inscriptions of mathematics as (e.g., measurement)
or something that departs from that. We turn, here, to the work of Ole Skovsmose,
in particular his notion of “mathematics in action” and the “formatting power of
mathematics” to help uncover the roles that mathematics plays in structuring reality.

Skovsmose and colleagues have put forth the argument that in society, being
rational is correlated with being mathematical (Christensen et al. 2008; Skovsmose
2004; Skovsmose and Yasukawa 2004). That is, mathematics is seen as the arbiter
of truth.

When debating the quality of a mathematically based decision, only questions concerning
rigour of the mathematical description and analysis appear to be open to serious discus-
sions. (Christensen et al. 2008, p. 78)

This view is supported because individuals generally assume that mathematics has
the potential to adequately represent the essential characteristics of all things. If
we have two different cell phone plans and we need to make a decision between
them, we can model with statistics what are the likely outcomes for the average
user to arrive at our answer, even knowing that no such “average” user exists. The
idea is that mathematics embues a kind of rational order to things that allows one
to choose without emotion or bias. Yet, we need only consider how difficult it is to
“quantify” or otherwise capture in “mathematical” ways the cultural significance of
things (e.g., the value of a deceased loved one’s picture, the significance of being
able to speak one’s mother tongue freely, the impact of art/music on the psyche) to
see how this line of thinking goes awry.

Considering a comprehensive view of education, we note that everyday deci-
sion-making is never purely mathematical. While some models become useful for
making sense of our world, we must also recognize that at some level they are im-
precise, fabrications of our surroundings. We often make decisions partly by what
the “mathematics” tells us, partly by what “other things” tell us. How do we justify
our decisions to ourselves (and others) when they are inconsistent with the “data”
we have before us? The fact that people choose to invest in “green” funds or buy
“local” or “organic” suggests much more is being considered than maximizing re-
turns or some other straightforward (universal), “rational choice,” or cost-benefit
analysis.

The valuable point that Skovsmose and colleagues make is not just that indi-
viduals and communities are enculturated into this view of mathematics (e.g., as
inherently powerful), but that realities become substituted by false situations. This
is what they call the “formatting power of mathematics.” They argue further that
education becomes the process by which reality is falsified in order to dominate.

Following this logic, D’Ambrosio wonders whether we should educate the in-
digenous/marginalized or whether such individuals might be better off not being
indoctrinated with such mathematical formatting of the world that is part of the
culture of power. But, here is where D’ Ambrosio slips into privileging schooling
as the main institution of education. In fact, if we recognize that many institutions
educate, then we can see how society in general (families, religions, museums, me-
dia, community centers), and not just “schooling,” contributes to this formatting



30 R. Gutiérrez and E. Dixon-Roman

power of mathematics. And, yet, drawing from the Program ethnomathematics, we
can also acknowledge that not all societies value quantity over quality (privilege the
products of measurement).

Studies of adults learning to use mathematics (to learn what they did not learn in
school, to get better jobs, to take part in political discussions) offer some interesting
findings (e.g., FitzSimons 2002; FitzSimons and Godden 2000). These studies high-
light flexible learning (e.g., self-teaching) and the de-institutionalization of educa-
tion (e.g., workplace valued over the academy). Moreover, these studies illustrate
how individuals deal with technologies of power that serve to construct them as
either “doers” or “knowers” of mathematics. Drawing on studies of adult learners,
we might ask, how do individuals negotiate these technologies of power? How do
adults become aware of their role in producing and/or using mathematics? What
are the implications of market-driven learning that deprofessionalizes teachers and
places the responsibility for life-long learning on workers?

By thinking about education comprehensively and therefore rethinking the roles
of mathematics in society, it moves us from tinkering with the current arrangements
in school (e.g., developing better lists of how to improve achievement for particu-
lar populations, creating better models for measuring or predicting achievement,
closing the gaps between haves and have nots) and moves us to trying to better
understand the reliability of mathematics put into action. When does mathematics
capture the salient aspects of one’s surroundings and when does it miss? When it
misses, what new creative inventions of mathematics are put into play? What is the
relationship between doing mathematics and doing other aspects of everyday life?
What might it mean to embody ethical actions when using mathematics (Skovs-
mose 2004)? A broader dialogue is necessary if we are to coordinate the various
institutions of education that operate in society.

Although the main purpose of thinking about education comprehensively is to
de-center schooling as the primary source for education, it is not to completely
dismiss the role of schooling in the broader enterprise of education. As such, we
also consider what can schooling learn from a comprehensive look at education?
What do people learn about the value and power of mathematics through school-
ing? Much attention has been placed on the achievement gap. Beginning at that
level, instead of asking how we might close the gap, we might ask: through the
discourse of the achievement gap, what do individuals learn about themselves and
others (e.g., what people are capable of)? What do people learn about competition
and/or inequalities? How does that relate to the formation of self and other? Mov-
ing beyond the gap gazing discourse, we might ask what are some of the roles that
mathematics plays in structuring our realities? When do we “do” mathematics and
for what purposes?

Besides becoming more aware of what counts as mathematics, schooling can
learn to recognize the structure of the discipline. Traversing the belief of a univer-
sal mathematics and recognizing that individuals produce different mathematics
in relation to others (over time) allows us to see that academic mathematics is but
one form of ethnomathematics (Frankenstein and Powell 1994) that does not al-
ways support people to make sense of and function effectively in their worlds. If
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mathematics has become a tool by the dominant to justify their position, often to
look down upon those seen as less rational, how can students learn to be more aware
of when they are (re)interpreting, (re)using, or (re)inventing mathematics? How
might teaching mathematics for social justice deliberately connect with or contrib-
ute to this endeavor?

Schools can learn from people/institutions that operate outside of schooling
(both in content and in form). That is, those who educate can be more deliberate
about what supplements life (in recognizing how mathematical practices shift over
time, deciding whether to speed up these shifts, try to stop them, etc.). In some
ways, technology’s impact on mathematics is a good example. From time to time,
heated debates arise within mathematics education about whether students should
have access to technology (primarily calculators) before they have learned the “ba-
sic skills” that technology performs. The question of whether to use calculators/
computers in math class assumes schooling can somehow control what students
“learn” about mathematics, as if they are not already using such technologies out-
side of mathematics class to make decisions or to educate themselves. Moreover,
rather than stressing the importance of introducing students to “real-world prob-
lems” in mathematics classrooms as a means to “hook” (i.e., trick) students into do-
ing school mathematics, schools can learn more (e.g., from studies of out-of-school
mathematics) about how individuals make judgments concerning when mathemati-
cal description is (or is not) adequate as well as what else needs to be considered.

It is not just that thinking about education comprehensively adds to the math-
ematics education literature by helping us focus on which practices to attend to
(e.g., other cultures, other places besides school). It also moves us beyond the mere
chronicling of practices to developing a policy agenda. That is, beyond understand-
ing the structuring roles of mathematics in our lives, we also care to influence (push
back on) those roles. There are many decisions to be made. We might ask what are
some of the ways we would like mathematics to relate to uncertainty, politics, and/
or technologies? Perhaps we want school leaders to educate about both the horrors
(applications of destruction) and the beauty of mathematics? Rather than perpetuat-
ing an internal sense of power to mathematics, we might want citizens to develop
the ability to discern for themselves which kinds of questions can be answered using
mathematics and which cannot. By thinking critically about the benefits and draw-
backs to formatting realities with mathematics, we could be more deliberate in how
and when we want to use/create mathematics in our everyday lives.

Conclusion

A brief review of the problems in research using an achievement gap lens helps il-
lustrate that testing and assessment are the remains of “schooling” as a practice. In
contrast, thinking about education comprehensively highlights important policy im-
plications. For example, demanding an obsolete disconnected mathematics and test-
ing students to do well in it will not prevent students from rejecting it as a practice.
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Achievement gap-only ways of thinking about equity will only continue to privilege
schooling as the primary institution of education, imprinting upon students the resi-
due of the hegemonic manners in which schooling has operated over the centuries,
not liberate them from oppressed positions in society.

Our purpose in unpacking the gap gazing trend in the United States and in con-
sidering education more comprehensively is not to propose a fully developed policy
agenda with respect to mathematics education. However, we have offered a number
of questions along the way that may guide the development of a policy agenda. For
example, what are the structuring roles played by mathematics in a technological
and global society? More specifically, in what way(s) does mathematical formatting
convince individuals they are making value-free decisions? How do those structur-
ing roles influence the available identities of individuals and the constructions of
“truth” about the world in which we live? In what way(s) does surveillance (by oth-
ers, by self) play into the project of mathematics education? We believe many more
questions still need to be asked, and in ways that better engage the broader public in
decision-making. In fact, we have refrained from trying to answer these questions
outright because we believe there is much more exploration and theory-building
that needs to be done and because offering answers now may close down the kind
of dialogue we see as important.

We need to be constantly considering the forms of mathematics and what they
seek to deal with. As society presents new demands, new technologies, new pos-
sibilities, we must ask ourselves whether our current version of mathematics is ad-
equate for dealing with the ignorance that we have.

Discourses like the achievement gap freeze mathematics into a commodity that
needs to be “sold” to students while they are in school. Yet, when we look at how
individuals and communities make sense of their surroundings with/through/in
mathematics, we begin to open up possibilities for rethinking what mathematics
does along the way. It is in rethinking “what is education?” and “how might math-
ematics participate in the creation of a more just world?” that is at the very heart of
the democratic project.
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Chapter 3
Beyond Disavowing the Politics of Equity
and Quality in Mathematics Education

Alexandre Pais and Paola Valero

Introduction

Who would publicly deny that mathematics education should be concerned with
“equity” and “quality”? Definitely, a concern for “quality” has been behind the
constitution of mathematics education as a field of scholarly inquiry from its very
beginning. In several accounts of the history of mathematics education and its re-
lated institutions, considerations about the “quality” of teachers’ instruction and of
students’ learning have been at the core of the justifications for the development
of the field. The constant call for the improvement of the “quality” of mathematics
education characterizes a field of research that more often than not documents the
shortcomings of “quality” in the mathematics being taught, in the teaching practices
of teachers, and in the learning of students.

Nowadays the terms “equity” and “quality” appear side by side, and it seems
“natural” to have them together. It also seems “natural” to know what is understood
by the terms. In fact, notice that we have already used them without a clear signal-
ing of the meaning given to them. In this paper we react to the “naturalization” of
the meaning of these terms and their relationship. Thus, it is our purpose to provide
a critique of how equity, and its relation with quality, is addressed in current math-
ematics education research. For doing so, we adopt a socio-political perspective
that, on the one hand, views mathematics education practices as a large network of
social, economic, political and historical practices and discourses where mathemati-
cal rationalities are constituted (Valero 2010). On the other hand, we view research
in mathematics education as a series of practices that contribute to the construc-
tion of naturalized discourses about what constitutes mathematical rationalities in
the social world. Such a perspective allows us to engage in an examination of the
types of discourses that mathematics education research has produced when tack-
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ling “equity” and “quality,” and the relationship between both. We see such critique
as an important activity of mathematics education research. Without it, it becomes
impossible to imagine different alternatives to the language that we use and to the
world that such language creates.

In particular, we emphasize the fact that discussions of equity and quality are
necessarily political since they allow us to address the values and ideologies that
make part of educational practices, as well as of the whole set of practices and social
organizations that extend beyond mathematics classrooms. However, it is our obser-
vation that the great majority of mathematics education research, by being primarily
focused on pragmatic approaches to the improvement of classroom practice, lacks
a theoretical comprehension of how “equity” and “quality” are related with broader
social and political structures. Without such theoretical comprehension, Baldino
and Cabral (20006) argue, we, as researchers, risk moving blindly because we do not
“take certain distance and develop consistent research theoretical frameworks to
appreciate our practices” (p. 31). In this chapter, we contribute to this comprehen-
sion by analyzing how social discourse and ideology permeate the way mathematics
education research phrases and tackles “equity” and “quality”. In our analysis we
draw on the work of Gert Biesta, and Slavoj Zizek. Biesta, a philosopher of educa-
tion, offers us tools to enter into a critique of mathematics education research in
relation to the politics of education as a human activity. Zizek offers us tools that
allow us to understand how ideology permeates today the field of mathematics edu-
cation research.

The Framing of the Research Field

In our recent work, we have been paying attention to the historical constitution of
mathematics education research as a field of study. Inspired in the work of Michel
Foucault, we are interested in the effect of the fields of academic inquiry in the con-
struction of discourses about the social world that they intend to study. Research-
ers through their practice formulate languages and forms of doing and acting that
constitute the world that they themselves are studying. When we adopt a critical
strategy to examine the discursive constructions of mathematics education research,
we do not intend to dismiss the achievements of the field in relation to how to
diagnose and improve the practices of teaching and learning. We are interested in
denaturalizing what seems to be taken for granted with the aim of opening a space
for other possibilities of phrasing mathematics education. Such a strategy allows us
to transgress established ways of seeing and understanding practices in a search for
the impossibilities, disturbances and hidden potentials within the established order
(see e.g., Biesta 2005; Stentoft and Valero 2010).

Recently, we have been developing a critique on the theories used in mathemat-
ics education research (Pais et al. 2010). We argued that there is a strong tendency
to reduce the selection of theories to mainly theories of learning. This is due to the
way in which the overarching aim of the research field is formulated. There seems
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to be a consensus on the proposition that the main concern of mathematics educa-
tion research is to improve students’ performance in mathematics (Boero 2008).
Niss (2007, p. 1293) is very clear in stating: “We do research on the teaching and
learning of mathematics because there are far too many students of mathematics,
from kindergarten to university, who get much less out of their mathematical educa-
tion than would be desirable for them and for society.” If this is the main concern
of mathematics education research, it is not surprising that the field has been con-
structed as a space for researching in a systematic, scientific way “the problems of
practice” (Silver and Herbst 2007, p. 45), defined as the predicaments of the teach-
ing and learning of mathematics. The work of mathematics education researchers is
“to identify important teaching and learning problems, considerer different existing
theories and try to understand the potential and limitations of the tools provided
by these theories”. Cobb (2007) also suggests that mathematics education research
should be understood as a “design science,” that is, “the collective mission which
involves developing, testing, and revising conjectured designs for supporting envi-
sioned learning process” (p. 7). The ultimate goal of this science is to “support the
improvement of students’ mathematical learning” (p. 8).

The trend to focus on issues of learning—and thereby of teaching—is not exclu-
sive to the field of mathematics education research, but has over the last two decades
also proliferated in educational research in general. The language of education has
largely been replaced by a technical language of learning. The contradictions on the
role of schooling in society and the goals of education that fueled part of the educa-
tional debate during the last century seem to have been surpassed. We seem to have
reached a consensus on the benefits of schooling. Therefore, a central concern now
is to make it more effective. The problems of schooling and school subjects are not
anymore political or ideological, but have become primarily technical or didactical.
In most cases, solutions to educational problems are reduced to better methods and
techniques to teach and learn, to improve the use of technology, to assess students’
performance, etc. Education has progressively been reduced to be a controllable,
designable, engineerable and operational framework for the individual’s cognitive
change. Such tendency is what Biesta calls the learnification of education (Biesta
2005). Although the dominance of learning theories for researching mathematics
education has allowed us to gain deeper understandings on the processes of teach-
ing and learning mathematics, we suggest that it has also left unattended important
difficulties and dilemmas faced by the educational communities in their everyday
practices. This reduction of education to learning disavows the political magnitude
of education. Learning is conceived as a nominal activity, isolated from what Valero
(2010) calls the network of socio-political practices that constitute mathematics ed-
ucation—that is, the entire social, political, economical and historical configuration
where mathematics education practices are given meaning. We argue that in order
to bring the many difficulties and dilemmas of educational communities seriously
into the gaze of research, we need broader theoretical frameworks which allow us to
understand mathematics education, and not only mathematical /learning.

Education has given up its place in favor of specialized pedagogy and didac-
tics. In the case of mathematics education research, the discursive construction of



38 A. Pais and P. Valero

students as cognitive subjects and “schizomathematicslearners” (Valero 2004a)
is a good example of the way mathematics education research reduces full po-
litical and historical human beings to “bare learners,” whose cognition can be
scrutinized with the interest of devising appropriate and effective techniques for
learning mathematics. All the complexity of the social and political life of the
student is wiped out from the research focus. The student is reduced to a biologi-
cal entity, likely to be investigated in a clinical way. For example, some research-
ers find useful to draw an analogy between mathematics education research and
medicine. Mathematics education research is formulated as a science of treat-
ment that, by understanding the symptoms that characterize students’ learning
difficulties in mathematics, aims at designing and applying proper treatments,
with the hope of curing what is a defect in students’ learning: “The evolving
understanding of the logic of errors has helped support the design of better in-
structional treatments, in much the same way that the evolving understanding of
the logic of diseases has helped the design of better medical treatments” (Silver
and Herbst 2007, p. 63).

The Framing of “Equity”

In recent literature, the concern for “equity” is addressed in different forms by
different authors. It is actually interesting to notice that few authors clarify their
understanding of the term. It is written in between the lines that the problem of
equity has to do with the differential achievement in mathematics. The systematic
underachievement and its consequences for certain groups of students is not ac-
ceptable, particularly at a time when the agenda of “mathematics for all” seems to
have permeated policy documents all around the world. The understanding about
what it means to address and achieve equity also diverge, and some authors prefer
to use terms such as social justice (e.g., Gutstein 2003), democratic access (e.g.,
Skovsmose and Valero 2008), inclusion/exclusion (e.g., Knijnik 1993). It is also
common to find the declaration that research on equity requires social and politi-
cal approaches that situate the problem in a broader context than the classroom or
schools (Valero 2004b, 2007). For instance, Nasir and Cobb (2007) state that all
the contributors to their book “view equity as situated and relational and as being
informed both by local schooling practices and by practices and ideologies that
transcend school” (p. 5). However, when reading the contributions in the book, we
find that all the research reported is centered on improving the process of teaching
and learning mathematics. Although politics is acknowledged as determinant in eq-
uity, and some authors explore the connections between mathematics education and
politics (e.g., Gutiérrez 2007), the contributions lack a theoretical analysis on how
these “ideologies than transcend school” influence what happens in schools, and its
contribution—or not—to equity. As mentioned by Gutiérrez (2007), “little has been
written in mathematics education that addresses how mathematics might play a role
in broader politics” (p. 38).
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One of the most extensive reviews on the issue of equity in mathematics educa-
tion is the article by Bishop and Forgasz (2007). The authors provide an overview of
the different research approaches on the issues of access and equity in mathematics
education. Right from the beginning they call our attention to the artificiality pres-
ent in the construction of groups of people as being in disadvantage—girls, ethnic
minorities, indigenous minorities, western “ex-colonial” groups, non-Judeo-Chris-
tian religious groups, rural learners, learners with physical and mental impairments,
and children from lower class—and how such constructions can in themselves con-
vey discriminatory actions. This problem has been recently labeled by Gutiérrez
(2008) as the gap-gazing fetish in mathematics education. Gutiérrez’ provocative
formulation generated a debate with Sarah Lubienski. Roughly speaking, they dis-
cuss whether research focusing on the achievement-gap benefits or not the purpose
of achieving equity. The position of Gutiérrez (2008) is that there are dangers in
concentrating on the “achievement gap” because such research helps “offering little
more than a static picture of inequities, supporting deficit thinking and negative nar-
ratives about students of color and working-class students, perpetuating the myth
that the problem (and therefore solution) is a technical one, and promoting a narrow
definition of learning and society” (p. 358). She argues that such research, which
usually leans on quantitative methods, does no more than providing a description
of the problem without presenting understandings that allow a change. She argues
that less research focusing on the “gap” should be made, and more research should
analyze qualitatively successful experiences among groups of people considered to
be in disadvantage. On the other hand, Lubienski (2008) argues that more skilled
and nuanced gap analyses are necessary: “analyses of gaps also inform mathemat-
ics education research and practice, illuminating which groups and curricular areas
are most in need of intervention and additional study” (p. 351). Lubienski is con-
cerned with the question of whether there is a gap, to what follows studies analyzing
when the gaps manifest, under what conditions they grow or shrink, and what con-
sequences underserved students ultimately suffer because of the gap. In contrast,
Gutiérrez is concerned with the question of how to diminish the gap, to what follow
studies oriented toward effective teaching and learning, making research more ac-
cessible to practitioners and more intervention by the researcher.

Some authors have been trying to list which practices can be carried out in order
to achieve equity in mathematics education. For Schoenfeld (2002, quoted in Lan-
grall et al. 2008, p. 127), achieving equity requires four systematic conditions to be
met: a high-quality curriculum, a stable, knowledgeable and professional teaching
community, a high-quality assessment aligned with curricular goals, and stability
and mechanisms for the evolution of curricula, assessment and professional devel-
opment. Alternatively, Lubienski (2002) claims that it is necessary to learn more
about the complexities of successful implementation of meaningful instructional
methods with students who differ in terms of social class, ethnicity and gender.
For Goldin (2008), the most important is “to create teaching methods capable of
developing mathematical power in the majority of students” (p. 178). Finally, Gates
and Zevenbergen (2009) identify a common basis for how to deal with equity, sum-
marizing existing research: “What might we all agree on then as fundamentals of a
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socially just mathematics education? Perhaps we can list: access to the curriculum;
access to resources and good teachers; conditions to learn; and feeling valued.”
(p. 165).

Although we can discuss the better ways to do research addressing equity and
what needs to be done, there is a fundamental question that seems to be unad-
dressed: Why is there inequity? Why is there a gap at all? That is, why does school
(mathematics) systematically exclude/include people in/from the network of social
positionings? Why do schools offer low-quality curricula and do not have a stable
group of teachers in schools serving underprivileged population? Why does school
perform the selective role that inevitably creates inequity? As Bishop and Forgasz
(2007) put it, “in every country in the world mathematics now holds a special posi-
tion, and those who excel at it or its applications also hold a significant positions in
their societies” (p. 1149). Why does society need to have an institution that guar-
antees an accumulation of credit? These questions are rarely posed by research in
mathematics education addressing equity. Research only recognizes it as a fact.
Posing the questions above dangerously opens the field of mathematics education to
politics, and it seems few researchers are ready to take a risk.

In the previous discussions, it is evident that the problem of equity is recognized
as an economical and political problem. However, research in mathematics educa-
tion transforms it to be a problem pertaining to mathematics teaching and learning.
This type of displacement reduces the aim of researching the problem of equity to
a matter of developing the best “instructional methods” to allow mathematical suc-
cess to all students. The absence of a political conceptualization of the problem of
equity is evident in much of the existing literature. Disavowing politics as part of
the conceptualization of equity is one of the best ways of turning research innocu-
ous for social change.

The Framing of “Quality”

A quality mathematics education research is constructed to be the one that allows
students to improve their mathematical learning. Why is this important? The litera-
ture on mathematics education research is full of statements that justify the neces-
sity of mathematical learning (e.g., Niss 1996). In most of such statements, math-
ematics and its education are viewed as powerful knowledge and competence for
people to become full citizens and competitive workers. Are these formulations
enough to justify mathematics education and to define “quality”?

We look for support in the philosophy of education. Biesta (2009) analyzes the
functions that education fulfills in society nowadays. The function of qualification
has to do with the role of education to providing people with the knowledge, skills
and understanding necessary to fulfill a productive function. The function of so-
cialization has to do with the role of education in enculturating people to become
members of a particular society, by the insertion of the “newcomers” into existing
social and cultural orders. An analysis of the justifications for mathematics teaching
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and learning leads us to see that mathematics education builds fundamentally on
the fulfillment of qualification and socialization functions. Consider the following
assertion as an example:

Mathematics education in schools is thus seen to have a dual function: to prepare students
to be mathematically functional as citizens of their society—arguably provided equitably
for all—and to prepare some students to be the future professionals in careers in which
mathematics is fundamental, with no one precluded dorm or denied access to participation
along this path. (Bishop and Forgasz 2007, p. 1152)

On the one hand, mathematics teaching and learning is important because it allows
the nurturing of the next generation of mathematicians and of those who will use
mathematics in their work, therefore assuring the development of a working force
equipped to compete successfully in the global economy of our high-tech soci-
ety. On the other hand, mathematics teaching and learning secures the insertion of
people in a society where mathematics is seen as an indispensable tool to become
a citizen. The goal of citizenship concerns a wide range of competences: providing
mathematical skills for dealing with situations of everyday life, intellectual enrich-
ment, acknowledging mathematics as equally a part of humankind’s cultural and
aesthetic heritage, or making accessible powerful tools to analyze critique and act
upon the way mathematics is used in society. The way quality is understood both
in mathematics education research and in school mathematics seems to be in reso-
nance. Since school mathematics is posited as indispensable to become both a pro-
ductive and competent worker and an active and participative citizen, the purpose
of mathematics education research should be to improve students’ mathematical
learning.

What is the problem with this view, then? We would like to argue that this way
of conceiving quality conceals the ideology informing what it means to be a worker
and a citizen in a capitalist society. At first glance, the aims for school mathematics
mentioned above are worthy aims for any compulsory schooling system. Becom-
ing a successful worker and an informed and participative citizen seems to fulfill
the desire of students, parents, politicians, teachers and others participants in the
educational process. So why do we feel uneasy about these aims? On the one hand,
the listed aims for school mathematics are formulated on the assumption that sub-
jects are conscious of themselves (Althusser 2000). The assumption disavows the
political substrate that informs what it means to be a worker and a citizen in current
societies. On the other hand, these aims conflict with the politics of accountability
where quality is often defined as having the best ranking positions both in national
and international examinations.

Allow us to explore these two aspects in more detail. Althusser (2000) argues
that the ideology of capitalism is based on the idea that individuals are self-con-
scious subjects, responsible for their own acts. They can be persuaded, conscious-
ly, to obey rules that otherwise would be imposed by force. It is only under this
condition that human beings become homo economicus. Marx (1989) showed that,
contrary to the assumption that the subject is a coherent rational being, subjects
are not conscious about the “nature” of the place they occupy in the structure ruled
by the laws of capitalist society. Marx allows us to understand that behind the
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ideology that asserts the equality of individuals in the free market lays a profound
inequality.

One of the ideological modes dissected by Zizek (1994) conceives ideology as
“a doctrine, a composite of ideas, beliefs, concepts, and so on, destined to convince
us of its ‘truth,” yet actually serving some unavowed particular power interests”
(p- 10). The strategy to criticize this mode of ideology is to carry a symptomal read-
ing (Althusser 1994) that exhibits the discrepancies between the public discourse
and the actual intention of it. The Standards of the National Council of Teachers of
Mathematics of the United States (NCTM 2000) is a prolific document to engage
in such a reading. The basic discrepancy of discourses in this document has to do
with how behind the public discourse of forming students to become active and
participative citizens in society, there is a concern in maintaining the economic and
scientific dominance of the United States. The NCTM Standards can also be read
as a case of what Zizek (2006) called staged democracy. The document expresses
an official discourse with all the virtues and democratic goals that society stands
for, but when put in practice the actions deriving and resulting from the formula-
tions will almost secure that the democratic goals continue to fail. In this case, the
ideological critique will be concerned not with the understanding of why in prac-
tice those desirable aims continue to fail—as if it were a problem of “implementa-
tion”—but to understand how the discrepancy is already being created at the level
of the official discourse by completely obliterating the real reasons why inequality
and lack of democracy continue to exist. In the case of the NCTM standards, the
interesting point is not to focus on why their implementation fails in the hands of
“incompetent” authorities, administrators and teachers, and of “deficient” children.
An ideological critique would see how the document bears in itself the impossibility
of achieving its stated goals.

However, in order to become efficient, ideology must go under a process of
“self-disguising,” so that we can be able to act as if our actions were deprived of all
ideological content: “the very logic of legitimizing the relation of domination must
remain concealed if it is to be effective” (Zizek 1994, p. 8). We must not perceive
ourselves as being questioned by some big Other! but as individual subjects who
freely choose to believe and act according to utilitarian and/or hedonistic motiva-
tions. When the NCTM standards argue for the importance of educating students
mathematically to become active participants in society, the document disregards
any pathetic ideological phrases in supporting their argument. The argument is a
pragmatic one—competent people in mathematics are needed as the future workers
of our high-tech society—or a hedonistic one—people gain power through math-
ematics. However, we cannot miss here that the choices in the document are highly
ideological: The formulations involve a series of assumptions about what it means
to be an active citizen in an increasingly commoditized society, and how such type
of people are necessary for the reproduction of existing social relations. A staged

! In this context, the Lacanian notion of big Other stands for all the State, Justice and Law that give
symbolic meaning to our social life.
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discourse is needed so that school mathematics continues to perform other roles
than those present in the official discourse.

Furthermore, how does one assess the quality of students’ mathematical learn-
ing? It seems to be an unachievable task to assess if students, at the end, become
or not desirable workers and citizens. However, society cannot live in this state of
uncertainty regarding the mathematical performance of students. Society craves for
results, for evidence that shows if people are becoming desirable subjects. There-
fore, rigorous instruments should be created so that it is possible to objectively
know if students are performing well in school mathematics. Indeed, such instru-
ments exist under the form of national tests and international comparative studies.
In our days where accountability reigns, what counts as quality is the performance
of students in high-stakes examinations and in international tests. Ultimately, are
not the results from these examinations what define quality in mathematics educa-
tion? We are confronted with the inconsistency of a system that, on the one hand,
defines quality as a matter of achieving the desirable “mathematical subject”—the
mathematically competent, informed worker, and critical citizen. But on the other
hand, what ultimately decides the quality of mathematics education is the results of
the exam. Again, the question to be posed is why the type of society we live in needs
a staged discourse concealing what everybody recognizes.

The Disavowing of Politics in Mathematics Education

We explore now the disavowing of politics involved when addressing equity and
quality in mathematics education. We argue that the political disavowal keeps re-
search at a “technical” level, which contributes to reaching just the opposite of
the stated aims. Furthermore, we argue that this is precisely one of the strongest
limitations for bringing equity and quality together. A quality mathematics educa-
tion is not one that attends mainly to the intrinsic characteristics of mathematics as
the foundations for educational practices, neither one that proposes pragmatic and
hedonistic justifications for why to teach mathematics to all students, but rather one
type of education that recognizes the possibilities of the meeting between human
beings and the school subject of mathematics within the social, political and histori-
cal frame in which such meeting is being constituted. This means that definitions of
equity and quality in mathematics education that do not attend to how both notions
as well as the practices of mathematics education are shaped in power relationships
are partial definitions that can only place hysterical demands to practitioners.

We showed previously how researchers address the societal demand of math-
ematics for all and make it a research concern. They engage on this demand by
assuming that through their studies on the teaching and learning of mathematics, on
better curricular and instructional design, on better connections between researchers
and practitioners, they are contributing to achieving equity in school mathematics.
However, if equity, or rather, inequity, is an economic and political problem that
surpasses school, then the demand of mathematics for all is impossible to satisfy
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(cf. Zizek 1991). Why then do we keep doing research to address equity issues in
mathematics education as if the problem could be solved within the realm of math-
ematics teaching and learning? Could it be that keeping us occupied doing innocu-
ous research inhibits us from looking at other issues?

As we know, dominant social systems demand for perpetual reforms as a means
of integrating what could be new and potential emancipatory acts into well-estab-
lished social structures. In other words, dominant systems such as capitalism today
are constantly changing something so that nothing really changes (Zizek 1991). The
novelties research produces on how to promote equity by improving the teaching
and learning of mathematics are part of these superficial transformations. Accord-
ing to Gutiérrez (2007), “[e]quity is threatened by the underlying belief that not all
students can learn” (p. 3). Although in a first reading we agree with Gutiérrez, we
see that other beliefs are at stake, namely the not underlined but publicly assumed
belief that all students can learn. The interplay between these two discourses makes
visible how ideology works today. The view that all students can learn—the of-
ficial view, present in curricula, political documents and research, attesting that
mathematics is for all—conceals the commonly shared but not assumed belief that
there will always be some who will fail. Following Zizek (2010), when we read an
abstract “ideological” proclamation such as “mathematics for all,” we should be
aware that people’s experiences are different—for teachers and students know and
experience that in any mathematics class there will always be some—or many—
who fail. The official discourse functions not as some kind of utopian state to be
achieved, a desired good to strive for, but rather as a pure mechanism to conceal the
fact that mathematics is not for all. The obliteration of the “background noise”—the
voices of those who will always fail—is the very core of utopia. The “background
noise” conveys “the obscenity of barbarian violence which sustains the public law
and order” (Zizek 2010, p. 10). In the case of mathematics education, the obscen-
ity of the barbarian violence that school exercises year after year when it throws to
the garbage bin of society thousands of people, under the official discourse of an
inclusionary and democratic school (mathematics education).

As far as society remains organized under capitalist tenets, there will always be
exclusion because exclusion is not a malfunction of capitalism, but the very same
condition that keeps it alive (Zizek 1989). In such organization, having (certain)
students failing in mathematics is not an abnormality of mathematics education, it is
the necessary condition for its very same existence. So, why do we need an official
discourse affirming that mathematics is for all? It is because such discourse masks
a crude fact: The capitalist lie that presupposes equity in schools as an extension
of the equality in the market. In other words, the official discourse conceals the
inconsistency of a system that, on the one hand, demands mathematics for all while,
on the other hand, uses school mathematics as a privileged mechanism of selection
and credit.

The denial in confronting the core of the problems of equity is the result of
an ideological injunction that systematically leads us to repeat the same “abstract”
mottos of discourse: School is a place for emancipation; mathematics is power-
ful knowledge and competence; mathematics is for all; etc. In order to critically
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analyze such discourses, we should replace the abstract form of the problem with
the concrete scenes of its actualization within a life-form: “In order to pass from ab-
stract propositions to people’s ‘real lives,” one has to add to the abstract propositions
the unfathomable density of a life world context—and ideology are not the abstract
propositions in themselves, ideology is this very world density which ‘schematizes’
them, renders them ‘livable’” (Zizek 2010, p. 6). In other words, in order to under-
stand the real aims of school mathematics, or the real motives that students have to
be in school, we must not repeat ideologically loaded discourses conveyed by the
curriculum, the political statements, and the research. Rather, we need to look at
schools selecting the future workers of the labor market by means of credit accumu-
lation. That is, what Gutiérrez calls the “underlying belief that not all students can
learn” must be posited not as a threat to equity, but as the truth of a system in which
equity is forever postponed. Following Zizek’s (1989), this implies asking research
to pass from the notion of crisis—in this case, the fact that people fail is school
mathematics creating exclusion—as an occasional contingent malfunctioning of the
system, to the notion of crisis as the symptomatic point at which the truth of the sys-
tem becomes visible. Some will say that such an awareness of the problem of equity
takes us to a deadlock. Indeed, by realizing that exclusion is something inherent to
the school system in a capitalist society, we realize that ending exclusion implies
finishing schooling as we know it. In the current myriad of world social structure,
this does not seem possible. However, what dooms us to constant failure is precisely
experiencing the change as impossible. We acknowledge that the problem of equity
requires a fundamental societal change, which may be impossible. The question is
whether it is impossible or it is ideologically posited as impossible.

Threshold

The key feature here is that to see the true nature of things, we need the glasses [glasses as
a metaphor for critical ideological analysis]: it is not that we should put ideological glasses
off to see directly reality as it is: we are ‘naturally’ in ideology, our natural, immediate, sight
is ideological. (Zizek 2010, p. 6)

We would like to argue that mathematics education research needs such glasses.
The “natural” way in which we relate to reality is ideological—in our practice we
convey discourses that conceal more than what we know. Ultimately, the purpose of
this chapter was to attempt an ideological critique in the way we address issues of
equity and quality in mathematics education research. Apparently, there is no doubt
that definitions of quality and the discourses for equity live side by side and are
equally political. However, it is almost inexistent in mathematics education research
studies that aim to understand in depth such problems that are identified as political
in their nature. If mathematics education research desires to address them, it must
open its gates to research that locates the complexity of mathematics education
within the network of social and political practices that permeate all educational act.
Without that we run the risk of falling in the trap of what we criticize. On the issue



46 A. Pais and P. Valero

of equity, our premise is that exclusion and inequity within mathematics education
and education in general is an integrative part of current school education, and can-
not be conceptualized without understanding the relation between school education
and the social mode of living that characterizes our current world. On the issue of
quality, a serious challenge is also to politicize our understanding of what is taken to
be the significance of valued forms mathematical thinking within capitalism.

Therefore, our intention with this text is not to give a solution to the problems of
equity and quality, neither is it to propose an alternative way of doing research on
these topics. Our purpose is much more modest. We wanted to raise the awareness
on the fact that there are broader issues involved when discussing equity and qual-
ity in mathematics education, than doing research on better ways to teach and learn
mathematics, to improve students’ mathematical performance so that they could
become better workers and citizens. As mathematics education researchers actively
engaged in the field, we find the need for developing a deeper understanding of our
practices and the discourses we convey. The way we found to do this was to ex-
plicitly look at the inconsistency of discourses that make the apology of equity and
quality without considering the meaning that these terms have in a society where
capitalism has become the ontologized substrate for all social relations.
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Chapter 4
Does Every Child Count? Quality, Equity
and Mathematics with/in Neoliberalism

Anna Llewellyn and Heather Mendick

The Oxford English dictionary! defines quality as:

1 the degree of excellence of something as measured against other similar things. 2 general
excellence. 3 a distinctive attribute or characteristic. 4 archaic high social standing.

Given this collection of meanings, it is easy to assume that policies promoting qual-
ity education are a good idea. However, like the terms standards and excellence,
quality passes as a universal good which it is difficult to oppose. This can conceal
how the quality being promoted within current policy regimes is a particular version
carrying particular values. We can illustrate this using a motivating question for this
volume: How are concerns for equity and quality contradictory and/or synergistic?
For this question to make sense, quality education must be defined independently
of equitable education, so that the relationship between the two can be examined.
What are these contemporary understandings of quality and equity? And, what are
their implications for teachers and learners of mathematics? We address these ques-
tions in this chapter by looking at how ‘quality’ and ‘equity’ are being constructed
within current policy and practice in primary mathematics education in England.

Although the context for our exploration is England, quality and equity are part
of what Ball (2008) calls ‘global policyspeak’ (including, for example: parental
choice, privatisation, performance indicators, competition), which England has
been at the forefront of developing and disseminating.

There is a discernible process of convergence, or what Levin (1998) calls a ‘policy epi-
demic’, in education. An unstable, uneven but apparently unstoppable flood of closely
interrelated reform ideas is permeating and reorienting education systems in diverse social
and political locations with very different histories. This convergence has given rise to
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what can be called a generic global policy ensemble that rests on a set of basic and common
policy technologies. (Ball 2008, p. 39, original emphasis)

These global policy technologies can be broadly understood as neoliberal. Neo-
liberalism is characterised by ‘the progressive enlargement of the territory of the
market’ (du Gay 1996, p. 56) as private enterprise and technical rationality come
to define behaviours and relations in the public sector. Neoliberalism is affecting
education in areas as diverse as Europe, the United States, South America and Aus-
tralia (Grek et al. 2009; Hultqvist and Dahlberg 2001); although predominant in the
global North, it is increasingly imposed on the South through conditions of funding.

Neoliberal managerialist discourses of quality arise from the transformation of
private sector management techniques into the public sector’s New Public Manage-
ment. This stressed quality, accountability and internal competition, and created a
culture of performativity within English education:

Performativity is a culture or a system of ‘terror’. It is a regime of accountability that
employs judgements, comparisons and displays as means of control, attrition and change.
The performances of individual subjects or organisations serve as measures of productivity
or output, or displays of ‘quality’, or ‘moments of promotion’ or inspections. These per-
formances stand for, encapsulate or represent the worth, quality or value of an individual
or organisation within a field of judgement. Clearly, the issue of who controls the field of
judgement and what is judged, what criteria of measurement are used or benchmarks or
targets set, is crucial. (Ball 2008, p. 49)

Thus, quality is implicated in rationalist practices of performativity. Within this,
teachers’ performances are vital not just to the success of their pupils and the schools
‘for which they work, but also to the enterprise of their own lives’ (du Gay 1996,
p. 60, original emphasis). In this way, quality/excellence/enterprise culture brings
together institutional concerns for productivity (read: results) and contemporary
modes of regulation and subjectivity. What does this mean for our understandings
of equity? And what does it mean for the practices of mathematics education?

Our Framework

We draw on two sources of data: recent English policy documents and interviews
with student-teachers. In this section, we outline our methodological approach. We
selected the policy documents partly systematically and partly eclectically, borrow-
ing from cultural studies approaches (see du Gay et al. 1997). We analysed in detail
two recent, high-profile documents on mathematics education: the Williams and
Ofsted Reports (Ofsted 2008; Williams 2008). We supplemented this with primary
mathematics material produced by the National Strategies? and two key government
White Papers (DCSF 2009a; HM Government 2009). The White Papers enabled us
to look at the broader English education policy context and consider the intersec-
tion of mathematics with quality and equity. We compared these policy documents

2 http://www.nationalstrategies.org.uk/Home.aspx
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with the student-teacher interviews, exploring convergences and tensions. The in-
depth interviews were carried out with four prospective primary teachers in their
final year of a three-year undergraduate programme of initial teacher education in
Northern England. The qualitative interviews explored the student-teachers’ expe-
riences of teaching mathematics and their understandings of quality and equity.
They were conducted by Anna in the participants’ final teaching practice schools,
lasted between 28 and 40 minutes, and were audio-recorded and transcribed. These
interviews are part of a longitudinal study following six student-teachers through
their ‘training’. By bringing together these two different sources of data, we hope to
explore both policy as discourses, the frameworks of ‘commonsense’ within which
policy texts are set, and policy as texts, which constrain but do not control their
implementation (Ball 2008).

Our analysis is poststructural in that we see quality, equity and other objects as
existing through discourses or ‘fictions functioning in truth’ (Walkerdine 1990).
These fictions are ‘true’ not because of their power to describe reality but be-
cause of their power to produce it; they are structures of knowledge which set
limits on our imaginations and actions (Foucault 1972). For example, discourses
of quality include ones that: attach it to elite cultural practices, such as classi-
cal music (and to elite groups); view it nostalgically as part of a lost golden age
(see Smith, this volume) and see it pragmatically as part of management systems
ensuring that products and services meet required standards. It is partly the blur-
ring of these discourses that enables quality do the work that it does. Similarly,
there are a range of discourses of equity encompassing different dimensions of
inequality (gender, ethnicity, disability, sexuality, etc.) and relating inequality, in
various configurations, to opportunities, outcomes, individual actions and social
structures. In this chapter, we argue that some versions of quality and equity ‘fit’
better within neoliberal regimes, while other notions are precluded, and that this
has particular consequences for mathematics teaching. We begin with our policy
analysis and then explore how the dominant policy discourses are navigated by
the student-teachers.

Policy Documents

Although policy documents reference and so authorise each other in an intertextual
web, there are differences between (and even within) them. Partly these relate to
their different conditions of production:

» The Williams Report was an ‘independent’ review commissioned by government
and authored by an individual. It set out to make recommendations on educa-
tional best practice for the development of mathematical learning within primary
schools and early years settings.

» The Ofsted Report presented evidence accumulated through school inspections
of primary and secondary mathematics and was authored by an ‘independent’
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quango. Its aim was to analyse this evidence so as to build up a picture of ‘effec-
tive’ mathematics teaching.

» The National Strategies material was prepared by a private company to fulfil a
government contract to raise standards, that is results, through teacher develop-
ment. It consists mainly of a series of short publications presenting educational
‘problems’ and bullet-pointed strategies for addressing them.

» The White Papers enunciate official government policy positions. Both were
lengthy documents detailing proposed changes in the structuring and organisa-
tion of education.

However, while it is important to note distinctions in authorship (and audience),
our concern here is with what it is possible to say and not the intentions of those
saying it.

From an initial reading of the documents, it is difficult to discern what the oft-
used word ‘quality’ means. It gets 74 mentions across the two mathematics reports
and 145 across the two White Papers. However, how quality teaching is to be dis-
tinguished, if at all, from excellent or effective teaching is unclear. What is clear
is that quality can be measured and comes along with progress (individual and
national), understood as forward/upward movement. Neoliberal education policy
in England ‘operates like a ratchet screwdriver with no reverse movement allowed’
(Coffield and Edward 2009, p. 371). The ongoing drive for quality encapsulates
this, with the move from good to best and now excellent practice: ‘my priority is
excellence, excellence, excellence: we have got to upgrade our skills’ (Gordon
Brown, cited in Gillies 2008, p. 686). Thus, quality or excellence is explicitly
linked to economic imperatives. The seemingly equitable phrase ‘every child’,
which appears repeatedly across current UK government policies (for example, in
the ‘Every Child Matters’ agenda, and the ‘Every Child a Reader’ and ‘Every Child
Counts’ initiatives), is similar to the United States’ ‘No Child Left Behind’. The
links to progress and forward movement are clear. Edelman (2004, p. 11) identifies
how we are mobilised to support policies on behalf of the Child who represents
our national future:

In its coercive universalization, however, the image of the Child, not to be confused with
the lived experiences of any historical children, serves to regulate political discourse...by
compelling such discourse to accede in advance to the reality of a collective future whose
figurative status we are never permitted to acknowledge.

The relentlessness of this version of progress is evident when Ofsted say: ‘A sub-
stantial amount of teaching is no stronger than satisfactory and, in these lessons,
pupils do not learn as quickly as they might’ (p. 19) and that ‘teachers did not show
enough urgency’ (p. 19). The emphasis on speed indicates that Ofsted expect, even
insist upon, measurable forward movement by every pupil in every lesson.

‘Levelling’ captures even more clearly the compulsion to progress. Levelling,
like quality, blurs several meanings, including: making flat, knocking down, and
placing on the same level. To understand it in this context, it is helpful to know
something about the organisation of compulsory schooling in England. Since 1988
this has been structured around four Key Stages (KS):
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KS1: ages 5-7
KS2: ages 7-11
KS3: ages 11-14
KS4: ages 14-16

KS1 and KS2 constitute primary schooling, and KS3 and KS4 secondary schooling.
KS2 and KS4 end with compulsory national tests in mathematics and English the
results of which are widely published in national and local newspapers, websites,
etc. National expectations are set for each KS. Pupils are expected to reach level 2
of the National Curriculum at KS1 and level 4 at KS2. Time-demarcated targets are
set for the proportion of pupils attaining the expected levels. In addition, expecta-
tions are set around the quantity of progress (two levels) required across each KS.
As indicated in the Ofsted report, this can be micromanaged to produce expected
levels of ‘progress’ in every lesson.

The levelling discourse can be seen in two recent National Strategies mathe-
matics publications. The title Securing level 4 in Key Stage 2 mathematics (DCSF
2009b) clearly ties quality to levelling. While Making good progress in mathemat-
ics (DCSF 2008) focuses on the ways that children do or do not ‘convert’ their KS1
results into KS2 results. The meaning of conversion here is imported, like quality,
from business. Wikipedia captures it well: ‘In marketing, a conversion occurs when
a prospective customer takes the marketer’s intended action. If the prospect has
visited a marketer’s web site, the conversion action might be making an online
purchase’®. Thus, teachers are positioned as marketers and children as customers/
consumers within economistic discourses.

This framework of expected levels and conversions, construct a ‘normal’ devel-
oping child, which purports to be, but is not, universal. Any moves away from nor-
mal connote danger/risk, and compel intervention to reconstitute the child within
the normal. A large part of the Williams Report, and one of only two costed recom-
mendations, is devoted to intervention programmes for learners who ‘fall behind’
in mathematics. ‘Numeracy recovery’, the recommended and now implemented
intervention, carries, through its use of the word recovery, a sense of returning
something to a state of normality (from physical or mental disorders), recovering
something lost, going back to an originary state. Thus, the focus on the individual
within the mathematics classroom is not about celebrating difference but is tied to
normalisation.

We illustrate this by discussing the diagram in Fig. 4.1. This features in the Na-
tional Strategies’ Making good progress in Key Stage 2 mathematics and an online
spreadsheet where, on the click of a mouse, you can customise the chart for any
region in England. As Stronach (2001) observes, a common reaction to such tables
is to look up the region that you currently (or previously) live/teach in and compare
it to others, producing a performance league table. The spreadsheet format makes
this invitingly easy; the culture of comparison and competition makes this pleasur-
able. The 100 icons, each representing 1% of children in the cohort, are arrayed in

3 http://en.wikipedia.org/wiki/Conversion_(marketing), emphasis omitted.
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[ |

77% of pupils achieved national expectations (level 4 or above) in 2007
16% of pupils were at level 3 of which:
e 0% Stuck at L3 or L4
e 5% Falling Behind from L2a or L2b
s 7% Slow Moving at L2¢
s 3% Making Good Progress from L1 or W
0% either A, D or no KS1 level recorded
6% at Level 2 or below
1% Absent
National PSA target for 2008 - 85% to achieve L4+

Proportion Below Expected Level Who Are: Yo
FSM 28

Statemented SEN 11

Boys 49

BME 24

Source: http://www.teachernet.gov.uk/_doc/12541/KS1-2%20Maths%202007.xls
Note: FSM: Free School Meals

SEN: Special Educational Needs

BME: Black and Minority Ethnic

Fig. 4.1 National Expectations and below Pupil Progression Chart: Key Stage 2 Maths (2007)

neat identical lines. Only the background colourings distinguish them. The normal
is defined in comparison to the other as the eye is drawn away from the majority
light blue towards the minority, abnormal failures, highlighted in pink, yellow, vio-
let and green: the pink and yellow who failed to convert by making the required two
levels of progress, and the violet and green who failed so badly at KS1 that even
conversion could not render them within the boundaries of the normal. These icons
are pseudo-children with stylised blank bodies; they resemble automata, droids or
another science fiction invention. Depicted as such, there is no diversity other than
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in their mathematics attainment: they are ungendered, unraced, unclassed and with-
out sexuality. What notions of equity are possible within this quality regime?

To address this question, we turn to New Opportunities (HM Government 2009),
the first education White Paper to be published after the onset of the global eco-
nomic downturn. This links economic national competitiveness and social justice,
‘excellence and equity’ (p. 45, 47, 53, our emphasis). However, the prime minister’s
foreword marks out a ‘modern definition of social justice’ based on providing equal
access to opportunities for all rather than ‘social protection’ (p. 1). When presented
with these opportunities, it is the responsibility of individuals to aspire to and take
them, and so fulfil their potential. Here we see the managerialist convergence noted
earlier between productivity, contemporary modes of regulation and subjectivity:
self-fulfilment is aligned with effectiveness. Individuals serv(ic)e the state through
their lifelong learning which in turn becomes a means to their self-actualisation.
However, this model of the self as acquisitive is not equally available to all, and, in
particular, is classed (Skeggs 2004). Those who fail are held individually respon-
sible. They ‘appear to be unable—or worse, unwilling—to fit themselves into the
meritocratic educational system which produces the achievement vital for the eco-
nomic success of the individual concerned and of the nation’ (Francis 2006, p. 193).
Thus, the state’s failure is transformed into the failure of individual students, teach-
ers and workers (Archer et al. 2010).

Returning to the reports focused on mathematics, there is a general lack of atten-
tion to equity. The Williams Report’s main reference to social and economic factors is:

Social factors clearly play a role, and the United Kingdom remains one of the few advanced
nations where it is socially acceptable—fashionable, even—to profess an inability to cope
with mathematics. Even more seriously, there can be little doubt that economic factors and
social deprivation contribute to learning difficulties in all subjects, including mathematics.
Given that 15-20 per cent of adults do not have basic functional numeracy skills, many
parents will be unable to support their child’s learning. (p. 44)

In this extract, social factors are first understood as a general culture of negativity
towards mathematics and only second as related to economic inequalities. Further,
Williams’ final chapter on home/school links is shorter than the others, contains
more case studies and is the only one without any recommendations. Within this
chapter, while class and ethnicity are mentioned (mostly through coded references,
such as to ‘a deprived housing estate in East London’ and ‘hard to reach parents’,
p- 72), Williams seems concerned to downplay the importance of social class. The
report’s only direct mention is this sentence: ‘A 2003 study showed that regardless
of class or income, the influence of the parent was the single most significant fac-
tor in a child’s life’ (p. 69). Here parenting is presented as independent of social
class, despite research showing how class is reproduced through parenting (Walker-
dine and Lucey 1989). Although there are fleeting mentions of ‘inclusive teaching’
in both reports and, in Ofsted, of the patterns of participation in post-compulsory
mathematics by gender, ethnicity and free school meals (a common measure of so-
cial class in the UK), the reports’ lack of attention to equity appears to be in marked
contrast to the broader education policy documents. However, Williams and Ofsted
include, respectively, 90 and 40 uses of the word/s opportunity/ies. Thus, they can
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also be understood to speak the language of the ‘modern definition of social jus-
tice’, of state-facilitated meritocracy.

Crucial to our argument is that the construction of equity as opportunity cre-
ates tensions around ‘mathematical ability’. Both the Williams and Ofsted Reports
discuss the advantages and ‘opportunity costs’ of practices of grouping by ability.
But they make no recommendations and ignore the research evidence that: ability
grouping is a means of rationing education in which certain class and ‘race’ groups
are systematically excluded from access to particular knowledges and qualifications
(Gillborn and Youdell 2000) and part of broader processes in which some people
are given value and others are not (Reay and Wiliam 1999). Both reports attempt to
avoid talk of ability as distinct from ability grouping. Ofsted uses the terms ‘high-
attaining’ and ‘low-attaining’; Williams also talks about ‘low-attainers’ (although
contrasted with the ‘gifted and talented’). The expression ‘low-attaining’ allows
pupils, parents and teachers to disassociate pupils’ performances from any underly-
ing, inner ability; they are simply not achieving to expected norms. Thus, we can
see a move away from discourses of innate ability, as incompatible with desires for
all to progress, and their replacement by levelling, alongside the maintenance of
ability grouping in so far as this can be constructed as an efficient, and so quality,
pedagogic practice.

To summarise, quality is conflated with measurable progress within neoliberal-
ism where national progress (economic growth and competitiveness) is matched
with individual progress (personal growth and self-fulfilment). There are some ten-
sions around ‘progress’ in the policy texts, such as when Ofsted note ‘a surprising
finding...that younger pupils, rather than the older and higher attaining, were often
more willing to “have a go”’ (p. 37). However, the overall drive towards ever-higher
performances by pupils and teachers in lessons and tests is clear. Within this, indi-
viduals are responsible for their performances and for playing their parts in ensuring
national and individual progress. The government role is to ensure that opportuni-
ties are available to all. This is exemplified in shifting constructions of ability. In
the next section, we look at how these discourses play out in the practices and talk
of the student-teachers.

Student-Teacher Interviews

Nicola, Kate, Sophie and Leah (the student-teachers) were in their final year of a
three-year undergraduate primary education degree and had worked with Anna as
both university students and research participants. Whilst there is not space here for
a thorough historical analysis some contextual information is important, particu-
larly that the student-teachers ‘training’ took place during a time where government
policy was prominent and ever-changing. In addition, student-teachers are exposed
to many competing discourses and their identities are in flux.

Just as quality is difficult to discern from the policy documents, so it is from the
student-teachers’ interviews. When asked specifically about quality teaching they
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each had particular notions. For example, Nicola described it in terms of her main
interview theme (teaching for understanding) while Kate also began by discussing
her main theme: her current class of pupils. However, she quickly moved onto a
more ‘acceptable’ description of quality teaching in ‘an ideal world’:

Kate: With my class...you have to tell them to do something, get them to put their pencils
down, and explain the next bit. ...I don’t know what it is with my class. If [ was I’d like to
be able to, in an ideal world...quick-fire, snappy, teach them something and allow them to
put it into action.

Perhaps Kate is positioning herself as a quality teacher by describing quality math-
ematics teaching as ‘quick-fire, snappy’, drawing on policy discourses of relent-
less progress. However, associating mathematics with speed also draws on more
familiar discourses. In this section, we explore how more ‘traditional” hierarchical
discourses of mathematical ability—as associated with confidence, independence
and pace, and as fixed and natural (Mendick 2006)—articulate with the contempo-
rary neoliberal policy discourses discussed in the last section. We can see tensions
between these neoliberal and traditional discourses in Sophie’s anxieties:

Sophie: But there’s such a broad range of abilities, I’ve just found it much more difficult
teaching maths this year with them not getting the certain methods that we teach it in. So I
don’t know whether that’s because they’ve been taught in different ways each time they’ve
come up the school.

Sophie, like the other student-teachers, seems to want to regulate her pupils’ prog-
ress in line with the ideas of quality in the policy documents. She becomes frus-
trated when children fall behind where they should be and worries about providing
appropriate challenges to the most ‘able’. However, her idea that each child has a
singular and fixed mathematical ability creates problems. As with Kate, discourses
of mathematical ability mean that she has difficulty enacting the prescribed and
desired quality teaching.

Despite the move away from individual ability in the policy documents, discus-
sions of ability dominate the student-teacher talk and perhaps explain why none of
them spoke of equity in terms of opportunity. In all of their classrooms, children
were allocated to sit at either low, middle or high tables according to their levelled
or age-ranked attainments. Ability comparisons were carried out throughout the in-
terviews supported by the use of ability tables. Here the freedom offered by working
in small groups on tables is in tension with the defining and fixing of each table by
ability. Pupils are positioned in the group and in the associated ability. For example:

Nicola: My lowest group, my Flames, are still on their two and three times tables. My high-
est group, my Gifted and Talented, can do up to their 15 times tables without a problem.
And I’ve got a big sway but then I’ve only got four or five that can do it. The rest of them
are stuck on fours and fives. So I’ve got about 80% of the class that really do need targeting
for their multiplication.

Comparison is, of course, ‘highly visible as a tool of governing at all levels’ (Grek
et al. 2009, p. 123) and is used throughout the quality assurance systems of the wid-
er education marketplace, in league tables, performance indicators, etc. However,
the interaction of rational technologies of comparison with hierarchical discourses



58 A. Llewellyn and H. Mendick

of mathematical ability creates inequities in access to knowledge and allocation of
value.

Inequities in access to knowledge are evident in Sophie’s discussion of her use
of practical resources:

Sophie: My high ability, they could probably do it just by sitting looking at that; they can
work it out. Their brains have got the steps going logically...but definitely for the less able.
They definitely need [practical resources].

They are also evident in Nicola’s discussion of the ‘using and applying’ strand of the
mathematics curriculum (that traverses the content strands and relates to thinking
and reasoning skills):

Nicola: It’s like using and applying is, I find more important for them [higher attaining
pupils]. Because the using and applying is how I can push them without putting them so far
ahead that I am causing a problem for later on.

Thus, abstract rather than practical reasoning and the ‘higher-level’ skills of using
and applying are only encouraged and expected from higher attaining pupils. This
too is a familiar discourse about mathematical ability, that learners have their limits
and need differentiated curricula (Houssart 2001). However, we can also read in
Nicola’s talk a concern about the policy press for forward movement. Associating
progress with acquisition of mathematical content, she has found an ‘acceptable’
way to push her pupils, but one that is not equitable as ‘quality’ learning is restricted
to those judged able.

As well as restricting access to knowledge, ability was attached to value hierar-
chies:

Leah: These can only cope with about Year Three work at a push with a bit of support and
they’re in Year Four. Then I’ve got my Year Four table...they’re up to Year Five. They’re
higher level, they’re brilliant.

The ‘higher’, ‘brilliant’ group are contrasted with those who need ‘a push’ and ‘a
bit of support’, drawing on the familiar trope of mathematical ability as indepen-
dence and inability as dependence. All the student-teachers agreed that ‘slow’ pupils
require intervention in the form of extra time and support: ‘they need that time so
that’s why they’re doing the intervention’ (Leah). Pupils are removed from the ‘nor-
mal’ classroom so that they can, as Nicola says, ‘do it at their pace...with children
on their level’. This carries ideas that children belong with others of their type but,
rather than the policy idea of ‘on their level” as their current performance level,
here it is also associated with personality. Thus, policy discourses construct level
as changing and external to the self and student-teacher discourses construct it as
fixed and internal to the self. This is evident in the way that the student-teachers
largely understand intervention in terms of building pupils’ confidence and giving
them attention:

Sophie: They need a bit of attention and it’s just a confidence issue.

Leah: [The intervention programme’s] just like reinforcing their maths skills because with
that group and the taking of it is confidence...They’re not as good at picking it up as some
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of the others in Year Five and Year Four tables. So they need just that little bit more support.
But they are capable with their support, it’s just, it needs the support, definitely on a lower
level...because it’s in a smaller group as well, they’re getting more attention then.

Thus, mathematical ability is discursively linked to personal qualities of indepen-
dence, speed, interest and confidence. Indeed generally, in student-teachers’ dis-
cussions of pupils’ identities, attainment levels and cognitive ability were over-
shadowed by more affective personality traits. This naturalises particular traits as
indicators of ability, ones which are not equally available to all and thus the notion
of equitable good quality teaching becomes problematic.

In particular, we would tentatively support other research showing an alignment
between middle-class cultural capital, masculinity, whiteness and the ‘able’ person-
ality traits. For example:

Sophie: I don’t think [ability] really matters. It’s all personality, I do think it’s personality
that has a big, big impact because...Luke will sit there and he’ll write sums, write sums,
write sums, but because he doesn’t enjoy literacy as much...he isn’t as creative he just turns
off from it and he doesn’t work. So I think it’s all to do with their personal thoughts about
the subject...Because he’s very capable but he just has a negative view of his handwriting
and his ability. So he doesn’t work as hard, but he could easily be in the top two [ability]
tables. Whereas in maths...I don’t know whether it’s because he enjoys it more, he feels
more capable.

Sophie attributes Luke’s achievement to personality, which she dissects into ‘per-
sonal thoughts about the subject’ and ‘a negative view of...his ability’. Luke is
described, as someone who ‘could easily be on the top two tables’, consolidating
dominant discourses of ability and suggesting how some, middle-class boys, are
read as ‘able’ despite poor attainment (Walkerdine 1990). In a second example, at
Nicola’s school pupils chose their own ability table names: Flames (lowest group),
Comets (middle) and Spoons (highest). The lower attaining pupils chose the more
obviously powerful names and the highest attaining group (mostly boys) chose an
ironic name, suggesting they have nothing to prove. Perhaps, like Mac an Ghaill’s
(1994) ‘Real Englishmen’ they were engaged in a middle-class masculine perfor-
mance, mocking, and so indicating their superiority to the system. In stark contrast
the Comets were stuck:

Nicola: I think that my lowers are never going to enjoy maths...they’re never going to
want to do maths. And I can see that now...by the time they’ve hit Year Three, Four, it’s
just gone.

This discourse, that each mathematical ability group is fixed in behaviour and
achievement, is very different from the mobile consumers constructed in the policy
texts.

From these interviews, we suggest that the rational neoliberal discourses of qual-
ity and equity conflict with the traditional hierarchical discourses of mathematics
and the caring emotional discourses of primary teaching. This conflict results in
levelling and ability groupings leading not to progress for all but to the labelling
and normalising of pupils and there being no place (apart from intervention) for
those who do not fit. We argue that this is not an inadvertent side-effect of such
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grouping practices: ‘an opportunity cost’ that can be eliminated through improved
teacher training and development, as Williams would have it. Ability judgements
are structurally embedded in our constructions of mathematics and are produced by
and reproduce inequitable discourses in the wider society. However, this cannot be
spoken within neoliberal discourses of equity as opportunity, with their emphasis
on individual responsibility rather than social structures. Thus, rather than level-
ling simplistically ensuring that every child progresses within mathematics, it sup-
ports ability hierarchies, which translate into ‘progress’, but only for some. Thus,
mathematics classrooms, and mathematics itself, fabricate and are fabricated by
discourses that cannot be taken on board within neoliberalism. These discourses and
the objects they bring into being are self-perpetuating and cyclic, as the assumed hi-
erarchical nature of mathematics and mathematical ability naturalises the processes
through which some succeed and others are excluded (Mendick 2008).

Conclusions

‘Quality’ operates as a ‘mobilising metaphor’ (Carlile, in press) to muster support
for a raft of neoliberal policies that manage teaching and learning as if it were a
commercial process. Children are transformed into attainment levels, the inputs and
outputs of the educational production process. Teachers’ work becomes facilitating
the efficient ‘conversion’ of the input attainment levels to higher output levels; chil-
dren’s work is to ensure that they, like good consumers, take up the educational op-
portunities available to them. We see the ongoing colonisation of learners, teachers
and the learning process by business. Within this, inequity is constructed as a lack
of opportunity to progress (naturalised as development) which can be addressed
through interventions to recover the deviant child within the bounds of the normal.
However, the classed, raced and gendered exclusions constituted through the nor-
malisation of the consuming, progressing self are left unaddressed. When equity is
constructed as the opportunity to participate in the conjoined progress of the self
and society, then broader structural inequalities cannot be addressed. This is strik-
ing in the talk of the student-teachers and their widespread rationing of education
and allocation of value through mathematical ability judgements. Normalisation
masquerades as intervention as opportunity is lost beneath the daily practices of the
levelling and labelling of pupils. Although neoliberal politics claims otherwise, we
have argued that you cannot make an economic argument for equity when it is un-
derstood in collectivist rather than individualist terms. For quality to fit with social
justice as we understand it, it must be defined in something other than economic
language.

While we hope this analysis is (at least a little) disturbing, it also, perhaps in-
evitably raises the question, so what? We feel that the value of analysing the dis-
cursive power relations in which we are caught up is that we can begin to open up
possibilities for thinking, being and doing otherwise (Butler 1997). For example by
intervening, we position pupils as dependent, slow and unconfident in relation to
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mathematics, partly perpetuating a cycle that keeps them in their place, as ‘unable’.
The alternative is not to withdraw support but to question the setting up of inde-
pendence, speed and confidence as goals and the positioning of support as some-
thing needed by those who are lower/lesser. This raises questions about whether
we should be teaching mathematics in its current form and what the alternatives
might be. This is particularly important given that mathematics is implicated in
the neoliberal agenda of economic well-being, prosperity and competitiveness in
a high skills global economy, for ‘by the use of mathematics as a language of “the
market” so mathematics has become entwined and identified with market econom-
ics’ (Woodrow 2003, p. 2). Mathematics is tied to processes of measurement and to
their normalising role.

Any attempt to understand policy inevitably has a shelf-life as it is subject to
rapid change. It is possible that before this book is published we will have a change
of government in the UK. However, the discursive patterns of quality and equity
within neoliberalism have a longer history than the current government and will
continue (in modified form) after they go. For we live in an era in which education
is constructed as central to the knowledge economy and ‘performance data’ have
become the measure of quality and the driver of policy globally. These discourses
will also live on in the practices of the student-teachers, like those interviewed for
this article, who learnt to teach within them.
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Chapter 5
Quality and Equity in Mathematics Education
as Ethical Issues

Bill Atweh

The discourses of quality and equity have become globalised concerns in the field
of mathematics education as reflected in most policy and curriculum documents
around the world. While few people would contest their importance to mathematics
education theory and practice, their meanings often remain unexamined. A careful
reading of their use in various contexts reveals alternative, if not divergent under-
standings behind them. This chapter! is an attempt to contribute to a systematic
theorising of the two agendas that taken separately potentially, even though not
necessarily, might lead into conflicting actions and outcomes and may lead into
lack of achievement of either. In the first part of the chapter, I undertake a critical
reconstruction of some of the tensions reflected in the use of the two terms and
their interactions. By “reconstruction” I do not mean abandoning or rejecting the
understandings of the past. However, an interrogation of the two concepts allows
us to examine the assumptions and limitations behind their different uses. As Chris-
tie (2005) argues, all concepts are socially constructed and hence are “contingent
and contestable” and are to be “rendered permanently contested” (p. 241). In other
words we need to be “working with and working against” (p. 240) the constructs to-
wards alternative understandings that are more likely to deal with contingent prob-
lems that any discourse may lead to. In the second part, I present a reconstruction of
the two agendas grounded on the discourse of ethical responsibility that allows for
a viable understanding of both agendas and constructs them as complementary, and
is hence more likely to facilitate their achievement.

! This chapter is based on my contribution to the Plenary Session 6 (Panel Debate on Equal Access
to Mathematics Education) at the International Congress of Mathematics Education in Monterrey,
Mexico in 2008.
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Tensions Within the Discourses of Quality and Equity

To start with, here [ understand guality as a question of values and judgements rather
than an objective and decontextualised description of a phenomenon. As Dahlberg
et al. (1999) point out, the dominant understanding of “‘the discourse of quality’
can be seen as part of a wider movement of quantification and objectivity intended
to reduce or exclude the role of personal judgement, with its attendant problems of
partiality, self interest and inconsistency” (quote in the original, p. 87). The authors
go on to trace the emergence of this discourse by placing it within the rise of the
Enlightenment with its overzealous trust of quantification, comparing the dissimilar
by reducing them to the same criteria. They add that in the age of uncertainty, it “of-
fers us confidence and reassurance by holding out the prospect that a certain score
or just the very use of the word quality means that something is to be trusted, that it
is really good...rather than being a symbol whose meaning can only be arrived by
critical reflection and judgement” (pp. 92-93). Thus, the determination of quality
involves setting standards of product or service delivery and criteria for the achieve-
ment of these standards. Of particular interest here is the argument the authors make
that these criteria and standards are often taken to be based on rational, objective
and universal grounds.

Although different policy and curriculum documents in mathematics education
around the world have been constructed using the discourse of quality, the term is
often assumed and not defined. Hence, it remains, and should remain, a contested
construct. It seems to me that the discourse of quality in mathematics education is
often based on one or both of two considerations:

1. Doing better mathematics and
2. Increasing students’ achievement in that mathematics

As Atweh and Brady (2009) argue, in the dominant mathematics education dis-
course, “better mathematics” often refers to abstraction and the rigour of the disci-
pline of mathematics (e.g. Juter 2006). This includes formalised symbolic language,
axiomatic thinking, standard efficient algorithms and proofs. It may also include
sophisticated modelling of mathematically based problems—usually from areas
such as physical world, engineering and the economy, in which there is a unique or
best-fit solution. This is often contrasted with practical mathematics that focuses on
social world applications, routine problem solving—on personalised (often called
student-invented) algorithms, solutions and non-standard presentations of math-
ematical arguments. In many Australian curricula, these two types of mathematics
are contained in alternative streams that students select (or are assigned to) depend-
ing on their previous mathematics performance (often taken as a sign of ability)
and post school aspirations. This construction of quality mathematics, in contrast
to practical mathematics, is presented as a common sense solution for the need to
provide a greater choice (a valuable endeavour in neo-liberal politics) for students
and to cater for the needs of a larger number of students. Regardless of attempts by
education systems and teachers to present the different streams as equally valuable,
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many students refer to the practical mathematics subjects with the diminutive term
“vegi-math?”.

This binary might be counterproductive by denying the majority of students (that
is, those taking the so-called social or practical mathematics), the opportunity and
the ability to develop their generalised abstractions of mathematical concepts and
procedures and to develop their confidence as users of mathematics. Likewise, it
denies the students undertaking the more academic mathematics subjects the op-
portunity to see the application of mathematics to solve problems in their immediate
life. Arguably, in our times, students need both abstract knowledge and practical
knowledge. Hence, if quality of school mathematics education is only understood
from within the discipline of mathematics, it may lead into alienation of the major-
ity of the student population that fail to appreciate such abstraction, are not capable
of achieving it, or fail to see its relevance to their lives.

An alternative understanding quality mathematics education is the focus on stu-
dents’ achievement, in particular based on comparing students’ performance with
others or with pre-determined standards using frequent national testing. As Apple
(2000) argues, neoconservative governments around the world have encouraged
privatisation and devolution of decision making in education yet reinforced their
control over curriculum and standards through testing regimes. This is the “scien-
tific management of education through legislation” approach to curriculum devel-
opment and reform as discussed by Neyland (2004). Commenting on the standards
movement in the USA and on the attempts to implement the No Child Left Behind
policy Mark (2008) raises the question whether such practices are able to achieve
equity. He argues that high-stake testing may lead to an image of mathematics as
something to be planted in minds of students irrespective of meaning and isolated
from their everyday life and experiences. Further, such practices are in danger of
reinforcing student alienation and dissatisfaction from their experiences in math-
ematics school learning.

I will return to the discussion of the different understandings of quality below.
However, now I turn to deal with another important challenge to mathematics teach-
ing, namely that of equity. Whereas concerns about quality are about what type of
mathematics is worthwhile and valuable and about how students can best develop
this mathematics, concerns about equity are about who is excluded from the op-
portunity to participate and achieve in mathematics within our current practices and
systems, and about how to alleviate their disadvantage (Burton 2003; Secada 1989).
Atweh and Keitel (2007) note that concerns about participation and achievement in
mathematics study by different social and cultural groups are no longer seen at the
margins of mathematics education policy, research and practice. Issues relating to
gender, multiculturalism, ethnomathematics and the effects of ethnicity, indigene-
ity, socio-economic and cultural backgrounds of students on their participation and
performance in mathematics are regularly discussed in the literature.

2 That is, vegetarian mathematics—in contrast to the academic mathematics which is regarded as
meaty (with apologies to the vegetarian readers!).
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In a previous article (Atweh 2007), I indicated how the concepts of equity,
diversity and social justice are often dealt with in the literature as exchangeable
constructs. At the risk of over-generalisation, perhaps there are some regional
variations in their use—i.e. concepts of equity and diversity are widely used in
the USA, while European literature makes more reference to social justice. In
the USA, however, Secada (1989) discusses equity in terms of social justice.
Similarly, the three terms are often used to discuss different forms of disadvan-
tage—i.e. equity and social justice are often used—but not exclusively—to look
at lack of participation and achievement based on gender, Indigeniety and social
class, while diversity is often used—but not exclusively—to look at variation
due to ethnicity, language and cultural background, age, sexual orientation and
disability.

In spite of the overlap in the aims of both agendas of equity and diversity,
there is an important difference between them in that they aspire to potentially
contradictory outcomes with regard to group status. Fraser (1997) points out that
the diversity discourse might lead to essentialising the differences between the
different groups and it may fail to take into consideration the changing construc-
tions of these labels and their contextual understanding in time and place. Simi-
larly, the diversity discourse fails to adequately take into consideration one of
the biggest threats to social inequality and exclusion in mathematics education,
namely socio-economic background and poverty that are difficult to construct
as diversity issues in the same way as, for example, cultural differences. Equity
projects aim at reducing group differences, e.g. in achievement and participation,
and hence its ultimate aim is to abolish group differences. Diversity discourse,
on the other hand aims at enhancing respect for group differences and status.
This is the dilemma that Fraser (1997) refers for in discussing the multidimen-
sional model of social justice. There are two further limitations of the equity
and diversity agendas. On one hand, remediation equity concerns might lead to
a backlash of misrecognition (Fraser 1995) for the target group by constructing
them as victims or as needy of special assistance, while diversity construction
promotes group status. On the other hand, the diversity agenda might lead to of
romanticising difference between groups by treating them as exotic, while the
equity agenda highlights their exclusion and disadvantage. As Burton (2003) ar-
gues in her introduction to her book “Which Way Social Justice in Mathematics
Education”, in mathematics education literature there seems to be a “shift from
equity to a more inclusive perspective that embraces social justice” (p. xv). She
goes on to say “the concept of social justice seems to me to include equity and
not to need it as an addition. Apart from taking a highly legalistic stance, how
could one consider something as inequitable as socially just?” (p. xvii). Using
Fraser’s conceptualisation of social justice as having two irreducible dimensions,
distributive and recognition, the social justice agenda incorporates both equi-
ty and diversity concerns, respectively. Fraser demonstrates that while neither
agenda is reducible to the other, the two are not mutually exclusive (Fraser 1997,
Fraser and Honneth 2003). In practice, most social justice action contains ele-
ments of both.
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Relationship Between Equity and Quality

It is perhaps not difficult to point out to both extrinsic and intrinsic values that many
industrialised societies might have to explain their attempts to achieve both quality
and equity. In terms of quality, excellence is often valued for its own sake. Perhaps
the world’s fascination with high performance in sports, and the huge amount of re-
sources devoted to it, illustrates the intrinsic values of quality performance. Closer
to the topic here however, Stack (2006) discusses the media frenzy around the PISA
results in Canada that are undoubtedly mirrored in many participating countries
around the world. Regrettably, however, the serious questions about the possible
invalidity of these tests to represent real performance of students (Fensham 2008)
and the hidden inequity with societies that their results reveal (McGaw 2004) are
not seen to be as newsworthy. Likewise, quality in mathematics educations is also
extrinsically valued for the significant potential of mathematical knowledge to the
society’s well-being and economic and technological development. Undoubtedly,
it has that potential. However, these assumptions about the value of mathematics
education for the student and society should not be accepted uncritically. First, the
relationship of mathematics to general economic development is far more complex
than is often assumed. For example, Woodrow (2003), citing the example of the
development of the Asian economies and the high achievement by their students in
international testing, argues that increases in mathematics education standards have
occurred after their economic development, and arguably as a result of it, rather
than the other way around. Further, Ortiz-Franco and Flores (2001) demonstrate
that during the period between 1972 and 1992, the mathematics achievement of La-
tino students in the USA have increased in comparison with other students, although
their socioeconomic status has decreased.

Similarly, concerns about equity in different societies reveal some intrinsic and
extrinsic values. Equity in mathematics education can be constructed as a human
rights issue for full participation in society by many traditionally excluded groups.
Perhaps, the pioneering work of many women in mathematics education represent-
ed at different times at International Organisation of Women in Mathematics Edu-
cation have shown us how addressing exclusion combining research and political
action can lead to changes of patterns of participation and achievement. Similarly,
concerns about equity and social justice reflect extrinsic values that equitable par-
ticipation and achievement bring to any society—in particular, values such as social
cohesion, and harmony, peace as well as economic benefits. The consistent message
from educational economists is that if a society considers that achieving equity is
costly, they should realise that the cost of an inequitable world is potentially far
greater.

Here I argue that, although not necessarily mutually exclusive, the agendas
of quality and equity may lead to undesired contradictory outcomes. As Gough
(2006) points out, in many policies “equality (or equity) is understood to be a nec-
essary condition of quality” (p. 12). However, in practice, a focus on one without
the other is problematic. In the same article, Gough refers to several South African
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writers who argue that the quality agenda in that country is often used as a means
to justify the continual exclusion of black students from further education. In other
words, a concern about quality with no concern about equity may lead to “elitism”.
In the same vein, a concern about equity with no consideration about quality runs
the risk of sacrificing it. Luke (1999), referring to the work of Newman and his
associates (1996), points out that “the worst enemy of equitable and socially just
outcomes is the phenomenon that we could call ‘dumbing down’” (p. 11) the cur-
riculum. Hence, the focus on only one demand is not only misguided—by failing
to deal with significant determinants of participation and achievement in math-
ematics—but also counterproductive—in leading to results contrary to what we
are aiming to achieve.

This potential conflict between equity and quality is not only hypothetical. In
practice, where resources are scares, as often is the case in education, in particular,
in many less industrialised countries, this potential can become reality. At the Inter-
national Conference on Education organised by UNESCO in Geneva (International
Bureau of Education, 2005), Mohammad Osman, the Bangladesh minister of edu-
cation is quoted as saying:

While access has increased, quality has suffered largely due to systems’ inability to provide
the requisite number of well qualified and trained teachers and syllabi and curricula that is
consistent with the need of a changing world. (p. 51)

In other words, under adverse conditions, the choice may come down to either con-
centrate on some basic education for a wider range of students, or spend more re-
sources to increase the education of the most likely to reach their high potential.

Is the identification of values as basis for quality and equity agendas sufficient
to guide necessary action towards their achievement? There remain a few prob-
lems. Firstly, values are socially constructed and can vary from one culture to an-
other and from one time to another. Further, values are open to conflict with each
other, and action towards one may lead to a sacrifice of the other. Values alone
do not lend themselves to obvious criteria for their own evaluation and critique.
Hence their ability to provide normative criteria for action is limited. Lastly,
action towards achieving quality and equity in mathematics education based on
values is becoming increasingly difficult in our age of uncertainty (Skovsmose
2005). As Foucault (1984) says “people know what they do; frequently they
know why they do what they do; but what they don’t know is what they do does”
(p. 95). Skovsmose goes on to argue that in the age of uncertainty the only option
we have to guide our action is a sense of responsibility of one to the other. As
Critchley and Bernasconi (2002, p. 26) eloquently put it “the end of certainty can
be the beginning of trust”. Equally correct, they could have said the beginning
of responsibility.

This concept of responsibility brings us to the heart of the discourse of ethics. In
the following section, I will articulate a particular understanding of responsibility
based on ethics as elaborated by Levinas and argue that this understanding provides
alternative constructions of quality and equity and contributes to the normative cri-
terion for action and reflection towards their achievement.
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Ethical Responsibility

Atweh and Brady (2009) point out that the demand for responsibility, or more of-
ten in its related term accountability, is an ever-increasing concern in educational
discourse, policy and practice in many countries around the world. In educational
discourse, the term responsibility is used with a variety of meanings. Responsibil-
ity is often presented as a requirement or duty that restricts (as in, it is the teachers’
responsibility to cover the curriculum), as privilege that enables (as in, the teachers’
responsibility to maintain discipline in class), as a placement of blame (as in, who is
responsible for the students’ lack of achievement?), or in its ethical or moral mean-
ing (as in, it is the teachers’ responsibly to tell the truth). In these uses, responsibil-
ity is understood as determined by social structures and roles, rules and regulations
or codes of behaviour. Such rules and codes assume an individual agent who is
independent and with a moral choice of following the rules or not. Further, they
are based on a rationality that constructs the “good” as subservient to knowledge of
the good and such knowledge is taken to be objective and universal (Cohen 2001).

The argument here is not that rules and codes are not necessary for the well
functioning of society and the common good of its members. Rather, the concern is
that this construction of responsibility mechanises the relationship between people
and, hence, is in danger of eroding the humanity of the human (Cohen 2001). Simi-
larly, it reduces complex decisions to a choice between one rule and another, and
hence hides deep ethical concerns. As an illustration of this danger, consider the
processes for assuring ethical conduct of research as adopted in many countries.
Reducing ethical concerns to filling in forms and ticking of boxes is in the danger
of researchers avoiding facing deeper cthical questions as to who benefits from the
research, whose concerns are researched and what is the role of the participants in
the research process (Groundwater-Smith 2007).

Alternative constructions of responsibility and ethics acknowledge that ethical
decisions are often messy and complex. Universal laws are often not helpful in
dealing with case by case situations. This of course is not a sanction for an “any-
thing-goes” ethics. On contrary, as Dahlberg and Moss (2005) argue, this ethics is
more demanding of the agent than simply following conventions. Ethical decisions
are much more of a burden when seen as more than merely following of rules.
This of course supposes that the agent is intrinsically an ethical being who acts for
good and does not need rules and codes to act responsibly. Are people intrinsically
ethical?

Can we turn to philosophy to assure us? Cohen (2005) explains this avoidance
of ethical discussion in philosophy as a fear of moralising, preaching and ques-
tions of values by philosophical discourses mainly focused on ontology rather than
meaning. In Western thinking, there is a movement away from essentialist thinking
represented in the universality of ethical principles (Christie 2005) and their foun-
dation on rationality as established by philosophers such as Kant. Going back to the
philosophical and ethical discourses of Socrates, who argued for the primacy of the
knowledge of the good over the knowledge of the truth, Cohen raises the question



70 B. Atweh

“Has the philosopher abdicated responsibilities” by only dealing with questions of
knowledge rather than values (p. 39). However, this avoidance of ethical discourse
is slowly dissolving. As Critchley (2002) indicates, it was only in the 1980s that
the word ethics came back to intellectual discourse after the “antihumanism of the
1970s” (p. 2). Further, the post-ontological philosophical writings of Levinas (1969,
1997) have been influential in the re-introduction of ethics within philosophy by
establishing ethics as the “first philosophy™.

For Levinas, ethics is before any philosophy and is the basis of all philosophical
exchanges. It precedes ontology “which is a relation to otherness that is reducible to
comprehension or understanding” (Critchley 2002, p. 11). This relation to the other
that precedes understanding he calls “original relation”. Using a phenomenological
approach, Levinas argues that to be human is to be in a relationship to the other, or
more accurately, in a relation for the other. This relation is even prior to mutual obli-
gation or reciprocity. Roth (2009, p. 31) argues that this original ethical relationship
discussed by Levinas consists of an “unlimited, measureless responsibility toward
each other that is in continuous excess over any formalization of responsibility in
the law and stated ethical principles”.

From this perspective, people are neither intrinsically good nor are they intrin-
sically bad. They are morally ambivalent (Neyland 2004). However, since being-
for-the-other precedes being-in-itself, the self is intrinsically ethical—in the sense
that concerns about ethical responsibility towards the other precedes the knowledge
about the self. As Neyland argues, it is an “incorrect assumption that the ethical self
is caused by—is a product of—social legislation that redeems the pre-ethical self
from a prior and unwanted disposition” (p. 56). On the contrary, there is a danger
that legislation limits, if not erodes the ethical self. However, he goes on to argue
that ethical encounter is not sufficient as a substitute for ethical codes, but needs to
be supplemented by “shared ethical ideals, priorities and principles that are open to
agonistic negotiation” (p. 57). These should complement rather than override ethi-
cal primacy of direct encounter.

So what do the agendas of quality and equity look like within this ethical respon-
sibility?

Constructing Quality and Equity as Ethical Concerns

As discussed above, in mathematics education quality is often understood from
within the field of mathematics and articulated in terms of rigour and in the form
of standards and means of testing. Very rarely, it is based on a discussion of the
aims of mathematics (Jurdak 1999). A discussion that is based on the wider role of
mathematics in the lives of the students as well as society would lead an alternative
understanding of quality that does not refer to a particular type of mathematics nor
achievement in it, but whether or not the practice of mathematics education itself
has achieved these aims and what type of mathematics education would promote
their achievement.
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Undoubtedly, mathematics is useful for economic and technological develop-
ment of society (Kuku 1995). However, traditional forms of mathematics educa-
tion based on the development of abstract and objective content is not a guarantee
against the misuse of such developments that might lead to inequality, insecurity
and environmental degradation—arguably all encompassing threats to our global
society. Similarly, mathematics is a useful subject for many jobs and careers. How-
ever, often it is used as a badge of eligibility of entry to those careers as much as it
is used in those careers themselves—thus leading to exclusion and disadvantage.
Mathematics education cannot abdicate its responsibility to deal with arising prob-
lems with the content it develops and remain ethical. Further, limiting the aims of
mathematics education to social development, constructs the individual as subservi-
ent to social structures rather than an active agent in their society. Once again, ethi-
cal practice, as discussed above, is based on the responsibility to the other before,
and as a basis of, responsibility towards the social.

Here, I recognise an encompassing aim of mathematics education as a contribu-
tion to the ability of students to meet the demands of their current and future lives—
i.e. as their development as responsible citizens. I acknowledge the problematising
of the concept of responsible citizenship provided by Popkewitz (2004). In this
context, responsible citizenship is not understood as playing a particular social role,
obeying laws, following regulations or being pleasing to authority. Rather a re-
sponsible citizen is somebody who is both willing and able to take responsibility
to expose social problems through mathematics and propose possible solutions for
them. Puka (2005) illustrates how the distinction that some feminists make between
responsibility and “response-ability” is a significant contribution to ethical think-
ing. Response-ability highlights the ability to respond to the demands of the other.
This is similar to what Roth (2007) points out, that responsibility

etymologically derives from a conjunction of the particles re-, doing again, spondere, to
pledge, and -ble, a suffix meaning ‘to be able to’. Responsibility therefore denotes the abil-
ity to pledge again, a form of re-engagement with the Other who, in his or her utterances,
pledges the production of sense. Each one, on his or her own and together, is responsible for
the praxis of sense, which we expose and are exposed to in transacting with others. (p. 5)

In other words, the aim of mathematics education is to develop a response-able
citizen. Using Gutstein’s terms (2006), a citizen who is able to “read and write the
world through mathematics”.

Undoubtedly, to achieve this role, care is to be given to develop the power of
rigour in mathematical arguments, flexibility in problem solving and generalisation
in mathematics. Hence, the contention here is not that the understanding of quality
mathematics referred to above is wrong, but that it is limited. The meaning of qual-
ity in this case is what kind of mathematics is more likely to promote the response-
ability of the student. Quality in mathematics education is measured not as, or not
only as, formal abstraction and generalisation, but by its capacity to transform as-
pects of the life of the students both as current and future citizens. In another context
(Atweh 2009), I discussed some curriculum and pedagogical implication of what I
and some colleagues have called Socially Response-able Mathematics Education.
Perhaps intuitively it is not difficult to understand that the agendas of equity and
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ethics are associated. In the previous sections I argued that social justice is a wider
agenda than equity; hence we will discuss the relationship between social justice
and ethics. I will follow with the discussion of ethics as postulated by Levinas and
show why ethics needs justice and why justice needs ethics.

As discussed above, Levinas constructs the encounter with the other as the bas-
es of ethical behaviour. He posits the ethical self as prior to consciousness of the
self, being and knowledge. The encounter with the other demands nonreciprocal
and unlimited commitment to serve the needs of the other. However, the other
is not singular. There are many others. How can this unlimited responsibility be
shared with two or more others? Hence, by necessity, this primal ethical relation-
ship is restricted by the presence of the Third (Simmons 1999). How can ethics not
lead into injustice in treating two or more others the same way? Levinas’ answer
is that ethics needs justice to regulate it. This should not be taken as a defect in the
construction of ethics as an infinite demand. Rather, it is a call for a construction
of justice at the service of ethics. If ethical responsibility is to be good for the other
without leading to injustice, it needs justice to regulate it in a society that has many
others. Although, justice is not reducible to ethics, it is taken to be a subservient
to ethics.

What does this construction contribute to the understanding of social justice?
Atweh and Brady (2009) posit two reasons why the discourse about ethics supports,
and lays the foundation for, concerns about social justice. First, social justice dis-
course is often constructed as concerns related to the participation of social groups
in social activity and their enjoyment of their fair share of social benefits (Fraser
1997). It has less to do with the outcomes achieved by a particular individual—un-
less the outcomes are due to their belonging to a social group. They are often silent
on issues related to the interaction between two people—say of the same social
group. Ethics, on the other hand, is concerned with a face-to-face encounter and
interaction between people. This understanding of justice as subservient to ethics
resolves the problem of dealing with the individual versus a group in social justice
concerns. Undoubtedly, dealing with the demands of marginalised groups remains
a crucial social justice issue. However, by understanding that justice is justified by
ethics, an encounter with a particular member of that group is still subject to unlim-
ited ethical responsibility. In practice, this implies that dealing with individuals in
isolation from their social group memberships, thus failing to see the effect of their
background on their chances of social participation, is in danger of being unjust. In
the same vein, stereotyping an individual only as member of a group, thus focus-
ing on their background and failing to see their possibilities, is in danger of being
unethical.

Secondly, as argued above, the foundation of social justice on values that dif-
ferent social groups and countries have is not sufficient. This focus on ethics
establishes social justice concerns as a moral obligation, rather than on charity,
good will or convenient politics. In other words, adopting a social justice approach
places knowledge as a servant of justice, while an ethical approach places justice
at the service of the moral (Cohen 2001). Neyland (2004) quotes Cohen (1986) as
saying:
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The demands of justice arise out of ethical situations and at the same time pose a danger
for that situation. The danger of justice, injustice, is the forgetting of the human face. The
human face “regulates”, it is the goodness of justice itself. (p. 9).

Conclusions

The demand to re-examine issues of quality and equity in mathematics education
arise not only from their increasing role in official and academic discourse and
practice in the field. The perceived importance of mathematics and the implications
of lack of achievement in it have the potential of increasing pressure and anxiety
for students and teachers. Similarly, many countries around the world are investing
huge resources for reforms in their mathematics education curricula and teaching.
Often these reforms mirror reforms in more industrialised countries. Rather than ac-
cepting quality and equity as absolute and non-problematic constructs, this chapter
presents alternative possible understandings of them. In particular, I examined the
possibility of basing both constructs on the discourse of ethical responsibility as
elaborated by Levinas.

By using ethics as a foundation for both constructs, not only is it possible to
argue that the two agendas are not contradictory, but also that they are both neces-
sary for an ethical practice in mathematics education. Understanding the educa-
tive interaction as ultimately an ethical encounter highlights the responsibility (read
response-ability) of the teachers to meet the demands of the responsibility (read
response-ability) of the students to meet the demands of their current and future
social lives. This understanding necessarily implies the call for “powerful” math-
ematics (read quality) for every student (read equity). Here, I understand the power
of mathematics not as traditional rigour of formal mathematics but as its potential
to contribute to active citizenship for reading and writing the world (Gutstein 2006).
Furthermore, since ethics is based on questions of what is good to do—and what is
good to be, such a discussion should form a normative guidance to practice. By nor-
mative role, I do not mean they are sufficient to inform practice in every classroom
and with every student around the world. Rather, they establish criteria for decision
making in educational planning and practice that allow us to act and reflect on our
actions.
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Chapter 6
Ghettoes in the Classroom and the Construction
of Possibilities

Ole Skovsmose and Miriam Godoy Penteado

Introduction

Based on teachers’ accounts, we are going to discuss equity and quality with ref-
erence to mathematics education context. The particular context we are going to
consider is set by the basic education system in Brazilian public schools. We in-
terviewed 11 teachers who work in different public schools in Brazilian cities and
two prospective teachers, both university students (presented in Table 6.1). All in-
terviews were carried out by e-mail. In the following, we refer to teachers and pro-
spective teachers as teachers, the names are fictitious each chosen by themselves.

We asked the teachers, first, to describe episodes that could give an impression of
the diversity of students they had been teaching. Second, we asked what ideas they
associated with the notions of ‘equity’ and ‘quality’, and how they would combine
these two notions with regard to mathematics education.

As shown in the Table 6.1, the majority of teachers were from Sao Paulo state,
one of the richest states in Brazil. Furthermore, several of the teachers have a
master’s degree in mathematics education; one is a PhD student in mathematics
education, while others have been involved in research-based developmental pro-
grammes. As a consequence, the group we interviewed does not represent the popu-
lation of teachers in Brazilian public schools in any statistical sense of the word.

Based on the interviews, we do not try to formulate any statements about teach-
ers’ experiences and opinions in general. Instead, our intention is to present some
episodes that could give an impression of what is taking place in public schools
and at the same time give inspiration for addressing issues about equity and quality.
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Table 6.1 Interviewed

Name Age Brazilian State  Years of experience
teachers as a teacher
Marina 45 Sao Paulo 16
Silvana 44 Sao Paulo 15
Rubens 35 Minas Gerais 15
Rebeca 39 Sao Paulo 14
Lucas 34 Goias 8
Luis Manoel 27 Paraiba 6
Alessandra 31 Sao Paulo 5
Adriana 30 Sao Paulo 5
Denis 24 Sao Paulo 2
Gustavo 24 Sao Paulo 2
Ruda 26 Minas Gerais 1
Tanien 20 Séo Paulo Prospective teacher
Daniela Rosa 18 Sao Paulo Prospective teacher

Thus, we try to identify some categories ‘dense with experiences’ by taking depar-
ture in the teachers’ presentation. We summarise the teachers’ descriptions, which
have been provided to us in Portuguese. In most cases, we do not provide a word by
word translation, however when we do this, we insert the translation in quotation
marks.

After a brief overview of the Brazilian school system, Section ‘Episodes from
the School’ presents some episodes experienced by the teachers. Section ‘Equity
and Quality’ presents the teachers’ comments on equity and quality with a particu-
lar reference to mathematics. Section ‘Emerging Categories’ summarises emerging
categories ‘dense with experiences’. Section ‘Ghettoes in the Classroom’ and Sec-
tion ‘Construction of Possibilities’ discuss two issues related to equity and quality
drawing on the emerging categories, while Section ‘Final Considerations’ contains
the final considerations.

Episodes from the School

The majority (around 87%) of the Brazilian population from 6 to 18 years old study
in public schools which are financed by the federal government, by the state, or by
the city council where no fee has to be paid.

In general, a Brazilian public school is organised as is any such school in other
countries. One difference could be that the students attend at the school for less time
than in some other places. For example, the schools operate with two daily periods:
morning from 7:00 to 12:00 and afternoon from 12:30 to 17:30. In some cases, there
is also an evening period from 19:00 to 23:00. This means that one group of stu-
dents goes to the school in the morning, another group in the afternoon and a third
group in the evening. In some cases, this also happens to the teachers in the sense
that some of them have classes in different periods of the day.

The usual pattern of a mathematics lesson is the traditional one where the teacher
makes a presentation of the content of the day’s lesson, some examples may also be
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presented; then, the students try to solve exercises, and the solution will be checked.
In other words, the normal pattern of the mathematics classroom in Brazil is similar
to the normal pattern throughout the world. The school mathematics tradition has
taken an almost universal format.

Diversity

It is early afternoon, and the school is about to start the afternoon session. Luis
Manoel describes a scene when a school bus is arriving. The bus is provided by the
city council, and it brings students from the rural areas. There is no sign on the bus
indicating that it serves as a school bus. It stops in front of the main entrance and
the students get out, making a lot of noise. Many of them just bring notebooks, oth-
ers bring a backpack which has been donated by the local school authority. Some
bring their cell phones playing popular music. Some are singing, some are dancing
along with the rhythms emanating from their phones. In general, the atmosphere is
relaxed and playful, which continues after they have entered the gate and got to the
school yard next to their classroom.

Silvana describes a few of her students, all about 12 years old. One girl has huge dif-
ficulties; she is not organised and cannot concentrate. She knows how to read the differ-
ent syllables, but when the syllables come together to form words, she finds it difficult.
In mathematics, she does not know how to subtract, and when it comes to addition, she
just makes some drawings on the paper because she has not mastered the algorithm.
She does not disturb the class, she does not do anything, she remains apathetic.

A boy is completely alienated from what is taking place in the classroom. He
smiles and stays absentminded. He has all the equipment he needs for going to
school. He arrives spotless and organised, but he does not do anything. Another boy
enjoys the confusion and is always disturbing his friends. Once, after he had been
fighting with some other students, he was sent to the principal. When he returned
he told his friends that he was going to ask his stepfather to take revenge. Another
boy does not open his note book, and after Silvana has complained, he tells that he
does not have any pencil, nor any pen, and so he cannot do anything. As Rebecca
observes, there are also many students who are interested in engaging in the school
activities: “We also have excellent students who enter the best universities, write
poetry, are very good in Sport and get Olympic prizes in mathematics’.

As the students are different, so are their family backgrounds. Gustavo has
taught in a poor neighbourhood. Here many students come from broken families.
Some may live with their grandparents, some with one or the other of their parents.
Gustavo also points out that there are several cases where girls get pregnant when
they are only 13 or 14 years old. In order to reduce this problem, they are given
information about contraception. But the problem remains far from solved. Several
teachers tell about how drug trafficking is part of the business of the neighbourhood.
One of Rebeca’s students was an addict and offered drugs to his classmate: ‘He
would not be quiet in the classroom and was aggressive to everybody in the school.
Once he was found with a knife, and the police were called. He was aggressive
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toward the police as well’. It also appears that the very school building is suffering
in this neighbourhood. Graffiti seems to appear everywhere together with a general
damage within the school.

There is a huge diversity among the students. Thus, whatever background a stu-
dent might come from, some are eager to learn and to pursue further education,
while others disturb the class and are seen by the teachers as problematic. This
notion of diversity is crucial in formulating the teachers’ experiences of extremes,
which spreads in all possible directions.

Access to Digital Technology and Prestige

The number of students who have access to computers and the internet is increasing.
As Rubens and Adriana emphasize, more and more students, who have no econom-
ic conditions to have a computer at home, get access to the internet in cybercafés
where they pay per hour. The number of students with cell phones is also increasing,
but in the majority of the cases, the cell phone has no access to the internet as this
kind of service is too expensive.

Adriana tells that one morning in the middle of a lesson a student cried out in
a loud voice: ‘Goooooooool’. The word gol is the Portuguese word for ‘goal’, and
every time a goal is scored the Brazilian speaker cries ‘goooooooool’ for as long as
his breath allows the word to last. Stretching the word go/ is common among every
enthusiastic football supporter, and Adriana’s student was obviously listening to a
transmission of a football match during the lesson.

The new technology has clearly entered the classroom of public schools. But it
is far from being every pupil who is familiar with the equipment. Once, Tanien was
giving a lesson to students about 11 years old. He had brought the students to the
computer room, where they would work with some activities using the software
Cabri-Géometre II. In order to get things started, it was necessary for Tanien to in-
stall a file from his pen-drive. A student was following what he was doing and asked:

» Teacher, is this a pen-drive?
Tanien answered:

» Well, it is a new form of disk, and its storing capacity is equivalent to about 1,000
disks.

The student was astonished:

* Ohmy God, could I use such a thing at my computer (the one he was using at the
school)?

Tanien asked the student to click at the icon and open the activities. To Tanien this
episode illustrates that one cannot assume that students would be familiar with what
other people might take for granted.

In public schools new technology has entered the classroom. However, students
are familiar with this technology in very different ways. Some demonstrate much
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hands-on practice, while many, as Tanien observes, are far from familiar with such
things. However, to everybody this familiarity appears to signify prestige.

Poverty and Hope

There are many slums and squatter settlements in Brazil, and students in public
schools may also come from such neighbourhoods. Lucas points out that the situa-
tion of many of his students is dramatic. He has students who not even have condi-
tions for having a proper bath before going to school. They do not brush their teeth,
their clothes are dirty, and they do not have basic things like paper and pencil. The
deprived appearance of the students is a direct expression of poverty: families can
be missing even the most basic things like hot water, shampoo and soap.

Lucas remembers a student, about 12 years old, who came to ask if Lucas would
give a note book, as his parents could not afford to buy one. He was a positive and
attentive student with reasonable marks. Lucas could clearly imagine that if the stu-
dents had better conditions, had possibility to eat properly, and had conditions for
concentrating on studying, he might come to do much better. As Lucas emphasises:
‘It is simply not fair that a 12 year old student needs to be preoccupied with how to
get a note book’.

Alessandra tells that in her school the students’ union organises a campaign to
collect second-hand clothes to donate to poor students’ families. The class which
collects most clothes will receive free tickets for the cinema, and popcornas well.

Marina tells about a student of one of her colleagues, who completed some diffi-
cult mathematical activities. The teacher was very happy with what the student had
done, and she told the student: ‘If you continue doing well like this, I will give you a
present’. The student answered: ‘Oh, teacher, if you are going to give me a present,
please give me a kilo of beef’. Marina also tells that it happens several times that
some students did not feel well, as they had nothing to eat during the day.

Many students are in difficult situations, and they might also be with desperate
hopes. In one case, a girl asked Marina if she would become her mother. Some days
later, during parents meeting, the girl’s father told Marina that his wife had left
home and that he now lived alone with three children. It could well be that the girl
had anticipated that her parents’ divorce was on its way and tried to secure some
kind of solution. In terms of marks the girl was one of the best students Marina had,
and she tells that several of her students have come to her and asked if she would
be ready to adopt them.

Stigmatisation

There are many different groups of students in the school, and there are many ways
of demonstrating differences. First, with respect to obvious material things, like
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clothes, shoes and equipment, not least electronic devices like a cell phone. But dif-
ferences are also marked through differences in languages and use of slang. There
are differences in ways of behaviour, for instance with respect to going to parties,
music and dances. These choices can also include an expression of priorities with
respect to the competing gangs that dominates the neighbourhood.

There seem to be very complex dress codes in operation. The students from rich
as well as from poor neighbourhoods do really have to ‘dress up’ in order to go to
school. However, there are students who come to school in clothes which are in a
very bad state, and due to their appearance, students may get into difficulties with
their peers. Marina tells that, sometimes, when she organises classroom activities
where students have to work in groups or in couples, problems could easily emerge.
Nobody wants to work together with students in rags, and to solve the problem she
worked together with the otherwise excluded pupils. Denis describes how he once
was putting up a huge poster in the classroom and asked the students to move up to
sit in front of it. A nicely dressed student did not want to sit next to another student.
When Denis asked why, the student answered: ‘I’m afraid of getting lice from her
hair. She is dirty and does not take a bath’. Poverty is reflected in appearance, which
in turn becomes a cause for brutal forms of stigmatisation.

None of the teachers refers to racism, but racism exemplifies a most brutal form
of stigmatisation, and one can imagine many contexts where this notion would be
crucial in order to formulate teachers’ experiences and for being able to address
issues about equity and quality. Here we restrict ourselves to point out the overall
notion of stigmatisation.

Learning Condition

In many cases, students need to repeat a school year. Thus, Gustavo tells that he
has experienced situations where 18 years old students are joining the same class as
12—13 year-olds. In many cases, it might seem that students come to school not to
learn but to be together with friends. However, one needs to be aware, as Gustavo
also remarks, that for the majority of students ‘the school environment may be the
only possibility they have for interacting with others’. For many students, working
with the content is only one possible facet of going to school.

Daniela Rosa tells that many students from secondary school—students from 14
to 18 years—need to work in order to support their family as well as themselves.
Thus, she knows students who are studying in the morning while working during
the afternoons and evenings. The consequence, naturally, is that it becomes difficult
for them to pay enough attention to what is taking place during the lessons.

The teachers experience many differences in students’ capacities for learning.
Marina tells that several times fast learners get annoyed with students who need too
many repeated explanations. However, learning capacity is a complex phenomenon.
It can be related directly to the students’ situation outside school. Once Adriana
asked her class how many had done their homework—only very few hands were
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(slowly) raised. There can be different reasons for this, and certainly the most direct
reason can be that for many students it is not possible to find any space at home
for doing their homework. On top of this, a ‘culture of studying’ can be missing at
home. In many homes, any form of reading is a rare preoccupation. At a parents
meeting, Adriana asked if any of the parents had seen their children doing home-
work. The parents got surprised by the question. One stated: ‘Uau, in fact I never
see my children studying at home’.

Naturally, it is important not to make any generalisations, and the teachers em-
phasise several times that there are students with any kind of background that do ex-
cellent in school, just as slow learners may come from very different backgrounds.
Marina tells that she had a student, whose father was in prison, while her mother
worked as a prostitute in a nearby city. This girl lived with her aunt. She was excel-
lent in the school and excellent in mathematics in particular.

In the classroom, students may display different learning abilities. However, the
term ‘ability’ is a strikingly misleading concept—most dangerous because it has
come to assume an almost universal currency. It designates some phenomena as per-
sonal or as individual characteristics of the students, while these phenomena more
realistically represent characteristics of the students’ learning conditions. ‘Ability’
is thus a social construct, not a psychological one. In order to address issues of
both equity and quality in learning, it is crucial not to read conditional qualities as
individual qualities because doing so means that one comes to read differences in
performances as individual differences, and not as representing inequalities in the
experienced learning conditions.

Equity and Quality

After the teachers had presented episodes that could illustrate the diversity of their
experiences, we asked them directly about their interpretation of equity and quality,
and here we make a synopsis of their key positions.

Possibility

Adriana emphasises that she does not think of equity, as the governor of the Sao
Paulo State has tried to realise it, namely in terms of the same curriculum for every-
body. In fact, as a consequence of this state policy there has been a huge effort in
implementing a uniform curriculum. But as Adriana emphasises, equity also means
respecting differences.

According to Luis Manoel, equity in education means to ensure ‘opportunities
for obtaining knowledge’. Ruda also emphasises that equity does not simply mean
equal opportunities in any direct measurable sense; it also means to ensure oppor-
tunities for everybody for getting a dignified life, and this might mean very many
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different things depending on the situation. Adriana stresses that equity has to do
with establishing possibilities for everybody, considering their very different condi-
tions for going to school, for learning and for realising their aspirations. In other
words, equity in education has to be searched for in terms of a respect for differ-
ences. Also Rubens highlights that equity in education cannot be obtained through
unification of the curriculum, but that equity has to do with the opportunities in life
that the students are getting as a result of their engaging in schooling.

This brings us to an important observation: One can search for equity in educa-
tion in terms of the possibilities that becomes established for the students.

Interpreting equity in terms of opportunities can get the most direct form. One
can think of opportunities in terms of access to further education, being vocational
training, technical schools as well as universities. Naturally, opportunities could
mean many more things, but access to further education is an important set of op-
portunities provided by the educational system. Furthermore, access to further edu-
cation can be directly addressed: one can simply register how many students from
different schools get on to further education courses, and especially who might
enter the best universities. Here the statistics reveal huge differences.

This observation brings us directly to political issues. Marina finds that if the
government would invest adequately in public schools, they would in fact be able
to compete with private schools, which in turn would mean that more quality in
education would be ensured. This would also mean that working as a teacher at
public schools would become more prestigious. According to Marina, some teach-
ers see the situation in the following way: ‘Oh, I’'m teaching in a public school,
where the students would never come to make a vestibular [The exam for enter-
ing at the university], so I do not need to do much, just teaching the most basic
things’.

Participation

The Brazilian government has taken initiatives in a range of affirmative actions
in order to provide more opportunities for black people and students from a poor
background. However, a huge challenge is put in front of the teachers, and Rubens
stresses that a principal step in order to counteract the strong processes of social ex-
clusion is to have well-educated teachers. This does not simply refer to the teachers’
knowledge of the particular disciplines. According to Rubens, to be a well-educated
teacher also means to be ‘open to dialogue’, to be ‘open to different experiences’,
and to be ‘open to the students’. In characterising quality in mathematics educa-
tion Rebeca emphasises the importance of reaching as many students as possible.
This means that quality has much to do with students’ participation in the learning
processes. She sees the involvement of students as crucial in case education should
come to make a difference in their life. In a similar way, Denis states that quality in
mathematics education means more than just learning mathematics. It is important
as well that students come to work with relations around mathematics. This could
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mean using mathematics for understanding daily life situations, social problems,
political discussions, etc.

Several of the teachers highlight that it is necessary to address quality in educa-
tion, and also in mathematics education, with reference to the cultural diversities of
the students. Thus, one should not try to search for equity in terms of “unification’,
nor when this unification becomes expressed in terms of a ‘unified curriculum’.
Qualities have to be searched for in terms of ‘sensitivity’ to differences; whatev-
er these differences take a cultural, political or economic format. Thus, Adriana
emphasises that quality in mathematics education means to ensure conditions for
students to understand society, to act in the world, to have access to the produced
knowledge and to make connections to different domains of knowledge.

This understanding of quality brings the teacher into a new position, and Rubens
states that it becomes important to reconsider the role of the mathematics teacher,
and in particular not to maintain the teacher as the centre of the classroom. Instead,
it becomes important for the teacher together with the students to work with proj-
ects where processes of exploration and collaboration become crucial. It becomes
important to establish a new dynamics in the classroom interaction.

Emerging Categories

Some categories, relevant for addressing equity and quality, did emerge from the
teachers’ comments. A crucial one is diversity, which refers to the students, their
background, their family situation, their attitude, their behaviour, their learning con-
ditions, etc. There is no homogeneity to be expected in an educational setting. The
next two categories have to do with access to technology and prestige. They are
closely connected, but are not identical. Access to computer and internet has as-
sumed a particularly important place in the life of young people. It becomes part of
life style and of a youth culture that stretches across other cultural settings. Prestige
has to do with many things, the way of dressing for instance, the position among
friends, the way one acts, etc. It is not possible to discuss equity and quality in
education without addressing poverty as well as hope which in turn might appear
desperate. Brutal processes of social exclusion relate to forms of stigmatisation, and
racism could make part of such processes. The notion of capacity plays an important
role in much discussion of students’ achievement in school; however, we would em-
phasise instead the importance of learning condition, which refers to the complex-
ity of the students’ contexts. Two more categories that help to address equity and
quality are the construction of possibilities and the notion of participation which are
important for the quality in learning as well as for the construction of possibilities.

In short: we want to highlight the following nine notions as being of particular
importance: diversity, access to technology, prestige, poverty, hope, stigmatisation,
learning condition, possibility and participation. This is our suggestion for a cat-
egorical framework for addressing issues about equity and quality in (mathematics)
education, which at the same time is sensitive to teachers’ experiences.
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In the following two sections, we address two challenges regarding equity and
quality. The first concerns what we refer to as ghettoes in the classroom, which we
see as obstructions for establishing equity as well as quality in education. The sec-
ond concerns the construction of possibilities, which we see as crucial for trying to
establish equity as well as quality.

Ghettoes in the Classroom

Processes are taking place in schools through which ghettoes in society become
replicated in the classroom. We choose to talk about ghettoes in the classroom (and
not just about ghettoes in the school) in order to emphasise that ghettoising reaches
into the micro level of schooling. Based on the categories that emerged from the in-
terviews, we will condense some of the ways in which these ghettoes may emerge.
(Certainly, it is relevant to investigate how these ghettoes are experienced by the
students and by the students’ parents and families, but in this text we draw on the
categories that emerged from the teachers’ experiences.)

Students can become ‘differentiated out’ according to appearance. Their shoes
might be different, but there are hundreds of ways of noticing social manifestations
of economic differences within a school context. Such differences might appear
insignificant, but among students certain differences get a gigantic significance and
make part of the most brutal form of differentiation. Thus, several of the teachers
referred to the importance for the students to ‘dress up’ for going to school. Missing
the ‘dress code’ means a stigmatisation. It is deeply problematic to appear poor. As
a consequence, there are certain things that become prestigious: those which dem-
onstrate distance to poverty, as for instance, access to internet, ability in handling
a computer, to speak in a cell phone, and in a clandestine way to follow a football
match in the classroom. In the interviews, none of the teachers referred explicitly to
racism. However, this form of differentiation cannot be ignored. Racism emerges
when perceptible differentiations coagulate as explicit categories.

Some students can be attentive, others apathetic. Differences in learning condi-
tions might appear as differences in students’ abilities, but cannot be interpreted in
this simple way. Some students might need to spend much of their time working
in order to earn money, as pointed out by Daniela Rosa. As stressed by Lucas, it
cannot be fair that a 12-year-old student needs to be preoccupied about how to get
a note book. Such a preoccupation is certainly a learning obstacle; it has to do with
poverty, but it has nothing to do with the student as a person.

The discourse of differentiation often gets an us-them format: ‘They’ come from
a poor community; ‘they’ have to travel a lot to get to the school; ‘they’ look poor;
‘they’ have a different behaviour. The differentiation becomes formed through dis-
cursive patterns of a us-them format. The us-them terminology brings about char-
acteristics of ‘them’. One could talk about ‘them’ as being badly behaved, as being
difficult, as being not able to learn, etc. It is a labelling that assigns some charac-
teristics to the students. As the labelling becomes formulated in individual terms,



6  Ghettoes in the Classroom and the Construction of Possibilities 87

referring to some characteristics of the individual student, the labelling can be used
as a ‘justification’ of a differentiation (we have put ‘justification’ in quotation marks
as it might take all kind of artificial and false forms): There is something that sepa-
rates ‘them’ from ‘us’, and this something is a feature of ‘them’. It is not ‘us’ who
characterise ‘them’, it is ‘them’ who brings about their own characteristics. Further-
more, the characteristics of ‘them’ are not attractive but refer to limitations, flaws,
defects, and weaknesses. A labelling easily turns into stigmatisation, which occurs
when a ‘justification’ is added on top of a differentiation.

Stigmatising is an important element in the formation of ghettoes in schools. A
discourse is created which includes a profound labelling, which refers to character-
istics of the students themselves. The differentiation becomes engraved on a dis-
course of essence. Ghettoes in the classroom become created when differentiation
turns into an us-them formulation, and labelling turns into a stigmatisation. Many
students find themselves located in such ghettoes. Here, there is not much to hope
for, not in any realistic way; only desperate hoping is available.

It might be difficult to describe the precise meaning of what equity and quality
in education could mean, but they are not empty concepts. We find that ghettoes in
the classroom represent a huge challenge for any education aspiring for equity and
quality. In fact equity and quality in education are obstructed by all socio-economic
process that makes part of the formation of ghettoes in society. Such ghettoes be-
come replicated in the classroom; however, there are very many additional process-
es that take place in the formation of classroom ghettoes. An education for equity
and quality must try to act against all processes, social and educational, which make
part of the formation of ghettoes in the classroom.

Construction of Possibilities

Ghettoes in the classroom emerge through complex processes of differentiation,
where lack of prestige, poverty and stigmatisation turns into general discourses,
which in turn coagulate as ghetto-walls. Breaking down such walls constitutes part
of the construction of possibilities for students. However, let us address things step
by step.

Getting in contact is an important initial step in opening up a ghetto, and not get-
ting caught by the logic of differentiation. Getting in contact can be seen as an initial
educational step of steering away from the us-them differentiation. The importance
of getting in contact was emphasised many times during the interviews. Thus, in
characterising quality in mathematics education, Rubens stated that it becomes im-
portant for teachers and students to explore and collaborate and to establish a new
dynamic in the classroom. In particular, he emphasised the importance for teachers
to be ‘open to dialogue’. In fact ‘open to dialogue’ is closely related to ‘getting in
contact’, which can be identified as an important feature of a dialogue (see Alre and
Skovsmose 2002). In a similar way, Rebeca emphasised the importance of reaching
out to as many students as possible.
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There is no easy way of getting in contact; nevertheless, it is fundamental to the
students’ experience of meaning. Ghettoes in classrooms are surrounded by walls
which obstruct exchanges of meaning. What is taught appears meaningless to the
students, if the students’ priorities are not recognised as significant for the learn-
ing processes. Ghetto-walls appear to be meaning-proof. It is not easy to remove a
ghetto-wall, not even to make hole in it.

The preoccupation in providing mathematics education with meaning is recog-
nised broadly, both in theory and in practice. We see meaningfulness as referring to
relationships between what is taking place in school and the students’ aspirations
and hopes. Meaningfulness for students has much to do with what they might come
to see as their possibilities. For a ghettoised student, however, there is nothing to be
hoped for through schooling. Here we could refer to a ‘ruined foreground’, which
only make space for desperate hoping (for an introduction of the notion of fore-
ground see Skovsmose 1994, 2005a, b; Alre et al. 2009). It is painful to hope for
something which is unattainable. Students trapped within a classroom ghetto might
experience ruined foregrounds which cause a huge obstruction in their experience
and consequential construction of meaning.

One important element of the education for equity is to provide possibilities
for the students. Construction of possibilities is important for everybody. In the
interviews, several of the teachers referred to the notion of possibility. Luis Manoel
pointed out that quality in education means to ensure opportunities for obtaining
knowledge, while Adriana stated that equity has to do with ensuring possibilities for
everybody. Our point is that the notions of equity and quality need to be discussed
in terms of construction of possibilities. However, ghettoising obstructs the con-
struction of possibilities: Students become designated to return to the situation they
come from: they need only to be ‘taught the basics’.

In the interviews, there was no indication of mathematics playing a particular
role in processes of differentiation. It appears that processes of labelling, of stigma-
tising and eventually of establishing ghettoes in the classroom is of general nature
and not related to any particular school subject. However, our point is different.
Although mathematics may not play any particular role in establishing ghettoes
in the classroom, mathematics may still provide possibilities for moving beyond
such ghettoes. This has to do with the variety of roles of mathematics in the global
networking.

Different forms of qualifications which, one way or another, can be related to
mathematics becomes of demand at today’s labour market. One can think of those
groups of peoples who are developing and implementing new forms of information
processing and automatisation. In this case, a variety of qualifications are impor-
tant: for instance, an expertise with respect to programming, input-output analyses,
construction of time-efficient work procedures, etc. One can also think of all these
people who are going to operate with already implemented techniques, for instance,
as bank assistants, as workers in a factory, as shop assistants, etc. The ability to
handle certain technique-based procedures becomes a key demand. As consumer,
one also needs to be able to operate with automatic processes, not only when one
does internet shopping, but with any processing of one’s own money, not to forget
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budget making. Thus, society rapidly develops a growing demand for qualifications
related to a wide range of formal techniques including mathematics. Furthermore,
it becomes important to reflect on what is done and what can be done through such
techniques, and as for instance underlined by Denis, mathematics education might
provide possibilities for such reflections.

Such general observations indicate many particular ways in which mathemat-
ics education could take part in constituting possibilities for students, not least for
students who tend to be caught up by ghettoes in the classroom (see, for instance,
Gutstein 2006; Greer et al. 2009; Penteado and Skovsmose 2009). As an illustration
of such possibilities, we can refer to a statement made by Lupes, one of Gutstein’s
students:

With every single thing about math that I learned came something else. Sometimes I learned
more of other things instead of math. I learned to think of fairness, injustices and so forth
everywhere I see numbers distorted in the world. Now my mind is opened to so many new
things. I’m more independent and aware. I have learned to be strong in every way you can
think of it. (Lupes, quoted from Gutstein 2003, p. 37)

Final Considerations

One could think of social ghettoising as being the cause of educational ghettois-
ing. At least, it seems farfetched to assume that ghettoes in the classroom can be
identified as the cause of ghettos in society. However, the situation is much more
complex than these two cause-effect formulations indicate. One should not think
of some one-way cause-effect relationship. Instead, one could think of educational
and social phenomena as being connected and as interacting in extremely complex
patterns. So, even though one should not assume to be able to solve social problems
through educational initiatives, such initiatives could have impacts and make a dif-
ference for some students in some situations.

As a consequence, we find that it makes sense to formulate, as an educational
aim, to pursue education for both equity and quality, in particular, with respect to
groups of students who tend to be caught by processes of ghettoising. We find that
a crucial element in such an education is to provide possibilities for the students.

We find that aiming for both equity and quality makes sense even though we
see educational processes as dominated by social processes. However, domination
means domination and not determination. A dominant system can still be undeter-
mined and include contingencies.

In order to explore possibilities that accompany contingencies, clusters of cate-
gories becomes important. If one wants to address equity and quality in (mathemat-
ics) education, we find that categories like diversity, access to technology, prestige,
poverty, hope, stigmatisation, learning condition, possibility and participation be-
come important. Naturally, one can search for categories in different directions, and
most common is to search for categories by exploring theoretical and, sometimes,
philosophical frameworks. Here, we have searched for categories in a different
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direction. We have tried to present categories, dense with experiences, by relating
them directly to teachers’ expressions of their lived experiences.
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Chapter 7
Identity as the Cornerstone of Quality and
Equitable Mathematical Experiences

Margaret Walshaw

Introduction

Quality pedagogical practices that are simultaneously socially just, are, by all ac-
counts, at the crossroads in mathematics education (Walshaw 2009). Recent analy-
ses of international test data have revealed patterns of social inequity that provide
a sobering counterpoint to claims of an equitable and quality mathematical experi-
ence for all students. Such analyses show that for specific groups of students mathe-
matics presents as an impossible challenge (Anthony and Walshaw 2007). The phe-
nomenon is extremely complex and is not easily explained by conventional liberal
democratic mechanisms. An equitable and quality mathematical experience will not
be achievable for specific groups of students if the mechanisms that contribute to
the types of mathematical identities offered them in the mathematics classroom are
not explored. Such an exploration is the aim of this chapter.

In democratic societies, a/l students have right of access to knowledge. A key
lever to this access is the classroom teacher. Research (e.g., Alton-Lee 2003; Hayes
et al. 2005; Normore and Blanco 2008) has confirmed that it is the classroom teacher
who has a significant influence over students’ learning. This is not to suggest that the
teacher makes instructional decisions in isolation from structures and other people:
the teacher’s classroom practice is always situated within a web of wider influences.
In this expanded view, social and political factors that impact on teaching are hugely
significant. Within the context of a larger sociopolitical environment, effective teach-
ers enhance students’ access to powerful mathematical ideas, irrespective of socio-
economic background, home language, and out-of-school affiliations. Such teaching
is able to signal how persistent inequities in students’ mathematics education might be
addressed. This is crucially important in light of trends of systemic underachievement
that provide a sobering counterpoint to claims of equitable learning opportunities.
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Problems and difficulties associated with how to ensure that quality mathemat-
ics experiences are also equitable are nested within a much larger phenomenon
of a changing student demographic (see Banks 2007). In the contemporary scene,
to deal with issues associated with diversity, policy makers are tending to opt for
the classic deficit response—blame schools, teachers and students, introduce new
initiatives, and intensify teacher surveillance—without also understanding how the
inequities themselves are produced (see Nasir and Cobb 2007). Government incur-
sions might heighten social awareness to the problems faced by teachers in schools,
yet they cannot shore up the possibility of the production of a quality and equitable
practice. Policy initiatives whose explanatory power lies in pathologising identities
not immediately identifiable as “middle class and white” simply cannot get to the
heart of the problem.

Nor is the quality/equity intersection helped very much by confusing equity with
equality—important though equality is—as though unequal approaches, unequal
access, and unequal opportunities would fully explain why many students do not
succeed with mathematics and why many are disaffected and continually confront
obstacles to engage with the subject. At a certain level within the contemporary
debate about democratic provision, equality is privileged over any other advocacy,
based on the understanding that equal outcomes, approaches and access, summed
together, yield a comprehensive picture of equitable practice for students. This kind
of approach has been seriously undermined by people like Foucault (e.g., 1972).
However helpful the concept of equality might be in enhancing students’ engage-
ment with mathematical ideas, in trying to paint a picture of equitable arrangements
in mathematics education, issues of structures, as well as interactions between con-
texts and people, cannot fail to intervene.

Cobb and Hodge (2007) have argued that issues relating to student diversity are
among the most complex and challenging issues facing mathematics education to-
day. However, in New Zealand and in most other western countries, diversity is now
part of the way of life. These changed and continually changing demographics will
require mathematics teachers to cater for increasingly diverse groups of students.
How can we advance our understanding of the quality/equity conflation in order to
deal with these issues? In addressing that question, I ground my discussion in the
understanding that the quality of pedagogy is a social justice issue of momentous
importance. In seeking a model of pedagogy that is equitable for the contemporary
social context, I raise thorny questions about the generalized discourse of equity
within mathematics education. I plan to do this by rethinking equity itself in ways
that demand attention to interrelationships and the intersubjective negotiations that
ensue.

The book edited by Nasir and Cobb (2007) provides a background for that
discussion not only because it adds another dimension to ideas about the subject’s
fragmentation, but also because it represents a turn to theory that takes relation-
ships as fundamental to the social justice project. There are arguments in the
book, and, specifically, the discussion about communities of practice within the
chapter written by Cobb and Hodge, that are helpful in advancing our understand-
ing of equity. It is my contention that whilst the arguments put forward in their
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chapter are useful for understanding the multiple layers of teaching experience in
a context of classroom diversity, a quality and equitable experience in mathemat-
ics education is, however, not created solely from rational decision making and
negotiations of self with social structures. I propose a first-steps approach to eq-
uity that resonates in some ways with the approach provided by Cobb and Hodge
and moves it forward.

Thus, the chapter is an exploration into a range of theoretical issues about how
students’ diverse sociopolitical realities impact on the types of mathematical iden-
tities and the level of mathematical proficiency offered them in the mathematics
classroom. No matter how this endeavour differs from that of Cobb and Hodge,
there is a consensus on the continuing political promise of the radical democratic
project.

Identity at the Core of Quality Mathematical Experiences

In a publication that synthesised the literature on effective pedagogy in mathemat-
ics (Anthony and Walshaw 2007), I, together with my co-writer, developed a pro-
fessional language to define a quality pedagogical practice. The intent was that
the model of pedagogy developed from the teacher effectiveness literature would
be used by teachers and educators for the purposes of talking about progressive,
socially just pedagogic action. We were drawn to a view of pedagogy that magni-
fied more than what teachers know to support mathematical learning. We tended
to look beyond narratives of improved test scores, simply because explanations
tied to high-stakes assessment told us only one aspect of the story. We broadened
the scope of the goals of mathematics education, as advanced by policy makers,
and the business and industry communities. For us, enhancing the intellectual ca-
pacities required for future employment and citizenship in a technologically ori-
ented, knowledge-driven society, was not sufficiently far-reaching. We also wanted
to encompass more than is typically required in day-to-day routines, namely, the
skills, understandings, and numerical literacy needed for dealing confidently with
everyday life.

If effective pedagogy is about understanding “what students know and need to
learn and then challenging and supporting them to learn it well” (National Coun-
cil of Teachers of Mathematics [NCTM] 2000, p. 16), we believed that a quality
pedagogy conceives of the learner as a producer of knowledge, and understands
teachers as co-producers. An effective mathematics teacher recognises that any
pedagogic action involves the imposition of a cultural arbitrary. It is through the
core dimensions of pedagogy that effective pedagogic action is able to attend to
power relations that unfold from that cultural basis. These core dimensions include
the cognitive demands of teaching, as well as the structural, organisational, man-
agement, and domain-specific choices that teachers make. These are all part of the
large matrix of practice that involves systemic and policy support for focusing on
quality and for working with and valuing diversity. The choices that a teacher makes
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include the negotiation of mathematics curriculum policy and carry over to deci-
sions about the human, material and technological infrastructural arrangements that
allow students to achieve specific outcomes.

A “quality” or an “effective” pedagogical practice becomes intimately focused
on enhancing student outcomes and achieves its purpose. That is to say, a pedagogi-
cal practice that is effective is linked to a range of student outcomes, and these in-
clude achievement outcomes, encompassing conceptual understanding, procedural
fluency, strategic competence and adaptive reasoning (National Research Council
2001). These outcomes characterise an apprentice user and maker of mathematics
and are appropriated by the student through effective classrooms process. Added
to those outcomes, is another set that underwrite a quality mathematical experi-
ence which are often tend to be overlooked. These are the social and cultural out-
comes relating to affect, behaviour, communication, and participation (Anthony and
Walshaw 2007).

Quality mathematical experiences that enhance a range of student outcomes are
premised on the understanding that knowledge is necessarily social. If opportunities
to learn arise in the community that the teacher develops, then people, relationships
and trusting classroom environments are critically important. In the synthesis of the
literature, we found evidence that teachers who truly care about their students have
high yet realistic expectations about enhancing students’ capacity to think, reason,
communicate, and develop mathematical argumentation (Walshaw and Anthony
2008). The tasks, activities, and tools they choose are aligned with these expecta-
tions and significantly influence the development of mathematical thinking, allow-
ing students to access important mathematical concepts and relationships, to in-
vestigate mathematical structure and to use techniques and notations appropriately.
Teachers’ pedagogical language and action associated with fairness and consistency
works to counter the effects of social or material disadvantage. In developing inclu-
sive partnerships, effective teachers ensure that the ideas put forward by students
are received with respect and become commensurate with mathematical conven-
tion and curriculum goals. For them, a quality mathematical experience is more
about transformative relationships than about transmitting and consuming knowl-
edge. Such relationships always involve reciprocity and a pedagogical attention that
moves students towards independence.

Crucially, transformative relationships make particular identities, and not oth-
ers, available and realisable for students. Identity is, in a very real sense, at the
core. It involves the ways in which students “think about themselves in relation to
mathematics and the extent to which they have developed a commitment to, and
have come to see value in, mathematics as it is realized in the classroom” (Cobb
et al. 2009, p. 40—41). Thus, it is deeply implicated in the development of a quality
pedagogical experience. Proposed in this way, effective pedagogy is able to reveal
how the development of mathematical proficiency and aptitude over time is char-
acterised by an enhanced, integrated relationship between teachers’ intentions and
actions, on the one hand, and learners’ disposition towards mathematics learning
and development, on the other. Importantly, both parties bring to the teaching and
learning encounter a history that is enmeshed with the experience of the social and
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political world. But the scope of this history extends far beyond their interpersonal
interactions: power and affective dimensions cannot fail to intervene.

Identity at the Core of Equitable Mathematical Experiences

Transformative interactions between contexts and people are at the root of effective
and equitable pedagogic action. In turn, it is the concept of identity that underlies
transformative interactions, and hence, is crucial for explaining pedagogy. Impor-
tantly, the experience of identity is rendered meaningful by particular groups and
particular classroom practices (Britzman 1998). In the mathematics classroom, this
is precisely because mathematics knowledge is created in the spaces and activities
that the classroom community shares within a web of economic, social and cultural
differences. Hence, knowledge creation cannot be separated from the axes of so-
cial and material advantage or deprivation that operate to define students. Quality
pedagogy takes into account the ways of knowing and thinking, language, and dis-
cursive registers made available within the physical, social, cultural, historical, and
economic community of practice in which the teaching and learning is embedded.

These ideas are most keenly expressed by Cobb and Hodge (2007). For them, an
individual learner’s socially just relationship with mathematics is essentially situ-
ated and relational. Equity, here, is defined not as a property of people, but as a
relation between settings and the people within those settings. The proposal comes
hard on the heels of a renewed respect for “the other” within mathematics educa-
tion (e.g., Ernest et al. 2009; Gutstein 2006; Sfard and Prusak 2005; Stinson 2006;
Valero and Zevenbergen 2004). In questioning the criteria for interpreting equitable
experience, Cobb and Hodge have re-evaluated the long-standing idea that student
experience in mathematics classrooms is consistent across groups. Their heightened
sense of awareness of the limits of past efforts to counter differential performance
in mathematics has crystallised into the development of an interpretive framework,
providing insight into the meaning of a quality and equitable experience in math-
ematics.

The thrust of the argument endorsed by Cobb and Hodge (2007) is that equity is
not a property of people. Nor is it a static process. Instead, it is a “as an artefact of
cultural settings and the relations between them” (Nasir and Cobb 2007, p. 6). In
their view, equity amongst mathematics learners depends to some extent “on how
students’ identities as learners are enabled as they participate in classroom math-
ematical practices (through social interaction and participation structures) vis-a-vis
their identities as ‘doers’ of other practices” (p. 8). Practices at both the micro level
of the classroom and the macro level of the institution of schooling—and the power
plays within—all work to inform the development of an equitable practice within
mathematics education. Put simply, equity here means protection from and resolu-
tion of those processes or structures that serve to undermine a student’s sense of self
and others as legitimate mathematical learners within the context of the practices
of the mathematics classroom and within other communities in which the student
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participates. The student’s identity, then, is able to tell us about the nature of a qual-
ity mathematical experience.

Thus, in an effort to understand the local, systemic and typically flexible condi-
tions of identity construction, Cobb and Hodge offer a view of equity that fore-
grounds engagement within communities of practice. Three constructs are proposed
to analyse students’ identities in mathematics classrooms consisting of normative
identity, core identity, and personal identity. These three constructs operate to deal
with the methodological difficulty in accounting for an individual’s differential en-
gagement—with respect to the individual’s role and position—between and within
social groups, cultures and institutions. Normative identity is set within the highly
localised context of the classroom. It refers to the identity of a student fully engaged
within the practices—both mathematical and social—of the classroom. The activity
normalised within the classroom involves not only rights and obligations, but also
interaction and reciprocity, all of which are oriented towards enhancing students’
capacity to think, reason, communicate, reflect upon and critique what they do and
say in class.

Core identity has a more expansive reach than the classroom. It is “concerned
with students’ more enduring sense of who they are and who they want to become”
(Cobb and Hodge 2007, p. 167). Core identity, as a construct, takes on board Gee’s
realisation that an individual’s engagement within the communities with which she
is associated tends to take a unique “trajectory,” and this is apparent even when life
histories appear to be similar. Specifically, the core identity of a student is embodied
with a double valence: on the one hand, the student is an agent; on the other hand,
the student has a connotation of being subjected to. In other words, core identity has
both the status of being acted upon by wider social and political structures, and si-
multaneously, the status of position of agency within those sociopolitical structures.

Personal identity brings us full circle back to the classroom. Its focus is on “who
students are becoming in particular mathematics classrooms” (p. 168). The con-
struction of a personal identity is an ongoing process, ever-changing as the student
works at reconciling her core identity with the normative activity as established
within her mathematics classroom. The construct of personal identity is formulated
in such a way as to reconcile participation and engagement within specific commu-
nities outside of the classroom, with the specific mathematics learner a student as-
pires to be within the classroom. Thus, the identity of a student comes into being in
relation to the negotiations that she undertakes with other individuals and commu-
nities. Crucially, a change in a student’s personal identity within a particular class-
room context may also result in a change in their core identity—their long-term
assessment of sense-of-self. That is to say, a change in personal identity operating
within the mathematics classroom has a direct bearing on the kinds of mathematical
identities that students might take up and the kinds of proficiencies to which they
might aspire.

Understandings like these, developed from Vygotsky’s work (see, for example,
Gee 1999, 2001; Lave 1988; Lave and Wenger 1991; Rogoft 1990; Roth 2004;
Valsiner 1987; Wenger 1998; Wertsch 1991), propose that what students say and do
within the discourses made available as a result of the social categories of gender,
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race, and so on, has the effect of contributing to the development of their identity as
apprentice mathematicians at a given time and place. In Gee’s (2004) understand-
ing, identities develop from knowledge which “is distributed across people and their
tools and technologies, dispersed at various sites, and stored in links among people,
their minds and bodies, and specific affinity groups” (p. 33). Similarly, for Cobb
and Hodge, identities develop from “locally instantiated practices that are dynamic
and improvisational in nature” as people engage in “joint activities that involve
the directly negotiated use of artifacts” (p. 164), bearing in mind, also, the power
structures that enable and constrain agency within such practices. These practices
determine the spectrum of speech acts, and actions, within a classroom, that can be
taken seriously at any given historical moment. It is these practices and activities
that circumscribe the possibility of thought concerning what an equitable and qual-
ity mathematics experience might look like.

Equity and Quality Under Erasure

Leading edge work like Cobb and Hodge’s (2007), with its emphasis on socially
constituted identities, has allowed us to problematise the tendency to assume that
“social structures and the ideologies they give rise to” (Nasir and Cobb 2007, p. 7)
play out in the same way for all, irrespective of one’s history, interests, social cat-
egorical descriptions, affiliations, and circumstances. Their work is illuminating in
the sense that a student’s mathematical identity is influenced by her membership
within shifting social networks and her engagement with and negotiations amongst
members of those communities. The suggestion is that mathematical identity is
formed from a reconciliation of existence in the “borderlands of various communi-
ties” (Cobb and Hodge 2007, p. 162), not the least of which is the community of
the classroom. Insightful though this work is, there are, however, no easy recon-
ciliations between borderlands. Findings from my research with others on connec-
tions between teaching and learning (e.g., Walshaw et al. 2009) have revealed that
mathematical identities are formed in a very slippery space. Affective issues always
intervene.

The procedure of Vygotskian-inspired work like that of Cobb and Hodge is to
steer a middle course between supporting long-held epistemological and ontologi-
cal preoccupations surrounding a stable rational identity, and in participating in
the wider epistemic shifts for theorising conflict and tension as they play out in
the process of reconciliation. The conceptual tools proposed by Cobb and Hodge
allow us to deal with the interplay between social practices and the processes of
self-formation that are at work in mathematics schooling. However, the three
constructs rest on the presumption that the effects of power, privilege, and disad-
vantage in identity construction have, to all intents and purposes, been countered.
The approach, they point out, makes “the notion of identity as it relates to math-
ematics teaching and learning both tractable and relatively concrete” (Cobb et al.
2009, p. 41). Thus, the stable self, presumed by Cobb and Hodge, leaves intact the
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characterisations of identity, consciousness and agency put forward by traditional
social science. As a consequence, these understandings provide a limited perspec-
tive of how mathematical identities are constituted within the realities of the class-
room and the wider sociopolitical context.

Theoretical and methodological issues to do with the concept of the stable self
have been critiqued on a number of fronts within the discipline (e.g., Brown 2008;
Cabral 2004; Hardy 2004; Fleener 2004; Valero and Zevenbergen 2004; Walshaw
2001, 2004). As a counterpoint to the stable self, Stentoft and Valero (2009) have
advanced the notion of fragile identities in action to draw attention to instability of
identification processes embedded within discourse. They use this concept to focus
on what is typically considered “noise” or “impossibilities” in classroom interac-
tions. I wondered if it might be possible to think about an equitable and quality
experience in mathematics in a way that captures the fragility of identity and, at
the same time, highlights the fact that “[m]ore often than not...identities are not a
matter of deliberate rational choice” (Sfard and Prusak 2005, p. 18). Is it possible
to account for emotions, both positive and negative and often in conflict within the
tentative and shifting self, engaging within a range of communities, including the
community of the mathematics classroom?

Rational processes take us only so far in the development. In the next section,
I make a case for the strategic use of theory from a framework that focuses on the
emotive and unconscious aspects of identity construction. Specifically, it offers in-
sights from Lacan’s (1977a, b) psychoanalytic horizon. Like the approaches offered
by Bibby (2009) and by Appelbaum (2008), the interest is “toward the relationality
of the teaching/learning encounter” (Appelbaum 2008, p. 52). Neither wholly fo-
cused on the teacher nor the student, but on the relation between both, the approach
attempts to grasp the complexity of people and the cultures they create. It does
that by drawing on a theory of the subject/identity that can analyse the fluidity and
complexity of the self/community relation not merely through rational links. The
methodological interest here is to explore identity through unfamiliar ways of think-
ing more deeply in order to reveal the significance of that theory for a pedagogy that
is simultaneously effective and equitable.

The Lacanian Response

Lacan is, by any criteria, a most significant theorist for understanding democratic
provision in mathematics classrooms. Broadly speaking, his philosophy seeks to
expose and make sense of the potential for fairness and equity in any social setting.
Identity formation is at the heart of his thesis. He provides conceptual tools that al-
low us to deal with the complex interplay between social practices and the processes
of self-formation that are at work in schooling. What is of primary importance for
him is the transparency of the relation between the person and the social. In particu-
lar, he offers a definition of identity to explain how one’s sense of self is a product
of discursive diffusion, and it is this concept that allows him to explore the dynamic
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self/social relation. A psychoanalytic approach, like his, can be “one of the most
helpful [to education] in its theories of learning, and in its curiosity toward what is
not learned” (Britzman 1998, p. 68).

Identity, for Lacan (1977a, b), is not constituted by consciousness. Rather, con-
scious subjectivity is fraught and precarious. Unconscious processes will always in-
terfere with conscious intentionality and experience (Britzman 1998). Clearly then,
the student is not a coherent rational self, her own source of meaning, knowledge,
and action. The central issue here is that if the student’s consciousness is not the
strategic organiser of her intentions or her experience of mathematics pedagogy,
then it is not very helpful to differentiate the “cognitive” aspects from the “social”
aspects of teaching and learning. The meanings of mathematics that the student pro-
duces are often beyond the reach of consciousness. They involve relationships and
experiences that are not in any way straightforward, but are rather, “mediated by
multiple historical and contemporary factors, including social, schooling and psy-
chodynamic relations” (McLeod and Yates 2006, p. 38). Desires, hopes and anxiet-
ies become highly influential.

Claiming that identity is never completely constituted, is to claim that identifi-
cation will never be reducible to it. Specifically, students’ category distinctions do
not have the full measure of the identifications laid upon them. Categories such
as “working class,” “elite,” “African American”, “Maori,” “high achiever,” “math-
ematically challenged,” are all fluid. If there are unrealisable aspects inherent in the
discursive constitution of identity, it is important to consider those aspects. If the
self is not the abstract universal with “human” attributes or rights, nor a fundamen-
tally passive, “marginalised,” or “excluded” human in need of advocacy, then, in
the Lacanian assessment, ethical action as a theoretical construction is neither re-
sourced by strategic essentialism nor organised around the category of the “other.”
For Lacan, ethical deliberation is always relative to a particular situation. What
needs to be attended to is the set of relationships implicated, and specifically, the
complex network of relations ethical action sustains.

Lacan develops a psychoanalytic approach for understanding the gap at the heart
of identity and offers a treatment for examining the way in which pedagogical pro-
cesses are lived out by the individual student (Britzman 1998; Ellsworth 1997). He
grounds his development in what he calls the Symbolic and the Imaginary registers.
The Symbolic identification (constitutive identification) allows the student to as-
sume the place from where she is being observed, from where she looks at herself
as likeable, and worthy of being liked (Zizek 1989). In particular, the student’s
social and cultural determinants foreground a particular subjective position within
the classroom and, as a consequence, the identity that she is led to endorse is often
not chosen through rational deliberation. For all their power in guiding actions and
thinking, symbolic identifications are merely the product of discursive dissemina-
tion—they are simply stories that exist in social spaces.

Lacan (1977a, b) would maintain that it is through the unconscious that the stu-
dent comes to understand these stories and the network of symbolic social relations
that structures what she can and cannot do, say, or think. Through the unconscious,
she can explain how she is positioned in a cultural network of the Big Other in
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which some relations are sanctioned and other relations are prohibited. If the Sym-
bolic represents the constitutive identification, the Imaginary represents the con-
stituted identification through which the subject identifies herself with the image
that represents what she would like to be. Its focus is on images with which she
chooses to identify. Arguably, the Imaginary and the Symbolic registers of identity
are responsible for processing different sets of “data”—the Symbolic (words, laws,
numbers and letters), and the Imaginary (visual-spatial images as well as illusions
of self and world)—yet both function interdependently, working together to inform
the subject’s experience of self-in-mathematics and sense of self-as-learner.

What needs to be emphasised here is that between the identifications the student
has of herself, and “others” (specifically the teacher) have of the student, there will
always be a divide. There is always a trace of mis-recognition that arises from the
difference between how one party perceives itself and how the other party per-
ceives it. Teachers want to provide quality mathematical experiences. Indeed, they
are bound by statutory obligation to enhance students’ outcomes. Students, for their
part, have developed an understanding about what it means to be a learner in the
classroom. Both teacher and student, independently, “dream up” characteristics that
designate a mathematical identity for the ideal student. That is not to say that the
student will necessarily perceive herself as fitting that designation. Indeed, between
the understandings and taking into account the meanings presupposed by the teach-
er, lies a fundamental mismatch. Zizek (1989) puts it this way: The subject “put(s)
his identity outside himself, so to speak, into the image of his double” (p. 104).

These kinds of speculations about teaching/learning sit uneasily with psychol-
ogy’s liberal-humanist discourse. Within the discourses of liberal humanism within
education, particular identities are ascribed to students on the basis of social cat-
egories such as socioeconomic status, gender, and ethnicity. These identities, as
Stentoft and Valero (2009) have noted, are used to predict achievement and student
disposition to the extent that “it becomes almost impossible to think about these
students outside of or beyond these categories” (p. 57).

Psychoanalytic work in mathematics education attempts to get around the prob-
lem of categorization. It does this by illuminating “the relationality of the teach-
ing/learning encounter” (Appelbaum 2008, p. 52). It is a relationship in which the
boundaries between “inside/outside,” “mind/social” become blurred. In that re-
spect, the student’s construction of herself as a learner in the classroom is highly
dependent on the teacher’s image of the student as a learner. In some teachers’ eyes,
some students can “never be good enough.” Teaching and learning become sites of
tension between differential positions of knowing: the meanings that a student pro-
duces of herself as a mathematics learner and those that the teacher produces of the
student. It is a recursive and uneven process. It is also never completed.

In the Lacanian tradition, reconciling identities involves engaging, confronting,
making decisions, and resolving conflicts between Symbolic and Imaginary im-
ages. That is to say that the meanings that a student produces of herself as, on the
one hand, a proficient and positively disposed mathematics learner, or, on the other
hand, as in some way deficient, together with the meanings that the teacher produc-
es of the student, are the result of political struggles involving personal, psychic and
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emotional investments. The key point to be taken from an engagement with Lacan’s
theorising, is that by minimising those tensions and by tracking the relationship, a
productive approach to an open-ended socially just and quality mathematical expe-
rience might be articulated.

Minimising those tensions is an ethical obligation on the part of the teacher. It
involves helping students to deconstruct the wider social discourses of power and
the categorisations that position students. It also, as Britzman (1998) has argued,
demands attention to knowing the self. It requires a hard look, with the students
in mind, at the multiple exigencies demanded of pedagogical practice: planning,
creation and organisation of classroom community, tasks and activities selection
and use, management of classroom discourse, the cognitive structure and feedback
provided to students, the kinds of questions asked, the depth of on-the-spot reflec-
tion and action, and the assessment measures employed. It demands an attention to
how one’s own “otherness” is characterised by enacting all of these practices and
how that otherness predisposes one towards habituated thought and a “blindness”
towards others; how it circumscribes the capacity to think about, understand, and be
ethically responsive to students in the classroom. A pedagogical project like this, un-
settling though it may be, is, however, a form of praxis dedicated to producing long-
term change with respect to teaching and learning mathematics. In the larger order
of things, the project makes a valuable contribution not only to the political imagi-
nation of teachers and students, but also to the advancement of an ethical sociality.

Conclusion

Recently, mathematics educators who have embraced social theories have worked
diligently to map out what constitutes an equitable and quality mathematical expe-
rience. Cobb and Hodge (2007), for example, have moved beyond the traditional
approaches and have done so by sketching out the importance of identity to improv-
ing teaching and learning of central mathematical ideas. Their approach does not
simply overlay identity with social processes and practice, but directly connects
it with such practices. Their conceptual tools provide clarity and definition, par-
ticularly to “mathematics educators whose primary concern is to contribute to the
improvement of classroom processes of learning and teaching” (Cobb et al. 2009,
p- 43). The tools offer a means to deal with the interplay between social practices
and the processes of self-formation that are at work in the mathematics classroom.
However, their approach rests on a presumption of a universal human subject. As
a result, all ethical deliberation and action is reduced to questions of human rights
and humanitarian actions.

The concept of identity at the heart of a quality and equitable mathematics ex-
perience is an extremely complex phenomenon that is not easily explained by con-
ventional democratic mechanisms. The notion of identity as offered by Cobb and
Hodge, grounded in the “colloquial meaning of identifying, namely, to associate or
affiliate oneself closely with a person or group” (Cobb et al. 2009, p. 40) cannot
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provide a totally compelling perspective of the dynamics of identity within a self/
social relation “collectively shaped even if individually told” (Sfard and Prusak
2005, p. 17), and, therefore, subject to change. The concept, as formulated by Cobb
and Hodge, sustains the hold of psychological ways of thinking within mathematics
education, failing to theorise adequately the complex ways that disadvantage and
privilege work in shaping a quality mathematical experience.

Identity is, in Lacan’s estimation, generated by the structural discursive rules that
govern thought, action and speech. For all the apparently “tractable and relatively
concrete” (Cobb et al. 2009, p. 40) appearance of students in mathematics, they are
all merely productions of practices through which they are subjected. Self-conscious
identifications and self-identity are not simple, given, presumed essences that natu-
rally unfold but, rather, are produced in an ongoing process through a range of influ-
ences, practices, experiences and relations, some of which operate beyond conscious-
ness. They are constructed in an often contradictory space. Teachers who provide a
quality and equitable experience embrace the contradiction that lies in that space.
They recognise that people have different histories and different “presents.” Such
teachers do more than respectfully understand difference; they preserve the difference
of the student by suspending their own intentionality. What emerges is a creative ten-
sion that is central to the development of a positive identification with mathematics.

I would argue for a psychoanalytic approach to explaining a quality and equi-
table experience in mathematics, specifically because it is able to offer a conceptual
apparatus for exploring intrapsychic processes that are at work in the constitution
of identity, and hence in teaching and learning. Engagement with and resolving
conflicts between the contents of the two registers of identification (Imaginary and
Symbolic) is precisely what gets to the heart of teaching and learning. Committed
to political mobilisation, the approach offers a way in which mathematics educa-
tion could develop genuinely inclusive democratic provision. In advocating for this
approach, the overarching aim has been to stimulate reflection and discussion that
will act as a catalyst for not merely changing how teachers view their world but to
offer an interpretation that might change the texture of mathematics pedagogy itself.
What mathematics pedagogy might become stands as the political, ethical, social,
and philosophical problem for mathematics education today.
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Chapter 8

A Framework for Evaluating Quality

and Equity in Post-Compulsory Mathematics
Education

Gail E. FitzSimons

Introduction

The aim of this chapter is to address the issues of quality and equity in mathematics
education across the various sectors of formal education by reviewing the literature
on quality in education in the post-compulsory years and to design a framework that
will inform decision-making in relation to these. The framework is intended to be
flexible and to encourage policy makers, educators, and practitioners at all levels to
consider whether their mathematics curriculum and teaching effectively meets the
needs of all their learners in their particular contexts.

For the purposes of this chapter, I take the concept of equity as access to and suc-
cessful (as defined by the learner at least) participation in mathematics education set
in the context of the economic, social, cultural, and political conditions of the time
and place. This entails the recognition of, respect for, and valuing of the diversity
of learners. Or, in D’Ambrosio’s (2009) words, respect for human cultural dignity.
In terms of mathematics education, this means problematising the curriculum and
pedagogy rather than the individual learners or particular identified subgroups of
learners.

This chapter will critically review the literature on quality in post-compulsory
education in both vocational and higher education sectors with a focus on equity. It
will conclude with a proposed framework to enable mathematics educators, indi-
vidually or collectively, to evaluate their current situations within their larger con-
texts up to global levels, and then to move forward with strategies for resolving the
tensions and contradictions as part of an ongoing process.
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Quality in Post-Compulsory Education

The Vocational Education and Training Sector

The European Centre for the Development of Vocational Training [Cedefop] com-
missioned a study to develop indicators of quality on the level of VET systems in
Europe (Seyfried 2007) with the intention of supporting a European strategy for
improving quality in VET. It collected and analysed over 200 existing indicators.

In operational terms, indicators produce information which helps relevant VET actors to
assess the extent to which their pre-defined objectives have been met, identify influential
factors and take informed decisions ...indicators often contribute to a common understand-
ing of relevant criteria for quality. ...Since an indicator is not a value in itself, defining and
selecting indicators presupposes clarification of the objectives to be attained in order to
improve quality. (p. 9)

The policy priorities set by Member States, the European Commission, and the
social partners were as follows:

» Better employability of the labour force

» Better match between training supply and demand

» Better access to vocational training, in particular for vulnerable groups on the
labour market (p. 9)

These priorities were broken down into more concrete measurable objectives, which
were then related to indicators which had to be related not only to the objectives but
also to one another. In this study, vulnerable groups clearly defined at a European
level included:

» Early school leavers (drop-outs)

* Young unemployed people (less than 25 years)

* Long-term unemployed people (more than one year)

» Older people (over 55 years of age)

* Handicapped people (according to national definitions) (p. 47)

Other groups included migrants from non-EU countries and ethnic minorities. The
question arises: What contribution might a different quality and quantity of math-
ematics education have made in avoiding or alleviating the situations in which peo-
ple end up being labelled as “vulnerable”? In the following, I will discuss selected
policy objectives for vocational education from a critical mathematics education
perspective.

The study listed proposals for indicators for each objective of the three policy
priorities. Context indicators applicable to all policy priorities included structural
indicators of economic growth, employment, unemployment, and expenditure on
VET per capita. These are clearly important factors influencing the education sys-
tem overall—especially at the post-compulsory level—but ones about which little
can be done at the regional or local level, particularly with regard to mathematics
education. On the other hand, the policy priority of employability had the objective
of preparing learners with the following competences, among others:
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» Basic skills in literacy and numeracy meeting the requirements of the recognised
demand

» Basic social skills meeting the requirements of the recognised demand

» ICT skills (p. 85)

The most interesting point here is that the conception of “basic skills in numeracy”
is almost always taken for granted in documents such as these—as if there is a well
understood and shared agreement about what this means in practice—when this is
far from the actual case. The kinds of mathematical skills that workers of the fu-
ture will need to use and to develop on-the-job are a long way from simplistic lists
of tasks found in primary or even early secondary schooling (FitzSimons 2008a).
Mathematical skills and techniques are clearly of value in using certain work-relat-
ed technologies, such as spreadsheets and databases or graphics packages (Hoyles
et al. 2002). There is also a need for a mathematics curriculum and pedagogy which
links social and ICT skills with mathematics, especially but not only via the medium
of communication technologies (FitzSimons, 2010) to support not only the learning
of mathematics but also participation in the world of work and personal activities
beyond formal education.

Considering the stated policy objective of completion of VET/avoidance of drop-
ping out (p. 85), one indicator suggested is the existence of an active policy. The
subject of mathematics has been long recognised by adult and vocational teachers
as a significant factor contributing to school or post-compulsory students deciding
to drop out of a course or in preventing them from achieving completion. I believe
that this objective needs to be made more prominent specifically in relation to math-
ematics education, proactively, at all levels. It is not enough to simply monitor at-
trition rates after mathematics education is no longer compulsory since this may be
years after the point where students ceased to be engaged.

The policy objective concerning transition to employment considers as an in-
dicator, inter alia, the effectiveness of transition between formal and non-formal
learning and the labour market (p. 86). Here, the distinction between different types
of learning is made prominent, and this is particularly pertinent to mathematics
education. It is commonly presumed that mathematics can really only be learned
in formal education settings, whereas in fact its ideas and techniques can be devel-
oped through social interaction from birth, and at the workplace (paid or unpaid), in
particular. In other words, both what mathematics is learned and kow it is learned
outside of institutional settings need to be valued. Recognition and valuing of the
informal ways that mathematics can be learned and alternative culturally validated
mathematical knowledges are essential to prepare current students at all levels for
an unknown and unknowable future. They need to feel that what they bring to the
learning situation through their own life experience is of value (see also Mellin-
Olsen 1987).

The policy objective of quality of employment (stability, income, desired work-
ing time) and finding employment in new sectors (p. 86) underlines the fact that
mathematics education has a role to play in supporting learners to pursue and, ide-
ally, achieve their career goals. The text also includes a statement related to the ex-
istence of “active policies to train unemployed people from the old sector to enter a
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new sector, e.g. ICT” (p. 86). The nexus between mathematics and technology was
briefly discussed above (see also FitzSimons 2007, 2010). Also important is the fact
that school leavers and graduates of today will almost certainly have to retrain in as
yet undeveloped or unknown fields before they reach retirement age. Learning how
to learn, especially in mathematics, is a critical skill which needs to be developed
in the compulsory years of schooling together with the disposition to learn math-
ematics. As noted earlier, there are many adults, young and old, who would never
willingly choose to study mathematics again. This generalised experience needs to
be addressed in current and future schooling, starting from the early years where, in
my experience, learning can often be joyful, and not letting out of sight this engage-
ment, cultural relevance, and ownership of the knowledges and skills until the end
of compulsory education at least (FitzSimons 2008b, suggests possible activities of
relevance to students’ personal cultures). As Ernest (2009) proposes, the mathemati-
cal content of curricula for the large majority of students not destined for advanced
academic mathematics study may need to be revised.

Under another objective: responsiveness (reaction to knowledge about recog-
nised demand) (p. 87), one of the criteria is “Utilisation of acquired skills at the
workplace, from the perspective both of the employer and the employee.” Note the
reciprocity between employer and employee perspectives. The following objective
of “broadening access [to] everyone who can benefit” (p. 88) sums up the necessity
of physical, intellectual, social, and cultural inclusion in mathematics education. In
other words, the diversity of learners in formal education should not be the prob-
lem, but rather a valuable and valued resource. In my own practice of vocational
and tertiary teaching, this meant learning about what students bring to the class
from their wide range of backgrounds as citizens and workers. My willingness to
learn has been richly rewarded by the wealth of examples drawn from actual lived
experience, and this has often been the source of seriously engaged discussion and
debate among class members, either in support of or in contrast to the underpinning
theory of the lesson concerned. The policy objectives conclude with: “opportunities
for vulnerable groups,” for example, indicators of the “existence of special offers
(outreach activities, guidance, orientation, motivation, courses, qualifications, com-
petences)” (p. 87) and “permeability” which pays attention to group-specific drop-
out rates through active policies to monitor and to reduce them. Although the range
of outreach activities, guidance, orientation, and motivational activities are offered
to some mathematics students in different places around the globe, which of these
are made specifically available to the most vulnerable of students? (See Wedege and
Skott 2006, for a school mathematics competition with a focus on inclusiveness,
intended to challenge and to motivate all students.)

Quality Assurance (QA) in Higher Education

In this section, I attempt to clarify the often complex terminology associated with
quality and then draw upon critiques of traditional context-free models of QA.
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Stensaker (2008) offered a brief summary of the four main trends of QA in the
Higher Education sector:

1. Power: QA processes support the development of a stronger institutional leader-
ship; it also triggers discussions and debates about institutional identity. Although
individual academics may have lost power, QA offers a more legitimate role for
students and other stakeholders.

2. Professionalisation: There has been an increase in bureaucracy but also in the
possibilities of collegiality and co-operation. Formalisation of QA processes
may also remove some of the mysteries surrounding them.

3. Public Relations: The outcomes of QA processes may be used as a marketing
and branding tool; they also lead to a greater emphasis on teaching and learning
outcomes.

4. Permeability: Ranking and performance indicators increase visibility and offer
more informed decision-making processes.

Considering Stensaker’s (2008) first point, in terms of mathematics education
across the non-university sectors, it seems that students have been largely if not
totally excluded as stakeholders, except for others presuming to speak on their be-
half. When have students’ opinions on the mathematics education they receive been
solicited, taken seriously, and acted upon (cf. Mellin-Olsen 1987)? Making quality
criteria explicit, even open to debate, together with an expectation of collegial-
ity and co-operation should, in theory at least, help the cause of professionalisa-
tion if mathematics teachers feel that they are indeed part of the process and not
helpless and unwilling participants (even scapegoats). The emphasis on mathemat-
ics teaching and learning outcomes needs careful treatment—to ensure avoidance
of increasingly ubiquitous externally motivated and selective or culturally inap-
propriate state-mandated or international testing regimes (e.g., Civil and Quintos
2009; Jablonka 2003). On the other hand, publicity of those mathematics programs
judged by the local community to be socially and culturally valued and success-
ful in fulfilling student and community needs is to be welcomed. In particular,
the local mathematics teaching community should be positively encouraged and
acknowledged by the education institution and the larger community for collegial
sharing and critique of efforts made on behalf of all stakeholders including, at the
forefront, students.

Critique of QA in Higher Education According to Stensaker (2008) the dominant
perspective of QA is a focus on implementation of pre-defined criteria; involve-
ment supports an external agenda and not the perceived problems of those working
in institutions. There is a simplistic view of the problem definition and agreement
on aims and objectives of policies to address the problem. There is a strong focus
on design issues, with domination of technicalities; measuring outcomes conceived
mostly as a methodological problem. This is in the face of growing evidence of
shortcomings and misconceptions: Quality issues are multifaceted and there is little
agreement on aims and objectives of policies. Change is not only conditioned by
control but also by trust and dialogue.
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Stensaker (2008) proposes that an alternative perspective is to critically review
assumptions. The context must be taken seriously; cause and effect are sometimes
difficult to separate; there is a need to move beyond quantification. The benefits of
qualitative approaches include a focus on creating meaning, and he recommends
a narrative approach, although issues of power must still be addressed. He contin-
ues that there is “a need to consider non-traditional ways and means of achieving
quality and to show a willingness to abandon standardised schemes for innovative
practices...” (p. 9). He gave an example of recognition of high quality paramedic
work where 90% of experienced practitioners could discriminate between an expert
and novice trainees, while only 50% of students and 30% of their teachers could do
so. Stensaker concludes that it is insufficient to evaluate quality by solely focusing
on rules, systems, and procedures, thus possibly failing to address issues related to
excellence, innovation, and renewal.

Houston (2007), in his critique of the adoption of Total Quality Management
(TQM) in higher education, adopts a critical systems perspective which he argues
“help to deal with the wholeness, interconnectedness and emergent properties of
complex situations” (p. 4). This approach requires critical questioning of taken-
for-granted assumptions and prescriptive approaches to problem solving—TQM is
often taken at face value as a “good” thing without consideration of its fitness for
purpose within the particular problem context of higher education. Although origi-
nally designed with a focus on manufactured products and the productive process,
even Deming (1993, quoted in Houston 2007, p. 5) notes that the choice of aim or
purpose should be a matter for clarification of values, should never be defined in
terms of activity or methods, and should relate to improvement in life for all con-
cerned. There have been different kinds of critique of TQM in higher education,
including from pragmatic, prescriptive, and philosophical perspectives, and of its
use in various political agendas. However, in relation to who decides what qual-
ity is and against which criteria, the concept of customer is problematic: student,
government, and industry all have different boundaries to their value judgements in
this sphere, with complex positionings and ambiguous relations to the concept of
customer focus. There are

unresolved tensions between the dual purposes of control, and of quality improvement and
learning, ...and between the rhetoric and reality of quality.... Harvey (2002) has noted that
audit processes pay little attention to educational processes, educational theory or student
learning. (p. 10)

Houston (2007) notes that the National Institute of Standards and Technology
(NIST!) had also queried the assumptions of applying a competitive business model
to education, thus downplaying organisational uniqueness and emergent character-
istics and encouraging inappropriate comparisons—especially where fundamental
values systems are so different. Externally developed frameworks, with assumed
advantages and purposes, “should not be acceptable in universities with their fun-
damental roles of critical evaluation and higher learning” (p. 11). “The purpose of

! See http://www.baldrige.nist.gov/Education_Ceriteria.htm



8 Post-Compulsory Mathematics Education 111

higher education, rather than conformity, should be to promote diversity: to extend
each student towards realising their own individual potential” (p. 11). These pro-
cesses are contested and value-bound. Recognising that recent years have seen the
creation of quasi-markets in higher education, Houston maintains that the “primary
purpose is to contribute to society in specified ways, including contributing to the
economy” (p. 12). A similar argument could be made for mathematics. Clearly, con-
cludes Houston, the language, concepts, and tools of TQM do not really match the
substance of higher education. Nor indeed do they match a mathematics education
which has equity as its priority.

A Systems Thinking Approach

From an Australian perspective, mathematics educator Galbraith (1999) recom-
mended adopting a systems thinking approach to QA within the university sector,
with the goals of nurturing a valued but endangered species and attending to the
good of the whole rather than opportunistic individual parts. He argued that uni-
versity management should move forward from a strict adherence to a corporate
framework, with its dynamics that lead to a dissociation of causes from effects, to
locate itself within an ecological world view. This is consistent with Buchanan’s
(2006) approach towards a skill ecosystem, which considers workforce skills and
knowledge in an industry or region as a complex whole. Houston (2007) devel-
ops Galbraith’s idea: “Authentic quality theory is essentially systemic; attending
to values, purpose, and optimising performance relative to the aim of the system”
(p- 13). He recommends exploring the development of locally appropriate systemic
approaches to improving quality in and of higher education. Such a perspective
would accommodate “the variability of students, adaptability and flexibility of pro-
cesses, the interactions of components and expectations about the final outcome:
learning” (p. 14).

It is essential to keep in mind that universities, as with all education institu-
tions, are workplaces in themselves—it is much more common to consider them as
places where other people (i.e., learners) are prepared for the workplace. Adopting
a systems approach, the NIST (2009) offers a framework connecting and integrat-
ing seven categories of “Education Criteria for Performance Excellence” (p. 1) in
a systems perspective (see p. iv for model). The categories are: (a) leadership; (b)
strategic planning; (c) customer focus; (d) measurement, analysis, and knowledge,
management; (¢) workforce focus; (f) process management; and (g) results. From
the perspective of this chapter, their customer focus and workforce focus in par-
ticular raise serious issues for consideration. These will be addressed further below.

A systems thinking approach to quality in the workplace has striking paral-
lels with intended outcomes of mathematics education. As noted in FitzSimons
(2002), an Australian government report (NBEET/ESC 1996), adopted a human
capital development perspective, spanning a lifetime and across multiple career
paths. Along with team work, communication, and continuous learning at both the
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organisational and the individual level, they observed that the competency of in-
formation literacy is:

a literacy that combines information collection and analysis and management skills and
systems thinking and meta-cognition skills with the ability to use information technology
to express and enhance those skills. In a society of information ‘glut’ the ability to detect
‘signal’ from ‘noise’ will become increasingly valued. (p. 74)

There are clear implications for mathematics education in supporting the devel-
opment of these kinds of skills. Drawing on the work of Salner (1986, cited in
NBEET/ESC 1996), systems thinking was described as context-oriented and con-
text-dependent, involving the following competencies:

+ the ability to see parts/wholes in relationship to each other and to work dialecti-
cally with the relationship to clarify both similarities and differences. In effect,
this means the ability to balance the processes of both analysis and synthesis;

* the ability to abstract complexity so that organising structures (visual, mathemat-
ical, conceptual) are revealed rather than imposed;

 the ability to balance flexibility and real world change against the conceptual
need for stable system boundaries and parameters;

» command of multiple methods for problem solving as opposed to employing a
limited range of algorithms to the widest variety of situations; and

» awareness that the map is not the territory, and the ability to act accordingly in
the use of systems models. (pp. 75-76)

Once again, these competencies can be readily identified with the projects of the in-
stitution of mathematics. At all education levels, how might appropriate mathemat-
ics education be developed to support competencies such as these in all learners, not
just the most “advanced,” along with a increasing sense of personal agency?

Towards a Quality Framework

From the literature reviewed above, there are complex issues to be addressed. For
many, it may require a shift from consideration of the micro and meso levels of
the classroom, school, and region to the macro levels of national and global levels,
encompassing factors well beyond mathematics education. A business approach
to quality which demands compliance with externally set agendas is inappropri-
ate and unlikely to achieve significant improvement educationally. The European
Union vocational education model was designed to assess the extent to which pre-
determined policy objectives agreed upon by member countries were met. Although
the EU model raises issues of employment and access by vulnerable groups, both
models come under the category of control. In this section I offer two frameworks
for planning and/or evaluation. The first focuses on the macro level of setting the
context for the education activity in terms of global or national conditions, then
regional and, finally, local conditions. The second focuses on the meso and micro
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levels of the individual institution and the mathematics classroom or other learn-
ing setting. (See FitzSimons 2002, Chaps. 46, for development of these levels of
knowledge production, distribution, and recontextualisation in vocational education
following the work of Basil Bernstein.)

Planning and Evaluation at the Macro Level

In order to set the context, Kettunen’s (2008) concept of a quality map as a tool
to take into account the environmental context, including global, national, and re-
gional dimensions, provides a useful starting point. Information should be collect-
ed following Dill and Soo’s (2005) five principles of validity, comprehensiveness,
relevance, comprehensibility, and functionality—bearing in mind the interests of
the range of stakeholders internal and external to the institution. The information
collected qualitatively and quantitatively could consider economic, environmental,
social, cultural, and historic data, as these impinge upon the education system in
general, and mathematics education, in particular. Specifically, following Ritsild
et al. (2008), information on the labour market and employment trends, socio-
ecological development (human and environmental well-being), regional devel-
opment, public social debate, and innovation (local, in the case of schools), com-
bined with EU vocational policy objectives of, inter alia, employability, quality
of employment, and access and opportunities for groups identified as vulnerable
(Seyfried 2007). Having set the context, Kettunen (2008) proposed linking this
to a comprehensive strategic quality plan incorporating feedback and continuous
improvement.

A critical systems approach to QA was recommended by Houston (2007) (and
NIST 2009, among others) in order to “help to deal with the wholeness, intercon-
nectedness and emergent properties of complex situations” (p. 4). If nothing else,
education is certainly a complex system, and mathematics education is a case in
point. Houston reminds us that students, government, and industry all have different
boundaries to their value judgements in this sphere, with complex positionings. Ac-
cordingly, any evaluation framework needs to take into account which stakeholder
perspective(s) and whose values predominate. As far as equity in mathematics edu-
cation is concerned, Houston’s goal for universities of promoting diversity and ex-
tending each student “towards realising their own individual potential” (p. 11) holds
true throughout the entire education system.

Houston (2007) underlines his belief that authentic quality activities should be
essentially systemic, attend to values and purpose, and optimise performance “rela-
tive to the aim of the system” (p. 13). But what if the system’s espoused and enacted
purposes are contrary to the values of equity held at the local level? Houston’s
recommendation to explore the development of locally appropriate systemic ap-
proaches to improving quality in and of education is possible, even at the level
of the individual teacher. From personal experience as a vocational mathematics
teacher, it is always possible to find ways of enacting one’s strongly held personal
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Table 8.1 A proposed framework for establishing contexts at the macro level for evaluating

mathematics education agendas with a focus on equity

National/global Regional Local
Socio-economic * Global financial crisis * Downturns in « Skills shortages
issues * Automation at all skill manufacturing in health and
— Labour market levels redefining work and primary aged care
— Access to education « Availability of appropriate industries
and affordable post- * Chronic youth
compulsory education unemployment
Socio-ecological » AIDS
issues * Mental health
— Community health  « Obesity
and well-being * Malnourishment

* Smoking and disease
Environmental issues ¢ Extreme climate events

— Global warming » Lack of appropriate soil
— Soil and water and water for subsis-
conservation tence and industrial uses

Loss of biodiversity
Adolescent substance

Public social debate

issues abuse

— Drug and alcohol * Government-sanctioned
abuse gambling

— Gambling * Rise of domestic and

public violence
Creative educational uses

for mobile [cell] phones
Evolving uses of internet

Innovation issues

— Partnerships with
local industry

— New educational
uses for IT

» Regional and local partnerships
between education and industry,
including apprenticeships, intern-
ships, professional practicums, taster
days for school leavers, etc.

beliefs and values—ones supported by high quality peer-reviewed research—even
under a rigid TQM system and surrounded by colleagues entrenched in the most
traditional attitudes and beliefs about teaching and learning (and even transferring
these to online courses!).

In terms of setting the context, it may be useful to prepare a broad framework ac-
cording to the criteria nominated as being of importance from an equity perspective,
depending on the “baskets” of criteria selected. The ones indicated in Table 8.1 are
merely examples, and other users would ascertain their own priorities.

Planning and Evaluation at the Meso and Micro Levels

This section focuses on the specific education institution and the particular learning
setting which may encompass formal classroom instruction, online delivery, and in-
teractive technology-supported participation, workshop or other practical activities,
or some combination of these.
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Activity theory offers a foundation which stresses the importance of inter- and
intra-personal communication in the development and transformation of culture,
and social practice. It is discussed in depth by Engestrom (1987), and from a
technology perspective by Kuutti (1996) who synthesised the work of Leont’ev
and Engestrom to devise a two-dimensional framework for analysing the use of
technology from an activity theoretical perspective. One dimension incorporates
Leont’ev’s three hierarchical levels of unconscious operations, goal-directed ac-
tions, and collective activity with an overarching motive; the second dimension
incorporates Engestrom’s (1987) six components of the mediational triangle: sub-
ject, object, and mediating artefacts, all set in the socio-cultural context of rules,
community, and division of labour—also elaborated in Engestrom (2001). Mellin-
Olsen (1987) was among the earliest to have built on an activity theory foundation
in relation to mathematics education. (For further information on activity theory at
the post-compulsory level see my web page for Adult Numeracy and New Learn-
ing Technologies, http://www.education.monash.edu.au/research/projects/adult-
numeracy/, an Australian Research Council Post-Doctoral Fellowship Research
Project [2003-2006].)

Adapting Engestrom’s (2001) criteria (illustrated in Table 8.2) interrogates: (a)
who are learning, (b) what do they learn, (c) why do they learn, and (d) how do
they learn. These questions apply not only to students, but also—in relevant con-
texts—to teachers, managers, parents, employers, the larger community, and policy
makers as stakeholders in the education domain. Engestrom elaborated five prin-
ciples to summarise activity theory (the activity system as a unit of analysis, multi-
voicedness, historicity, contradictions, and expansive learning) and cross-tabulated
these with the four questions above which he described as central to any theory of
learning (see FitzSimons 2003, for elaboration from an adult mathematics educa-
tor’s perspective). In practice, working with this matrix with vocational education
teachers and trainers, I have found it easier to use alternative heading descriptors
of: (a) who are we really talking about, who is involved in this program? (b) what
do learners bring to class, what else do they do in life? (c) what is known of the
teaching and learning history of the program and its learners? (d) what are the ten-
sions and contradictions? and (e) what can be done to move forward? (Apologies
to Yrjo Engestrom!) Critically, in responding to these five prompts, educators at
all levels should imagine that the study of mathematics is not compulsory for the
students concerned or that the students have the hypothetical freedom to attend an
alternative institution for their mathematics education, even to learn via the internet
instead.

In Table 8.2, adapted from Engestrom (2001), I offer an illustration of how the
teaching-learning situation of an individual program for adults returning to study
mathematics may be mapped for purposes of description and analysis. This is in or-
der to provide a starting point for evaluation of the current situation and to provide
the basis for future planning.

This example, based on one class of learners, can be systematically developed
to encompass increasingly complex layers; for example, all relevant mathematics
classes: (a) in a school or institution at a given year level or program level, (b) at
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a particular educational site or campus, (c) at a regional level, or (d) at a systemic
level. Not only should the learners be the focus or unit of analysis, but also the
mathematics teachers themselves as a community of practice. Just as the history
of the development of the discipline of mathematics reflects its intimate connec-
tion with the social and natural world (FitzSimons 2002), so any evaluation could
consider formal and informal linkages with other school subjects and the world be-
yond the institutional walls. It could involve stakeholders, such as the wider school
community including non-teaching staff, volunteers, and parents, and the world of
business and industry as but one important stakeholder (see, e.g., OECD Global
Science Forum 2008). Keeping in mind the objectives of equity and participation, a
democratic process would see teachers critically involved in an ongoing workshop
process, drawing upon the input of important stakeholders, such as learners and the
local community, business and industry.

If all students enrolled in mathematics or mathematics-containing subjects were
treated with the same respect and dignity as adults returning to study mathematics in
the post-compulsory sector, this may have a positive impact on equity. On the web-
site for my project into adult numeracy (discussed briefly above) there are around
70 pages of research-based prompts questioning various aspects of mathematics
education. In addition, from the 2009 to 2010 criteria for educational excellence
(NIST 2009), there are questions which enable organisations to examine, among
other things, how well they engage students, their workforce, and other stakeholders
and to build an appropriate culture for doing so. Adapting this text specifically for
mathematics education leads to the following pertinent questions:

1. “How do you engage students and stakeholders to serve their needs and build
relationships?” (p. 13).

(a) How do you identify and innovate mathematics programs and support ser-
vices to meet the requirements and exceed the expectations of your students
and other stakeholders? How do you attract and retain new students, and
provide opportunities for expanding relationships with existing students and
stakeholders as appropriate?

(b) How do these vary for different students and stakeholders?

(c) How do you build an organisational culture that ensures a consistently
positive student and stakeholder experience and contributes to greater
engagement?

2. “How do you obtain and use information from your students and stakeholders?”
(p- 15).

(a) How do you listen to your students and stakeholders to obtain actionable
information and feedback on your mathematics programs and support ser-
vices? How does this vary with different students and stakeholders at differ-
ent stages? How do you follow up on these?

(b) How do you listen to former students, potential students, and relevant stake-
holders in relation to your mathematics programs and support services?

(c) How do you manage student and stakeholder complaints in relation to these?
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3. “How do you engage your workforce to achieve organizational and personal suc-
cess?” (p. 19).

(a) How do you determine the key factors that affect your mathematics educa-
tion and relevant support staff? How are different factors affecting satisfac-
tion for different groups determined?

(b) How do you foster an organisational culture that is characterised by open
communication, high quality work, and an engaged staftf? How do you
ensure that you benefit from the diverse ideas, cultures, and thinking of your
total mathematics education workforce (teachers and support staff)?

(c) How do you recognise, reward, and create incentives for high quality prac-
tice and engagement by this staft?

(d) How do you address the learning and development needs of your mathemat-
ics education workforce?

Having mapped the broader context and then the detail at the particular level of
interest in mathematics education, the next logical step is to prepare a strategy plan.
Often the proposals implicit in Engestrom’s (2001) expansive learning, incorporat-
ing moves towards resolving identified tensions and contradictions, require serious
discussion and dialogue in an atmosphere of mutual respect. In what Engestrom
describes as relatively long cycles of qualitative transformations, questioning and
deviation from established norms can escalate into a deliberate collective change
effort or “a collaborative journey through the zone of proximal development of the
activity” (Engestrom, p. 137).

Conclusion

In this chapter, I have drawn extensively on the quality literature in the post-com-
pulsory sector together with my own experience as a vocational mathematics prac-
titioner and adult learning and development lecturer to propose a framework for
evaluating mathematics programs and support services across the education sectors
from a quality and equity perspective. I have suggested an approach to establish
broad-scale contextual information appropriate to the location and situation of the
user and an approach to a more detailed analysis of the actual teaching-learning
situation. In the case of post-compulsory education where student participation is
often voluntary and teachers’ employment is increasingly dependent upon student
satisfaction, students’ motives and goals are given high priority. Of course, there
are many other stakeholders whose concerns need to be addressed and this requires
sensitive value judgements by the relevant decision-makers, keeping in mind qual-
ity and equity considerations.
Van Kemenade et al. (2008) raise the question: Is the quality focus on:

1. Providing society with the graduates that have the knowledge and skills society
needs?
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2. Exceeding the learning results that are asked for by the students and the world of
work?

3. Transforming the students into citizens of the world?

4. Preparing the students to be leaders in their future society?

Ultimately, evaluating quality and equity is not about judging others and finding
them wanting—as in the ‘deficit’ model of judging students, especially in the case
of mathematics when used inappropriately as a sorting mechanism. It is about hu-
mility and respect, and listening to the voices of those most intimately concerned
with the best interests of learners, such as committed teachers and parents, and
working together to understand what is and how things might be different in ways
that empower all learners.
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Chapter 9
The Theoretical Landscape

Editor’s Reaction to Part I

Walter G. Secada

Through much of the late twentieth century, notions of equity and quality in school
mathematics were closely tied to interpreting the common finding of socio-demo-
graphic group-based differences in mathematics achievement. The often-virulent
nature/nurture debates were grounded in psychological theories of individual dif-
ference (Jensen 1972); whereas sociological theories of social and cultural capital
sought to explain inequalities in how society distributes its desiderata (Bowles and
Gintis 2002). Explanatory theories that invoked constructs, such as the “culture of
poverty” (Lewis 1965; Office of Policy, Planning and Research 1965; see Wilson’s
critique 2009) and even intervention studies, such as Subtracting Bias, Multiplying
Options (Fennema et al. 1981) were grounded in one or another of these disciplines
and thereby constrained by their discursive practices. Not surprisingly, work from
the 1960s through 1980s is often criticized for “blaming the victim.”

It was within this context—where scholarship involving equity was dominated
by psychological and sociological theories that constrained the possibilities for
those who worked in the field—that alternative conceptions for equity were de-
veloped in the mid-to-late 1980s by first asking the question: “What is equity?”
Responses ranged from notions of justice tied to Aristotle’s and legal notions of eq-
uity; through more critical neo-Marxist, feminist ideas, and multicultural critiques;
and evolving socio-cultural perspectives on the nature of learning (for more on this
work, read the edited collections by Fennema and Leder 1990; Secada 1989; Secada
et al. 1995; Secada and Meyer 1989/1991). All sought to distance themselves from
classical views of individual difference, equality/inequality, and socially enlight-
ened self-interest (a foundational cornerstone for what is now referred to as neo-
liberal thought). The work coming from the 1980s may strike current readers as
slightly naive. My friend and colleague Elizabeth Fennema repeatedly told me: if
she were starting today, she would not start with the Fennema and Sherman studies
(1977). And I would agree.

As I read the chapters that constitute the first section of this book, I am heartened
by the breadth of perspectives that are taken, by the many voices that are speak-
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ing, and by directions in which they seem to be taking as they answer the question:
“What is equity?” From these chapters, I take away three theses that—were I start-
ing today—would anchor my work:

1. Equity and quality are inherently political terms whose common political bed-
rock is obscured by their being taken for granted and by their being seen as
normal.

2. Equity and quality have multi-vocal and nuanced meanings as found in everyday
use and philosophically.

3. Scholarly inquiry about the nature of equity and of quality—either alone or
linked—has taken a decidedly qualitative turn that is focused on textual decon-
struction and/or interviews with key informants.

Equity and quality are inherently political terms whose common political
bedrock is obscured by being taken for granted. In this section of the book,
Chronaki’s chapter argues that economic development is rife with imperialistic,
patriarchal and colonialist discursive functions. She positions herself within femi-
nist and post-colonial discourses to critique views of school mathematics that would
reduce its concerns to highly technical concerns for things such as learning, nar-
rowly construed.

Gutierrez and Dixon-Roman adopt what they call a social-political stance to
mathematics education. Their goals are to destabilize schooling as the primary ve-
hicle of education; to reject group-based “equality” in achievement outcomes; and
question the central importance that mathematics seems to have acquired within
Western and industrialized society.

Pais and Valero argue that mathematics education must be understood within a
capitalist setting—calls for quality and equity within those settings serve particular
interests. According to their critique, current theorizing about equity and quality
seems narrowly technical and would be strengthened, were educators to seriously
debate the purposes of schooling.

Llewellyn and Mendick also make explicit the neo-liberal uses of the terms in
current-day England. They help us understand that much current writing conflates
economic with personal growth; or national competitiveness with personal self-
fulfillment.

It may seem obvious that equity and quality both share a common economic and
political foundation in such a way as to link their fortunes inextricably to one an-
other. Though most critiques in this volume locate current uses of the terms equity
and quality within neo-liberal political and capitalistic economic settings, I would
hazard the guess that writers living in societies that adhere to alternate political and
economic systems would make similar claims.

I would further hazard the guess that none of the authors would deny the empiri-
cal finding that—as Lucy Sells so famously noted in 1973—mathematics is a criti-
cal filter in later-life economic opportunity (see also Sells 1976). Indeed, one could
argue that without Sell’s insight and rhetorical flourish, mathematics achievement
differences would not have their present-day salience in the social policy arena such
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that an icon from the U.S. Civil Rights era, Bob Moses (Moses and Cobb 2001)
would declare that algebra is the new civil right. Instead, what I take from the above
arguments is that the existence of empirical ties between mathematics achievement
in school and later-life opportunity should not be used to trump discussion as to the
positioning of equity and quality within present-day political and economic set-
tings. Rather, as we build back up from that positioning and ask ourselves why
this is so, we are likely to encounter social, political, and economic interests and
processes that shape how we frame our scholarship (in much the same way that
psychology and sociology shaped the scholarship of the 1960s through 1980s) and
that place limits on the empirical interventions that are considered reasonable or
even possible. The intellectual foundations for such a program of scholarly inquiry
are now firmly in place. The challenge is to embark on it.

Equity and quality have nuanced meanings in everyday use and philosophi-
cally. In a wide-reaching review of prior work, Atweh draws upon philosophical
notions of ethics to deconstruct how quality and equity are portrayed within an
Australian and the politically-dominant American settings. He argues that “better
maths” are portrayed in terms of abstraction and rigor as dominant; that equity
seems to be replaced by diversity; and that ethical responsibility has become absent
from such formulations.

In an interesting inclusion of teachers’ voices, Skovmose and Penteado asked
teachers how they think about terms like equity and quality. Their emergent cat-
egories include diversity, access to technology, prestige, poverty, hope, stigmatiza-
tion, learning conditions, possibility, and participation. They challenge educators,
especially researchers whose interests involve the promotion of equity agendas to
recognize teachers’ everyday work lives and to help them create possibilities for
themselves and for their students.

Walshaw reminds us that students create identities as learners and as people; and
that those identities go beyond cognitive outcomes to include social and cultural
components that are related to affect, communication, behavior, and participation.
Equitable practices, whatever their formulations, must attend to and develop these
identities.

In her analysis of post-compulsory mathematics education, FitzSimmons makes
the telling point that the needs of the many are sacrificed to imperatives for the
few. Whereas Atweh notes that mathematics education follows from a society’s
economic development, this article echoes Sells’ argument that personal economic
opportunity depends upon competence in math where that competence supports
participation in that economy. FitzSimmons further argues that post-compulsory
mathematics should be tied to the everyday and work lives of people who are study-
ing it; she further notes that quality and its assessment are not context-free.

All four of these chapters make the point that in the everyday, we must attend to
wide variations in people’s personal and professional lives, in their identities, and
in the ethical provision of educational opportunity. For many students and their
teachers, personal social, political, and economic imperatives drive their interests
in mathematics education; those imperatives cannot be addressed through abstract
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and formal mathematics. Across these articles, I see the charge being placed upon
equity-educators to provide hope and opportunity to teachers and students across
the spectrum; in a word, critique is not enough.

Scholarly inquiry about the nature of equity and of quality—either alone or
linked—has taken a decidedly qualitative turn, focused on textual deconstruc-
tion and/or interviews with key informants. All of the authors of this section rely
heavily on different kinds of qualitative research methods ranging from critical,
to post-modern deconstruction and analyses of power relations, and onto analysis
of discourse. Chronaki’s examples illustrate her points. Skovmose and Penteado
looked across their cases to create their themes. Atweh relies on a broad reading of
international studies and philosophical writing to contest and interrogate the terms
equity and quality as particular historical artifacts. Gutierrez and Dixon-Roman’s
social-political analysis and Pais and Valero's contribution draws upon methods
used by Foucault in his studies of how discourse is used in prisons and other, simi-
lar, settings.

Across these chapters, one sees the importance of very careful analysis that
stresses deep understandings of the myriad meanings that can be attached to such
seemingly simple terms as equity and quality. Such a micro-analytic stance to what
one studies represents an important shift away from the over-broad formulations
that seem to be part of the large-scale policy studies that so often rely on quan-
titative research methods. It remains an open question whether a rapprochement
between localized, qualitative methods and more-general quantitative methods will
be possible. However, these chapters should remind us that the details found in
micro-analytic methods should inform the larger studies; they should not be swept
over as too often happens within present-day research and policy.

Across the chapters that comprise the first section of this book, three big lessons
seem to be that equity and quality derive from the same political and economic
systems; have multiply voiced and nuanced meanings; and are studied through care-
ful close readings of texts, prior studies, and local circumstances. Other readers
of this book, steeped in their own traditions and social contexts, are likely to find
additional lessons as they read. However, were I to be starting my career at this
particular historical moment, I would accept the above insights and ask the question
with which I leave the reader: Now what?

References

Bowles, S., & Gintis, H. (2002). The inheritance of inequality. The Journal of Economic Perspec-
tives, 16(3), 3-30.

Fennema, E., & Leder, G. (Eds.). (1990). Mathematics and gender. New York: Teachers College
Press.

Fennema, E., & Sherman, J. (1977). Sex-related differences in mathematics achievement, spatial
visualization and affective factors. American Educational Research Association, 14, 51-71.



9 The Theoretical Landscape: Editor’s Reaction to Part I 127

Fennema, E., Wolleat, P. L., Pedro, J. D., & Becker, A. D. (1981). Increasing women'’s participa-
tion in mathematics: An intervention study. Journal for Research in Mathematics Education,
12(1), 3-14.

Jensen, A. (1972). Genetics and education. New York: Harper & Row.

Lewis, O. (1965). La vida: A Puerto Rican family in the culture of poverty. New York: Random
House.

Moses, R. P, & Cobb, C. E. (2001). Radical equations: Math literacy and civil rights. Boston:
Beacon Press.

Office of Policy, Planning and Research. (1965, March). The Negro family: The case for national
action (Moynihan Report). United States Department of Labor. http://www.dol.gov/oasam/
programs/history/webid-meynihan.htm. Accessed 23 May 2010.

Secada, W. G. (Ed.). (1989). Equity in education. London: Falmer Press.

Secada, W. G., Fennema, E., & Adajian, L. B. (Eds.). (1995). New directions for equity in math-
ematics education. Cambridge: Cambridge Press.

Secada, W. G., & Meyer, M. R. (Eds). (1989/1991). Needed: An agenda for equity in mathematics
education. Peabody Journal of Education, 66(Special Issue 2), 22-56.

Sells, L. W. (1973). High school mathematics as the critical filter in the job market. Unpublished
manuscript, University of California, Berkeley (as cited in Fennema and Sherman, 1977).

Sells, L. W. (1976). The mathematics filter and the education of women and minorities. ERIC #
ED121663 (Paper presented at Annual Meeting of the American Association for the Advance-
ment of Science, Boston, Massachusetts, February 18-24, 1976).

Wilson, W. J. (2009, January). The Moynihan report and research on the black community. Annals
of the American Academy of Political and Social Science, 621, 34—46.



Part 11
Mapping Social Constructions and
Complexities



Chapter 10
Equity in Quality Mathematics Education:
A Global Perspective!

Murad Jurdak

It is important to examine inequities in mathematics education at the global level be-
cause these inequities are likely to filter into the national system and eventually into
the classroom. World mathematics education can be thought of as a complex nested
hierarchical four-layer system: The classroom system, school system, national sys-
tem, and the global system (Fig. 10.1). Because each system is nested within the
next higher one, the societal relationships of power of a higher system carry over to
the lower systems and eventually to the student at classroom level. Using a hypo-
thetical example, I illustrate how the interactions of the factors and their attributes
generate inequities in the international system, and how the inequities filter to the
classroom. Consider the mathematics education communities in two countries, one
being a developing country (low socioeconomic status) and the other a developed
country (high socioeconomic status). It is likely that the quality of mathematics edu-
cation is better in a developed country than in a developing country and eventually
this quality differential will result in better teaching and learning of mathematics.
Moreover, it is likely that the mathematics education community in the develop-
ing country does not have as much access or ownership of internet or knowledge
of English as in the developed country. This by itself might generate an inequity
between the two countries in terms of ownership of two essential tools for generat-
ing and sharing mathematics education knowledge, thus generating a chain reaction
which results in an inequitable participation of the two countries in mathematics
education at the international level. Even if a mathematics educator in the develop-
ing country succeeds in submitting a proposal to an international conference, it may

! Based on the author’s presentation in ICMI 11 in the plenary panel on equal access to quality
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Fig. 10.1 The nested hierarchical world system of mathematics education

not be accepted on the basis of inadequate ‘quality’ or questionable ‘relevance’ to
the international community. If against all odds, a submission is accepted, its author
will not likely have the financial resources to travel in order to participate in the
conference. Obviously, the interaction of these factors may eventually lead to the
exclusion of the developing country from participating in mathematics education at
the international level.

Using TIMSS 2003 database, this chapter addresses the issues of equity in qual-
ity mathematics education at the global level. I define mathematics education at the
global level to include the teaching and learning mathematics in different countries
as well as production of mathematics education knowledge. In this chapter, I use
the country’s TIMSS 2003 score as an indicator of the quality of mathematics edu-
cation in that country. Also, an indicator of equity in mathematics education in a
certain country is defined in terms of the size of between-school variance in TIMSS
2003 scores in that country. The first section of the chapter attempts to identify the
potential inequity factors among countries. The second section explores the correla-
tion between the quality of a country’s mathematics education, as measured by the
countries TIMSS national score, and its socioeconomic and educational factors. The
third section addresses the relationship between equity and quality of mathematics
education. The fourth section explores how the relationship between equity and
quality is moderated by socioeconomic and educational levels. The fifth section
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contrasts the optimal and separate modes of development in mathematics education.
The chapter ends with concluding remarks.

Potential Inequity Factors in Mathematics Education
at the Global Level

One significant attribute of a country, which may be critical for education and for
mathematics education, in particular, is the country s socioeconomic status, which
in turn affects mathematics learning in schools (see for example, Adler 2001; Zeven-
bergen 2001). Another attribute is the country s human capital (defined as people’s
innate abilities and talents plus their knowledge, skills, and experience that make
them economically productive; World Bank, Development Education Program-
Glossary) and which depends significantly on the educational capital represented
by the spread of basic education as measured by the adult literacy rate as well as
the level of education in the country as measured by enrollment rates at the second-
ary and tertiary levels. The nature and structure of a country’s education system,
being closely related to its political system and its history, is a third attribute which
impacts mathematics education. Last, but not least, the country s culture in its ideo-
logical, social, and technological components impact the quality of mathematics
education (see for example, Bishop 1988; Cobb and Hodge 2002). The identity of
the country’s mathematics education is not only shaped by these factors but also by
their interaction. For example, a country in which socioeconomic divisions coincide
with cultural divisions in society would be different from the one whose socioeco-
nomic and cultural divisions do not coincide.

Accounting for mathematics achievement differences among countries in terms
of cultural differences is complex. Stevenson et al. (1986) pioneered studies which
attempted to account for mathematics and reading achievement differences among
American, Japanese, and Chinese children not only in terms of educational input
but also in terms of cultural differences. The authors concluded that the cognitive
abilities of the children in the three countries were similar, but large differences ex-
ist in the children’s life in school (for example, time spent on academic activities),
the attitudes and beliefs of their mothers (the belief regarding the relative impor-
tance of the child’s ability or effort in success at school), and the involvement of
parents and children in school work. The authors implied an association between
the lag in mathematics achievement of American children in comparison to Japa-
nese and Chinese children, and the differences in cultural practices and beliefs in
the three countries. The much debated ‘learning gap’ between the United States and
other developed countries, as reflected in TIMSS studies, led to the question, much
debated in the United States, whether educational policies and practices can over-
come cultural effects. Stigler and Hiebert (1999) addressed this question in their
book The Teaching Gap arguing that while it is impossible to change the culture of
the society as a whole, it is possible to change the classroom culture by making use
of the best ideas from the world’s teachers.
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The between-country inequities in mathematics education at the global level re-
sult from complex interactions among the triad consisting of country, international
mathematics education community, and distribution of roles among countries. Many
of the inequities in mathematics education among countries may be accounted for in
terms of the interaction between the country’s socioeconomic economic status and
culture. The country’s socioeconomic status and culture are likely to impact the hu-
man capital in the country in terms of the spread and level of education in the coun-
try. In general, a country with higher socioeconomic level is likely to have more hu-
man capital, including mathematics education, than a low socioeconomic country.
However, the interaction between a country’s socioeconomic status and its culture
may result in low mathematics achievement in a relatively rich country. An example
of this are some oil-rich countries which, though are relatively high in economic
terms, fall low in international mathematics achievement studies probably because
of historical and cultural reasons. Similarly, those countries have low participation
in and contribution to the international mathematics education community in spite
of the fact that in principle they can afford to avail funds for research and travel.
As the English language has become the language of international conferences and
journals, lack of competency in that language prevents mathematics education re-
searchers from participating in such conferences or publishing in such journals. In
some countries, the teaching of English is viewed as a cultural issue (Jurdak 1989).

Language is a cultural factor that may affect mathematics achievement differen-
tially, at least in comparative international studies. The tests used in such studies are
translated to the language of the country; however, because language is a cultural
carrier even in mathematics education (Jurdak 1989), it is likely that much is lost,
and much cultural load is carried in such translations. Another cultural factor which
may have a differential impact on between-countries mathematics achievement is
the over-inculcation of ideologies, such as religious ideologies. The effect of this
ideological factor on mathematics education is two-fold: First, such ideologies are
normally taught through rote learning methods which transfer to the teaching of
mathematics, and second, the instructional time given to such valued ideologies be-
ing commensurate with its value to the society may take away from the instructional
time allotted to mathematics in the curriculum (Jurdak 1989).

The policies and practices of the international mathematics education commu-
nity may exclude some countries from effective participation and contribution to
that community (Jurdak 1994). The obstacles that face mathematics educators from
developing countries when attempting to participate in international conferences
are many and varied. Some of those obstacles relate to the policies and practices of
the organizing bodies of these conferences, and some to the countries themselves.
Normally, international conferences are organized in developed countries in cities
that have the infrastructure and the specialized human resources to support such
large conferences. For mathematics educators of developing countries, the cost of
attending such conferences can be daunting, as there are neither resources nor tra-
ditions in their countries to support their participation (Atweh et al. 2003). How-
ever, there is increasing awareness on the part of some international mathematics
education organizations of the need to alleviate some of the financial burden on
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mathematics educators from developing countries to enable more of them to par-
ticipate in international conferences. There is also an effort to provide assistance in
editing the English of their contributions.

Another policy which puts some mathematics educators at a disadvantage with
regard to their participation in international conferences is the de facto adoption of
English as the language of such conferences. Moreover, the call for these conferenc-
es is usually done through emailing lists which, in most cases, are based on previous
participation. Furthermore, the policies that govern acceptance of contributions do
not have enough flexibility to allow a wide range of diverse profiles in content and
format, though such contributions may be perceived as meaningful in the contexts
of the authors’ countries. However, there is increasing awareness on the part of in-
ternational mathematics education organizations for the need to provide assistance
in editing the English of their contributions.

The same can be said about international journals of mathematics education.
The publication policies of such journals are almost standardized along Western
scientific journals and consequently exclude contributions that address local issues
perceived by their authors as meaningful in both the local and the international con-
texts. Because of the stringent standards in refereed journals, the English language
is more of a barrier in international mathematics education journals than it is in
conferences.

Country Indicators and Mathematics Achievement

The relationship between the quality of mathematics education in a country and
its economic and educational indicators is explored through correlation analysis.
The country’s mathematics achievement as measured by the country’s TIMSS 2003
mathematics achievement score (hence referred to as quality index) was correlated
with each of a set of economic indicators taken from the World Bank database and
with each of a set of educational indicators taken from the UNESCO database.

The educational indicators were drawn from the UNESCO Institute for Statistics
mostly for the year 2005 (UNESCO Institute for Statistics (UIS), Data Center). The
selected educational indicators are:

1. Net primary school enrollment (% of primary school-aged enrollment to the
number of primary school-aged children; usually children 6-11)

2. Gross primary school enrollment (% of primary school enrollment to the number
of primary school-aged children; usually children 6—11)

3. Net secondary school enrollment (% of secondary school-aged enrollment to the
number of secondary school-aged children; usually children 12—-17)

4. Gross secondary school enrollment (% of secondary school enrollment to the
number of secondary school-aged children; usually children 12—-17)

5. Gross tertiary school enrollment (% of tertiary enrollment to the number of young
people in the five-year age group following the secondary school leaving age)
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Children of primary school age who are out of school (%)
School life expectancy ISCED 1-6 years

Pupil teacher ratio (primary)

Expenditure on education as % of GDP

Expenditure on education as % of total government expenditure
Primary completion rate (% of relevant group)

mToeY XA

1
1
The economic indicators were taken from among the World Development Indica-

tors on the World Bank web site (World Bank, Key Development Data and Statis-
tics). These are:

1. Ratio of girls to boys in primary and secondary education

2. Adult literacy rate (% of people aged 15 years and above)

3. Gross National Index (GNI) defined as the value of all final goods and services
produced in a country in one year (Gross Domestic Product; GDP) plus income
that residents have received from abroad, minus income claimed by nonresidents
(World Bank, Development Education Program-Glossary)

4. GNI per capita

5. GDP defined as the value of all final goods and services produced in a country in
one year (World Bank, Development Education Program-Glossary)

6. GDP per capita

7. Poverty rate (% of population on less than $ 2 per day)

8. GDP growth rate (%)

A file for the 45 countries that had valid data in TIMSS 2003 was created and their
respective economic and educational indicators for year 2005 were retrieved from
the UNESCO and World Bank home pages. The indicators that had significant cor-
relations with the national mathematics score are listed in Table 10.1.

Three economic indicators had the highest impact on mathematics achievement.
The GDP per capita and the GNI per capita correlated significantly and positively
with the national mathematics achievement score. Poverty rate had a significant neg-
ative correlation with the national mathematics achievement score. The significant
negative correlation between expenditure on education as a percent of government

Table 10.1 Significant correlations of TIMSS 2003 national score with the World Bank economic
indicators and the UNESCO educational indicators

Economic indicators Educational indicators

Positive correlation

GDP per capita +0.51  Primary school net enrollment +0.37
GNI per capita +0.43  Secondary school net enrollment +0.55
Tertiary enrollment +0.61
School life expectancy +0.37
Adult literacy +0.63

Negative correlation
Poverty rate —0.52 % out of school primary age children —0.37
Government expenditure on education —0.37  Primary pupil teacher ratio —-0.45
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expenditure and mathematics achievement indicates that the quality of mathematics
co-varies with the government expenditure on education in opposite directions. One
possible explanation/implication for this phenomenon is that the government expen-
diture on education normally goes to the improvement of the input of the educational
system (schools, teachers, equipment), and these do not necessarily impact the qual-
ity of classroom mathematics learning. The between-country variance in mathemat-
ics achievement accounted for by each of these three indicators was as follows:

1. GDP per capita: 26%
2. GNI per capita: 19%
3. Poverty rate: 27%

Three educational indicators had the highest impact on mathematics achievement.
Adult literacy rate was positively correlated with the national mathematics score
and accounted for 40% of the between-country variance; tertiary enrollment rate
was positively correlated with the national mathematics score and accounted for
37% of the between-country variance; and, secondary school enrolment positive-
ly correlated with the national mathematics score and accounted for 30% of the
between-country variance. These correlations indicate that student mathematics
learning in a country, as measured by achievement, is significantly related to the
educational capital of a country. Adult literacy reflects the spread of education in
a country whereas tertiary education enrollment reflects the level of education in a
country. Both the spread and level of education in a country are closely related to
the level of student parental education which in turn impacts mathematics achieve-
ment as TIMSS 2003 data indicate (Jurdak 2009). This is in line with Bourdieu’s
emphasis on the relationship between the home habitus, of which parental education
is a factor, and meaningful classroom learning (Bourdieu et al. 1994).

When the economic and educational indicators were entered in a stepwise multiple
regression model, using the national mathematics score as a dependent variable, ter-
tiary enrollment rate was the only indicator that entered into the equation, accounting
for 56% of the between-country variance in national mathematics score. This indicates
that the tertiary enrollment rate was the dominant indicator in the set of economic
and educational indicators that were entered in the stepwise regression equation. This
means that, in general, a high tertiary enrollment rate in a country is associated with a
high TIMSS 2003 national score. However, we should not interpret this to mean that
the country’s tertiary enrollment rate is the single predictor of the country’s mathemat-
ics achievement, but rather should be interpreted as a ‘composite proxy’ indicator for
the significant educational and economic indicators previously identified.

Relationship Between Equity and Quality at the Country Level

In this chapter, I define the mathematics education inequity index of a country as the
percentage of between-school variance in the school mathematics score in the coun-
try to the total variance. The between-school variation is theoretically accounted for
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by variation in the aptitudes and attitudes of students attending different schools,
and/or the quality of education provided by the schools. The between-school vari-
ance indicates the extent of variation, and hence inequity among schools in math-
ematics achievement due to schools’ educational quality. The larger the between-
school variance in mathematics achievement in a country, the more is the inequity
in educational provisions among schools in the country. The percentage of between-
school variation was calculated for each country by using the variance component
model taking TIMSS 2003 student mathematics score as a dependent variable and
the school as a random variable.

A representative sample of 18 countries was drawn from the 45 countries which
participated in TIMSS 2003 because the inclusion of all countries would have re-
quired tedious work with possibly little added value to the conclusions. The sample
of 18 countries, stratified by population size and the region to which the country be-
longs was selected. The 45 countries were assigned to one of the eight geographical
regions according to the UNESCO classification. Also each of the 45 countries was
classified into one of the three categories according to their population size (high,
medium, low). From each geographical region, one country was selected randomly
from each of the three population categories. If a region has less than three countries,
then all the countries in that region were included. The inequity and quality indices
and their ranks for each of the 18 countries in the sample are shown in Table 10.2.

Correlation analysis showed that there was no significant correlation between
quality and inequity indices or their ranks. For example, the highest three scoring
countries, namely, Singapore, Hungary, and the Netherlands have different inequity
index ranks. The Netherlands has the highest inequity index, Singapore an aver-
age inequity index, and Hungary the lowest inequity index. On the other hand, the

Table 10.2 Quality and equity indices with their ranks for the sample of 18 countries

Country Quality index  Quality index rank  Inequity index Inequity index rank
Singapore 605 1 0.41 10
Netherlands 536 2 0.76 1
Hungary 529 3 0.37 14
Russia 508 4 0.39 12
Australia 505 5 0.52 6
United States 504 6 0.43 9
Italy 484 7 0.31 15
Armenia 478 8 0.20 18
Romania 475 9 0.38 13
Lebanon 433 10 0.54 5
Indonesia 411 11 0.62

Iran 411 11 0.40 11
Egypt 406 13 0.45

Chile 387 14 0.62 3
Botswana 366 15 0.21

Saudi Arabia 332 16 0.23 16
Ghana 276 17 0.46 7

South Africa 264

—_
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lowest three scoring countries, namely, Ghana, South Africa, and Saudi Arabia also
differ in their inequity levels. South Africa had a very high inequity index, Ghana an
average inequity index and Saudi Arabia a low inequity index. This does not mean
that there is no relationship between the equity and quality indices of a country, but
rather it implies that the relationship between equity and quality of mathematics
education is too complex to be captured by a simple correlation and that this rela-
tionship is moderated by many factors. In the next section, I shall explore the way
the socioeconomic status of a country moderates the relationship between equity
and quality in mathematics education.

How Does the Country’s Economic and Educational Status
Moderate the Relationship Between Equity and Quality
of Mathematics Education?

In this section, three levels for the country quality index of mathematics education
are defined as follows:

1. High quality level: TIMSS 2003 country mathematics score is greater than 525

2. Average quality level: TIMSS 2003 country mathematics score is between 475
and 525

3. Low quality level: TIMSS 2003 country mathematics score is less than 475

Three levels of the country inequity index are defined as follows:

1. High inequity level: Country inequity index is greater than 0.60
2. Average inequity level: Country inequity index is between 0.60 and 0.40
3. Low inequity level: Country inequity index is less than 0.40

The sample of 18 countries is mapped in a matrix whose two dimensions are quality
index and inequity index (Table 10.3). Nine countries were classified as low quality

Table 10.3 Quality-inequity matrix

Quality Index
High Average Low
Hungary Armenia Botswana
Romania Saudi Arabia
Low Russian Federation
Italy
Singapore United States Iran
Inequity Australia Egypt
Index Average Ghana
Lebanon
Netherlands Chile
High Indonesia
South Africa
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level in mathematics education, six as average quality level, and three as high qual-
ity level. On the other hand, seven countries were classified as low inequity, seven
as average inequity, and four as high inequity.

Optimal and Separate Modes of Development
in Mathematics Education

In the last half of the past century, the decline of colonization was a major reason
for the emergence of the two-tiered system of mathematics education. During the
age of colonization, the two-tier system did not exist because colonized countries,
mostly developing countries, adopted the mathematics education of their colonial
rulers. However, as colonization started to be dismantled, the developing countries
had to invest most of its resources in providing public education to its increasing
number of students. This was often done at the expense of the quality of education
and educational research and development. Hence most of the developing countries
did not have the chance to accumulate enough ‘credentials’ in mathematics educa-
tion to fully participate in the international mathematics education community.

This situation led to the formation of a two-tiered system of math education at
the global level. The upper tier, referred to as the optimal mode of development, in-
cludes the developed countries that are integrated in the international mathematics
education community. The lower tier, referred to as the separate mode of develop-
ment, consists of the marginalized countries which have yet to be integrated in the
international activities of mathematics education.

A close examination of the quality-inequity matrix (Table 10.3) reveals that eight
of the nine countries having average or high quality index and low or average ineq-
uity index generally fit the optimal mode of development in mathematics education
model (the shaded area in Table 10.3). According to international comparative stud-
ies, these countries have high or average mathematics achievement performance,
contribute significantly to international research in mathematics education, and
assume leadership roles in international mathematics education organizations and
conferences.

On the other hand, the nine countries having low quality index in mathemat-
ics education (third column of Table 10.3) fit in the separate mode of develop-
ment model. According to international comparative studies, these countries have
low mathematics performance, have little contribution to international research in
mathematics education, and normally have humble participation in international
mathematics education conferences, such as the ICME’s. In other words, they are
marginalized by the international mathematical education community and left to
follow their own path in developing their mathematics education. Except for the
Netherlands, the three countries that have high inequity index (the third row in
Table 10.3) fit the separate development level.

It is to be noted that the quality of the mathematics education of a country is
more critical to optimal development than equity of access to the former. Nine of the
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18 countries did not fit the optimal mode of development in mathematics education
because of low quality of their mathematics education rather than high inequity in-
dex. On the other hand, only one of the 18 countries (the Netherlands) did not fit the
optimal development mode because of high inequity index rather than low quality
index.

Contrasting the Developmental Profiles of Optimal and Separate
Modes of Development

How do the developmental profiles of separate and optimal modes of development
contrast in terms of developmental indicators? In Table 10.4, the 18 countries in the
sample are classified according to their developmental mode in mathematics educa-
tion (first column in the table), percentile rank of the country in terms of tertiary en-
rollment rate (column 3) and GNI per capita (column 4), and the region to which it be-
longs (column 5). A close examination of Table 10.4 supports the following assertions:

1. With the exception of Armenia, all the countries classified as fitting the optimal
development mode, belong to three regions considered to be highly developed:
North America, Western and Eastern Europe, East Asia and the Pacific. On the

Table 10.4 Percentile rank of tertiary enrollment rate and GNI per capita for each of the sample of
countries classified by mode of development and region

Development Country Tertiary GNI per Region
mode enrollment capita
rate
Optimal Armenia 20 20 Central Asia
development  Australia 80 90 East Asia and the Pacific
Hungary 70 70 Central and Eastern Europe
Italy 70 90 North America and Western Europe
Romania 60 40 Central and Eastern Europe
Russian 80 40 Central and Eastern Europe
Federation

Singapore - 80 East Asia and the Pacific
United States 100 100 North America and Western Europe

Separate Botswana 10 50 Sub-Saharan Africa

development  Chile 60 50 Latin America and the Caribbean
Egypt 40 10 Arab States
Ghana 10 10 Sub-Saharan Africa
Indonesia 20 10 East Asia and the Pacific
Iran, Islamic 20 10 South and West Asia
Rep. of

Lebanon 60 50 Arab States
Netherlands 70 100 North America and Western Europe
Saudi Arabia 20 70 Arab States

South Africa 10 50 Sub-Saharan Africa
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other hand, with the exception of Indonesia and the Netherlands, all the countries
classified as following the separate development mode, belong to three regions
considered to be developing: Arab states, Latin America, and Sub-Saharan
Africa.

2. With regard to GNI per capita, six of the eight optimal development countries are
in the upper 30% of the countries in the sample in terms of GNI per capita. For
the ten of separate development countries, eight of them are in the lower 50% of
the countries.

3. With regard to tertiary enrollment ratio, seven of the eight optimal development
countries are in the upper 30% of the countries in the sample, whereas, six of the
ten separate development countries are in the lowest 20%.

4. More or less, the classification of countries along the line of mode of develop-
ment in mathematics education approximates the well-known north-south divi-
sion in terms of geography, economy, and education.

In summary, a country classified as fitting in the separate mode of development of
mathematics education is likely to be relatively poor, low in the spread and level
of education among its population, and belongs to a socioeconomically developing
region. On the other hand, a country classified as following the optimal mode of de-
velopment of mathematics education is likely to be relatively rich, high in the spread
and level of education among its population, and is part of a developed region.

Concluding Remarks

There seems to be a divide between developing and developed countries in math-
ematics education, and some of the significant factors that contribute to that divide
seem to be out of the reach of mathematics educators and even national govern-
ments. Factors such as poverty or wealth of a country or the spread and level of
education of its population cannot be changed immediately by national policies.

One can account for the inequity in mathematics at the global level among coun-
tries in terms of interaction between the following three factors and their attributes
in the mathematics education system at the global level as follows:

1. Socioeconomic status, educational capital, and culture of the country

2. Policies that govern international organizations and conferences

3. English as the international language in mathematics education and access to
international mathematics education literature

Obviously, the socioeconomic status of a country, its educational capital, and its
culture are factors beyond the sphere of influence of local or international math-
ematics education communities whereas the other factors are not. The international
mathematics education community has a responsibility to find ways and means to
encourage and enable mathematics educators to be integrated in the international
mathematics education community because such integration is likely to provide
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exposure to research and development in mathematics education which hopefully
may be translated into improved mathematics learning and teaching. The participa-
tion in and contribution to international mathematics education conferences and
international mathematics education journals are critical for such integration. One
measure in this regard would be to make the policies that govern international math-
ematics education international organizations more favorable to the participation of
mathematics educators from developing countries. Another measure is to intensify
and broaden efforts to avail resources to promising mathematics educators whose
institutions or countries cannot support their travel and accommodation. Writing
and presenting in English is a major barrier to the participation of many mathemat-
ics educators in international conferences. Mathematics educators who are quali-
fied to engage in international conferences, except for their proficiency in English,
would have a better chance of being integrated in the international community if
some form of mentoring volunteered by their colleagues who can provide their sup-
port in reviewing and editing manuscripts. Providing opportunities for presentations
in international conferences in languages other than English by using increasingly
more affordable technologies, such as simultaneous translation, would broaden ac-
cess to such conferences. All these measures would hopefully help enhance the in-
tegration of more mathematics educators in the international community and hence
make the latter more inclusive.
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Chapter 11

Effects of Student-Level and School-Level
Characteristics on the Quality and Equity of
Mathematics Achievement in the United States:
Using Factor Analysis and Hierarchical Linear
Models to Inform Education Policy

Mack C. Shelley and Wenyu Su

Introduction and Literature Review

Certain specific circumstances make the U.S. context distinctive from that of other
countries. Historically, often dramatic inequities in parental educational attainment,
family income and wealth, and funding for public education have been exacerbated
by legacies of slavery, racial segregation, and a “separate but equal” legal struc-
ture that institutionalized lower resources and consequently lower achievement
for many non-majority students, together with lack of full linguistic and cultural
integration and the No Child Left Behind (2001) national mandate to move to-
ward equal achievement for all major sociodemographic groups. Mathematics
education in the United States also needs to be understood in the context of the
lack of a national curriculum and a strong tradition of decentralized curriculum
control. The county’s public school system contains over 14,500 school districts,
with over 100,000 schools and about 50,000,000 students. Many districts and build-
ings are small and underfunded, although over $ 10,000 is spent per student (http://
www.schooldatadirect.org/app/location/q/stid=1036196/11id=162/stllid=676/1o-
cid=1036195/site=pes).

Concerns about equity in educational outcomes in the United States have taken on
new urgency, amid persisting achievement gaps between white and African Ameri-
can students (Campbell et al. 2000; Lee 2002; Lubienski and Bowen 2000). Family
socioeconomic status (SES; Secada 1992; Weis 1988) differences account for much
of race-related achievement gaps, with teacher expectations, school structure, stu-
dent motivation, and student resistance (Ferguson 1998). Race-based differences in
students’ beliefs and classroom experiences are related to mathematics achievement
gaps, but such differences might be due to SES more than race (Strutchens et al.
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2004). Although overall student performance varies only a few points by strand,
significant and persisting variations exist across strands (Lubienski 2001).

Disparities in Implementation of Curriculum

Shelley and Lubienski (2005) concluded that implementation disparities may ex-
plain existing achievement gaps and inform future instruction reform efforts (New-
mann et al. 2001) and attempted to identify which reform-oriented instructional
practices correlate with achievement for disadvantaged students. Two-level hier-
archical linear models (HLM) (Bryk and Raudenbush 1992; Lee and Bryk 1989;
Newmann et al. 2001; Raudenbush and Bryk 2002) were used to estimate param-
eters for models with students (at level 1) nested within schools (level 2), to as-
sess the contribution of reform-based instructional practices to explaining variation
in mathematics achievement controlling for race, ethnicity, SES, gender, language
spoken at home, disability, and appropriateness of mathematics courses. Correct
estimates for “plausible values” were produced, using the model-based multiple
imputation strategy for data missing at random (e.g., Schafer 1997).

Social Structures

Shelley and Lubienski (2003) applied HLM to National Assessment of Educational
Progress (NAEP) data from 1990, 1996, and 2000 to investigate the role of social
structures in the relationship between mathematics instruction and student achieve-
ment. Level-1 results showed that higher SES, ethnicity (White and Asian/Pacific
Islander), and male gender were associated with higher mean mathematics achieve-
ment scores. For level 2, at 4th-grade baseline, mean mathematics achievement was
affected significantly negatively by school SES, and by school race both positively
through the level-1 intercept and negatively through student gender. For the 4th-
grade-enhanced model, mean mathematics achievement was affected significantly
negatively by school SES (through the level-1 intercept), and by school race both
positively through the level-1 intercept and negatively through student gender. For
8th grade, mean mathematics achievement was affected significantly negatively by
school SES, negatively by a greater degree of ruralness, positively by school race,
and positively by school race (through student race). For 12th grade, mean mathemat-
ics achievement was affected significantly negatively by school SES, negatively by
a greater degree of ruralness, and positively by school race and through student SES.

Home and Parental Effects

Even when gaps appear to be rooted in SES differences, parent education, occupa-
tion, income, and educational resources in the home are important, as are teacher
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expectations, school structure, student motivation, and student resistance (Ferguson
1998).

Instructional Practices

Lubienski et al. (2004) showed that teacher-reported collaborative problem solv-
ing and teacher knowledge of the NCTM Standards were positive predictors of
achievement at both grades 4 and 8. Interaction effects suggest that teachers need to
monitor whether students—particularly those who are low-SES or African Ameri-
can—are benefiting from calculator and collaborative group work as intended.

Some studies have revealed that low-SES students do not interpret mathematics
classroom discourse and open-ended, contextualized problems as middle-class edu-
cators intend (e.g., Cooper and Dunne 2000). In addition, Hickey et al. (2001) found
that Standards-based instruction improved low- and high-SES students’ problem-
solving skills, but increased the SES-related gap in students’ performance on the
concepts and estimation portion of the lowa Test of Basic Skills. Still other studies
have suggested that reform-minded practices are particularly beneficial for lower-
SES children and minority students (e.g., Schoenfeld 2002).

Although NAEP scores increased between 1990 and 2000 for white, Hispanic,
and African American students, and for both low- and high-SES students (Braswell
et al. 2001), race-related achievement gaps did not improve (Lubienski and Shelley
2003). Both race- and SES-related differences affect students’ beliefs; these cor-
relations with race persisted even after controlling for SES, and suggest that White,
middle-class students experience more of the fundamental shifts called for in the
NCTM Standards.

Race-Related Effects

SES differences involving parent education, occupation, income, and education-
al resources in the home account for much of the race-related achievement gaps
(Rothstein 2004).

Data and Results

Data Source

The data analyzed in this paper came from the 2003 Program for International Stu-
dent Assessment (PISA), which contains information from more than 250,000 stu-
dents from 41 countries on student performance in four domains of assessment
and responses to the student and school questionnaires. Mathematical literacy is
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covered in terms of both mastery of the school curriculum and knowledge and skills
needed in adult life (www.pisa.oecd.org).

We focus on quality and equity agendas in mathematics education in the United
States. Accordingly, only U.S. data are employed in this analysis. The U.S. data
included information on 5,465 students nested within 274 schools. In subsequent
statistical analysis, variables specific to students will be referred to as level-1 mea-
sures and variables specific to schools will be referred to as level-2 measures.

Student-Level and School-Level Measures

The student-level variables and indices include:

PVIMATH—a measure of students’ mathematics achievement. Student pro-
ficiencies (or measures) are not observed; they are missing data that must be
inferred from the observed item responses. PISA uses the imputation methodol-
ogy usually referred to as plausible values (PVs). PVs are random numbers drawn
from the distribution of scores that reasonably could be assigned to each indi-
vidual—that is, the marginal posterior distribution. PISA provides five plausible
values for the combined mathematics scale. The first plausible value is selected
in this analysis.

GENDER, coded as 1 = female, 2 = male.

ESCS—a broader socioeconomic measure called the index of Economic, Social,
and Cultural Status, which is derived from the highest occupational status of par-
ents, the highest educational level of parents, and an estimate related to household
possessions. Positive scores indicate higher levels of SES.

INTMAT—an index of students’ interest in and enjoyment of mathematics.
Higher scores indicate higher levels of interest in and enjoyment of mathematics.

INSTMOT—an index for instrumental motivation to learn mathematics. Higher
scores indicate higher levels of instrumental motivation to learn mathematics.

MATHEFF—an index of mathematics self-efficacy. Higher scores indicate high-
er levels of self-efficacy.

ANXMAT—an index of mathematics anxiety. Higher scores indicate higher lev-
els of mathematics anxiety.

SCMAT—an index of mathematics self-concept. Higher scores indicate higher
levels of self-concept in mathematics.

INTMAT and INSTMOT are indices of students’ motivations in mathematics;
MATHEFF, ANXMAT, and SCMAT are indices of students’ self-related cognitions
in mathematics.

WEIGHT—To make valid estimates and inferences, a composite final student
survey weight was derived from school base weight, student base weight, and five
adjustments.

The school-level variables and indices include:

SMRATIO—an index of student/mathematics teacher ratio, obtained by dividing
the number of enrolled students by the total number of mathematics teachers.
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MACTIV—an index of mathematics activity at school, computed by simply
counting the number of different types of activities occurring at school.

PCGIRLS—proportion of female students enrolled at school, computed by di-
viding the number of female students by the total of female and male students in
each school.

SCMATEDU—an index of quality of schools’ educational resources, derived
from school principal’s perceptions of what potentially hinders instruction. Larger
scores indicate more positive evaluations of the quality of educational resources.

The next section explains how factor analysis methods are employed to derive two
sets of constructs—motivations and self-related cognitions—related to student math-
ematics achievement. These constructs and other measures are used as independent
variables in regression models to predict student achievement outcomes (PVIMATH).

We begin the analysis with an initial explanation of the meaning and usefulness
of both exploratory and confirmatory factor analyses (EFA and CFA). Both methods
are relevant to understanding patterns among these variables and are instrumental
for the essential task of reducing the complexity of subsequent statistical models
and facilitating the interpretation of results.

Factor Analysis Methods

EFA and CFA were employed to uncover and estimate the above factors for stu-
dents’ motivations and self-related cognitions in mathematics. In EFA, correlations
between variables are used to generate a factor structure based on those relation-
ships. CFA (Brown 2006) permits testing hypotheses that relationships exist be-
tween observed variables and underlying latent variables. Both are based on the
common factor model, postulating that each indicator in a set of observed measures
is a linear function of one or more common factors and one unique factor. In matrix
notation, a fundamental equation of the common factor model is

X =LF +s, (11.1)

where X is a (qx 1) vector of observed variables, F' is a (sx 1) vector of common
factors, L is a (qxs) matrix of factor loadings relating the observed x’s and la-
tent F’s, and ¢ is a (q* 1) vector of the unique factors. It is assumed that the num-
ber of observed variables is greater than the number of factors. Both the obtained
and latent variables in Eq. (11.1) are assumed to be measured as deviations from
their means. Thus, the expected value of each vector is a vector containing zeros:
E(X)=0; E(F)=0; and E(¢)=0.

Factor Analysis Results for Student Motivations

Eight items (Tables 11.5, 11.6) in the student questionnaire were used to measure
students’ motivations in mathematics. The item categories were “strongly agree,”
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Table 11.1 CFA fit statistics

e Covariance structure analysis: maximum likelihood estimation
for motivations

Fit function 0.0544
Goodness of Fit Index (GFI) 0.9868
GFI Adjusted for Degrees of Freedom (AGFI) 0.9736
Root Mean Square Residual (RMR) 0.0145
Parsimonious GFI 0.6344
Chi-square 271.4445
Chi-square DF 18

Pr>Chi-square <0.0001
RMSEA estimate 0.0531
RMSEA 90% lower confidence limit 0.0476
RMSEA 90% upper confidence limit 0.0588
Bentler’s comparative fit index 0.9909
Bentler and Bonett’s non-normed index 0.9859
Bentler and Bonett’s NFI 0.9903
James et al. parsimonious NFI 0.6366

“agree,” “disagree,” and “strongly disagree.” Four of these items asked about stu-
dents’ interest in mathematics as a subject as well as their enjoyment of learning
mathematics, and the other four items asked to what extent they are encouraged to
learn by external rewards such as good job prospects. After observing the correla-
tions among the eight items measuring students’ motivations, first a simple CFA
model was estimated without considering possible double-loadings and correlated
errors. Then the model was respecified based on both the modification indices and
the rationality of making a modification. Table 11.1 summarizes the fit statistics.

For this CFA model, the »? value (271.445, df =18, p<0.0001) indicates that
the variances and covariances estimated by the model, 3, do not sufficiently repro-
duce the sample variances and covariances, S (i.e., the model does not fit the data
well). However, »? is inflated by sample size, and thus large sample solutions (here,
n=4,995) routinely reject the null hypothesis of model fit based on the y? value even
when the difference between S and ¥ is negligible. Therefore, it is rarely used as a
sole index of model fit. RMSEA indicates the average amount of unexplained vari-
ance, or residual. The value of RMSEA obtained (0.0531) suggests adequate model
fit (Browne and Cudeck 1993). GFI (0.9868), CFI (0.9909), NNI (0.9859), and NFI
(0.9903) values also meet the criteria for acceptable model fit (Meyers et al. 2006).

Parameter estimates for this CFA model are significant (p<0.01). The first factor
indicates students’ intrinsic motivation in mathematics, which are internally gener-
ated motives such as interest in mathematics. The second factor is the indicator of
students’ instrumental motivation derived from external rewards for good perfor-
mance such as praise or future prospects (Fig. 11.1).

Factor Analysis Results for Student Self-Related Cognitions

Eighteen items (Tables 11.7—11.9) in the student questionnaire measured students’
self-related cognitions. Eight items asked to what extent students believe in their
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Fig. 11.1 CFA model for motivations

own ability to handle learning situations in mathematics effectively and overcome
difficulties. Item categories were “very confident,” “confident,” “not very confi-
dent,” and “not at all confident.” Six items asked to what extent they feel helpless
and under emotional stress when dealing with mathematics; and the other four items
asked about students’ belief in their own mathematical competence. Items catego-
ries were “strongly agree,” “agree,” “disagree,” and “strongly disagree.” The CFA
model with the standardized coefficients is presented in Fig. 11.2. Table 11.2 sum-
marizes the fit statistics.

The »2 value (1,690.6526, df=129, p<0.0001) again is inflated by large sample
size. RMSEA (0.0492) suggests good model fit. GFI (0.9625), NNI (0.9616), CFI
(0.9676), and NFT (0.9651) indicate an acceptable model fit. It can be concluded
that the CFA model might be acceptable.

Parameter estimates are significant (»p<0.001). The first factor is the indicator
of self-efficacy in mathematics, which reflects how well students think they can

ERINT3

Table 11.2 CFA fit statistics

> Covariance structure analysis: maximum likelihood estimation
for self-related cognitions

Fit function 0.3385
Goodness of Fit Index (GFI) 0.9625
GFI Adjusted for Degrees of Freedom (AGFI) 0.9503
Root Mean Square Residual (RMR) 0.0219
Parsimonious GFI 0.8115
Chi-square 1,690.6526
Chi-square DF 129

Pr>chi-square <0.0001
RMSEA estimate 0.0492
RMSEA 90% lower confidence limit 0.0472
RMSEA 90% upper confidence limit 0.0513
Bentler’s comparative fit index 0.9676
Bentler and Bonett’s non-normed index 0.9616
Bentler and Bonett’s NFI 0.9651

James et al. parsimonious NFI 0.8137
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handle even difficult tasks. The second factor indicates mathematics anxiety, and
the third factor reflects students’ self-concept, which indicates their belief in their
own mathematical competence.

Developing Underlying Dimensions

The »? value is not the sole index of fit, but the value of p<0.0001 challenges the
conclusions from the CFA models. Hence, EFA was employed to explore further
the latent factors for motivations and self-related cognitions in mathematics, and to
obtain factor scores for subsequent analysis.

EFA using maximum likelihood (ML) estimation was used to identify the un-
derlying dimensions for motivations and self-related cognitions, respectively. Two
indices for motivations in mathematics—INTMAT for intrinsic motivation and IN-
STMOT for instrumental motivation—and three indices for self-related cognitions
in mathematics were constructed: ANXMAT for mathematics anxiety, MATHEFF
for mathematics self-efficacy, and SCMAT for self-concept. The factor scores for
these five indices were obtained for subsequent analysis; the scale for each factor
score is inverted, so that higher scores indicate higher levels on those indices. These
indices derived from factor analysis, combined with other student-level and school-
level variables, then are used as predictors in hierarchical models to investigate their
relationships with mathematics achievement.

Multi-Level Regression Analysis

Level-1 Model The general level-1 model with Q predictor variables is

Y, =Xip+r, 1 ~NO,c), (11.2)

where Y. is an n. by 1 vector of outcomes, X isann, by (Q+1) matrix of predictor
variables ,b’ isa (Q+1) by 1 vector of unknown parameters Iis an n, by n; identity
matrix, and iy is an n, by 1 vector of random errors assumed normally distributed
with a mean Vector 0 and a variance-covariance matrix in which all diagonal ele-
ments are equal to 6 and all off-diagonal elements are 0.

Level-2 Model The level-2 model is
Bi=Wyy +u;, u ~N(O,T), (11.3)

where WJ is a (Q+1) by F matrix of predictors, y is an F by 1 vector of fixed effects,
u, is a (Q+1) by 1 vector of level-2 errors or random effects, and 7 is an arbitrary
(Q+1) by (Q+1) variance-covariance matrix.

Given that the data are not perfectly balanced, the unique, minimum-variance,
unbiased estimator of y will be the generalized least squares (GLS) estimator
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1 R
= (X am) oA (114)
where

A= Var(,éf) = T + V; = parameter dispersion + error dispersion,  (11.5)

v=o(x'x) . (11.6)

Under normality assumptions, (11.4) is also the maximum likelihood estimator for
7. SAS PROC MIXED was used to estimate multilevel models. No structure was
imposed on the variance-covariance matrix for the level-2 residuals. This specifica-
tion is common in school effects analysis.

Model 1: Do Schools Differ in Students’ Average Mathematics Achievement?

A multilevel regression analysis reports residual variance at different levels: the
between-school variance and the within-school variance that are not explained by
the predictors included in the model. Unbiased estimates of the between-school
variance and the within-school variances are provided by the following model
(Model 1; Table 11.3).

Yy = + &,
o = Yoo + Uoj,

where Y, i is the performance score for the ith student from school j; o, represents the
school means; the variance of Uy is the school variance; and the variance of & is the
within-school variance.

Both variance components are significantly different from zero, which suggests
that schools differ in their students’ average mathematics achievement and that

Table 11.3 Model 1

Covariance parameter estimates

Standar V4

Cov parm Subject Estimate Error Value Prz
Intercept SCHOOLid  2,167.74 226.54 9.57 <0.0001
Residual 6,540.67 134.74 48.54 <0.0001
Fit statistics
-2 Log Likelihood=59,055.5
AIC=59,061.5
AICC=59,061.5
Solution for fixed effects

Standard
Effect Estimate Error DF t-Value Pr>|f|

Intercept 484.73 3.0865 273 157.05 <0.0001
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there is even more variation among students within schools. About 25% of the total
variance explained is accounted for by the school, so we cannot ignore the sources
of school variation. The estimated intercept of 484.73 tells us the average school-
level mathematics achievement score in this sample of schools, which is different
from the average student-level achievement score.

Model 2: Results of Full Two-Level Analysis

INTMAT and INSTMOT have positive relationships with mathematics achieve-
ment, but are excluded from the modeling because of potentially serious multicol-
linearity. All other student-level variables are added to the level-1 model. We would
like to see if school educational resources influence the effects of students’ self-
cognitions on mathematics achievement and whether the school-level percentage
of female students might predict the relationship between gender and mathematics
achievement at the student level. The full model is:

Full Model

Y = o + Bij(GENDER);; + Bo;(ESCS);i + B3;(ANXMAT),;
+,34j(MATHEFF),‘j + ﬂ5j(SCMAT)U + rij

o = Yoo + ]/o](SCMATEDU)j + Voz(MACT[V)j
+)/03(SMRATIO)] + ]/()4(PCG]RLS)] + U

,Blj = Y10+ yll(PCG[TRLS)j + uy;

Baj = v20 + V21(SCMATEDU ); + uy;

B3 = V30

Baj = yao + yai(SCMATEDU ); + uy;

,35]- = Y50 + ]/51(SCMATEDU)]' + us;

PCGIRLS, MACTIV, and SMRATIO are not significant in the model. Also, SC-
MATEDU does not predict the slopes for ESCS, MATHEFF, and SCMAT. A model
selection procedure then was conducted to find a reasonable model that can help
study the effects of those variables on mathematics achievement. The equation of
the chosen model (Model 2) can be written as:

Level-1 Model

Yy = o; + Bi(GENDER); + p2,(ESCS);
+ B3 (ANXMATT);; + B4j(MATHEFF),; + Bs;,(SCMAT);; + r;;

Level-2 Model

o = Yoo+ yOl(SCMATEDU)j + u;
B1 =0

Baj = Y20 + Uz

B3j = y30 + uz;

Baj = vao + uy

Bsj = ¥s0 + us;
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Table 11.4 Model 2

Covariance parameter estimates

Standard V4

Cov parm Subject Estimate Error Value PrZ
UN(1,1) SCHOOLid  943.55 111.73 8.44 <0.0001
UN(2,1) SCHOOLid  -62.1931 52.4391 -1.19 0.2356
UN(2,2) SCHOOLid  87.2422 39.5269 2.21 0.0137
UN(3,1) SCHOOLid  44.0744 42.4458 1.04 0.2991
UN(,2) SCHOOLid  15.4362 27.1472 0.57 0.5696
UN(3.3) SCHOOLid  72.9037 31.2104 2.34 0.0097
UN@4,1) SCHOOLid  231.68 49.2355 4.71 <0.0001
UN(4,2) SCHOOLid  -50.2891 29.6954 -1.69 0.0904
UN(4,3) SCHOOLid  -21.6282 23.7257 -0.91 0.3620
UN®4.,4) SCHOOLid  87.5506 36.0732 2.43 0.0076
UN(5,1) SCHOOLid  49.8628 43.8162 1.14 0.2551
UN(,2) SCHOOLid  3.4400 26.1171 0.13 0.8952
UN(5,3) SCHOOLid  66.7076 23.7572 2.81 0.0050
UN(5,4) SCHOOLid  -2.6828 23.0863 -0.12 0.9075
UN(,5) SCHOOLid  55.1667 31.8173 1.73 0.0415
Residual 4,191.13 93.7292 44.72 <0.0001
Fit statistics
—2 Log Likelihood=56,886.1
AIC=56,932.1
AICC=56,932.3
BIC=57,015.2
Solution for Fixed Effects

Standard
Effect Estimate Error DF t-Value Pr>|
Intercept 477.35 3.7452 272 127.45 <0.0001
GENDER —0.7438 1.9510 4716 -0.38 0.7031
ESCS 20.3275 1.3744 4716 14.79 <0.0001
SCMATEDU 6.7792 1.8373 272 3.69 0.0003
ANXMAT -22.9517 1.2451 4716 —18.43 <0.0001
MATHEFF 36.9741 1.2870 4716 28.73 <0.0001
SCMAT 10.7759 1.2479 4716 8.64 <0.0001

Accounting for self-related cognitions and school educational resources
(Table 11.4), gender no longer has a significant effect on mathematics achieve-
ment, while all the other fixed effects are significantly different from zero (p <0.05).
Holding other variables constant, higher SES, self-efficacy, and self-concept lead to
higher mathematics achievement. Self-efficiency has the strongest effect on math-
ematics achievement. Also, school-level mathematics achievement is higher with
schools having better educational resources.

The between-school residual variance (943.55) tells us about the variability in in-
tercepts, and the within-school residual variance is 4,191.13. First, the intercepts are
still different, in other words, schools do differ in average mathematics achievement
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levels even after controlling for the effects of those level-1 and level-2 predictors,
suggesting that there is additional variation in school mean achievement levels that
is not explained by these variables. Second, the slopes for ESCS, MATHEFF, ANX-
MAT, and SCMAT are also different across schools. For example, the association
between mathematics achievement and anxiety level varies across schools.

Conclusions and Discussion

An essential aspect of multi-level modeling is to determine whether the second
(school) level contributes anything of value that helps to understand what affects
student mathematics achievement and thus how policies might be structured to en-
hance equity. In this case, we have substantial evidence to support the conclusion
that schools matter, in addition to individual student characteristics. About 25%
of the total variance is accounted for by the school, indicating that we should not
ignore school-level variation.

SES segregation exists in the U.S. schools; some are attended by mainly high-
SES students, while other schools are attended by mainly students with low SES.
Our results provide convincing evidence that SES segregation plays an important
role in the lack of equity in students’ mathematics achievement. Ending, or at least
drastically reducing, the inequity will not be possible until national- and state-level
policy initiatives can result in reduced economic disparity. Doing so is a daunting
task, particularly for a county in which SES inequity is heavily confounded with
race, ethnicity, culture, and a political context in which “progressive” policy initia-
tives have a very low survival rate.

The gender difference in mathematics achievement is significant before account-
ing for self-related cognitions and school educational resources; but not after includ-
ing those variables in the model. The gender difference in mathematics achievement
has been attributed to a number of variables, most notably differential course-taking
patterns and exposure to mathematics, different learning styles, teacher behavior
and learning environment, parental attitudes and expectations, and SES, as well as
other background characteristics of students. The findings from this study indicate
that the gender difference would become nonsignificant if more support were pro-
vided for female students.

At the student level, SES, motivations, and self-related cognitions have positive
relationships with students’ mathematics achievement, while mathematics anxiety
is negatively associated with mathematics achievement. From a policy perspective,
these findings suggest some potential avenues for endeavoring to enhance equity
in student achievement. The most obvious suggestion is to pursue redistributionist
policies targeted to specific families and neighborhoods that transfer income and
wealth toward elements of society that currently are underprivileged economically.
That certainly is more easily said than done, and by itself probably would be insuf-
ficient to rectify generations worth of inequality. A second avenue is to enhance
student motivations to learn mathematics, which, for example, could take the form
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of peer mentoring or supplemental instruction, both of which have shown good
results in science, technology, engineering, and mathematics (STEM) disciplines.
Enhancing self-related cognitions is not a simple endeavor, but some progress to-
ward the goal of enhancing students’ self-competence with mathematics could be
achieved by providing positive feedback through emphasizing role models of suc-
cessful students from similar backgrounds and by offering positive reward struc-
tures for improved performance perhaps along the lines of positive behavior sup-
ports designed to diminish negative school-related behaviors. Similarly, policies to
alleviate mathematics anxiety would need to take the form of innovative curriculum
approaches that match individual student learning styles with constructivist teach-
ing approaches designed to facilitate positive teacher-student interaction.

At the school level, better educational resources could improve average school
mathematics achievement. Clearly, this would necessitate major policy innova-
tions redirecting resources toward districts and buildings with lower levels of fund-
ing, probably combined with the consolidation of smaller and/or underperforming
schools/districts. However, our results also demonstrate that the percentage of fe-
male students, number of mathematics activities, and student/mathematics teacher
ratio do not significantly influence average school mathematics achievement, sug-
gesting that policy initiatives designed to enhance equity would not produce sub-
stantial improvements if efforts were directed toward these targets.

The associations between mathematics achievement and ESCS, MATHEFF, and
SCMAT also differ across schools. This suggests that policy initiatives designed to
enhance equity of student mathematics achievement will need to be targeted differ-
ently to schools with varying levels of mean SES, mean student self-efficacy, and
mean levels of mathematics self-concept. Thus, a “one size fits all” approach would
not be likely to be as effective as one that is targeted to the specific circumstances
defining each school’s specific combination of needs.

It is essential to adopt policy tools that disrupt the negative synergies that often
exist between low-performing students and poorly trained teachers. Results from
Mathematics and Science Partnerships projects (http://www.nsf.gov/news/longurl.
cfm?id=51) may provide guidance about desirable policy innovations such as sum-
mer teaching institutes, learning communities linking K-12 teachers with faculty at
institutions of higher education, additional teacher certification or master’s degrees,
higher education or business “externships,” mentoring or cognitive coaching, and
training in the use of innovative instructional technology. Policies must be sensitive
to the increasing ethnic and cultural diversity of mathematics teachers and of their
students, and should be designed to encourage prospective teachers from diverse
backgrounds to enter the STEM career pipeline and help them persist to degree
completion as well as to facilitate the retention of new mathematics teachers early
in their careers, when retention is problematic.
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Appendix

Tables for the Items from the PISA Student Questionnaire

Table 11.5 Items for measuring interest in and enjoyment of mathematics (INTMAT)

Thinking about your views on mathematics: To what extent do you agree with the following
statements?

ST30QO01 a) I enjoy reading about mathematics

ST30Q03 c) I look forward to my mathematics lessons

ST30Q04 d) I do mathematics because I enjoy it

ST30Q06 f) I am interested in the things I learn in mathematics

2

Note: Item categories were “strongly agree,” “agree,” “disagree,” and “strongly disagree.” Item
categories were coded as 1 = strongly agree; 2 = agree; 3 = disagree; 4 = strongly disagree

Table 11.6 Items for measuring instrumental motivation to learn mathematics (INSTMOT)

Thinking about your views on mathematics: To what extent do you agree with the following
statements?

ST30Q02 b) Making an effort in mathematics is worth it because it will help me in the work
that I want to do later on

ST30Q05 e) Learning mathematics is worthwhile for me because it will improve my career
<prospects, chances>

ST30Q07 g) Mathematics is an important subject for me because I need it for what I want to
study later on

ST30Q08 h) I will learn many things in mathematics that will help me get a job

2

Note: Item categories were “strongly agree,” “agree,” “disagree,” and “strongly disagree.” Item
categories were coded as 1 = strongly agree; 2 = agree; 3 = disagree; 4 = strongly disagree

Table 11.7 Items for measuring mathematics self-efficacy (MATHEFF)

How confident do you feel about having to do the following calculations?

ST31QO01 a) Using a <train timetable>, how long it would take to get from one place to another
ST31Q02 b) Calculating how much cheaper a TV would be after a 30% Discount

ST31Q03 c) Calculating how many square meters of tiles you need to cover a floor

ST31Q04 d) Understanding graphs presented in newspapers

ST31Q05 e) Solving an equation like 3x+5=17

ST31Q06 f) Finding the actual distance between two places on a map with a 1:10,000 scale
ST31Q07 g) Solving an equation like 2(x+3)=(x+3)(x—3)

ST31Q08 h) Calculating the petrol consumption rate of a car

2 < ” G

Note: Item categories were “very confident,” “confident,” “not very confident,” and “not at all
confident.” Item categories were coded as 1 = very confident; 2 = confident; 3 = not very confi-
dent; 4 = not at all confident
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Table 11.8 Items for measuring mathematics anxiety (ANXMAT)

How much do you disagree or agree with the following statements about how you feel when
studying mathematics?

ST32Q01 a) I often worry that it will be difficult for me in mathematics classes

ST32Q02 b) I am just not good at mathematics

ST32Q03 c) I get very tense when I have to do mathematics homework

ST32Q05 e) I get very nervous doing mathematics problems

ST32Q08 h) I feel helpless when doing a mathematics problem

ST32Q10 j) I worry that I will get poor <marks> in mathematics

2

Note: Item categories were “strongly agree,” “agree,” “disagree,” and “strongly disagree.” Item
categories were coded as 1 = strongly agree; 2 = agree; 3 = disagree; 4 = strongly disagree

Table 11.9 Items for measuring mathematics self-concept (SCMAT)

How much do you disagree or agree with the following statements about how you feel when
studying mathematics?

ST32Q04 d) I get good <marks> in mathematics

ST32QO06 f) I learn mathematics quickly

ST32Q07 g) I have always believed that mathematics is one of my best subjects
ST32Q09 i) In my mathematics class, I understand even the most difficult work

2 <

Note: Item categories were “strongly agree,” “agree,” “disagree,” and “strongly disagree.” Item
categories were coded as 1 = strongly agree; 2 = agree; 3 = disagree; 4 = strongly disagree
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Chapter 12
Equity and Quality Issues in Mathematics
Education in Malawi Schools

Mercy Kazima and Chikondano Mussa

Introduction

In this chapter, we use the term “equity in education” to refer to providing equal
access and equal opportunities for education to all groups of learners and potential
learners. In Malawi the groups of learners that are of concern regarding equity are
female versus male learners and learners in rural versus urban areas. Concerns about
equity between males and females are mainly about quantities in schools where the
proportion of females reduces significantly as they go up the education system, and
about performance in mathematics where females perform less than males at all
levels. Concerns about equity between rural and urban students are mostly about
access to resources where schools in rural areas have access to fewer resources than
urban schools, have lower numbers of qualified teachers, and their performance
in mathematics examinations is lower than urban schools. We argue that although
there are prospects for providing equity and quality mathematics to learners from
policies the government has put in place, and some associated initiatives in the
form of funded projects, there is a lot that still needs to be done to address the in-
equities that exist. Furthermore, we highlight that the indicators of quality that the
government has developed are all about resources which reflect a simplistic view
of quality. We argue further that there is more to provision of quality mathematics
than providing resources to schools. We draw upon findings from some studies in
Malawi that support this argument.
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Background

School System

Malawi school system has eight years of primary school and four years of secondary
school. Transition from one class to the next in primary school is according to merit.
Learners have to pass each class of primary school to progress to the next. The tests
to determine progression of learners are school based. Transition from primary to
secondary school requires passing a national examination called the Primary School
Leaving Certificate (PSLC). Admittance to secondary school is granted to learners
according to merit on the examination. This exercise is extremely competitive be-
cause there are fewer places in secondary school than the student numbers that pass
the PSLC examinations. For example in 2007, a total of 161,567 learners sat the
PSLC exam, 115,670 passed but only 39,596 were allocated places in government
and government-aided secondary schools (Ministry of Education 2008).

Malawi has experienced huge expansion of its education system during the past
15 years. At the primary level, the introduction of free primary education policy in
1994 greatly increased the number of learners enrolled. According to the Ministry
of Education Statistics, primary school enrolment rose by almost 50% from ap-
proximately 1.9 million in 1994 to 2.9 million in the 1995 academic year (Ministry
of Education 2000). This increase was mainly in rural areas where many school
age children in the past had failed to attend school because of lack of ability to
pay school fees. The increase in enrolment was registered in all classes of primary
school which meant that some who had previously dropped out of school had re-
turned. The most recent enrolment was about 3.6 million (Ministry of Education
2008). Table 12.1 shows the exact enrolment numbers for selected years from 1994
to 2008.

As Table 12.1 shows, secondary school sector has also expanded significantly.
This has mainly been due to a 1998 Malawi government policy of secondary school
expansion (Ministry of Education 2001). The policy provided for “distance educa-
tion centres” to be converted into secondary schools. “Distance education centres”
were widely distributed across the country—especially in rural areas. The centres
offered secondary school education to learners that passed the PSLC examinations
but did not qualify for a place in conventional secondary schools. The centres of-
fered their education using distance mode with limited face-to-face interactions.
The secondary school expansion policy converted each of these centres into what
is called “community day secondary school”. These are second-class secondary

Table 12.1 Enrolment in Malawi primary and secondary schools. (Source: Ministry of Education
2008)

1994 1995 1999 2005 2006 2007 2008

Primary 1,895,423 2,860,819 2,896,280 3,200,646 3,280,714 3,306,926 3,600,771
Secondary 48,360 57,812 75,959 183,854 218,310 210,325 233,573
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schools with poorer infrastructure and resources than conventional secondary
schools, and the students that are admitted are those that do not make it into the con-
ventional secondary schools. The secondary school expansion policy also encour-
aged the private sector to contribute to the provision of secondary school education.
As a result of this policy, the secondary school enrolment rose from a total of ap-
proximately 58,000 in 1995 to 184,000 learners in 2005. The most recent enrolment
is approximately 234,000 (Ministry of Education 2008). Although secondary school
education is not free, it is heavily subsidised by the government. As is evident from
the statistics, enrolment continues to increase at both primary and secondary school
levels.

Mathematics Education

Mathematics as a subject of study is taught as a compulsory subject in both pri-
mary and secondary schools. Mathematics is also one of the two subjects (other
being English) that are compulsory at national examinations. Although a pass in
mathematics is not a requirement for candidates to pass the examinations, pass-
ing mathematics offers increased opportunities to candidates. For example, entry
into primary teacher education colleges requires at least a pass in mathematics,
and many job opportunities and training include mathematics as a requirement or
added advantage. Similarly, entry into most of the university programmes requires
learners to have obtained a good pass in mathematics at Malawi Schools Certificate
of Education (O-level equivalent) examinations and also pass university entrance
examinations, which include numerical skills. There is therefore huge pressure on
learners to demonstrate competence in mathematics; and consequently on teachers
to produce mathematically proficient learners. The fact that mathematics is compul-
sory to all learners in schools makes the demand for qualified mathematics teachers
greater than other subjects.

Equity Groups

Our sense of equity in education is that it refers to providing equal opportunities for
education to all groups of learners and potential learners. For Malawi, equity con-
cerns can be raised on urban versus rural learners, and male versus female learners.

Male versus Female Learners

Tables 12.2, 12.3 and 12.4 show the enrolment figures distributed by gender for
primary, secondary and some higher education institutions in Malawi. It is clear
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Table 12.2 Enrolment in Malawi primary schools in 2008 by class and gender. (Source: Ministry
of Education 2008)

Male Female Total
Standard 1 435,794 444,623 880,417
Standard 2 329,288 333,669 662,957
Standard 3 295,117 293,981 589,098
Standard 4 216,921 218,375 435,296
Standard 5 176,684 178,792 355,476
Standard 6 138,017 136,667 274,684
Standard 7 110,679 105,190 215,869
Standard 8 103,788 83,186 186,974
Total 1,806,288 1,794,483 3,600,771

Table 12.3 Enrolment in Malawi secondary schools in 2008 by class and gender. (Source: Min-
istry of Education 2008)

Male Female Total
Form 1 36,279 30,595 66,874
Form 2 38,457 32,712 71,169
Form 3 28,160 19,794 47,954
Form 4 28,878 18,698 47,576
Total 131,774 101,799 233,573

Table 12.4 Enrolment in some higher education institutions in Malawi in 2008 by gender. (Source:
Ministry of Education 2008)

Male Female Total
University of Malawi 4,521 2,199 6,720
Mzuzu University 982 466 1,448
Technical colleges 934 434 1,368
Primary teacher education colleges 2,273 1,521 3,794
Total 8,710 4,620 13,330

from the tables that although the proportions of females is a little higher than males
as learners enter primary school in Standard 1, the proportion of girls is reducing
significantly as they go up the education system.

We note that for primary schools, while the reduction in numbers continuing
from one year to another happens for both males and females, the reduction is great-
er for females than males at the last three years of primary education. This indicates
that there are some factors that affect the education of girls much more than the
education of boys (see Table 12.5). Some of these factors are external, that is they
do not originate from the school system but from the wider social context. Such
factors include early marriages, pregnancy and family responsibilities (Chimombo
2005; Ministry of Education 2008). Internal factors that affect the proportion of
girls in primary schools include school conditions that are not conducive for girls,
for example, lack of toilet facilities, fear of sexual harassment from teachers and
fear of unjust punishment in the school (Chimombo 2005; Moleni 2001).
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Table 12.5 Dropout rate Male Female

for Malawi senior primary

school in 2008 by class and Standard 6 7.38 11.16

gender. (Source: Ministry of ~ Standard 7 4.11 13.21

Education 2008) Standard 8 5.23 20.37
Total 5.57 14.91

For secondary schools, we note from Table 12.3 that there were 5,684 more
males than females that were offered places in Form 1 to start secondary education
in 2008, and overall there were about 30,000 more males than females in secondary
schools. We also note that for both junior and senior secondary the numbers are in-
creasing for males from Form 1 to Form 2 and also from Form 3 to Form 4 while the
numbers are decreasing for females. A possible explanation for this phenomenon is
that more males than females repeat the years after not succeeding in national ex-
aminations at the end of Form 2 and Form 4. Although dropping out of female learn-
ers from secondary schools contributes to the large difference in numbers, most of
the difference is accounted for by offering more places to males than to females.
This is due to an internal factor at policy level which particularly affects proportion
of female learners in secondary and higher education. For example, almost all the
national boarding secondary schools were designed to have a 1:2 ratio of accom-
modation places available for girls and boys. Similar designs catering for larger
numbers of boys than girls were made for higher education such as the University
of Malawi, Mzuzu University, Technical Colleges and Teacher Education Colleges.
There have been plans from both government and nongovernmental organisations
to address this inequality by design. However, to date the inequality in student gen-
der numbers still exists in almost all higher institutions because enrolment numbers
are ultimately restricted by the available accommodation. This is one area where the
government could have demonstrated commitment to gender equity beyond policy
on paper by constructing additional hostels for females. Alternatively, they could
convert some of the males’ hostels to females’ hostels which would not be as costly
as constructing new hostels.

Gender disparity in favour of males in mathematics has persisted over a long
time. Several studies have shown that in Malawi, the performance of females in
mathematics is lower than that of males at all levels of Education (Condie et al.
2008; Chamdimba 2003; Mbano 2001). One explanation for the disparity is that
there is low participation of females in many mathematics classrooms. Chamdimba
(2003) studied mathematics teaching at secondary school and concluded that there
is low participation of females in mathematics classrooms. She also found that
many of the mathematics teachers are male and that they often allow male learners
to dominate in class activities. Chamdimba (2003) suggests the use of coopera-
tive learning as a way of encouraging and increasing the participation of females
in mathematics classrooms. This dominance by male learners is not surprising es-
pecially in boarding schools where there are twice as many males than females.
Nevertheless, as Chamdimba (2003) suggests, teachers can find ways of including
female learners even when they are underrepresented in the classroom.
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Urban Versus Rural School Learners

It is important to note that the majority of the Malawi population is rural; there-
fore, most of the schools are in rural areas. For example, there are a total of 5,461
primary schools in the country of which 5,088 are in rural and 373 are in urban
areas (Ministry of Education 2008). For secondary schools, most of the community
day secondary schools are in rural areas while most of the conventional secondary
schools are in urban areas. Therefore, it is fair to see community day secondary
schools as rural and conventional secondary schools as urban. There are differ-
ences in performance at mathematics national examinations between these two
types of schools. On average, urban secondary schools consistently perform better
than rural schools. For example, Mwakapenda (2002) found that over a period of
five years, urban schools learners obtained an average mark of 53% while rural
schools learners obtained an average mark of 16% in Malawi Schools Certificate
of Education mathematics examinations. This suggests, among other things, that
the quality of teaching and learning mathematics in rural schools is poorer than in
urban schools.

Many would appreciate the difficulty in achieving equity between urban schools
and rural schools because urban areas have access to resources outside school such
as national libraries which are not within easy reach of rural schools. However, for
resources that are supplied by the education system, an attempt could be made to
distribute these fairly equitably. Studies that have studied equity among schools in
Malawi (e.g. Chimombo 2005; Moleni 2001; Kuthemba 2000) have revealed that
resources are not distributed equitably, with urban schools getting more and better
resources than rural schools. Table 12.6 shows distribution of human resource and
material resources in primary and secondary schools.

These ratios show the inequity that exists, implying that urban school learners
are on average given better opportunities to education than rural school learners.
The average teacher-to-learner ratio is the same for the two types of secondary
schools but the qualified teacher-to-learner ratio is much higher for the community
day secondary schools. However, the average class size is smaller in community
day than in conventional secondary school. This is likely due to dropouts which is
higher in rural than urban areas.

Table 12.6 Distribution of human and material resources in Malawi schools in 2008. (Source:
Ministry of Education 2008)

Primary schools Secondary schools

Urban Rural Conventional Community day
Teacher:learner ratio 1:49 1:83 1:20 1:20
Qualified teacher:learner ratio 1:51 1:97 1:27 1:68
Textbook:learner ratio 1:3 1.7 NA NA
Classroom:learner ratio 1:101 1:114 1:52 1:44

NA indicates not available
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Indicators of “Quality”

A state president’s committee on education quality in Malawi (Kuthemba 2000)
described some indicators of quality in Malawi schools. These include: (i) aver-
age number of learners per teacher, (ii) average number of learners per textbook,
(iii) average number of learners per classroom, (iv) average number of learners per
chair, (v) average number of learners per desk and (vi) dropout and repetition rates.
According to Kuthemba (2000), the larger the average number of learners per teach-
er and per textbook the poorer the quality of available education. The assumption is
that teachers with large numbers of learners would not have much time, if any, for
individual learners. Similarly, the larger the number of learners per textbook the less
time individual learners have to access the book. Numbers of classrooms and class-
room furniture give an indication of the conditions of the schools the learners are
in. Large numbers of learners per classroom show that there is not enough room to
accommodate all learners such that some school may resort to the use of open space
under trees as classrooms for learning. The large numbers of learners per chair and
per desk show that some learners sit on the floor in school when learning. This is
very common especially in primary schools. Dropout and repetition rates inform us
of how effective the schooling system is to the learners and also how much wastage
the system is experiencing. Wastage will be discussed in more detail later in the
chapter. Table 12.7 shows the statistics for some of the indicators in primary schools
in 1993 (before free primary education), in 1995 (soon after free primary education)
and in 2008 (the most recent situation).

Perhaps the most important indicator is the teacher. Quality of teachers in terms
of whether or not they are well trained and qualified is important because well-
trained teachers are likely to cope better with large classes, poor resources and other
situations prevailing in Malawi schools. For this reason, we will pay particular at-
tention to the quality of teachers. Probably the biggest challenge faced by the Ma-
lawi Ministry of Education in terms of quality education is the provision of quali-
fied teachers. There is shortage of qualified teachers in both primary and secondary
schools. Ministry of Education statistics show that less than 50% of all the teachers
teaching in public secondary schools in Malawi are qualified (Ministry of Educa-
tion 2006). It was not possible to get the distribution of the percentage by subject
but it is likely that the percentage of qualified mathematics teachers is lower than
this average considering the low enrolment levels of student teachers majoring in
mathematics at the various teacher education institutions.

One of the major factors that contribute to the shortage of teachers is low reten-
tion of qualified teachers by the Ministry of Education. For example, in 2008, a total
of 1,261 teachers (402 for secondary and 859 for primary) left the education system
(Ministry of Education 2008). This should be compared with the total number of
teachers that are produced every year by teacher education institutions in Malawi.
According to Ministry of Education (2008), all public secondary teacher educa-
tion institutions in the country graduate an average total of 391 teachers per year.
This number is less than the total number of 402 teachers that left the Ministry of
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Table 12.7 Some indicators of “quality” in Malawi primary schools. (Sources: World Bank
Discussion paper No. 350, Ministry of Education 2008)

Indicator 1993 1995 2008
Average number of learners per teacher 68 68 78
Average number of learners per qualified teacher 88 131 90
Average number of learners per textbook 3 7 5
Average number of learners per classroom 102 422 112
Average number of learners per chair 32 56 NA
Average number of learners per desk 18 31 NA
Total number of dropouts NA 260,086 161,532
Total number of repeaters 329,872 474,806 698,205

NA indicates not available

Education in 2008, which is more or less the same number that leaves every year. It
will not be possible for Malawi to overcome this challenge of shortage of teachers,
and qualified teachers in particular, if more teachers are leaving than become avail-
able every year. This very low teacher retention rate also indicates a very high wast-
age in terms of teacher education expenditure by government. It was not possible
to get teacher attrition numbers by subject, however, it is likely that mathematics
teachers suffer the same or higher attrition rate as the average teacher. Since math-
ematics is taught to all learners, and has more time allocated in school timetable,
schools suffer shortage of qualified mathematics teachers a lot more than they do
for elective subjects. For the primary sector, all primary school teacher colleges in
the country graduate about 1,596 teachers per year (Ministry of Education 2008).
Comparing this with the 859 primary school teachers that left the education system
in 2008, we see that it is more than half of the teachers produced each year. If this
trend continues, it means that for every two years, a whole year’s output is lost
hence whole year’s government’s expenditure for a cohort in all primary teacher
education colleges is wasted.

Low salaries and poor conditions of service are some of the main reasons that
teachers resign. There may not be much that the government of Malawi would af-
ford in the short-distance future, however, the very low retention rate of teachers
should trigger plans of improving teachers’ conditions of service in the long term.
We believe there is another way of reducing attrition especially for newly qualified
teachers who have been educated by public funds. Teacher education is free in the
government primary teacher training colleges in Malawi, and is heavily subsidised
at government secondary teacher education institutions and at public universities.
Teachers who get their training through these heavily subsidised or free education
should be bonded to teach in the system for a specified number of years. Currently,
there is no bond at all such that teachers who benefit from these institutions are free
not to teach in the system or not teach at all. This is one of the areas where public
funds are wasted. Introducing a bond might also limit interested potential teachers
to being those that are indeed willing to serve in the system and so reduce the attri-
tion rate.



12 Equity and Quality in Malawi Schools 171

The importance of well-trained and qualified teachers cannot be overempha-
sised. As mentioned before, qualified teachers are likely to be better equipped to
teach within the constraints of Malawi schools. The qualified teachers go into teach-
ing fairly well aware of the challenges since they do their teaching practice in the
same. Untrained teachers on the other hand, face these challenges while grappling
with their own limitations in how to deal with them. While we appreciate the ne-
cessity of unqualified teachers where there are no qualified teachers, unqualified
teachers should not be a long-term solution to teacher shortage. We would recom-
mend that Malawi invests in teacher education and find feasible ways of training the
unqualified teachers. Malawi might not be able to provide well for all its learners in
the school system, but should strive at providing qualified teachers. This we believe
is a crucial step towards quality education.

We note that while Malawi was trying to achieve quantity in terms of numbers
of learners enrolled in schools, quality was overlooked. Free primary education was
introduced before any preparations were in place (Chimombo 2005), consequently,
the system was overwhelmed by the huge expansion in enrolment. Politically, the
large numbers of enrolment might look good but practically the schools are heav-
ily stretched and struggling to cope. It would have been more productive if the free
primary education was planned some years ahead of time by increasing teacher edu-
cation output as well as planning and implementing strategies for teacher retention.

Another area where Malawi could do better is in the utilisation of the limited re-
sources that are available. As observed in Table 12.7, the school system has high num-
bers of dropouts and repeaters. With free primary education and heavily subsidised
secondary education, the costs are wasted when learners drop out or repeat the year.
Therefore, there is a lot of wastage of resources (Kuthemba 2000). Looking at the total
number of 161,562 learners that dropped out of primary school in 2008, we note that
it is equivalent to 2,071 average size classes or 259 single-stream primary schools.
We can also look at the number of repeaters in a similar manner. The total number of
698,205 repeaters translates to 8,952 classes and 1,119 single-stream primary schools.
As was observed, there are many reasons for dropping out and the school system can-
not address them all, however, they can address the issues in the long term. Repetition
is one factor that encourages dropout because some learners would rather leave school
altogether than repeat the year. We believe that most of the repetition is unnecessary
and that with carefully planned support to learners there would be no need for learners
to repeat years in school. There is need for some sound policy on repetition; a policy
that would significantly reduce repetition rates. Reducing repetition would reduce
wastage and also reduce dropout rates and so further reduce wastage.

Prospects of Change

Malawi has stated its commitment to mathematics, science and technology human ca-
pacity development. Her policy initiatives in this regard began with the vision 2020.
Launched in 1997, the vision is to change Malawi’s economic base from reliance on
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physical labour to a technologically driven economy (Malawi Government 1999)
through the development of human capacity in mathematics, science and technology,
by the year 2020. This vision is reflected in the National Science and Technology
Policy Paper (Malawi Government 2001) which argues for expansion of University
education “especially in the scientific, engineering and technological fields” (p. 22)
and the expansion of postgraduate programmes. The Malawi Poverty Reduction and
Strategy Paper, (Malawi Government 2002) and more recently, the Malawi Growth
and Development Strategy Paper (Malawi Government 2006), which represent gov-
ernment’s blue print for poverty reduction, also echo the need for mathematics, sci-
ence and technology human capacity development. These commitments by the gov-
ernment offer prospects for providing quality mathematics to Malawi learners.

There are a number of prospects in the form of in-service teacher education ini-
tiative projects. We will give three examples here. The first is the Strengthening
of Mathematics and Science in Secondary School Education (SMASSE) project,
which started in 2001 and is funded by the Japanese Government through the Japan
International Cooperation Agency (JICA). The project aims at improving the teach-
ing and learning of mathematics and science subjects by encouraging mathematics
and science teachers to share their professional knowledge and skills, and to assist
under-qualified teachers in schools. SMASSE started by mainly targeting under
qualified mathematics and science teachers in one of the six education divisions
in Malawi. Now the project plans to include all secondary schools in the country.
Second example is an initiative funded by African Development Bank, and is called
Secondary School Teacher Improvement Programme. The programme emphasises
on the improvement of teachers’ content knowledge and particularly targets un-
qualified teachers teaching in community day secondary schools. The programme
started in 2004 as in-service without academic qualification. It later developed into
a Diploma in Education course through distance mode at Domasi College of Educa-
tion. The third example is a smaller project called the Hands-on-Activities for sec-
ondary mathematics and science. This is funded by USAID and is implemented by
the University of Mzuzu in the northern part of Malawi. The purpose of this project
is to improve the teaching of mathematics and science by developing and imple-
menting hands-own, interactive teaching methodologies that use readily available
and inexpensive materials. The project involves assessing the needs of schools,
developing hands-on activities appropriate for the schools and offering in-service
training for teachers on the use of such activities in their classes. This project has
worked with teachers in some parts of the northern region of Malawi.

Critical Reflection of Prospects

Looking at the prospects for change, government’s commitment is in the form of
policy and strategy papers, which do not seem to translate into observable actions
of implementation. For example, in 2006 the government announced its intentions
to establish a new university of science and technology in response to the National
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Science and Technology Paper (Malawi Government 2001), but until now—almost
five years on, there is no visible evidence to indicate serious plans of having this
university. The policy and strategy papers indeed indicate commitment to math-
ematics and science education; nevertheless, they should have been followed by
clearly observable actions which would have demonstrated the commitment. Such
actions could include working with mathematics teacher education programmes,
mathematics curriculum developers and mathematics teachers in schools to discuss
the mathematics to be taught in schools that would suit the objectives of the policy
papers, and also possible ways of teaching the mathematics in schools.

To a small extent, some observable actions were done for secondary schools
through the in-service teacher education initiative projects presented in the previ-
ous section. It is appropriate that all the projects are implemented through teacher
education institutions. However, there seem to be no coordination between the proj-
ects, each seems to run independently with no acknowledgement of the existence
of the others. Coordination among these projects which all have a general aim of
improving the teaching and learning of mathematics and science, would have made
the projects richer and more likely have stronger products. Looking at the examples
of projects which offer prospects for Malawi, one would notice that they are all for
secondary school and not primary school mathematics, and that they are all funded
by external bodies. This emphasis on secondary education and little attention to
primary is problematic because improving teaching and learning of mathematics
at secondary can only be effective for learners if their primary mathematics was
learned well. The fact that all projects are funded by external bodies is also prob-
lematic if continuity is not guaranteed after the project funds expire. It is com-
mendable that teacher education institutions through government manage to secure
funding for projects such as these; nevertheless, it is important to have plans for
after the project phase. Apart from the SMASSE project where the government
contributes to the in-service training of teachers as agreed with the Japanese gov-
ernment, we are not aware of any other commitment for the other projects. This is
one area where the government could demonstrate its commitment by supporting
the initiatives during and/or after the project funds expire. This support does not
have to be in large amounts of funding but in ensuring that some use is made of the
products of the project. For example, the teachers trained in the Hands-on-Activities
for mathematics project, could be used to train other teachers within their districts
at local in-service training.

The prospects, though problematic in many ways, illustrate the efforts and com-
mitment that Malawi as a nation is making towards the teaching of mathematics
and towards education in general. However, Malawi still faces some huge chal-
lenges in its attempt to provide quality mathematics to all. The drastic increase in
school enrolment has put tremendous pressure on the already meagre resources.
These problems affect all subjects but are more acute for mathematics because it is
attended by all learners.

According to the performance of learners at national examinations, there are
some schools that seem to cope well in teaching mathematics despite the challenges
Malawi faces. Research on such schools with the aim of learning from them how
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they cope and manage to teach effectively would be useful in helping other schools.
Nampota (2009) studied an exemplary secondary school that has high pass rates for
physical science at Malawi Schools Certificate (O-level equivalent) examinations.
Nampota found that effectiveness of teaching science at this school was not neces-
sarily due to availability of resources but the culture of the school. At this school,
teachers worked closely together, for example, they could discuss lesson plans and
they sometimes did team teaching. At the school, learners were encouraged to work
in groups both in and outside the classroom. According to the learners, the groups
were useful because there were always people to ask questions or discuss with apart
from the teacher. Although Nampota did not study mathematics, this school also has
high pass rates for mathematics and it is likely that their success in mathematics is
also due to the same reasons. Another study, Chamdimba et al. (2008), conducted
a base line survey of schools that have consistently performed well at national ex-
aminations and those that have not performed well. They found that the differences
in the schools were not in resources or number of teachers as they had expected
but rather in the administration and organisation of the schools. The main finding
was that discipline is a major factor. The well-performing schools had good disci-
pline in both learners and teachers. Teachers arrived at school in time and remained
in school throughout the working hours. The teachers prepared their lessons and
had records of evaluations and learners’ progress. Learners were also disciplined
in terms of attending classes and doing their school work. In comparison, the poor-
performing schools were not disciplined, teachers could come, teach their classes
and go as they pleased during working hours, some could be absent without reason,
as such there was very little interaction between the teachers. Learners were also
not very disciplined in terms of attendance; there were a lot of absenteeism and
skipping classes. Another interesting finding was the teachers’ perception of their
learners. In the well-performing schools teachers generally perceived their learners
as good and hard working while in the poor-performing schools teachers generally
perceived their learners as not that good and not hardworking.

These findings are very important because the two sets of schools (well-per-
forming and poor-performing) had similar kinds of resources: teachers, textbooks,
classrooms and furniture. The difference was in the administration of the schools.
This is intriguing because heavy emphasis is placed on resources such that any lack
of effective teaching and learning is blamed on resources. Looking at the indicators
of quality that Malawi has developed, we notice that they are all about resources.
While resources are indeed an important prerequisite in achieving quality in edu-
cation, it is not the only factor. Administration of the institutions, work ethics of
teachers and attitudes of both teachers and learners towards education are also very
important. Schools need good administration, good interaction between teachers,
shared vision or understanding of effective and quality education, good attitudes
towards education, among other things. Without these no amount of resources can
result in effective teaching and learning. Therefore as Malawi continues to strive for
quality education, and quality mathematics education, efforts should be made to ad-
dress these issues. There is a lot that can be done to achieve better quality of math-
ematics education within the constraints of resources that the Malawi schools face.
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Conclusion

In this chapter, we have discussed equity and quality issues in mathematics educa-
tion in Malawi. Although most of the issues apply to education in general, we have
highlighted specific issues in mathematics education. We have shown the inequity
that exists in terms of opportunities for mathematics education where male learners
and urban school learners have an advantage over female learners and rural school
learners, respectively. This implies that females in rural schools are the most dis-
advantaged. Therefore, there is a need for sound policies and initiatives to address
these inequities with special attention to females and rural schools. We have argued
that Malawi can achieve better equity among its groups of learners by addressing
the causes, most of which originate from earlier policies. We have also argued that
the indicators of quality that the government developed assume that the more the
resources the better the quality of education. However, this does not necessarily fol-
low as evident from research. Better quality mathematics education can be achieved
by taking a more comprehensive view of quality and striving towards it. We have
emphasised the importance of providing qualified teachers as a crucial step towards
quality mathematics education. While we appreciate the limitations within which
the Malawi education system operates, we are of the view that there is more Malawi
can do within the limitations to provide more equity among its groups of learners
and better quality mathematics education in schools.
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Chapter 13
Looking for Equity in Policy Recommendations
for Instructional Quality

Enakshi Bose and Janine Remillard

Introduction

In 2008 two national policy reports addressing the improvement of mathematics
education in the United States were released. Convened by a presidential execu-
tive order, the National Mathematics Advisory Panel (NMAP) released Founda-
tions for Success in March 2008. In June 2008, the National Council on Teacher
Quality (NCTQ), a nonpartisan advocacy group, published No Common Denomi-
nator: The Preparation of Elementary Teachers in Mathematics by American Edu-
cation Schools (National Council on Teacher Quality 2008). Both reports frame
their recommendations as responses to a continued crisis of low achievement and
under-performance in mathematics of students in the United States. Both cite U.S.
students’ weak standings in national and international comparisons, and both warn
of dire consequences of inaction for the nation’s economic competitiveness, innova-
tion leadership, and quality of life. A year later, in June 2009, the Carnegie Corpo-
ration of New York and the Institute for Advanced Study (Carnegie-IAS) released
The Opportunity Equation: Transforming Mathematics and Science Education for
the Global Economy. Echoing the urgent call for change, this report positions math-
ematics and science education as central to all school reform initiatives. Together,
these reports consider many components of mathematics education, including cur-
ricular content, standards and assessment, and instructional practices; all identify
teacher quality as a critical lever for improving the mathematics learning of all
students.

In this chapter, we examine these policy reports using an equity lens. It is our
view that addressing the system-wide challenges in mathematics education requires
understanding the problem of inequitable access to quality mathematics instruction;
teaching for quality and teaching for equity are synergistic. We frame equity along
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two dimensions: the kinds of mathematical knowledge to which students have ac-
cess and the opportunities for students to participate in classroom environments that
support significant mathematics learning. In this analysis, we examine the extent
to which each report explicitly addresses equity and also what the frameworks and
recommendations imply for furthering an equity agenda. We offer our analysis as
an examination of a single case of the relationship between the rhetoric of national
policy and the challenge of achieving equity and access in an education system.
Like every country, the United States possesses a number of particularistic features,
including a highly decentralized school system with strong market influences and
a political system grounded in democratic ideals. Nevertheless, the struggle to in-
crease educational access and opportunity within its schools is one shared by educa-
tors and policy makers in many national and regional school systems. We believe
a close examination of recent U.S. policy documents from an equity perspective
can be instructive, particularly on account of both the espoused commitment in the
United States to equal opportunity and the influential role the United States has in
the world.

Policy reports that examine and critique mathematics instruction are not neutral
or apolitical; they articulate goals and visions from a particular stance. The reports
analyzed here, for example, straddle two presidential administrations and evoke a
continued federal/national interest in education. In the United States, this national
emphasis sustains a growing shift from a traditionally local and decentralized edu-
cation system to one in which the federal government assumes roles such as moni-
tor and protector of the nation’s mathematical literacy (Lappan and Wanko 2003).
How local stakeholders—states, districts, and teacher education programs—take
up these recommendations will vary. Nevertheless, national reports do have status
within ongoing discussions about mathematics education reform. Spillane (2008)
observes:

National reports are one mechanism through which administrations attempt to lay out, reit-
erate, and press their agendas. Although not policy, individuals and agencies from Congress
to the statehouse use reports, along with other policy texts, to inform and justify particu-
lar policy alternatives. ...Whether or not the particular recommendations put forth in the
national report are implemented, the report will contribute to the ongoing policy discourse
by reifying them. (p. 638)

Assessing how these reports speak to equity concerns is critical, as it allows us to
understand both the potential and the limitations of these visions for improving
mathematics learning.

Equity as an Analytical Lens

In order to examine the stance toward equity implicit in these policy documents, we
developed an analytical lens that includes two dimensions: the kinds of mathemati-
cal knowledge to which students have access and the opportunities for students to
participate in classroom environments that support significant mathematics learning.
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Equity as Access to High-Value Mathematical Knowledge

The kinds of mathematical knowledge to which students have access and the pur-
poses ascribed for learning mathematics are integral to any equity agenda. Histori-
cally mathematics competence has been applied as a filter for higher education and
employment opportunities, creating an inequitable distribution not only of income
but of skills and power (Moses and Cobb 2001). A central component of equitable
mathematics instruction is access to mathematical knowledge that has social, aca-
demic, and economic currency.

For over two decades, educators and researchers have challenged existing con-
ceptions of mathematical knowledge as the ability to memorize and apply rules
and procedures, noting both the lack of flexibility and connectedness in this way
of knowing and asserting that it has limited value beyond that assigned to it by
schools (National Research Council [NRC] 1989; National Council of Teachers of
Mathematics [NCTM] 1989, 2000; Skemp 1978). Haberman (1991) used the term
“pedagogy of poverty” to describe instructional approaches characterized by low
expectations, tight teacher control, and focus on isolated skill development with
limited opportunities for critical thinking. This pedagogy, he argued, which is the
“coin of the realm” in urban schools, produces graduates who possess basic skills
but are “nonthinking, underdeveloped, unemployable youngsters” (p. 294).

Haberman’s (1991) call for “good teaching” to replace the pedagogy of poverty
bears a family resemblance to the curricular emphasis on conceptual understanding,
reasoning, problem solving, and communication advocated by many mathematics
educators (Hiebert et al. 1997; Carpenter and Lehrer 1999). This emphasis is central
to both sets of curriculum standards published by NCTM (1989, 2000), which out-
lined mathematics knowledge both in terms of content domains—number and op-
erations, algebra, geometry, measurement, and data analysis and probability—and
thinking processes such as problem solving, reasoning and proof, communication,
and representation. Carpenter and Lehrer (1999) suggest that such conceptually con-
nected mathematics knowledge is generative: “When students acquire knowledge
with understanding, they can apply that knowledge to learn new topics and solve
new and unfamiliar problems” (p. 19). Others argue that mathematics knowledge
that includes reasoning and problem solving prepares young people to participate in
a democratic society and succeed in a technology-based, post-industrial economy
(Boaler and Staples 2008).

Some scholars and educators are quick to warn of the potential dangers of
placing sole emphasis on conceptual knowledge and process skills. Kilpatrick
et al. (2001) apply the term mathematical proficiency to describe knowledge that
integrates procedural and conceptual understanding. Mathematical proficiency
comprises five intertwined strands: conceptual understanding, procedural flu-
ency, strategic competence (ability to represent and solve problems), adaptive
reasoning (including reflection, explanation, and justification), and a productive
disposition to viewing mathematics as useful. Equity in mathematics education,
from this perspective, includes access to the mathematics skills, discourses, and
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ways of thinking that are valued and rewarded in mainstream culture. Some argue
further that mathematical proficiency is necessary for students to engage in criti-
cal analysis of social conditions and unjust power relations in their lives—what
Gutstein (2000) calls “reading the world”—in order to begin to effect change (see
also Gutierrez 2002).

Equity as Opportunities to Learn

In addition to providing students access to powerful and socially valued math-
ematics, achieving equity includes ensuring that students have the support they
need to learn it. The research evidence is clear that the instructional environment
and teachers’ practices are critical to creating opportunities for students to learn
mathematics (Hiebert and Grouws 2007; Franke et al. 2007). The opportunities-
to-learn dimension is particularly important in our discussion of equity for two
related reasons. First, teaching for mathematical proficiency, as discussed above,
is considerably more challenging than teaching a set of rules and procedures
(Ball 2001; Schoenfeld 1998). Students must learn to reason about, think with,
and apply knowledge of procedures and relationships in a variety of situations.
Stein et al. (1996) used the term high cognitive demand to refer to instructional
tasks that call for and emphasize meaning and thinking. Their research on middle
school mathematics classrooms revealed that teachers routinely allowed the cog-
nitive demand of tasks to drop. Teaching for high cognitive demand requires
providing adequate support and scaffolding of students that assists them in un-
derstanding the task, making connections to their existing understanding, and
accomplishing the task without reducing its overall complexity (Henningsen and
Stein 1997).

The opportunities-to-learn dimension is also important when considering in-
structional practices appropriate for students who traditionally have been margin-
alized in education (and in other social institutions). The tendency for instruction-
al practices in classrooms populated by low-income and racial minority students
to focus on low-level skills has been well documented (Anyon 1981; Dowling
1998; Haberman 1991). Moreover, a number of studies have illustrated the ways
that discourses valued in school tend to reflect ways of interacting and thinking
common in the homes of children from dominant social and economic groups;
these discourses are often foreign to children from homes on the margins of soci-
ety (Delpit 1988; Lerman 2000; Lubienski 2000; Zevenbergen 2000). As a result,
teaching for equity in mathematics requires instructional practices that support
students in gaining access to and developing the kinds of skills necessary for
mathematical proficiency. Research on successful teachers in low-income settings
highlights the importance of helping students build on their existing knowledge
to develop new understandings and addressing gaps in their knowledge without
reducing expectations for conceptually complex thinking and problem solving
(Ladson-Billings 1997).
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Overview of Reports and Methods

The three reports analyzed here are recent contributions to the ongoing discussion
in the United States about improving mathematics instruction. We chose to examine
these documents because of their focus and timeliness. Whereas other policy reports
have attended to relevant topics such as standards and accountability, or teacher
recruitment and retention, these three reports allot considerable attention to the na-
ture and quality of mathematics instruction. Each report speaks to an overlapping
audience of educators, policy makers, and local, state, and federal school personnel.

Published within a year and a half of each other, the three reports are contem-
poraneous, and the more recent reports reference the earlier ones. All three reports
frame the problem in similar ways: evidence from countless national and interna-
tional assessments suggest mediocre mathematics achievement and learning in the
United States. The reports share concerns about how such weak and incomplete
learning may impact the future of individual citizens and the country as a whole.

Commissioned by an executive order from the Office of the President of the
United States and comprised of scholars, researchers, and education officials, the
NMAP was charged with examining research on “proven-effective and evidence-
based mathematics instruction” and developing recommendations regarding in-
structional practices and programs, standards and assessments, curricular content,
teacher recruitment and professional development, and research agendas (NMAP
2008, p. 71). Released in March 2008, the NMAP report warns that weak student
performance in mathematics threatens not only U.S. competitiveness in the global
economy but also national security and quality of life. The report attributes this dire
state to system-wide failure:

This Panel, diverse in experience, expertise, and philosophy, agrees broadly that the deliv-
ery system in mathematics education—the system that translates mathematical knowledge
into value and ability for the next generation—is broken and must be fixed. This is not a
conclusion about teachers or school administrators, or textbooks or universities or any other
single element of the system. It is about how the many parts do not now work together to
achieve a result worthy of this country’s values and ambitions. (p. 11)

The NMAP focused on the preparation of students for entry into and success in
Algebra, framed in the report as “a demonstrable gateway to later achievement”
(p. xiii). The NMAP report heralded a significant and unprecedented federal interest
in influencing and shaping school mathematics education.

Three months after publication of the NMAP report, the NCTQ, a nonpartisan
advocacy group, released No Common Denominator, a report focused on the math-
ematics preparation prospective teachers experience in education schools in the
United States. In this report, a Mathematics Advisory Group of mathematicians
and K-12 mathematics teachers analyze the program requirements and mathemat-
ics coursework in a sample of teacher preparation programs across the country.
The NCTQ echoes concerns over students’ poor performance on international and
national tests, and attributes this in part to weak content knowledge of elementary
mathematics teachers: “...We are now on a treadmill in education. We fail to teach
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mathematics well, and our weak students become the next generation of adults,
some of whom become the teachers who produce the next crop of weak students”
(p- 61). It advocates reforms to teacher preparation programs, emphasizing math-
ematics content coursework.

In June 2009, the Carnegie Corporation of New York and the Institute for Ad-
vanced Study (Carnegie-IAS) Commission on Mathematics and Science Education
released The Opportunity Equation. Comprised of mathematicians and scientists,
educators and researchers, and leaders of business and cultural organizations, the
commission urges action to bridge the gap between the current system and the de-
mands of the future: “We believe that mathematics and science education as cur-
rently provided to most American students falls far short of meeting their future
needs or the needs of society” (p. 7). An overarching recommendation is to “‘Do
school differently’ in ways that emphasize the centrality of math and science to edu-
cational improvement and innovation” (p. 2). The report also emphasizes repeatedly
the dual needs for excellence and equity in math and science education, noting that
these are critical for innovation, economic growth, and democratic participation.

Data Analysis

Using document analysis, we first examined how each report addresses equity con-
cerns explicitly. We then considered implications of the report recommendations for
the kinds of content students should learn and opportunities to learn. We coded each
report in its entirety, but focused on sections describing curricular content, instruc-
tion, and teachers and teaching. Finally, we looked across the three reports with
respect to the two dimensions of our framework, developing conjectures about the
equity stance implicit in each and looking for patterns across the three.

Analysis: Looking for Equity

In the following sections, we present our findings. We begin by describing how the
reports attend to equity concerns explicitly. We then discuss the reports’ recommen-
dations for content and instruction through an equity lens, noting how each defines
the nature of mathematics to be learned and addresses the opportunity-to-learn di-
mension of instruction.

Explicit Attention to Equity

The Carnegie-IAS report is the only one of the three that explicitly acknowledges eq-
uity as a goal of mathematics education reform. The report’s first sentence confronts
the problem of inequitable access to effective, quality mathematics instruction:
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The United States must mobilize for excellence in mathematics and science education so
that all students—not just a select few, or those fortunate enough to attend certain schools—
achieve much higher levels of math and science learning. (p. 1)

The report urges a transformation of mathematics and science education to “deliver it
equitably and with excellence to all students” (p. 1). Framing mathematics and science
knowledge as “fundamental to sound decision making” (p. 1) as well as to a range of
fields, from technology and business to health and human services, The Opportunity
Equation regards deep mathematics and science learning as integral to both individual
attainment and national growth and innovation. The report suggests the following goal:

Knowledge and skills from science, technology, engineering, and mathematics—the so-
called STEM fields—are crucial to virtually every endeavor of individual and community
life. All young Americans should be educated to be ‘STEM-capable,” no matter where they
live, what educational path they pursue, or in which field they choose to work. (p. 2)

The Carnegie-IAS attention to equity contrasts starkly with that of the other two
reports. The NMAP proposes a qualified call for equity as access to an algebraic
course pathway: “All school districts should ensure that all prepared students have
access to an authentic algebra course—and should prepare more students than at
present to enroll in such a course by Grade 8” (p. 23). The NMAP report primarily
refers to inequity using language about achievement and learning gaps between
groups of students (by race or socioeconomic status). The NMAP suggests that
there are effective techniques to improve early childhood mathematics education,
particularly for those students from low-income backgrounds, but cautions that re-
search on efficacy of such interventions is needed. Meanwhile, in its analysis of
teacher preparation programs, the NCTQ report does not address issues of equity.
Indeed, it appears that expanding access to quality mathematics instruction is not
part of the report’s agenda. The report states, “The fact that a large and increasing
number of teacher candidates applying for admission to teacher preparation pro-
grams are transferring from two-year institutions further underscores the need to
establish a uniform and higher threshold for admission [to teacher preparation pro-
grams]” (p. 53), implying that excluding certain teacher candidates is preferable to
developing opportunities to increase their mathematics knowledge and to broaden
the pool of prospective teachers.

A Narrow Conceptualization of Mathematics

Notably, all three reports refer to “mathematical proficiency” (Kilpatrick et al. 2001)
in their descriptions of the mathematics students need to learn. However, beyond
this cursory acknowledgement, the NMAP and NCTQ reports emphasize procedur-
al fluency (with conceptual understanding framed as a facet of fluency) over other
aspects of proficiency. The Carnegie-IAS report articulates a more comprehensive
vision of mathematical proficiency, but its suggestions of how such a vision might
be realized are vague. As such, the reports construe mathematics narrowly, with pri-
mary emphasis on procedural knowledge and the accumulation of facts and skills.
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Both the NMAP and NCTQ reports suggest a skills-oriented trajectory for learn-
ing mathematics. The reports characterize mathematical knowledge as sequential
and cumulative, and then assert that this necessitates teaching mathematics through
a fixed sequence. The NMAP claims

...the structure of mathematics itself...requires teaching a sequence of major topics (from
whole numbers to fractions, from positive numbers to negative numbers, and from the
arithmetic of rational numbers to algebra) and an increasingly complex progression from
specific number computations to symbolic computations. The structural reasons for this
sequence and its increasing complexity dictate what must be taught and learned before
students take course work in Algebra. (p. 17)

Both reports organize lists of these foundational skills as “Essential Compo-
nents” (NCTQ) or “Critical Foundations” (NMAP). However, while the reports
allude to conceptual understanding as important, neither report operationalizes
the term. Descriptions of skill development do not mention what deep under-
standing entails.

Both the NMAP and NCTQ reports privilege instruction of mathematical pro-
cedures and suggest that procedural skills must be established in order for students
to solve problems. This sequencing is a reversal of the stance advocated by some
researchers of mathematics learning that sense-making is part of mathematics learn-
ing and problems are authentic places in which learners both apply prior knowledge
and construct new understandings. The NMAP report advises:

By the term proficiency, the Panel means that students should understand key concepts,
achieve automaticity as appropriate (e.g., with addition and related subtraction facts),
develop flexible, accurate, and automatic execution of the standard algorithms, and use
these competencies to solve problems. (p. 22)

In its discussion of what teachers need to know about mathematics, the NCTQ’s
attention to problem solving is limited: “[Teachers] should learn that a large variety
of word problems can be solved with either arithmetic or algebra and should under-
stand the relationship between the two approaches” (p. 55).

The Carnegie-1AS report articulates a different view of mathematical thinking:

What is too often missing today for students at all levels is a focus on acquiring the reason-
ing and procedural skills of mathematicians and scientists, as well as a clear understanding
of math and science as distinct types of human endeavor. Learning math and science from
textbooks is not enough: students must also learn by struggling with real-world problems,
theorizing possible answers, and testing solutions. (p. 13)

The Carnegie-IAS report contends that mathematical knowledge involves not only
procedural prowess but also “habits of mind and methods for discerning meaning
that enable students to learn deeply and critically” (p. 7). In this vision of mathemat-
ics, grappling with real problems is part of the process of learning mathematics, not
an outcome following skill acquisition. However, the Carnegie-IAS report does not
develop fully what such a curriculum entails; in contrast with the lists and tables
of essential, foundational skills in the NMAP and NCTQ reports, the Carnegie-IAS
report provides no comparable suggestions. As a result, how stakeholders take up
such recommendations is open to interpretation.



13 Looking for Equity in Policy Recommendations for Instructional Quality 185

We also examined each report’s emphasis on particular domains in mathematics.
Both the NMAP and NCTQ share a preoccupation with algebra and its place in the
education pipeline, preparing students for a college (calculus) trajectory. In contrast,
the Carnegie-1AS report suggests the development of a rigorous high school math-
ematics course sequence that attends to statistics, data analysis, and discrete math-
ematics operations. It explicitly notes that such a pathway should be as rigorous as
the preexisting calculus pathway, so as not to be confused with an ability-tracking
program. This proposal broadens the scope of mathematics emphasized and has the
potential to encompass student mathematical sense-making, but at present is not de-
veloped in the same depth as the traditional arithmetic/algebra/calculus trajectory.

Limited Attention to Role of Instruction in Opportunities to Learn

The instructional learning environment and teacher practices are critical to sup-
porting opportunities to learn mathematics for understanding. Teaching for math-
ematical proficiency requires attending to more than the mathematical content to
be learned. Dimensions of instruction such as the selection and design of tasks for
teaching particular concepts, the use of tools and representations, the management
of classroom discourse, and the development of class norms that support reason-
ing and justification are essential to fostering learning environments in which all
students may have access to significant mathematics (Kilpatrick et al. 2001; Boaler
2002; Boaler and Staples 2008; Hiebert et al. 1997; Franke et al. 2007). Across all
three reports, the limited attention to instructional practice in the recommendations
to improve mathematics achievement is noteworthy.

A prevalent implicit perception is that of mathematics teaching as content deliv-
ery. The NCTQ report acknowledges that teacher practices such as using formative
assessment to understand student (mis)conceptions are important, but does not sug-
gest how mathematical tasks or classroom discussions might support the develop-
ment of ideas. The NMAP report constrains its recommendations by focusing on
extreme approaches of instruction—teacher-directed or student-centered. While it
notes that research does not support the exclusive use of either approach, the NMAP
makes few suggestions about what is important to instruction, like student investi-
gation and explanation, or how teachers set up tasks or foster class discussion. The
NMAP report recommends “explicit systematic instruction” (p. 48) on a regular
basis for students with learning disabilities. Such instruction would include teacher
demonstration of specific strategies and opportunities for student practice. How to
prevent this instruction from becoming routine and drill-oriented is unclear.

The Carnegie-IAS report diverges from the other reports in its description of the
mathematical activity necessary for attaining excellence and equity. It recommends,
for example, the use of instructional materials that are “rigorous, rich in content,
motivating, and clearly connected with the demands of further education, work, and
family and community life” (p. 51). This recommendation implies that instruction is
more than content delivery, but is vague on what such practice entails.
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Discussion

Our analysis reveals that even as these reports make some useful recommendations
with respect to improving the quality of mathematics instruction, they overlook the
implications of their proposals for issues of equity. In this section, we draw on our
framework to consider the implications for equity of our two key findings—that the
reports frame mathematics knowledge narrowly and privilege content knowledge
over other aspects of teacher knowledge for practice.

Access to High-Value Mathematical Knowledge

To what extent do these reports emphasize a conception of mathematics knowl-
edge likely to increase access and equity? As indicated earlier, both the NMAP and
the NCTQ reports place central emphasis on the procedural aspects of mathemat-
ics knowledge and argue for learning sequences that position problem solving and
reasoning as advanced skills to be taken up only once basic procedural and factual
knowledge is mastered. This segmented conception of mathematical learning ig-
nores research findings that demonstrate positive learning outcomes from instruction
in which problem solving and strategy development are integrated with the teaching
and learning of number sense and basic operations (Carpenter et al. 1989). Also, in
prioritizing automaticity and procedural prowess, these reports overlook the signifi-
cance of maintaining cognitive complexity throughout instruction (Stein and Lane
1996). Clearly, one intention of these two reports is to guard against instructional
practices that disregard procedural fluency as a goal, and we concur that a mathemat-
ics education that does not include procedural fluency will not achieve equity.

At the same time, a conception of mathematics that focuses narrowly on pro-
cedural skills to be taught in a rigid sequence is equally perilous. In order for all
students to gain access to higher mathematics, all students need early and consis-
tent opportunities to develop all strands of knowledge associated with mathematical
proficiency (Kilpatrick et al. 2001). Procedural fluency alone is insufficient and,
if taught in isolation, will continue to disadvantage those students already at the
margins of society by restricting their opportunities to developing conceptual un-
derstanding, strategic competence, adaptive reasoning, and productive dispositions
toward mathematics (the other four strands). Such an interpretation of mathemat-
ics risks leaving the most vulnerable students with limited mathematical skills.
Through its attention to mathematics understanding as critical to developing logical
and scientific ways of thinking and reasoning, the Carnegie-IAS report acknowl-
edges dimensions of mathematical knowing beyond procedural fluency. Unfortu-
nately, it does not provide any detail on what this kind of mathematics looks like.

Another risk of the narrow conceptions of mathematics promoted by these
reports is the way students are positioned as consumers of the knowledge of
others and are not encouraged to generate their own knowledge, draw their own
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conclusions, or apply their knowledge in novel situations. In this sense, the concep-
tion of mathematics promoted in the NMAP and NCTQ reports leaves little room
for the development of critical mathematics knowledge (Gutierrez 2002; Gutstein
2006), a form of mathematics knowledge that positions students as users of math-
ematics and encourages them to apply their knowledge to uncover and challenge
societal injustices.

Privileging Teacher Content Knowledge Before Other Forms
of Knowledge

Designing instruction to teach toward developing mathematical proficiency is de-
manding, complex work. There is little doubt that deep subject matter knowledge is
essential for teachers to be effective in this endeavor. The necessity of mathematics
knowledge in teaching is a central theme of all three reports. The NMAP recom-
mends, “Teachers must know in detail the mathematical content they are respon-
sible for teaching and its connections to other important mathematics, both prior to
and beyond the level they are assigned to teach” (p. 37). The NCTQ report concurs,
“Future teachers do not need so much to learn more mathematics, as to reshape what
they already know” (p. 25). The Carnegie-IAS report advocates that

We must also aim to build a teaching profession in which all teachers, in every discipline
and from the elementary grades on up, are ‘STEM-capable,’ or sufficiently conversant with
math and science content and relevance to infuse their classrooms with rigorous, motivat-
ing math and science learning. (p. 35)

We find, however, that the reports privilege teacher content knowledge over oth-
er forms of knowledge that are also necessary to teach mathematics effectively and
engage different learners. The NCTQ report states, “Simply requiring more math-
ematics does not necessarily lead to better teaching” (p. 28), but does not elaborate
on what other knowledge or skills are necessary. The Carnegie-IAS report outlines
in slightly more detail what teachers must know and do:

Educators need expertise and support in using instructional techniques that address the
learning needs of the diversity of American students at all grade levels. Schools must be
designed to enable adults to assess students’ learning needs and strengths and develop
customized approaches to instruction (what activity, at what intensity and over how long,
toward what end) to bring all students to high levels. This is fundamentally a new kind
of teaching and learning; it challenges teachers to possess and use a larger repertoire of
instructional techniques, applied in alignment with the student’s needs and the demands of
the course work. (pp. 51-52)

In emphasizing teachers’ knowledge of subject matter, however, these reports miss
an opportunity to extend awareness and understanding of the complex nature of
teaching and the multiple knowledge capacities teachers activate in practice.

More than two decades ago, Shulman (1986) conceptualized three catego-
ries of content knowledge necessary for teaching—subject matter knowledge,
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pedagogical content knowledge, and curricular knowledge—and extended the
knowledge base to encompass knowledge of students and pedagogy. Teachers
cannot rely on content knowledge alone to organize classrooms in which students
engage with mathematical tasks at levels of high cognitive demand, or to bridge
students’ existing knowledge to new concepts, or to orchestrate classroom discus-
sions in which students question, explain, and justify mathematical ideas (Borko
and Whitcomb 2008; Boaler and Staples 2008). These reports are either silent or
extremely vague about how teachers might use extensive subject matter expertise to
develop instructional practices and classroom environments that engage all students
in the learning of deep mathematics.

Conclusion

Are these recommendations likely to launch the reforms that are necessary to
achieve goals of an equity agenda? Our answer is no. In different ways, these re-
ports have missed an opportunity to embrace a complex view of mathematics and
mathematics teaching or to take seriously the relationship between equity and edu-
cational quality. In this way, and to the extent that their recommendations are taken
up, we can only predict that they will work against the equity agenda.
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Chapter 14

Whose ‘Quality’ and ‘Equity’? The Case

of Reforming 14-16 Mathematics Education
in England

Andy Noyes
Everything has been said before, but since nobody listens we
have to keep going back and beginning all over again.
Andre Gide (1891)
Introduction

In this chapter, I want to explore how issues of quality and equity are currently
being quietly contested in a period of significant change in secondary school math-
ematics in England. The particular reforms I focus on are part of the Qualification
and Curriculum Development Authority’s' (QCDA) efforts to redesign the math-
ematics curriculum and assessment for 14—19-year-olds. More specifically, the UK
government has remitted QCDA to develop coherent pathways for all learners of
mathematics in the 14-19 age range. This policy trajectory analysis is primarily
about the politics of mathematics education in England but also resonates with a
range of international mathematics curriculum reforms. My hope is that this analy-
sis will open up a critical dialogue on current ‘reforms’ in mathematics education
around the world and expose some of the principles and taken for granted assump-
tions framing those changes.

When I first proposed this chapter, one of the reviewers expressed the view that
it had been done before. This raises an important question which I want to ex-
plore briefly at the outset. Am I, in the words of André Gide, simply ‘going back
and beginning all over again’? The challenges of developing more equitable and
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better quality mathematics education are as intractable as ever, and are not unique
to England. Past critiques of political influences in curriculum design offer useful
starting points (e.g. Ernest 1992, 1994) but it is self-evident that in and of itself such
scholarly work has not disrupted the generally conservative trend of mathematics
education over the last decades; hence the need for this volume. Moreover, the
world is changing and in many places education is increasingly framed by neo-lib-
eral market discourses in which mathematics has a heightened importance in global
competition. Such social and political changes demand a sustained critique which
might require the development of new tools of analysis. Perhaps most challenging
of all is the question of how mathematics education scholars can engage with the
policy formation process to ensure more equitable/quality outcomes for all learners.

One of the difficulties in redesigning mathematics curricula is that amongst those
involved in the policy debates, from civil servants to teachers’ representatives (e.g.
teacher unions, subject associations, curriculum development agencies), there is
little or no attempt to understand how different points and angles of view introduce
tensions and contradictions in curricular aims, or of whether and how these ten-
sions should be resolved. In England, references to ‘the community’ of mathematics
educators are often heard without any critique of the multiple perspectives held by
various factions of such a community. Those in various positions represent differ-
ent ideologies, philosophies and social trajectories and use the words equity and
quality without questioning whether or not they mean the same thing. For some
(mathematics) educators, the idea that ‘all students are equal, but some are more
equal than others’ (to borrow from Orwell) is subtly disguised beneath the surface
of the current demand from government for greater ‘stretch and challenge’ for the
‘most able’. And on the notion of quality, which is interlocked with varied views
on the qualities of mathematics teaching and learning (Ernest 2004; Noyes 2007a),
there is a notable space between the current ‘functional mathematics’ discourse in
England, which is inspired by economic drivers, and the wonderful ‘secret garden
of mathematics’ that Marcus du Sautoy (2009) wants all school children to discover.
(N.B. This metaphor is problematic—the ‘garden’ would no longer be secret if ev-
eryone had discovered it and surely then the loss of mystique would render it far
less romantic! See Lakoff and Nunez (2000), for a good critique of the ‘romance of
mathematics’.)

Bourdieu explained that ‘the deepest logic of the social world can be grasped
only if one plunges into the particularity of an empirical reality’ (1998, p. 2) so
this is my plunging in to what is a rather complex set of political and educational
processes and relationships. I am seeking to draw on Bourdieu’s notion of field to
develop understanding of the positions and power-relations amongst the various
individuals and stakeholder groups in the process of curriculum contestation. Such
contestation is not as antagonistic as seen in the so-called US ‘math wars’ (Schoen-
feld 2004), as the quiet classificatory work of English schooling tends to render
such political contestation invisible. Bourdieu’s field is a field of forces, rather akin
to a magnetic or gravitational field, with varying directions and strength of force.
The problem for any such analysis of the mathematics education field in England is
its sheer scale and complexity. Moreover, much of the force exerted by individuals



14 Whose ‘Quality’ and ‘Equity’? 193

and groups is not plain to see but is hidden in private conversations and meetings or
is cumulative in effect through historical allegiances and differences. This explora-
tion of current developments in mathematics education for young people in their
final two years of compulsory schooling (14—16-year-olds) in England can only
really scratch the surface but I try to go into as much detail as is possible in this
chapter. Having recently spent time trying to understand the US education system,
I am increasingly aware of how little we understand one another’s national contexts
and so this detail is not intended to deter readers but rather to help readers appreci-
ate the complexity of any national context. This also highlights the difficulty of
communicating these issues to an international audience: context is all important
and language is problematic.

Much of the ‘evidence’ for this study comes from my involvement in major stud-
ies of 14-19 mathematics education in England. One of these is as co-director of
the Evaluating Mathematics Pathways project (www.nottingham.ac.uk/emp). This
project brings a large multi-site team into contact with a wide range of stakeholders
who are directly involved and/or keenly interested in 14-19 mathematics educa-
tion. Through this work, I have had privileged access to parts of the mathematics
education field.

The Context

The National Curriculum (NC) in England was introduced over 20 years ago through
the Education Reform Act of 1988 and has since undergone a number of revisions
(1991, 1994, 1999, 2007). Ernest (1992) discussed how various stakeholder groups
contributed differentially to the establishment of that original NC. His categories
(old humanists, industrial trainers, progressive educators and public educators) are
still useful and not simply for England. They are not fixed and, indeed, the dis-
courses of these groups around the form and function of the curriculum shifts as the
(education) world changes.

Young people follow the NC until they complete their compulsory schooling
at age 16 (Year 11) with the General Certificate of Secondary Education (GCSE)
qualifications. Obtaining five or more higher grades (A*-C) allows students access
to a wide range of further educational opportunities. The majority of those achiev-
ing this level at GCSE proceed to the traditional academic track of Advanced level
qualifications (General Certicificate of Education or GCE). The remainder by and
large follow a wide range of vocational programmes. Advanced (A) level qualifica-
tions are the standard university-entrance qualifications and most students would
study three or four subjects over the following two years, up to the age of 18 (Year
13). A level Mathematics is a pre-requisite for most Science, Technology, Engineer-
ing and Mathematics (STEM) courses in higher education.

Mathematics education, as part of the broader STEM agenda is increasingly
trumpeted as being critical for economic stability and productivity here in the
UK (Roberts 2002; Sainsbury 2007), in Europe (Gago 2004) and in the rest of the
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developed world (e.g. in the United States; National Academies 2007). The Roberts
report on the UK’s ‘supply of people with science, technology, engineering and
mathematics skills’ led to the announcement by the Chief Secretary to the Trea-
sury, in July 2002 of an inquiry into post-14 mathematics education in the United
Kingdom. The resulting Smith Report (2004) Making Mathematics Count made a
raft of recommendations which have resulted in considerable discussion and policy
formation for 14—-19 mathematics in England.

Most of the activity resulting from ‘Smith’ has been structural and a number of
changes have occurred at GCSE level (GCSE, taken by 16-year-olds as the exit
qualification from compulsory schooling). The recommendations grow out of a
broad sense of ‘mathematics in crisis’, which is perhaps more of a panic about
the supply of mathematically well-qualified STEM graduates and technicians. The
report states that ‘it is clear that the overwhelming majority of respondents to the In-
quiry no longer regard current mathematics curricula, assessment and qualifications
as fit for purpose’ (p. 6), but what purpose did the respondents have in mind? The
majority public who do not use any of their school mathematics in any recognisable
way and have many negative memories of their school mathematics experience
were not contributors to the Inquiry report. So there appears to be a common, taken-
for-granted notion of this purpose in large part because certain stakeholder groups
(e.g. industrialists and academics), with intersecting concerns about improved qual-
ity and quantity in supply, have a disproportionate say. The terms of reference are
primarily concerned with creating a better qualified workforce capable of maintain-
ing the UK’s position in a changing and increasingly challenging global economic
hierarchy.

There has been some criticism of the capitalist agenda for mathematics educa-
tion (Gutstein 2009; Noyes 2009b) but perhaps not enough is being done to ques-
tion the conservative trends which shape the day-to-day experiences of learners of
mathematics in England. Critical mathematics educators have contributed to this
debate but this does not seem to have much of an impact on mainstream mathemat-
ics education, in England at least. In Schoenfeld’s (2004) analysis of the ‘math
wars’ in the United States, he urges for liberal and conservative antagonists to work
towards a middle ground in which multiple purposes for mathematics education can
fruitfully coexist. Similarly, Ernest (2004) has more recently rethought his views
about the oppositional stance of various stakeholders to argue that the curriculum
can accommodate all positions. I remain unconvinced by these arguments, appeal-
ing though they are, as such a middle ground seems to be an unstable place; the
ridge between entrenched positions. Schoenfeld traces back the divisions in the
United States over a century and similar roots to the English GCSE system can be
found in the difference between the classical mathematics curricula of the grammar
and public schools in England and the emerging practical mathematics for the new
industrial classes in the nineteenth century (Rogers 1998). Schoenfeld’s plea for a
resolution is made on the grounds that casualties result from any war. In contrast, in
England there is no war but there are certainly casualties.

Mathematics education in England is now framed by a neo-liberal education cul-
ture in which markets, managerialism and performativity (Ball 2003, 2007, 2008)
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are the tools employed by recent governments in their standards-raising agenda for
schools and other public services. With such a taken-for-granted set of discourses in-
fluencing educational reform, there is a need for stakeholders to reconsider the pur-
poses for the mathematics curriculum (Gill 2004; Heymann 2003; Noyes 2007a, b).
It is worth noting for international readers that standards in the United Kingdom
are essentially performative, evidenced through increased test scores at ages 11, 14
and 16. Our improved performance in the latest Trends in International Mathemat-
ics and Science Study (nces.ed.gov/timss) was heralded as a sign that standards in
science and mathematics were improving. The headlines announced our place in
the world’s top ten but tucked away in the press reports was the time-bomb that
students were enjoying these subjects less and had on-going weaknesses in facility
with number and algebra. The implications for quality here are significant and get
us back to the question of not only the purpose of the mathematics curriculum but
of schooling in general.

This mixture of neo-liberal educational policy and an economic drive for in-
creasing the supply of mathematically well-qualified young people has particular
potency for 16-year-olds in England. The ‘terrors of performativity’ (Ball 2003) are
most keenly experienced, for both teachers and learners, at the GCSE (aged 16). For
some years so-called ‘league tables’ of school performance h