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J‚ÔE� P� £' �  �  £'£'ÔEP� P� �  �  éE� � 0� 0� 0£'X� P� �  P� �  .A€� � 0£'®E� 0� 0Ž� =hP� P� J>�  Ì�  `M“Â ‰ ï Ç�  � û*Ð� v=� â?L� ÿE0/F†=Ä£JË.ú£J J>d� d� P� P� P� P� J>� £JP� ^>„� �  | � ”"Æ� � 0Z$l� Æ%Ý� �  �  �  ÔEÔEd� d� d� È� D� Å/Xd� d� È� � � � MATHEMATICS COUNTS… FOR WHAT? RETHINKING THE MATHEMATICS CURRICULUM IN ENGLAND Andrew Noyes University of Nottingham, UK Abstract This paper draws on European and US critical (mathematics) education traditions to argue that the mathematics curriculum in England is in urgent need of reconceptualisation if a more engaging and socially just mathematics education is to be offered to young people 
in the future. Throughout the history of state schooling in England there have been competing agendas for school mathematics and its sacred position as the gatekeeper to many education, employment and life opportunities is now firmly established. A brief history and critique of the curriculum leads to consideration of the current and alternative curriculum drivers. I argue that more radical traditions including criticalmathematical literacy, mathematics for social justice, general (citizenship) education or allgemeinbildung should be central to a thorough rethink of the mathematics curriculum in England. Introduction: formatting mathematics For many years, sociologists of mathematics education, a minority of scholars in this field, have 
argued that mathematics acts as a gatekeeper. The oft quoted Volmink �  ADDIN EN.CITE Volmink19944407440John Volmink1994Stephen LermanCultural Perspectives on the Mathematics ClassroomDortrechtKluwer Academic PublishersAlan BishopMathematics Education LibraryVolume 14� (1994)� , for example, explains that mathematics ‘more than any other subject, has been cast in the role as an “objective” judge, in order to decide who in society “can” and who “cannot”. It therefore serves as the gatekeeper to participation to the decision making processes in society’. He goes on to say that ‘to deny some the access to participation in mathematics is then also to determine, a priori, who will move 
ahead and who will stay behind’ (p.51). This potential is one aspect of what is described by Skovsmose �  ADDIN EN.CITE Skovsmose19984360436Ole Skovsmose1998Zentralblatt für Didaktic der Mathematik/International Reviews on Mathematics Education306195-203� (1998)�  as the ‘formatting power of mathematics’, which has an invisible role in the structuration of society (p. 199). Such notions of societal structuring are a central concern for many sociologists and Bourdieu, who wrote extensively on the reproductive potential of educational systems �  ADDIN EN.CITE Bourdieu19891580158Pierre Bourdieu1989Current Contents. Social and Behavioural 
Science21816Bourdieu19771531153Pierre BourdieuClaude Passeron1977Mike FeatherstoneTheory, Culture and SocietyLondonSage Publications LtdBourdieu19741507150Pierre BourdieuMonique de Saint-Martin1974John EgglestoneContemporary research in the sociology of educationLondonMethuen & Co Ltd338-369� (Bourdieu, 1989; Bourdieu & Passeron, 1977; Bourdieu & Saint-Martin, 1974)� , recognised the unique power of school mathematics, particularly through the examination system: Often with a psychological brutality that nothing can attenuate, the school institution lays down its final judgements and its verdicts, from which there is no appeal, ranking all students in a unique hierarchy 
of all forms of excellence, nowadays dominated by a single discipline, mathematics. �  ADDIN EN.CITE Bourdieu1998200281200Pierre Bourdieu1998CambridgePolity Press� (Bourdieu, 1998, p. 28)�  Although his context was not England, Bourdieu described such boundaries as the General Certificate of Secondary Education (GCSE) C/D borderline as a ‘magical threshold’ whereby two students, separated by the narrowest of margins, have their future educational and life opportunities differentiated in an instant. Such educational magic divides the ‘profane’ -grade D and below- from the ‘sacred’ -grades C and above (to use Durkheim’s terms). This is one aspect of the power of mathematics as currently 
constructed in the curriculum. The recent decision �  ADDIN EN.CITE DfES2005496library-Converted.enlEndNote49627� �  that mathematics and English must be attained at grade C or above if a student is to reported with those attaining a diploma (5 or more A*-C grades) only serves to maintain the status of mathematics as the gatekeeper. With an arbitrarily maintained lower proportion of the cohort able to achieve the required grade in mathematics, a position made possible by the perpetuated myth that mathematics is relatively difficult, many more students will find mathematics to be the stumbling block for their future education and employment plans. To illustrate, consider data from the 2001 GCSE cohort. 
� Achieved A*-C (%)� � � Boys� Girls� total� � All subjects� 69� 79� 74� � English� 46� 62� 54� � mathematics� 46� 49� 48� � English and maths� 38� 46� 42� � English not maths� 8� 16� 12� � maths not English� 8� 3� 6� �  Fig 1: GCSE A*-C results from 2001 by gender These figures do not tell us about students attaining 5 or more A*-C including maths and English but they do indicate what might happen when they become a necessary part of a diploma system. Equal number of boys would not obtain the diploma due to not achieving the C grade in maths or in English. For the girls the picture is quite different with mathematics being much more likely to be the stumbling block. We might expect to see similar 
inequalities if looking at class or ethnic groups. As a result of deeply embedded cultural beliefs about school mathematics, generations of students have had a less than positive experience of the subject, leading to ongoing discussion in the UK education press, and between a very small number of scholars, about whether or not mathematics should remain a compulsory component of the curriculum. However, if we follow Volmink’s argument then allowing some students to not take a GCSE in mathematics would guarantee their consignment to the ranks of the mathematically underqualified. But about half of students will probably not get a grade C. So, the argument follows that for those who are very unlikely to get the GCSE 
grade C the curriculum is simply not appropriate. This begs the question of whether the curriculum is appropriate for anyone, or is it simply a means of achieving the grade? One of these deep seated beliefs in the UK (as in many places in the world) is that mathematics need necessarily be taught in ability groups. These groups are based upon unreliable notions of ability �  ADDIN EN.CITE Gillborn20012447244David GillbornDeborah Youdell2001Jack DemaineSociology of Education TodayBasingstokePalgrave65-99� (Gillborn & Youdell, 2001)�  which disguise initial and ongoing inequitable access to the curriculum, largely on the grounds of students cultural and linguistic resources �  ADDIN EN.CITE 
Bourdieu19891580158Pierre Bourdieu1989Current Contents. Social and Behavioural Science21816Bernstein19772081208Bernstein, B1977LondonRoutledge & Kegan Paul2nd� (Bernstein, 1977; Bourdieu, 1989)� . Zevenbergen �  ADDIN EN.CITE Zevenbergen20012897289Robyn Zevenbergen2001Peter GatesIssues in Mathematics TeachingLondonRoutledgeFalmer38-50susan CapelJon DavisonJames ArthurJohn MossIssues in Subject Teaching Seriesclass, languageZevenbergen2005499� (2001)�  has explored how these theoretical ideas work in the context of mathematics ability grouping to construct learner dispositions to mathematics learning . Although such streaming practices have 
now filtered down into English primary classrooms (even to 6/7 year olds), the high point of such grouping practices is their structuring into examination syllabi. Since their introduction in the late 1980s, mathematics GCSE has been examined at three levels: higher, intermediate and foundation. Each of these levels allows students to achieve a grade within a particular range. The foundation tier only allows for the maximum possible grade of D, so falling short of the magical C threshold. After many years of political debate and lobbying this has now changed with the introduction of a two tier GCSE that from 2006 allows all students to follow a mathematics course which could result in a grade C. At the same time schools in 
England are increasingly working with modularised courses that make this argument semi-redundant as students can work their way up through levels through their course. Whilst these are interesting developments they are essentially about organisational and assessment structures and carefully steer clear of a fundamental discussion about school mathematics curriculum and pedagogy. Moreover they still do not deal with the question about curriculum appropriateness for the many students who will not achieve the grade. In order to explore this issue about appropriateness further we must consider whose interests are served by the current curriculum and pedagogy? Boaler ’s �  ADDIN EN.CITE Boaler19972541254Jo 
Boaler1997BuckinghamOpen University Press� (1997)�  study of two mathematics learning cultures offers a challenge to the champions of the increasingly formalised and atomised curriculum form that seems prevalent in English maths classrooms but her analysis is focused more on classroom cultures than curriculum structure and purpose. Having said that, the more open, task oriented forms of learning that Boaler describes provide the kind of environment that would be conducive to a more socially just, democratic form of mathematics learning. Such teaching is not slave to what Davis and Sumara �  ADDIN EN.CITE Davis20003520352Brent DavisDennis Sumara2000Journal of Curriculum Studies326821-845�
(2000)�  describe as an outdated Euclidean form of curriculum that atomises learning to manageable parts. This is currently seen in English mathematics classrooms in an uncritical obsession with stating learning objectives; as if by doing so there is some assurance of what will be learnt. Rather, ‘the part is not simply a fragment of the whole, it is a fractal out of which the whole unfolds and in which the whole is enfolded’ (Davis and Sumara, 2000, p. 828). This metaphoric shift in conceptualising and understanding curriculum has implications for disrupting the broadly reproductive processes of education and I will return to this later. Possible answers to this question about curricular and pedagogic purpose are predicated on 
recognition that the formatting power of mathematics runs deeper than summative assessment processes to include the grouping practices and pedagogies of mathematics classrooms mentioned above. As a teacher and teacher educator I have seen plenty of evidence of learner disaffection and often been challenged by the vexed question: “what’s the point of doing this?” The answers are not straightforward and must surely change in accordance with the changing nature of society and work. In the increasingly technological world that Castells �  ADDIN EN.CITE Castells20005141514Castells, M2000OxfordBlackwellsCastells1996500� (2000)�  refers to as “the informational society” it is the production, management and 
distribution of information that is understood to be the core driver of the economy and the prime source of power. Mathematics is a critical component of that world. Unfortunately, whilst society is changing, the mathematics curriculum has remained largely unchanged. All English school students must study mathematics for eleven years and most finish with little that is of value to them: around a half will not have achieved a grade C. Heymann ’s �  ADDIN EN.CITE Heymann20035151515Heymann, H. W.2003DordrechtKluwer Academic Publishers� (2003)�  �  ADDIN EN.CITE Heymann2003470library-Converted.enlEndNote4706� � thoughtful analysis of mathematics education in Germany is relevant here, 
motivated as it is by the recognition that “almost everything that goes beyond the standard subject matter of the first seven years of schooling can be forgotten without the persons involved suffering from any noticable disadvantages” (p. 84). Despite the differences between England and Germany, the same challenge about secondary mathematics education can be made here. Heymann argues for a reorientation of school mathematics towards a clearly articulated notion of general education and I will return to this idea below. His thesis rightly provoked considerable discussion. The difficulty that many mathematics teachers have with such a notion is its dissonance with common ontologies and epistemological views about the 
subject. Teachers need to recognise that mathematics is not absolute �  ADDIN EN.CITE Lerman19901310131Stephen Lerman1990British Educational Research Journal16153-61fallibilist, absolutist, epistemologyLakoff20004541454George LakoffRafael Nunez2000New YorkBasic BooksErnest19912711271Paul Ernest1991Studies in Mathematics EducationBasingstokeThe Falmer Press� (Ernest, 1991; Lakoff & Nunez, 2000; Lerman, 1990)�  or value free �  ADDIN EN.CITE Bishop1988490library-Converted.enlEndNote4906� �  but a cultural construct. The US critical mathematics educator, Gutstein �  ADDIN EN.CITE Gutstein20065121512Gutstein, Eric2006New 
YorkRoutledgeGutstein2006497� (2006)� , explains that mathematics should be used to ‘read and write the world’. He goes further than Heymann’s notions of ‘critical thinking’ and ‘understanding the world’ to suggest that social justice should be a concern of the mathematics classroom. The challenge from Gutstein and Heymann is to be more radical in thinking about mathematics pedagogy and curriculum. However, in order to do this effectively it might be helpful to understand something about how the current curriculum has evolved to this point. Any analysis like this will of course be necessarily brief but will help to frame the ensuing discussion. A brief history of school mathematics The 100 years from 1750 to 1850 saw 
a dramatic expansion in the need for practical applications and knowledge of science and mathematics �  ADDIN EN.CITE Rogers19985163516Rogers, L.1998Mathematics Education and Society 1NottinghamRogers1998501� (Rogers, 1998)� . Universities that had for so long been the custodians of mathematics education for the elite few were gradually accompanied by other organisations and institutions offering the more open public education, often focused on the science and maths required in the new industrial society. These applications were different from the historical mathematical tradition of Euclid but the more utilitarian and experimental applications of mathematics demanded by industry. The traditional 
mathematics was still the preserve of the universities and those incorrectly named public schools that supplied them. So it was that the emerging demand for mathematics learning helped to engrain a hierarchy that would remain endemic to mathematics education: maths for the workers or mathematics for the elite. The debate has changed but the underlying distinction is the same: the ‘gold standard’ of A level for university study, or the ‘functional mathematics’ for employability. By the start of the 20th century primary education was available for all children and focused on the 3 Rs: reading, writing and arithmetic. However, in 1902 the then Conservative government set up Local Educational Authorities and the modern curriculum 
began to take shape. In the 1940s a tiered education system was mandated with students streamed into grammar, secondary modern and technical schools through the 11+ examination. Despite some resistance to this tiered system it was not until the 1960s that comprehensive education became a reality for most children in England. Throughout this development the mathematics curriculum was at the disposal of the schools. Not that this was without its critics. The landmark Cockcroft �  ADDIN EN.CITE Cockcroft19825171517Cockcroft, W. H.1982LondonHMSODES1982494Mathematics Counts, � (1982)�  report cites many examples through the latter 19th and 20th century of critical reports on the state of 
mathematics instruction and children’s knowledge. However it was not until the end of the 1980s that we first had a National Curriculum in England. Initially met with strong criticism �  ADDIN EN.CITE Dowling1990331for example, 9331Paul DowlingRichard Noss1990LondonThe Falmer Press� (for example, Dowling & Noss, 1990)�  it has remained as the compulsory curriculum, albeit with regular modification, and now a generation of teachers are entering the profession whose entire mathematics education was framed by such a NC. But concerns about the mathematics curriculum and student attainment have not subsided and with the increasing pressure arising from international comparisons, emerging labour 
markets and shifts in international trade patterns, the economic drivers of a utilitarian curriculum have strengthened. Following closely behind the NC the National Numeracy Strategy and Framework for Teaching Mathematics �  ADDIN EN.CITE DfEE20013981398DfEE2001LondonDepartment for Education and Employment� (DfEE, 2001)�  added pedagogic direction to the curriculum and although only described officially as ‘guidance’, the money spent on the primary and then secondary school incarnations of the Strategy leave no-one in any doubt as to its status. For example, pre-service teachers have to buy their own NC but get a copy of the Framework for Teaching Mathematics for free! Why do we teach 
mathematics? Even from that short account it is clear that mathematics is part of the politicized knowledge of schooling. As such there is a need to make sense of whose interests are served by the curriculum as it stands and in what ways. Some of the many reasons that have been given for teaching mathematics are listed by Davis �  ADDIN EN.CITE Davis19932187218Philip Davis1993Sal RestivoJean Paul Van BendegumRoland FischerMath Worlds: Philosophical and Social Studies of Mathematics and Mathematics EducationNew YorkState University of New York Press182-194� (1993)� : we teach it for its own sake, because it is beautiful; because it reveals the divine; because it helps us think logically; 
because it is the language of science and it helps us to understand and reveal the world; because it helps our students to get a job, either directly, in those areas of social or physical science that require mathematics, or directly, insofar as mathematics, through testing, acts as a social filter, admitting to certain professional possibilities those who can master the material. We teach it also to reproduce ourselves by producing future research mathematicians and mathematics teachers. (p. 190) Below I will explore some of the guiding principles that various groups use for positioning mathematics education. Certain of these are currently dominant and some, as I will explain, are in urgent need of greater attention. Each of them would 
benefit from more space but here they are simply intended to open up curriculum and pedagogic thinking space. Mathematics education for the academy The academy and those professional mathematicians in science and industry have always been one of the dominant forces in shaping the school curriculum. Much of the concern about the state of school mathematics surrounds the apparent poor quality of mathematical understanding of science, technology, engineering and mathematics (STEM) undergraduates; the poor supply of these graduates into science and industry; the downturn in A level uptake of mathematics courses and the alleged inadequacy of current compulsory school mathematics courses to prepare students 
for A level study. That these are serious issues is not in question as it is the widely held belief that future economic prosperity does rely upon the production of sufficient numbers of skilled STEM graduates (see Wolf �  ADDIN EN.CITE Wolf20025091509Alison Wolf2002LondonPenguin� (2002)�  for a counterargument). As the UK chancellor Gordon Brown has said, “science is the bedrock of our economy”. Whilst this might be the case a more critical perspective is needed here. As Beck �  ADDIN EN.CITE Beck19923901390Ulrich Beck1992LondonSage Publications� (1992)�  explains, society cannot be understood in a simple modernist sense as solely about the distribution of ‘goods’. The economy 
(industry, business, commerce, etc.) is not benevolent and in the individualised ‘risk society’ in which we now live there is a concern for minimising ‘bads’ or risks. Not only does mathematics offer us the tools to assess such risks but it also is used to generate the ‘reflexive modernity’ of which Beck writes, in which the economy (and science) is not value-free or necessarily ‘good’. Mathematics education for employment Employability is a key policy driver for improvements in school mathematics standards. However, the nature of employment is also changing and the global shift of economic markets is making for a different view of what it means to have a mathematically well educated workforce in the 21st century. In the latter 
part of the 20th century international comparisons of mathematical competence (TIMSS, PISA) contributed to a ‘back-to-basics’ neo-conservative trend in many parts of the world. Brown’s �  ADDIN EN.CITE Brown19981327132Margaret Brown1998Roger SleeGaby WeinerSally TomlinsonSchool Effectiveness for Whom? Challenges to the School Effectiveness and School Improvement MovementsLondonFalmer Press33-47� (1998)�  analysis of “the tyranny of the international horse race” highlights the considerable methodological flaws in these kinds of international comparisons as well as the fact that they have probably had a more wide-ranging impact upon mathematics education than other subjects. If 
one retains a culture-neutral view of mathematics then such comparisons might be considered more objectively but school mathematics is dialectically related to the cultural and social context in which it is taught. By comparing student mathematics learning on an international scale the way is opened up for the powerful players to determine what is deemed to be the important mathematical knowledge for the 21st century. This is all highly politicised and although some interesting comparisons of the national differences have been made �  ADDIN EN.CITE Stigler1999296e.g. 1296James StiglerJames Hiebert1999New YorkThe Free Press� (e.g. Stigler & Hiebert, 1999)�  there is still the need to critique these discourses of 
globalization. Although the global knowledge economy is important as we anticipate more international migration of workers and work, local knowledge is equally, if not more, important. As business and industry become more specialised so too do the mathematical practices integrated into those work spaces. Moreover, ubiquitous technological support is changing the types of mathematics practices yet further. So the political argument for a mathematically competent workforce is grounded in a utilitarianism that supports a curriculum that is inappropriate for the increasingly diverse knowledges required in modern society. In contrast, the school mathematics curriculum has changed little in structure, content and delivery. 
Admittedly there have been attempts to reinvigorate curriculum and pedagogy in the last twenty years but this has arguably had limited impact (consider for example Brown et al. �  ADDIN EN.CITE Brown20033190319Margaret BrownMike AskewAlison MilletValerie Rhodes2003British Educational Research Journal295655-672� (2003)�  analysis of the National Numeracy Strategy). In some cases the impact has been quite the reverse. For example, the Smith Report �  ADDIN EN.CITE Smith200437610376Adrian Smith2004LondonThe Stationary Office� (2004)�  describes the ‘disastrous’ impact of the Curriculum 2000 reforms upon participation in post- compulsory mathematics study. Whilst the 
academy’s demands and those of the employers have so far been about the well qualified graduate, there has been a parallel concern about the basic skills of the UK workforce. Bynner and Parson’s �  ADDIN EN.CITE Bynner199729510295J. BynnerS. Parsons1997LondonBasic Skills Agency� (1997)�  highlighted the relationship between poor levels of numeracy and unemployability and that this correlation was stronger than between poor levels of adult literacy and employability. The Labour government has spent huge sums of money seeking to rectify this skill shortfall based on the belief that these people can become more economically productive if their mathematical skills are improved. That these initiatives have 
been strongly criticised is perhaps unsurprising. To imagine that after 11 years of compulsory schooling those who left school with little or no mathematics qualification could be ‘upskilled’ so easily is naive. What has happened through this time is the increased momentum of the skills agenda and this is at the heart of the Tomlinson recommendations on the future of the 14-19 curriculum �  ADDIN EN.CITE DfES200445510455DfES2004LondonDepartment for Education and Skills� (DfES, 2004)� . In this report the notion of numeracy has morphed into something called ‘functional mathematics’. If numeracy was a slippery term then this notion of functionality, rooted in the utilitarian metaphor of mathematics being a 
toolset for work and life, is perhaps even more so. What function does this maths perform? The double meaning reinforces how mathematics is not only useful to the one who has it, but that school mathematics does things to people. So are school mathematics classrooms simply production lines? Are schools just training employees of the future? Although this might be the unspoken yet agreed purpose of the curriculum as it stands, I suggest that school mathematics teaching should be more deliberate in its aim to prepare citizens for active participation in democratic society. So whereas school mathematics is clearly important to future employees and the academy it should have other equally important priorities. The broadening 
of curricular and pedagogic purpose is key to reinvigorating interest and engagement in the learning of mathematics. Mathematics education for general education Heyman’s �  ADDIN EN.CITE Heymann2003470library-Converted.enlEndNote4706� �  exploration of the question “why teach mathematics?” makes a strong case that it be part of a general education. He explains that: A great number of children, adolescents, and adults encounter enormous difficulties with mathematics. For these people, the difficulties are intrinsic in the distinctive characteristics of the subject matter. In many cases, the mathematics which they are obliged to learn in schools only attains the status of knowledge required for examinations - learned 
superficially and, correspondingly, quickly forgotten again. �  ADDIN EN.CITE Heymann200351511515Heymann, H. W.2003DordrechtKluwer Academic Publishers� (Heymann, 2003, p. 1)�  Many teachers and students of mathematics in England would share his view. He goes on to assert that “conventional mathematics instruction in schools does justice neither to foreseeable societal demands nor to the individual needs and qualification interests of a majority of adolescents” (p. 2). Heymann is critical of the way in which mathematics educators can become so focused on the detail of their own discipline that they fail to take account of the larger educational and social context in which mathematics teaching is situated. 
While Heymann retains the notion of ‘preparation for later life’, understood more broadly than just employability, he also suggests that the ‘promotion of cultural competence’ should be a core theme of mathematics education based upon a model of general education. Thirdly, mathematics is used to ‘develop an understanding of the world’ that goes beyond the fabricated contexts seen in so many classrooms and texts. Fourthly, and more focused on classroom pedagogy, he suggests that mathematics should promote ‘understanding, cognitive skills and critical thinking’ although I think that use of the word critical is not the same as that discussed below. Finally his list of five core themes moves on to consider the classroom 
environment and the impact that this has upon the learner. He envisages a classroom in which the ‘willingness to assume responsibility, communication and cooperation, enhances the students’ self-esteem’. He points out that none of these elements are new but that together they might offer something of a new profile for mathematics education. Aspects of this profile have been referred to already and others will be picked up below. The notion of cultural competence is a theme of the National Curriculum but rarely gets taken up by mathematics teachers. Mathematics education for citizenship Whereas we are not used to talking about general education in England, other than in contrasting primary school generalism and secondary 
level specialisation, we do have a loosely related notion of citizenship. In reality the idea of citizenship education is a contested one. In the UK in recent years there has been much concern about political engagement and following the Crick Report �  ADDIN EN.CITE QCA1998503library-Converted.enlEndNote50327� �  �  ADDIN EN.CITE Crick19985181518Bernard Crick1998LondonQCA� (1998)�  recommendations were made regarding the inclusion of citizenship education in schools. For the two years schools have had a mandatory obligation to ‘deliver’ citizenship using the newly introduced National Curriculum for Citizenship. Schools adopted one of a number of implementation models, either embedding 
the work across the curriculum or more commonly as a stand alone taught curriculum. Having already highlighted the tendency of maths teachers to deny the value-laden nature of mathematics, it is perhaps unsurprising that most mathematics teachers did not see education for citizenship (as constituted in this curriculum) as their domain. This form of citizenship education is not what I am describing here. Povey �  ADDIN EN.CITE Povey20035197519Hilary Povey2003Leone BurtonInternational Perspectives on Mathematics EducationWestport CTPraeger Publishers51-64� (2003)�  has offered a critique of this policy from a mathematics educator’s perspective. She argues that education for citizenship is closely 
related to education for social justice and that as such classroom mathematics needs to be more reflexive. In this way we can begin to see how mathematics is used by, and on, various members of society and in classrooms. She makes the important point that “to harness mathematics learning for social justice involves rethinking and reframing mathematics classrooms so that both the relationship between participants and the relationship of participants to mathematics (as well as the mathematics itself) is changed” (p. 56). So although I am arguing for a rethinking of curriculum she reminds us that this cannot happen apart from a reconceptualisation of what such a classroom might look like and what kinds of pedagogies are 
privileged therein. A classroom where mathematics and citizenship education run in parallel is developing a more socially just ethos through its practices as well as in the content and delivery of the curriculum. The same concerns were part of Heymann’s core principles. Mathematics Education for Social Justice The concept and practice of critical mathematics education �  ADDIN EN.CITE Skovsmose19943461346Ole Skovsmose1994Alan BishopMathematics Education LibraryDordrechtKluwer Academic Publishers� (Skovsmose, 1994)�  has much in common with education for citizenship. There is an explicit aim to make one of the foci of classroom mathematics activity the critique of societal power relationships. 
In these classrooms mathematics is used to make sense of the social and scientific dimensions of the world in ways that uncover in the value-laden nature of mathematics. Elsewhere, Ernest �  ADDIN EN.CITE Ernest20045113167511Ernest, Paul2004B. Clarke, D. Clarke, G. Emanuelssonet alPerspectives on Learning and Teaching MathematicsGoteborgNational Centre for Mathematics Education313-327Ernest2004506316� (2004, p. 316)�  includes “empowerment of the learner as a highly numerate critical citizen in society (empowerment of social justice concerns)” as one of his six aims for the mathematics curriculum. Gutstein’s �  ADDIN EN.CITE Gutstein2006497library-
Converted.enlEndNote4976� �  notion of ‘reading and writing the world with mathematics’ is explicitly related to social justice education in the mathematics classroom. He describes from his own classroom practice two interrelated curricular goals: teaching for social justice and teaching mathematics. Whilst there are certain tensions between these goals, Gutstein sees considerable value in holding them together. At the same time he recognises that in his work with disadvantaged students he is not only to enable them to ‘read and write’ with mathematics in order to critique what might be termed ‘glocal’ social conditions of injustice, but also they must accrue mathematical power. Such mathematical power is what is needed to 
secure traditional success in high-stakes testing. However, school systems tend to infer such power on those who arrive already having it �  ADDIN EN.CITE Bourdieu1977153for example, 1153Pierre BourdieuClaude Passeron1977Mike FeatherstoneTheory, Culture and SocietyLondonSage Publications Ltd� (for example, Bourdieu & Passeron, 1977)� , which is not the case for relatively socio-economically disadvantaged students. Understanding societal power relationships means that the role of mathematics and of schools more generally must be made explicit and the ‘rules of the game’ honed, particularly for those students who have not acquired this sense of the game from their family contexts. It has been 
suggested that the lack of mathematics graduates may have a negative impact on future economic prosperity. Though we cannot deny the importance of mathematics in the fabric of modern society we must be clear about the fact that the social advancement is not just about economic growth. The economy and mathematical knowledge utilised within it does not always lead to better life circumstances for the members of that society or other societies. Through various applications of mathematics (science, technology and engineering) we have improved transport, the design of life saving drugs and email privacy. On the other hand there is a global arms trade, digital fraud, increasing income divides, etc. Gutstein offers compelling 
ethnographic accounts of the transformative impact of social justice mathematics tasks upon students. Mathematics Education for the Information Age This brief overview of some of the main purposes for mathematics education has moved from the very well documented and current, taken-for-granted employability and skills rationale to the more problematic (for a neo-conservative administration) one of critical thinking and teaching for social justice. On the basis of the future world scenarios of the OECD, the Department for Education and Skills has been considering what schools might be like in the year 2020. We are in a period of sustained and considerable change in the education system in which Every Child Matters �  
ADDIN EN.CITE DfES20033671367DfES2003LondonHMSO� (DfES, 2003)�  legislation and the move to more school autonomy suggest that further change is just around the corner. What does all of this mean for mathematics education in the knowledge or information society? What kinds of mathematical knowledge skills and understanding will be desirable in ten or twenty years? To what degree and in what ways will increasingly powerful technologies impact upon schools, learning and in particular mathematics? These questions need to be a part of the debate about curriculum and pedagogy and though this is happening to an extent amongst the research community it is evident from time in schools that the realities for 
students of mathematics are often very different. These various influences outlined above are not new. Ernest’s �  ADDIN EN.CITE Ernest19925107510Paul Ernest1992S. Lerman and M. NicksonThe Social Context of Mathematics Education: Theory and PracticeLondonSouth Bank Press33-61Ernest1992500� (1992)�  analysis of the origins of the Mathematics NC showed a similar set of influences. He explained how the ‘old humanists’ (those in the academy) and ‘industrial trainers’ (the employers) dominated the new curriculum, marginalising the child-centred ‘progressive educators’. One group - the ‘public educators’ - were not given a say whatsoever. These public educators …represent a radical 
reforming tradition, concerned with democracy and social equity...to empower the working classes to participate in the democratic institutions of society, and to share more fully in the prosperity of modern industrial society… …represent radical reformers who see mathematics as a means to empower students: mathematics is to give them the confidence to pose problems, initiate investigations and autonomous projects; to critically examine and question the use of mathematics and statistics in our increasingly mathematized society, combating the mathematical mystification prevalent in the treatment of social and political issues. (p.36) These are the critical educators; teachers who are interested in a more radical citizenship 
education and education for social justice in the mathematics classroom. An aside: numeracy and functional mathematics Having considered these curriculum drivers I want to consider briefly the terms numeracy and functional mathematics. Although I have used them fairly loosely so far their introduction and evolution in curriculum and policy discourse is important for understanding the purposes for school mathematics. Like many terms in everyday use they can have a wide range of meanings and numeracy is no exception. The Crowther Report of 1959 gave an introductory definition of numeracy as An understanding of the scientific approach to the study of phenomena – observation, hypothesis, experiment, verification…the 
need in the modern world to think quantitatively, to realise how far our problems are problems of degree even when they appear as problems of kind. (p. 270 cited in �  ADDIN EN.CITE Noss20025207520Noss, R.2002Linda HaggartyTeaching Mathematics in Secondary SchoolLondonRoutledgeFalmer33-46Noss20024841484Stephanie PrestagePat Perks2001LondonDavid Fulton� � Noss, 2002, p. 33) From a review of submissions to the Cockcroft committee the conclusion was made that “the words [numeracy/numerate] have changed their meaning considerably in the last twenty years” to denote little more than an ability to “perform basic arithmetical operations”�  ADDIN EN.CITE 
Noss20024841484Stephanie PrestagePat Perks2001LondonDavid Fulton� �  �  ADDIN EN.CITE Cockcroft1982517111517Cockcroft, W. H.1982LondonHMSODES198249411� (Cockcroft, 1982, p. 11)� . The committee expressed the view that being numerate should mean the possession of two attributes: The first of these is an ‘at-homeness’ with numbers and an ability to make use of mathematical skills which enables an individual to cope with the practical mathematical demands of everyday life. The second is an ability to have some appreciation and understanding of information which is presented in mathematical terms, for instance in graphs, charts or tables or by reference to percentage increase or 
decrease. (op cit., 11) The first attribute is grounded in the notion of utility whereby maths is useful in everyday life. This dimension of Cockcroft’s numeracy is now at the heart of the functional mathematics that was introduced in the Tomlinson report and reinforced in the subsequent white paper �  ADDIN EN.CITE DfES2005496library-Converted.enlEndNote49627� � . The second attribute of the numerate seems particularly relevant in an era where information bombards us daily and we are called upon to make some critical sense of this. Unfortunately, the position of data handling in the curriculum, particularly in the 14-19 phase, seems to be at risk. The Smith report �  ADDIN EN.CITE Smith200437610376Adrian 
Smith2004LondonThe Stationary Office� (2004)�  ‘Making Mathematics Count” recommended a radical rethink of the location of statistics and data handling which would “be better removed from the mathematics timetable and integrated with the teaching and learning of other disciplines (for example, biology or geography). The time restored to the mathematics timetable should be used for acquiring greater mastery of core mathematical concepts and operation” (p.7). This would be very concerning for a number of reasons. Firstly the agenda here is that of higher education, in particular STEM subjects, rather than on what might be beneficial in a general education for future citizens. Secondly, the kinds of data-awareness 
necessary might not be best served in these classrooms although generating better cross-curricular mathematics work is highly desirable. Developing a more socially just mathematics curriculum In this paper I advocate a shift from a predominantly academy and employer-driven curriculum which directly benefits a minority, to something that will engage all students in developing not just mathematical power but what Frankenstein �  ADDIN EN.CITE Frankenstein20055217521Frankenstein, M.2005Eric Gutstein Bob Peterson.Rethinking Mathematics: teaching social justice by the numbersMilwaukeeRethinking Schools Ltd19-28Frankenstein2005498� (2005)�  terms ‘criticalmathematical literacy’. This form of 
literacy has four goals (p.19): understanding the mathematics understanding the mathematics of political knowledge understanding the politics of mathematical knowledge understanding the politics of knowledge Put in a different way Gutstein �  ADDIN EN.CITE Gutstein20065121512Gutstein, Eric2006New YorkRoutledgeGutstein2006497� (2006)�  describes what it means to read and write the world with mathematics as: To use mathematics to understand relations of power, resource inequities, and disparate opportunities between different social groups and to understand explicit discrimination based on race, class, gender, language and other differences. Further, it means to dissect and deconstruct media and other 
forms of representation. It means to use mathematics to examine these various phenomena both in one’s immediate life and in the broader social world and to identify relationships and make connections between them. (p. 25) Noddings �  ADDIN EN.CITE Noddings20045223522Noddings, N.2004American Education Research AssocationSan DiegoNoddings2004475� (2004)�  tries to address the same problems about the need for a more just curriculum by suggesting three routes of mathematical study linked to a) the humanities b) the social sciences and c) the natural sciences. For all of these there would need to be ‘culturally rich’ and/or ‘connected to current social/political problems’. Whilst I am not suggesting 
that this is a currently imaginable way forward in the English context such an approach does offer interesting possibilities. For Noddings (as with Heymann, Povey and Gutstein) the whole of this curriculum design should be predicated on democratic principles of classroom participation �  ADDIN EN.CITE Noddings19935237523Noddings, N.1993Sal Restivo, J. P. V. Bendegum R. FischerMath Worlds: Philosophical and Social Studies of Mathematics and Mathematics EducationAlbany, NYSUNY150-161� (Noddings, 1993)� , which would present a considerable challenge for mathematics education in general. If it is not possible to devise more socially just National Curriculum given the political nature of 
schooling, coupled with the common dissociation of politics and mathematics, then perhaps it is helpful to think of the twin pedagogies of access and dissent (Morrell, 2005, cited in Gutstein 2006, p. 200). If pedagogies of access strive to open up future educational and employment pathways then pedagogies of dissent seek to disrupt the hidden structuring process of school and society by equipping students with critical knowledge and strategies for social agency. The question remains then how these might be incorporated into mathematics teaching. It is some of these concerns for political engagement that were the motivations for the inclusion of Citizenship education in the curriculum although one suspects that critical thinking 
and social activism might not be the preferred outcomes in a school system that generally suppresses such activity (from both teachers and students) In considering the nature of citizenship and the place of mathematics education in preparing a future citizenry the notion of allgemeinbildung offers an alternative to the US critical pedagogies. Elmose and Roth �  ADDIN EN.CITE Elmose20054320432Steffen ElmoseWolff-Michael Roth2005Journal of Curriculum Studies37111-34� (2005)�  develop this idea, which roughly translates to general citizenry or general literacy, as involving ’competence for self-determination, constructive participation in society, and solidarity towards persons limited in the competence of self-
determination and participation’ (p. 21). They see three ways for education to develop (fundamentalist, retraditionalising or democratic) and argue that modern risk society requires greater involvement in collective decision making. As such allgemeinbildung ‘includes not only solidarity in spirit, i.e. knowing that others are poor, knowing that there are greenhouse gases, but also solidarity in action, i.e. knowing for’ (p. 31). There is considerable common ground between the ideas of those from a critical pedagogy tradition and the sociologists of risk society. Again the question remains as to how this is built into future mathematics curriculum design. Gutstein concludes that there is considerable work to be done in such a curriculum 
design (and that is in the very different US context). Although there are plenty of existing materials and tried pedagogic approaches �  ADDIN EN.CITE Gutstein2004504for example, library-Converted.enlEndNote5046� �  it is a very different matter to expand this to a complete curricular approach and this would require significant will and effort. Final comments Concluding his analysis of the UK mathematics National Curriculum, Gill �  ADDIN EN.CITE Gill20045247524Gill, P.2004J. WhiteRethinking the School Curriculum: values, aims and purposesLondonRoutlegeFalmer104-116Gill2004492� (2004)�  writes that the current curriculum for mathematics fails to meet the claims made for it in mathematical 
terms and also fails to contribute to the overall ethos of the National Curriculum contained in the Aims and Values. Nothing less than a complete overhaul is necessary if it is to serve our pupils and the society they, and we, live in. (p. 115) What I am advocating here is such an overhaul. Whilst major changes to mathematics education are being discussed amongst powerful groups (academics, politicians and civil servants) they do not really get anywhere near what is being considered here. Speaking of US reforms of mathematics education Kilpatrick and Stanic �  ADDIN EN.CITE Kilpatrick19955257525Kilpatrick, J.Stanic, G. M. A.1995I. M. CarlSeventy-five years of progress: prospects for school 
mathematicsReston, VirginiaThe National Council of Teachers of Mathematics3-20Kilpatrick1995480� (1995)�  remarked that ‘true reform, unfortunately, may require doing something not better but different’ (p.15). Such a different way of thinking is what is needed in England if the mathematics education of future generations is to be more worthwhile. However, much of the considerable amount of time and money currently being invested in mathematics teaching in England is driven by standards agendas and not those that foster the development of critical reflexivity through the curriculum. The landscape of mathematics education is not easy to change �  ADDIN EN.CITE Noyes20041670167Andrew 
Noyes2004British Educational Research Journal30127-41� (Noyes, 2004)�  and so it would require a concerted effort to effect meaningful change in the direction suggested here. In fact, such a change might not be possible, for it would require those with the power to make decisions regarding the form of the curriculum which might not be in their interests. As Gutstein points out, ‘developing socio-political consciousness is anathema to those with power who would have those without maintain their ignorance, silence and passivity’ �  ADDIN EN.CITE Gutstein2006512641512Gutstein, Eric2006New YorkRoutledge� (Gutstein, 2006, p. 64)� . Perhaps it is more realistic to think along the same lines as Heymann who 
considered that the path to instruction oriented more strongly toward general education cannot be enforced from external sources...but can only consist of small steps involving many participants for whom these steps make good sense. �  ADDIN EN.CITE Heymann2003515841515Heymann, H. W.2003DordrechtKluwer Academic Publishers� (Heymann, 2003, p. 84)�  It seems that whilst the tradition of critical education is visible elsewhere there is potential for developing curriculum and pedagogy that would support a broader mathematics education that includes criticalmathematical literacy and education for social justice as well as traditional mathematics instruction. Again Gutstein �  ADDIN EN.CITE 
Gutstein20065121512Gutstein, Eric2006New YorkRoutledge� (2006)�  is helpful here when he describes three types of knowledge that need to form part of students mathematics learning: community, critical and classical�  ADDIN EN.CITE Gutstein2006497200library-Converted.enlEndNote4976� � . Between the continental and US critical traditions there are considerable theoretical resources for developing a radically different mathematics education in England, one that would be more engaging, relate to issues of real concern to students, develop active participation as citizens and develop mathematical power. Whether or not this could ever be organised on a national scale or for a large number of students is a 
moot point. However, considering the poor image of mathematics, difficulties in recruitment to post-compulsory mathematics courses, the general lack of political engagement in the populace and amongst young people, and so on, it seems timely to consider how a different mathematics curriculum might make a contribution to addressing some of these issues. References �  ADDIN EN.REFLIST � Beck, U. (1992). Risk Society: towards a new modernity. London: Sage Publications. Bernstein, B. (1977). Class, Codes and Control: Volume 3; Towards a theory of educational transmissions (2nd ed.). London: Routledge & Kegan Paul. Boaler, J. (1997). Experiencing School Mathematics: teaching styles sex and setting. 
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