
The Social Practices of the Mathematics Classroom

Stephen Lerman

South Bank University, London, UK

Situated theories have generated great interest and received much critical attention in recent years (e.g. Kirshner & Whitson, 1997; Watson, 1998; Andersen, Reder & Simon, 1997; Greeno, 1997).  Lave and Wenger (also Lave, 1988; Lave & Wenger, 1991; Lave, 1997; Wenger, 1998) have given radically different meanings to knowledge, learning, transfer and identity.  Lave’s studies of the acquisition of mathematical competence within tailoring apprenticeships in West Africa led her to argue that knowledge is located in particular forms of situated experience, not simply in mental contents.  Knowledge has to be understood relationally, between people and settings: it is about competence in life settings.  One of the consequences of this argument is that the notion of transfer of knowledge, present as decontextualised mental objects in the minds of individuals, from one situation to another, becomes perhaps untenable but at the very least requires reformulation.  That argument seems to create special problems for mathematics education.  Perceptions of mathematics as a discipline are predicated on increasing abstraction and generality across applications, and mathematical modelling is precisely the application of apparently decontextualised knowledge to almost any situation.  Widely held perceptions of child development and of the acquisition of mathematical knowledge also are predicated on a move from the concrete to the abstract, whereby decontextualised mental schemata are constructed and can be used formally, at the appropriate stage of intellectual development.  But these are not serious challenges to situated theory.  The various sub-fields of the professional practice of mathematicians can be seen as particular social practices.  To apply a mathematical gaze onto a situation and to identify and extract factors and features to mathematics is the practice of mathematical modelling.  It has its masters and images of mastery, its apprenticeship procedures, its language, and its goals, just like any other social practice.  Learning to ‘transfer’ mathematics across practices is the practice.  The belief that the mathematics found in practices by the gaze of the mathematical modeller is an ontologically real feature of those practices is perhaps an extra block to seeing modelling as a social practice.

My goal in this paper is to examine how Lave’s and Wenger’s perspectives on learning and on communities of practice might be developed to be useful to us as researchers working on the mathematics classroom.  For the most part their ideas have been based on practices involving adults in worplace situations.  There are very obvious differences from these settings to our domain of interest.  For one, children are present in the classroom not from their own choice and there are certainly very few who are intending to be schoolteachers of mathematics.  Whereas the mathematics teacher’s goal may be to initiate learners into (what she or he interprets as) mathematical ways of thinking and acting, learners' goals are likely to be quite different.  Furthermore, they call for downplaying the role of the teacher since in the practices that they examine the ‘masters’ do not intentionally engage in teaching.  But in schools this is the whole purpose of the teacher.  We might ask Wenger, therefore, what identities teachers can form in their practice.

In the next three sections I will examine aspects of situated theory for the mathematics classroom: the need for a consideration of how subjectivities are produced in practices, as argued by Walkerdine and others; the particular nature of the practices of the mathematics classroom and the implications it has for notions of apprenticeship; and the problem of a suitable mechanism in Lave’s theory of learning (1996, p. 156).

Subjectivity - Regulation in Practices.
A community of practice is an intrinsic condition for the existence of knowledge, not least because it provides the interpretive support necessary for making sense of its heritage.  Thus, participation in the cultural practice in which any knowledge exists is an epistemological principle of learning.  The social structure of this practice, its power relations, and its conditions for legitimacy define possibilities for learning (i.e., for legitimate peripheral participation). (Lave & Wenger, 1991, p. 98)

Walkerdine (1997) suggests that what is missing in Lave’s analysis of the subject in practices is subjectivity, the regulation of individuals within practices.  In the move away from the notion of an individual transferring decontextualised knowledge from one practice to another, to the notion of knowledge and identity being situated in specific practices, Lave’s work might seem to suggest that all individuals are subjected to those practices in the same way.  There appears to be a goal for the learning which is characteristic of the practice, and apprenticeship into it is monolithic in its application.  However, Walkerdine (1988) shows how the notion of ‘child’ is produced in the practices of educational psychology, differentially positioning those who conform – white boisterous males, and those who don’t – non-white people, girls, quiet boys and so on.  Significations matter, they are not neutral meanings: situating meanings in practices must also take into account how those significations matter differently to different people.  Practices should be seen, therefore, as discursive formations within which what counts as valid knowledge is produced and within which what constitutes successful participation is also produced.  Non-conformity is consequently not just a feature of the way that an individual might react as a consequence of her or his goals in a practice or previous network of experiences. The practice itself produces the insiders and outsiders. Dowling (1998), building on Bernstein’s work, carried out a study of a series of four parallel school mathematics texts that are written according to the authors’ assumptions of the potentialities of different abilities.  He demonstrates how the texts are in fact productive of those differing potentialities, and how the assumptions of ability coincide with the different modes of thinking produced in the stratification of society according to social class, identified through different forms of language.  Cooper and Dunne (1999) also use Bernstein’s theory to demonstrate how questions set in everyday contexts in national mathematics tests in the UK disadvantage working class children.

The Practices of the Mathematics Classroom.
A community of practice is a set of relations among persons, activity, and the world, over time and in relation with other tangential and overlapping communities of practices (Lave & Wenger, 1991, p. 98).

In this section I will first discuss the way in which what constitutes the school mathematics practice, since it requires some examination in terms of the play of values and ideology.  Second, the range of goals of the participants, both those present (teacher and students) and those physically absent (state/community/media/school) must be elaborated.  At the very least we must ask who or where are the masters in these multiple practices?  This forms the third part of this section.

School mathematics. Bernstein's work over a number of decades has focused on how power and control are manifested in pedagogic relations.  In particular he has looked at how the boundaries between discourses, such as those of the secondary school curriculum, are defined, what he calls the classification rules, and how control is effected within each discourse, the framing rules.  As a principle, pedagogic discourse is the process of moving a practice from its original site, where it is effective in one sense, to the pedagogic site where it is used for other reasons; this is the principle of recontextualisation.  In relation to work practices he offers the example of carpentry which was transformed into woodwork (in UK schools), and now forms an element of design and technology.  School woodwork is not carpentry as it is inevitably separated from all the social elements, needs, goals, and so on, which are part of the work practice of carpentry and cannot be part of the school practice of woodwork. Similarly, school physics is not physics, and school mathematics is not mathematics.  Bernstein argues that recontextualisation or transformation opens a space in which ideology always plays.  In the transformation to pedagogy, values are always inherent, in selection, ordering and pacing.

In relation to mathematics, those values may include preparation for specific workplaces, but this is likely to be at the later stages of school for a small minority of students, at least in the UK.  Other European countries have very different attitudes to vocational education.  The school mathematics curriculum may include specific mathematics for everyday life: shopping, paying taxes, investing savings, bank accounts, and pensions, but again these issues will become meaningful to students at the later stages of schooling.  The content of a mathematics curriculum which is to provide the skills necessary for either or both of these contexts would be very limited.  In any case, the problems of transfer and contextualisation of knowledge suggest that the teaching of these skills in the classroom for use elsewhere would be highly problematic.  For the most part, curriculum is driven by a view of education which may be: an authoritarian view, the inculcation of an agreed selection of culturally valued knowledge and a set of moral values and ways of behaving; a neo-liberal view, producing citizens prepared for useful, wealth-producing lives in a democratic society; a more old-liberal agenda of enabling children to become educated people able to fulfil their lives to the best of their abilities; or a more radical agenda (Freire, 1985) of preparing people to critique and change the society in which they engage.  It may also be driven merely by inertia.  Schools as institutions are there, they occupy children all day whilst some parents and guardians work, and the mathematics curriculum, in terms of topic content, remains very similar to that of 50 years ago.  Whatever the ideological/value-laden intentions for teaching on the part of the school/community/state, the teacher has her or his goals too, which may or may not align with the institutional intentions.  Initiatives such as the NCTM standards in the US or the National Numeracy Strategy in the UK (to take two examples with very different orientations) provide yet other sets of values that regulate the teacher’s behaviour.

The mathematical practices within a class or school, the way in which they are classified and framed, the state/community/school values which are represented and reproduced, and the teacher’s own goals and motives, form the complex background to be taken into account by the research community. According to Lave, mathematics itself should be seen not as an abstract mathematical task but as something deeply bound up in socially organised activities and systems of meaning within a community.  Nor, for that matter, should it be seen as a single practice.  Burton (1999a) has found that mathematicians identify themselves by their sub-field, as statistician, applied mathematician, mathematical modeller, or topologist.  In relation to school mathematics one must be aware of the particular nature of the identities produced.  Boaler (1997) has shown how different approaches to school mathematics produce different identities as school mathematicians.  She suggests also that the identities produced in one of the two schools in her study, Phoenix Park school, which used a mathematics curriculum built around problem solving, overlap with students’ mathematical practices outside of school, but there is less evidence for this as Boaler relies on students’ accounts, given in school, of such overlap.  Boaler uses both Bernstein’s analysis in terms of classification and framing and Lave’s communities of practice as resources to explain her findings.  Recently Boaler (1999) has talked of the particular practices of the two schools as offering constraints and affordances (Greeno & MMAP, 1998) as a way of interpreting the students’ behaviours which resulted in them working to succeed, in the distinct terms of each school.

In summary, as researchers we need to examine the background that frames the mathematical practices in the classroom, irrespective of their allegiances (reform, authoritarian or other), and draw on the resources offered by Lave, Walkerdine, Greeno and others to study the ways that school mathematical identities are produced. In the next part I examine accounts which incorporate individual trajectories through those social practices.

Participants' goals Lemke and others point to the paths of particular people’s learning by referring to individual trajectories (Lemke, 1997).  People come to participate in social practices from an individual set of socio-cultural experiences.  Individuality, in this sense, “is the uniqueness of each person's collection of multiple subjectivities, through the many overlapping and separate identities of gender, ethnicity, class, size, age, etc., to say nothing of the 'unknowable' elements of the unconscious” (Lerman, 1998a, p. 77). More important to students than learning what the teacher has to offer are aspects of their peer interactions such as gender roles, ethnic stereotypes, body shape and size, abilities valued by peers, relationship to school life, and others.  The ways in which individuals want to see themselves developing, perhaps as the classroom fool, perhaps as attractive to someone else in the classroom, perhaps as gaining praise and attention from the teacher or indirectly from their parents, leads to particular goals in the classroom and therefore particular ways of behaving and to different things being learned, certainly different from what the teacher may wish for the learners (Boaler, 2000).  Winbourne (1999; see also Winbourne & Watson, 1998) has given an account of individual children's mathematical (and other) activities that set the children in the context of the multiple social and cultural practices in which they are positioned and that influence who they are at different times in the mathematics (and every other) classroom.  Santos and Matos (1998) analysed the knowledge development of students in terms that take account of their social relations.  Brodie (1995) and Lerman (in press) offer similar analyses from different perspectives.

All these accounts give social origins to the individual trajectories which clearly manifest in the classroom (Wenger, 1998).  The origins of individual meanings being located in socio-cultural tools roots individuality or voice in its proper framework.  It is not the individualism of private worldviews, which has dominated the debate around subjectivity and voice in recent decades but power/knowledge as constituted in discourses.  Discourses that dominate in the classroom, and everywhere else for that matter, distribute powerlessness and powerfulness through positioning subjects (Evans, in press).  Walkerdine's (1989, p. 143) report of a classroom incident in which the emergence of a sexist discourse bestows power on five year-old boys, over their experienced teacher, dramatically illustrates the significance of a focus on discourse, not on individuals. 

Many teachers struggle to find ways to enable individual expression in the classroom, including expressing mathematical ideas, confronting the paradox of teachers giving emancipation to students from their authoritative position.  But this can fruitfully be seen as a dialectic, whereby all participants in an activity manifest powerfulness and powerlessness at different times, including the teacher.  When those articulations are given expression, and not denied as in some interpretations of critical pedagogy (Lerman, 1998b), shifts in relations between participants, and crucially between participants and learning, can occur.

Learning is predicated on one person learning from another, more knowledgeable, or desired, person, in Lave’s terms the master.  As Lave has pointed out, there are many overlapping practices in any one practice. This is particularly the case in the classroom since not many students’ goals are aligned with the teacher’s and very few wish to become teachers of mathematics.

Models of mastery. Lave and Wenger’s (1991) notion of mastery was not focused on school classrooms (see also Wenger, 1998) but clearly offers valuable insights which require development if we wish to use them in the formation of appropriate theoretical frameworks.  Learning seen as increasing participation in practices, the gradual attainment of mastery, is a rich description of identity development which has been shown to be appropriate to at least some aspects of the classroom (Lave, 1996).

Classroom practices include those overlapping identities produced in relation to the mathematics, such as abilities, as in Walkerdine’s and Dowling’s analyses, and purposes for mathematics. For instance, purposes may include minimum certification for continuing study; a key to careers and further education and training courses; or markers of recognition of general intellectual potential.  Classroom mathematics practices also produce the more specific identities as, for example, good at number but not algebra, as competitive or collaborative in performance, etc.  The complex of classroom practices also covers those outside of the intention of the teacher, as discussed above, particularly in relation to peers, and most importantly the differential regulation of different students within those practices.  The teacher may perform the role of ‘master’ for some students in relation to some aspects of what we might call the mathematical identities produced, most often specifically the mastery leading to further study of mathematics, although we are referring here to mastery in terms of school mathematics.  But the teacher will not stand as the master for most of the students for most of the classroom social practices that are important for them.  How, then, might we extend Lave and Wenger’s notion?

I suggest that it may be fruitful to refer to multiple models of mastery offered in the complex of classroom practices.  Expertise/mastery may be represented in a person or not, hence models, and those masters may be present in the classroom or not.  In terms of what can be called role models, other students might perform many of the roles that students may desire to emulate.  The teacher’s personal style is often reported as having been a significant factor in people’s identification with, or rejection of, aspects of schooling including mathematics.  In relation to people absent from the classroom, parents’ stories of, for instance, their ability or lack in relation to mathematics can function as model for a student and a sibling or valued other similarly.  So too images of who students want to become can act as models, perhaps including media personalities.  This identifies the need for more complex studies of individual trajectories in the classroom, perhaps through narrative accounts (Winbourne, 1999; Santos & Matos, 1998; Burton, 1999b), examining who are the models and what are the practices that are important to individual students.

A mechanism for learning. Lave argues that learning may be represented as increasing participation in communities of practice (Lave, 1996).  She writes that she finds the following three features of a theory of learning to be “a liberating analytical tool” (1996, p. 156) for discussing learning as social practice:

1.
Telos: that is, a direction of movement or change of learning (not the same as goal directed activity),

2.
Subject-world relation: a general specification of relations between subjects and the social world (not necessarily to be construed as learners and things to-be-learned),

3.
Learning mechanisms: ways by which learning comes about (p. 156)

She argues that the telos of her two case studies, the tailors’ apprentices and legal learning in Egypt in the 19th century, is to become masters of tailoring or law and to become respected participants of the everyday life of their communities.  The discussions above, concerning recontextualisation, the multiple practices at play in the mathematics classroom, regulation, and the need for an analysis that offers multiple models of mastery, suggests that we might need to refer to teloi, and the plural subjects-worlds relations as well as regulative processes.  Here I wish to address Lave’s third feature, that of learning mechanisms.  Whatever mechanism is used, whether it is used as an explanatory framework or as an ontological statement, it must take account of the differences between workplace apprenticeships and the classroom, as well as being able to account for both.  In the classroom, the teacher intends to teach: this is her or his function, however it is interpreted and realised.  The difference to the situation of the master tailor is quite dramatic.

In many places in her writing Lave (e.g. 1997) proposes that one should focus on learning and make a separation of it from teaching.  Lave is referring here to school teaching as the culture of acquisition, offering compartmentalised knowledge, and learning at a distance, drawing, that is, on the notion of transfer (p. 27/28).  I suspect many teachers and certainly most, if not all, in the mathematics education research community would subscribe to a move away from that view of teaching.  In looking at a (socio-cultural) mechanism for learning, however, the teacher has to be placed firmly into the picture.  Here I will turn to Vygotsky’s work, as his mechanism for learning captures at least some of the features called for by Lave and others.

Vygotsky provided a mechanism for learning with four key elements: the priority of the intersubjective; internalization; mediation; and the zone of proximal development.


“Every function in the child's cultural development appears twice: first, on the social level, and later, on the individual level; first, between people (interpsychological), and then inside (intrapsychological) . . . All the higher functions originate as actual relations between human individuals.” (Vygotsky, 1978, p. 57)


“The process of internalization is not the transferal of an external to a pre-existing, internal "plane of consciousness"; it is the process in which this plane is formed.” (Leont'ev, 1981, p. 57)


“Human action typically employs "mediational means" such as tools and language, and that these mediational means shape the actions in essential ways . . . the relationship between action and mediational means is so fundamental that it is more appropriate, when referring to the agent involved, to speak of "individual(s)-acting with mediational means" than to speak simply of "individual(s)"". (Wertsch, 1991, p. 12)


“We propose that an essential feature of learning is that it creates the zone of proximal development; that is, learning awakens a variety of developmental processes that are able to interact only when the child is interacting with people in his environment and in collaboration with his peers” (Vygotsky, 1978, p. 90)

Central to all these features of Vygotsky’s mechanism for learning is the role of the teacher, although in various guises.  It may be a more informed peer; a parent who has no explicit intention to teach; a master creating, together with the apprentice, a zone of proximal development; a text, a production of the culture from which one can learn; or indeed a teacher whose explicit intention is to enable the student to do something, be someone or know something that he or she could not do, could not be or did not know.  All human development is led by learning from others, from the culture that precedes us.

Vygotsky’s theories have been a huge stimulus to research in all kinds of domains of education (e.g. Forman, Minick & Stone, 1993; Cole, 1996; Cole & Wertsch, 1996; Wertsch, 1997, to name just a few recent works) and this includes mathematics education (for a review which relates to reform-related research see Forman, in press; see also Lerman, 1998a, 1998c) and some, hopefully productive controversy (Lerman, 1996; Steffe & Thompson, 2000; Lerman, 2000a).

To what extent, though, does Vygotsky’s perspective provide the mechanism to which Lave refers?  Where Piaget offers equilibration as the mechanism for learning, Vygotsky proposes the zone of proximal development.  For Lave learning is transformation through increasing participation in social practices, and a mechanism for learning would need to take account of the goals of the individual in joining, or being coerced into joining the social practice, and the specificities of the practice in terms of situated meanings and situated ways of being.  The mechanism would need to take account of the factors that contribute to the individual trajectory through the practice, including what an individual brings to a practice in terms of their prior network of experiences, and the regulating effects of the practice.  Vygotsky was not directly concerned with social practices.  At the time of the Russian revolution the singular discourse of dialectical materialism, and the drive for progress from a feudal society to communism did not allow for the availability of other theoretical resources.  His early death in 1934, at the age of 38, precluded any engagement with more relativistic social theories.  However, Vygotsky’s psychology is a cultural psychology (Cole, 1996; Daniels, 1993) and it opens up spaces for different analyses than those which appeared during Vygotsky’s life.

Vygotsky’s work is generally taken to be about the individual learning in a social context, but I have suggested in this section that his theories make it clear that the zpd offers more than that.  First, in that consciousness is a product of communication, which always takes place in a historically, culturally and geographically specific location, individuality has to be seen as emerging in social practice(s).  Second, I have argued that all learning is from others, and as a consequence meanings signify, they describe the world as it is seen through the eyes of those socio-cultural practices. In his discussion of inner speech Vygotsky makes it clear that it is the process of the development of internal controls, metacognition, that is, the internalization of the adult.  Again, these are mechanisms that are located in social contexts.  Finally, the zpd is a product of the learning activity (Davydov, 1988), not a fixed ‘field’ that the child brings with her or him to a learning situation.  The zpd is therefore a product of the previous network of experiences of the individuals, including the teacher, the goals of teacher and learners, and the specificity of the learning itself.  Individual trajectories are therefore key elements in the emergence (or not) of zpds (Meira & Lerman, submitted).

In fact Lave suggests that the need for learning mechanisms “disappear(s) into practice.  Mainly, people are becoming kinds of persons” (1996, p. 157).  The process of accounting for ‘becoming kinds of persons’ still calls for a mechanism, however, and I am proposing here that internalization through semiotic mediation in the zpd is a suitable candidate.

Conclusion
Perhaps the greatest challenge for research in mathematics education (and education/social sciences in general) from perspectives that can be described as being within the social turn (Lerman, 2000b) is to develop accounts that bring together agency, individual trajectories, and the cultural, historical and social origins of the ways people think, behave, reason and understand the world.  Any such analysis must not ignore either: it should not reduce individual functioning to social and cultural determinism nor place the source of meaning making in the individual.  In order to develop such accounts researchers can choose to begin from the development of the individual and explain the influences of culture, or from the cultural and explain individuality and agency.  I have argued here for the latter.  In this paper I have used Lave and Wenger's situated theories as a foundation and attempted to open spaces, through critique, for the development of their theories for our needs in mathematics education research.  I have argued for consideration of the regulating effects of discursive practices.  I have discussed the multiple practices at play in the mathematics classroom, most of which are not the intention of the teacher.  As a result, the notions of mastery and legitimate peripheral participation need careful analysis in order to extend them to the classroom, and I have suggested that narrative methods of research are proving to be most fruitful in research.  I have suggested that Vygotsky's notion of the zone of proximal development, when set within a discursive/cultural psychology that was not fully available to him, in terms of intellectual resources, during his lifetime, can perhaps provide the mechanism of learning to study the process of people 'becoming kinds of persons'. In the mathematics classroom, the goal of the teacher is apprentice children in mathematical language, symbolism, meanings and ways of thinking. School mathematics, seen as a discursive formation, is something children need to get used to: ‘understanding’ may be a notion that just gets in the way of teachers, researchers and students.
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