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In this article we explore the possibility of implementing local mathematical practices in the current mathematics curriculum of the studied area. This research relies on two theoretical frameworks that focus on the value of culture in relation to the study of science and scientific practices in relation to the learning process. The analysis is based on an empirical long-term ethnographical investigation in the Northern Ambrymese society (Ambrym Island, Vanuatu, South Pacific). The local activities investigated in this empirical research can be described as string figure-making. By improving our understanding of the implementation of local mathematical practices in the current mathematics curriculum, we will show the added value and provide a guideline for best practices.

Introduction

Research on local mathematical practices and the implementation of these practices in the main school mathematics curriculum relies on two theoretical traditions. The first of which is the practical turn within the philosophy of sciences; the second, the social turn in learning theory. Both traditions share a similar concern for the fusion of both scientific practices and learning processes in a given sociocultural environment. In the theoretical section, we shall conduct a brief overview of the way in which both traditions evolved over the past decades and how the research we are reporting on is a continuation of these traditions. In the empirical part, we report on the ethnographical investigations of the local mathematical practice of "string figure-making" and its historical, cultural, social and political connections to argue for the value of implementing these practices in the current school curriculum of mathematics.

A practical turn in philosophy of science

The relation between mathematics and culture was one of the first investigations (Powell & Frankenstein, 1997) undertaken, mainly in non-western culture. The topic also became of interest in the study of western mathematical practices (Larvor, 2016a(Larvor, , 2016b) ) with a large research community (e.g. Association of the Philosophy of Mathematical Practice (APMP) founded in 2010). The practical turn was further developed in situating knowledge related to the body. [START_REF] Haraway | Simians, Cyborgs, and Women. The Reinvention of Nature[END_REF] speaks in this context about situated knowledge as knowledge that is constructed from a particular and specific embodiment. It is based on these partial perspectives that an "objective" vision can be constructed. Specifically related to mathematics, [START_REF] Lakoff | Where Mathematics Comes From: How the Embodied Mind Brings Mathematics into Being[END_REF] set the paradigm of the embodied mind holding that mathematics results from the human cognitive apparatus. It was further investigated by [START_REF] De Freitas | Mathematics and the body: Material entanglements in the mathematics classroom[END_REF] by emphasizing a non-reductionist role of the body in constructing knowledge, as we elaborated on in [START_REF] François | Neuronal politics in mathematics education[END_REF]. The body is part of a mathematical practice that produces mathematical knowledge as specific kinds of "transmaterial assemblages". This way of building knowledge, as a co-construction based on an embodied practice can have an important implication when it comes to the teaching of mathematics.

A social turn in learning theory

The second aspect of our article focuses on the implementation of local mathematical practices in the school mathematics curriculum. The theoretical background of this research topic relies on the social turn within learning theory and the emphasis on the fusion of the learning process into a sociocultural environment. Social sciences have developed during the last decades three main learning theories, each of them with a specific focus on the learning process [START_REF] François | Multimathemacy: Time to reset? In[END_REF]. Whereas (i) behaviorism focuses on the input-output mechanisms ignoring the black box in between (ii) genetic psychology mainly focuses on the black box and what is going on in the student's mind. The (iii) sociocultural theory considers the environment in which the learning process is taking place. The social turn within the learning theory became of interest in the field of mathematics education [START_REF] Bishop | The Social Psychology of Mathematics Education[END_REF] mostly as a reaction to the huge dropping out of pupils from a specific socio-cultural background. Even in countries with high scores in international comparative research (which doesn't imply our support of these tests) one can easily conclude that migration and language backgrounds are an important determinant of failure in mathematics (OECD, 2014). Sociocultural theory elaborates on the learning theory of the Russian Lew [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF] and his concept of a zone of proximal learning (ZPL). The concept can be understood as the cognitive field of the pupil, which can be spotted at the fringe of the background knowledge and the out-of-school worldview. It is the zone of learning where the pupil will be able to connect insightfully to new knowledge because of the intrinsic relation between background knowledge and new inputs. Background and out-of-school knowledge are integrated in formal learning as a stepping-stone for acquiring new knowledge, new meanings and new mental frames. The concept of ZPL was an inspiration for later developments of socio-cultural learning theory and such central concepts as the pupils' background and foreground [START_REF] Vithal | The End of Innocence: A Critique of Ethnomathematics[END_REF][START_REF] Skovsmose | Travelling Through Education. Uncertainty, Mathematics, Responsibility[END_REF]. [START_REF] Lave | Situated learning: legitimate peripheral participation[END_REF] elaborated on the ZPL concept and developed a more specific notion of legitimated peripheral participation (LPP). They emphasize that the learning process is always a situated learning that considers the student holistically. The student is an agent who is active within a specific world context and all these aspects are mutually constitutive for the learning process. Learning is not perceived as the reception of factual knowledge or robust information. It is a social activity that takes place within a community, at first legitimately peripheral. Later, it increases gradually in engagement and complexity. Participation in social practices is the fundamental form of learning. It implies more than connecting the immediate context to the instruction. It is even more important "to consider how shared cultural systems of meaning and political-economic structuring are interrelated, in general and that they help to constitute meaning within communities of practice." (Lave & Wenger, 1993, p. 54). This concept of LPP will be an important tool to analyze our data on informal learning practices in the local communities and to understand the importance of implementing them into the formal schooling and learning environment. [START_REF] François | Multimathemacy: Time to reset? In[END_REF] state that we have to consider out-of-school knowledge and skills the child possesses and uses when first coming into contact with mathematics education. We have to investigate the background knowledge that children actually bring to school and how we can introduce their learning context in the teaching of mathematics at school. Blindness and ignorance concerning the local culture, local practices and knowledge may well explain the gap between success and failure, in a formal mathematics classroom. In the following section we will examine the possibilities of implementing local practices within the school curriculum.

String figure making as a local mathematical practice

For over a century, string figure-making practices have been observed by anthropologists in many regions of the world, especially within "oral tradition" societies [START_REF] Paterson | Eskimo String Figures and their Origin[END_REF][START_REF] Maude | Solomon Island String Figures[END_REF][START_REF] Braunstein | Figuras juegos de hilo de los Indios Maka[END_REF]. Some mathematicians have also regarded string figure making as a worthy topic within their discipline. At the beginning of the 20 th century, Cambridge mathematician W. W. Rouse Ball (1850Ball ( -1925) ) devoted a chapter to string figures in his popular book on mathematical recreations (1911) which is-to our knowledge-the first attempt made by a mathematician to demonstrate the connection between mathematics and string figure-making (Vandendriessche, 2014a). Thereafter, a few mathematicians have developed mathematical and modeling tools in order to formalize this practice [START_REF] Amir-Moez | Mathematics and String Figures[END_REF][START_REF] Storer | String Figures[END_REF]. In the Vanuatu Archipelago (southwestern Pacific), string figure making was first documented in the 1920s by anthropologist L. A. [START_REF] Dickey | String figures from Hawaii, including some from New Hebrides and Gilbert Islands[END_REF]. Called the New Hebrides by the British navigator James Cook in the 1770s, this archipelago-consisting in a chain of 80 inhabited islands, located 1,750 kilometers east of northern Australia-was managed through a Colonial French & English Condominium from 1906, until its independence in 1980 and the foundation of the Republic of Vanuatu. Consequently, this country has been engaged in a (long and difficult) process of decolonization, and particularly in the field of Education. For about a decade, the Republic of Vanuatu has undertaken a reform of the National Curriculum (inherited from the colonial period), with the goal of taking more into account the various local cultures i.e. the various vernacular languages as well as traditional knowledge and practices. Conducted in Northern Ambrym (Central Vanuatu), since 2006, Vandendriessche's ethnomathematical project is devoted to the study of different practices with a mathematical character such as the making of string figures. It is based on a long-term ethnography (around the village of Fona) and carried out in collaboration with both local people (practitioners and local educators in particular), and actors of the "Vanuatu Cultural Centre" (national institution working for the preservation and the promotion of different aspects of Vanuatu's culture). In François, Fantinato, Vandendriessche & Mafra (in press) we investigated the specific topic of "The researcher as the 'other'" as well as the ethical issues raised while conducting ethnomathematical field research, and collaborating with local people and institutions. We will therefore not elaborate further on these fundamental issues here. In Vanuatu, making a string figure requires creating a loop by knotting the ends of an approximately two-meter-long string-which is made with a thin slice of a pandanus tree leaf. The activity then consists in applying a succession of operations to the string, using mostly the fingers, and sometimes the wrists, mouth, or feet. This succession of operations, which is generally performed by an individual and sometimes by two individuals working together, is intended to generate a final figure, whose name refers to a particular being or thing. Our ongoing ethnomathematical project aims at collecting various types of data: 1) the procedures leading to the various figures (using an original symbolic writing system for noting/recording them) 2) the vernacular (technical) terminology linked with the studied practices 3) the oral texts and/or discourses which are sometimes associated with the latter. At a second stage, the collected data are analyzed-and put in perspective with other ethnographical sources-to comparatively analyze the mathematical dimension of the latter procedural activity in their relationships with other forms of knowledge [START_REF] Vandendriessche | Cultural and cognitive aspects of string figure-making in the Trobriand Islands[END_REF]. Indeed, a string figure can be seen as the result of a "procedure" (or "algorithm") consisting of a succession of "elementary operations". Most of these operations can be defined as "geometric" operations whose purpose is to modify one configuration/state of the string to transform it into another (see database in progress http://emergences.huma-num.fr/items/show/13, Vandendriessche, 2015). The activity of creating new string figure procedures can be regarded as mathematical at different levels. Their production very likely required an intellectual task of selecting the elementary operations and organizing them in procedures and "sub-procedures" (i.e. ordered sets of elementary operations either iterated within a given procedure or repeated identically within several different string figure algorithms of the same corpus). Based on an algorithmic practice, the production of string figure algorithms is also of a "geometrical" and "topological" order, insofar as it is based on investigations into complex spatial configurations, aiming at displaying either a 2-dimensional or a 3-dimensional figure. Several recurrent phenomena confirm this point: the concept of "iteration" (iteration of a pattern or a sub-procedure) and the concept of transformation (of the final figure "geometry" i.e. combination of motifs) are ubiquitous in this practice. Finally, some Ambrymese string figures suggest that practitioners have elaborated some procedures by altering one or several operations involved in the making of another string figure.

Local mathematical practice as knowledge transmission

In Vanuatu, there are no less than 120 different vernacular languages, corresponding to different cultural areas in the archipelago. A large number of string figures can be found in various linguistic areas, whereas a few string figures seem to be more locally practiced. However, there are significant linguistic variations (from one area to another) related to string figure making, in the names given to the activity as well as to the final figures, and in the use of technical expressions. In Northern Ambrymese society, string figure making is locally termed using the vernacular expression "tu en awa" (literally "to write with a string"), suggesting that this activity is perceived in this society as an encoding of information. Some other vernacular expressions are used by practitioners to refer to the (basic) movements involved in string figure making. In particular, the (elementary) operations implemented to the string are designated through action verbs; the subjects being the finger names (for instance, pokolam hu pokokiki, the thumb picks up the little finger i.e. implicitly a string running from the little finger). A few (short) "sub-procedures" (ordered sequences of a small number of elementary operations) are also named. These technical expressions are used in instances of transmission from one person to another, although not consistently. The "tu en awa" procedures are indeed taught or shown most often without any technical comments. However, the existence of these expressions is an indicator of the perception by the actors of orderly sequences of operations, suggesting a local perception of the notion of "elementary operations" and "sub-procedures" revealed by ethnomathematical analysis. Furthermore, vernacular terms explicitly express the property of "symmetry" (shared by a number of these figures) and the "iteration" of a pattern or a sub-procedure. It seems that string figure making is mostly transmitted to children by their mother and/or grandmother. The long "sub-procedures" (made with more than three elementary operations) are nameless for the Ambrymese practitioners. However, they spontaneously relate one string figure procedure with another when both "tu en awa" procedures share an "ordered set of basic movements". The practitioners do so by pointing out that from a given stage of a string figure procedure, "You do it in the same manner as you do it in another procedure". While working with Ambrymese children, we often noticed their ability in making such links between string figure procedures. This suggests that "sub-procedures" play-for these practitioners-a major role in the process of memorizing the making of string figures. In Ambrym (and more generally in Vanuatu, and even in Melanesia), the practice of string figure making is-or was-meant to record, memorize and/or express a particular knowledge of mythology, cosmology, geography, social rules, and ritual prescriptions [START_REF] Vandendriessche | Cultural and cognitive aspects of string figure-making in the Trobriand Islands[END_REF](Vandendriessche, , 2015)). For instance, the Ambrymese string figure named bulbul algon (literally "canoe lizard") is related to the story of Yaulon, one this society's mythical heroes. Bulbul designates this hero's canoe, while algon (lizard) recalls the symbol of one of the seven grades of the chieftainship system, whose conception is attributed to this local mythological hero. In this society, string figures are preferably performed during the yam harvest (from February to July), while their usage is prohibited outside this period, the making of such figures being perceived as having a negative impact on the growth of the plant's stem winding around the stake: it would favor the entanglement of the stem, slowing down the plant's growth. The practice of string figure-making can thus be analyzed as a method for the organization and the transmission of knowledge (mythological, cosmological, etc.), involving the use of (ethno-) mathematical concepts. When learning how to make string figures, Ambrymese children become acquainted with a technical activity (with a geometric and algorithmic character), requiring dexterity and concentration, and, at the same time, they develop their knowledge of their cultural environment.

A pedagogical application

Based on social learning theory and more specifically on the concepts of ZPL as developed by [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF] and later on elaborated on by [START_REF] Lave | Situated learning: legitimate peripheral participation[END_REF] as outlined in the theoretical sections, we can now analyze the added value of implementing local mathematical practices in the school curriculum. From social learning theory, we have evidence that pertains to the pupil's background information [START_REF] Vithal | The End of Innocence: A Critique of Ethnomathematics[END_REF][START_REF] Skovsmose | Travelling Through Education. Uncertainty, Mathematics, Responsibility[END_REF], which is essential for the learning process. Pupils attending classes need to be apprehended in their entirety, as agents who develop extracurricular skills, and who live and interact in a complex environment [START_REF] Lave | Situated learning: legitimate peripheral participation[END_REF], where they share common cultural systems and social rules. Most of which are handed down through informal learning systems by the community. The Vanuatu National Curriculum (VNCS, 2010) is a good example of what we mean with the integration of local practices into the formal curriculum. It recognizes the value of traditional knowledge and practices-such as string figure-making, mat making, and sand drawing in particular-for calling upon the latter practices in formal education. Teachers should begin with the children's background before introducing unfamiliar knowledge, skills and attitudes. The VNCS (2010, p. 52) claims that "Teachers need to breathe life into the curriculum and demonstrate its relevance to children and students by using local examples whenever possible". It is implicitly recognized that some of these traditional practices are sometimes in decline and prompt the members of each community to "assist the children in learning about these art forms and make simple mats and other objects". Therefore, the Vanuatu Cultural Centre has given its (mandatory) assent for our project in ethnomathematics providing it leads to pedagogical applications. Beyond this institutional incentive, another motivation for undertaking such educational research is that Northern Ambrymese people generally welcome with interest the idea of using their traditional practices in the curriculum. Whereas the purpose of ethnomathematical (theoretical) research is clearly not perceived as vital as we think it is, indeed, its educational valorization makes sense for these people because they consider it as a way of preserving their local culture. Aware of these practices' decline in their community and asserting that young people are no longer interested in traditional knowledge, they consider this valorization as a way of preserving their local culture. In this context, pedagogical materials will be elaborated in an attempt to help local teachers in experimenting with the use of culturally related mathematical string figure-making practices "as such", in and of themselves. A pedagogical mathematical sequence (say in Northern Ambrymese 6 th year classrooms) related to string figure-making could start by the collection of the string figures (and their vernacular names) that the pupils do remember. They should be prompted to use their local vernacular language for expressing the various operations involved in the making of these figures, as well as the symmetries and the iteration of patterns. The set of string figures thus collected could be then completed with other "tu en awa" procedures known to the elders of the community. Previous studies on string figures' value in mathematics education suggest that practicing string figure making may develop vital skills necessary for practicing mathematics-such as concentration, self-evaluation, spatial relation consciousness, or conducting step by step ordered sequences of instructions [START_REF] Moore | The Implication of String Figures for American Indian Mathematics Education[END_REF][START_REF] Murphy | Using String Figures to Teach Math Skills. Part 2: The Ten Men System[END_REF]. Beyond this analogy between string figuremaking and mathematical practice, the pedagogical sequence might continue through an in-depth analysis of a set of procedures, bringing to light the (elementary) operations involved, their impact on the string configurations and their organization in sub-procedures. The teacher might induce pupils to reflect on how a string figure has sometimes been transformed into another, and how the iteration of an ordered set of operations may allow the iteration of a given motif. Ambrymese string figures sometimes differ on one-and only one-elementary operation. This remarkable property implies a methodology to create new string figures [START_REF] Ball | Mathematical Recreations and Essays[END_REF][START_REF] Murphy | Using String Figures to Teach Math Skills. Part 2: The Ten Men System[END_REF] by altering a few operations within some "tu en awa" procedures, the pupils would become creators of new string figures themselves. This pedagogical (ethno-) mathematical sequence on string figure-making will not be isolated from the other forms of local knowledge imbedded within this activity. One way to do so, would be to include this sequence in an interdisciplinary pedagogical project, bringing into the classroom the cultural and cognitive complexity of this practice.

Concluding remark

In this concluding remark, we will emphasis the added value and we will offer a guideline to implement local practices in the school curriculum. As we could see from the empirical example, local mathematical practices are embedded in the social and cultural environment. They take part in the communities' social networks, their histories and their languages. They enmeshed with their natural environment and have a deep connection with nature, with a circular timeline, and with seasons, e.g. string figures are performed during the yam harvest (February-July). The idea of sustainability is implicit. Local practices are also part of the social interactions, social relations and of the informal learning processes in these communities, outside of school. String figure making is practiced by children of the Ambrymese community to play without any deeper meaning given to this practice. Connections to the broader cultural tradition are analyzed in the case of string figure making, e.g. knowledge transfer, storytelling-related to mythical heroes of that society, and encoding information. Out-of-school practices can be of interest in the formal mathematics curriculum. String figure making, with an emphasis on the mathematical analyses of the procedures (e.g. symmetry, iteration) shows how a local practice can be analyzed as a method for the organization and the transmission of knowledge. Implementing these practices in mathematics and school curriculum acquaint pupils with a mathematical (e.g. geometric, algorithmic character) activity. At the same time, pupils develop knowledge of their own cultural environment and they learn to value local traditional practices and knowledge as a means of preserving their culture. This way we create a continuum between informal and formal learning which relates to the sociocultural learning theory, the concept of a zone of proximal learning (ZPL) and the concept of legitimated peripheral participation (LPP). The local practice we studied is performed in a situated context, it is connected to the daily life experiences and related to broader cultural traditions and transmission of knowledge. The guideline we take from this analysis is that local practices can serve as a tool to connect to pupils. When implemented in a formal school curriculum, they remain connected to the pupils' background and their out-of-school worldview. Pupils will be able to connect insightfully to new (mathematical) knowledge because of the intrinsic relation between local practices and the mathematical procedures that underlie the local practices. Even new pedagogical materials shall never be isolated from the other forms of local knowledge they are imbedded in. This clears a path for interdisciplinary activities and the integration of mathematical knowledge in a lively and meaningful context. A situated learning process considers the student as a whole person as is the case in the out-of-school transmission of the local practices we studied. The challenge for further research will be the application of this study to a variety of cultural environments and how the implementation of local practices in formal (mathematics) curricula should work.
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 1 Figure 1: Elementary operations. Left: "picking up" a string. Right: "twisting" a loop
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