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Abstract

The paper discusses disciplinary processes and resistance movements of knowledges produced at an agricultural technical school focusing on mathematics education developed in its curriculum. The theoretical framework of the paper is based on Michel Foucault’s thought and Ludwig Wittgenstein’s ideas presented in his book Philosophical Investigations (2004). The analysis of the data – constituted by a diversified set of school documents, interviews with teachers and students of that school and by direct observations of classroom activities – showed: a) the existence of two mathematics practiced in that school: the mathematics of the subject of Mathematics and the mathematics of the technical subjects, both linked to the school form of life and engendering language games constituted by rules which shaped specific grammars; b) a strong family resemblance between the language games associated with the mathematics of the technical subjects and those associated with the peasant form of life in southern Brazil, as well as between the language games of the subject of mathematics and those which shape academic mathematics. 
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Introduction
This paper presents results of a study performed at an agricultural-technical school in the southernmost state of Brazil. The purpose of the study was to discuss disciplining processes and resistance movements that were produced at that institution, focusing on its school curriculum, especially mathematics education (Giongo, 2008). 

The theoretical framework that supported the investigation included Michel Foucault’s thought and the ideas of Ludwig Wittgenstein in his work Philosophical Investigations (2004). The data consisted of: school documents; Mathematics copybooks and tests; handouts used by the teacher in Mathematics classes; written material produced by the students in the technical subjects; notes taken during the observations of two consecutive weeks of classes on technical subjects; interviews (taped and then transcribed) with three teachers, one student and a former student of the institutions and testimonies given informally by teachers of that institution. Data analysis pointed to disciplining processes and resistance movements which operated on school knowledges. It was also possible to show the existence of two  mathematics practiced at that school: the mathematics of the  subject of Mathematics and the mathematics of the technical subjects, both connected to the form of school life and engendering language games that were constituted by rules that shaped specific grammars. 
The paper is divided into four sections. The first is this introduction. In the next we show the theoretical framework that supported the investigation, followed by the analytic exercise implemented. Finally, in the “(in)conclusions”, we synthesize and problematize some results of the study. 

Theoretical Framework

The purpose of this section is to spell out the analytic tools that gave support to the study. These tools were sought for in the thought of Michel Foucault and in the ideas of Ludwig Wittgenstein that correspond to the later phase of his work, especially the ideas from “Philosophical Investigations” (2004). According to Knijnik (2007), the consistency of operating with these theoretical perspectives can be achieved by means of the concept of language adopted by both philosophers and their non-metaphysical positions towards knowledge. 

Indeed Wittgenstein, differently from what he proposed in Tractatus Logico-Philosophicus (Wittgenstein, 1968), when he sought to answer “what is language?”, in his work of maturity expresses that  “we must not ask what language is, but rather how it functions” (Condé, 1998, p.86). When operating this theoretical displacement, Wittgenstein indicates that it is no longer possible to talk simply in language, but rather in languages, i.e.,  “a huge variety of uses, a plurality of functions or roles that we could see as language games” (Condé, 1998, p. 86). In this way, the meaning of a word emerges as we use it in different situations. Therefore, the same expression, in different contexts, will mean something else. In Wittgenstein’s words: the meaning of a word is its use in the language” (PI, # 43).  As we can observe, Wittgenstein abandons any essentialist concept of language. Indeed, if the meaning of a word is determined by they way we use it, use can be understood as something that determines a practice and not “as the expression of a metaphysical category” (Condé, 2004, p.48). 

Thus, the theoretical production of maturity of Wittgenstein and some of his interpreters such as Condé (1998, 2004) and Glock (1996) allows the inference that language games and the rules that constitute them are strongly imbricated by the way we use them. This means that language games should be understood as immersed in a form of life, strongly amalgamated with non linguistic activities. Glock argues that “a form of life is a culture or social formation, the totality of communal activities into which language-games are embedded” (Glock, 1996, p. 125). Indeed, since meaning is given by use, the meaning can change at every use we make of the words. “What we do is to bring words back from their metaphysical to their everyday use” (PI, #116), to the friction of “rough soil”. 

These ideas lead us to the notion of form of life as “the intertwining of culture, world-view and language” (Glock, 1996, p.124). In this intertwining, the meanings we give words are mediated by rules that are conceived in our social practices. A set of such rules constitutes a grammar that, as indicated by Condé (2004, p.170), is very important to analyze modern rationality, because it “guides” the interactions between the different language games. Underlying the emphasis in learning to operate with the rules of grammar, Condé says that Wittgenstein means “grammar and language games as a rationality that is forged from the social practices in a form of life and that is no longer based on ultimate principles” (Condé, 2004, p.29). When one abandons the idea of a single, natural, reason-producing structure, it is possible to understand rationality as an “invention”, a “construct” (Condé, 2004, p.29). It is this “construction” that will allow language to articulate itself inside a form of life and establish which rationality will indicate to us what we should accept or not. It is important to highlight that the philosopher’s notion of “family resemblance” also points to the possibility of interconnections between different language games belonging to the same form of life or to different ones. 
Thus, when pointing out that two language games have family resemblances, this does not refer to an identity between the games. It is emphasized that both have similar aspects and that they are distributed by chance, without a supposed uniform repetition. These ideas point to a non-essentialist theoretical perspective which is shared by the post-structuralist positions.  

This non-essentialist perspective is at the foundation of Foucault’s formulations on how the disciplining and resistance of knowledges constitute the subjects. Analyzing the close relationship between the “progress of lights” and the disciplining of knowledges, Foucault (1997:159) discusses that throughout the 18th century there was

un immense et multiple combat, non pas donc entre connaissance et ignorance, mais un immense et multiple combat des savoris les uns contre les autres – des savoirs s’opposant entre eux par leur morphologie proper, par leurs détenteurs ennemis les uns des autres, et par leurs effets de pouvoir intrinsèques.
The philosopher shows that during that period the State intervened, directly or indirectly, with four procedures: 

D’abord, l’élimination, la disqualification de ce qu’on pourrait appeler les petits savoirs inutiles et irréductibles, économiquement coûteux (…). Deuxièmement, normalisation de ces savoirs entre eux, qui va permettre de les ajuster les uns aux autres, de les faire communiquer entre eeux, d’abattre les barrières du secret el des délimitations géographiques et techniques (…). Troisième operation: classification hiérarchique de ces saviors qui permet, en quelque sorte, de les ememboîter les uns dans les autres, depuis les plus particuliers et les plus matériels, que seron en meme temps les savoirs subordonnés, jusqu’aux formes les plus générales, jusqu’aux savoirs les plus formels (….). Et enfin, à partir de là, possibilité de la quatrième operation, d’une centralization pyramidale, que permet permet le contrôle de ces savoirs, que assure les sélections et qui permet de transmettre à la fois de bas en huat les contenus de ces savoirs, et de haut en bas les directions d’ensemble et les organizations generals que l’on veut faire prévaloir. (Foucault, 1997:160-161)
Again, following Foucault’s ideas, it should be mentioned that the analysis of enunciations “can only refer to things said, to sentences that were truly pronounced or written” (Foucault, 1995, p.126). It is not a matter of asking what would supposedly be “hidden” in the enunciations, but rather of analyzing “how they exist, what it means to them that they have expressed something, that they have left traces (…) what is to them the fact that they appeared – and no other in their place”  (Foucault, 1995, p.126). 

In this sense, the Foucaultian perspective also became outstanding in this analysis, enabling us to identify the rules that shaped the language games which shaped the Mathematics subject and those that constituted the mathematics of technical subjects in the curriculum of the school studied. Further, on examining the language games that institute these two mathematics, we conjecture that there might be a strong family resemblance among the language games associated with the peasant form of life of the south of the country, discussed by Knijnik (2007), as well as among those associated with the Mathematics subject. Finally, spelling out a school mathematics education divided into two mathematics – the Mathematics subject and the one of the technical subjects – enabled understanding the mechanisms of disciplining and resistance of school knowledges. 

In brief, on the one hand Wittgenstein’s philosophy of maturity, denying the existence of a universal language, enabled us to question the notion of a universal mathematical language. This allowed us to argue, from the philosophical viewpoint, about the existence of two mathematics practiced at the school studied, here called “the mathematics of the Mathematics subject” and the “mathematics of the technical subjects”. Foucault’s formulations, on the other hand, enabled us to analyze these different mathematics in their “ties with the production of power-knowledge relations and with constituting true regimes” (Wanderer & Knijnik, 2007, p.3).  

Data analysis 

Based on the theoretical framework presented in the previous section and the data produced by the before mentioned fieldwork, the analytical exercise pointed to the rules that mark the Mathematics subject, which emphasized formalism, abstraction and asepsis. As shown in one of the interviews given by the Mathematics teacher, she considered formalism the most important aspect in the subject she taught. She assigned a different value to the students who followed “a model” in solving the exercises: “look at the difference (...) I see that most of those who have an average above fifty [do all the exercises according to the model], each exercise, I correct all of them, so they write it correctly (...) it is a habit of theirs”. Formalism was also expressed in the definitions of operations with complex numbers, or in classifying the numerical intervals, as well as in spelling out the methods to solve linear systems. In the handouts written by the teacher, there was the same order of presentation: first, the concept was presented; then there was an exercise, usually solved by her, and after this, long lists of similar exercises which, as she emphasized in one of the interviews, were to be solved in the sequence in which they were shown. The exercises preferentially use terms connected to academic mathematics, expressed, among others, by using the letter “x” and “y” in the equations, to explain the rules and methods to solve them. It should also be emphasized that writing also prevailed in the grammar of Mathematics subject. As another teacher interviewed explained, “one can even solve [the problems] directly [without using the rule of three, “in one’s head”], but they [the students] do not manage to solve them”. They “understand them better”. 

In the test and handout exercises analyzed, integers were also used recurrently, like the one that appears in the handout exercise: “The height of a parallelogram is 10cm. The size of the base is equal to double the measure of the height. Calculate the area”. There was a high incidence of values that besides being integers were multiples of 10, in an asepsis perspective that excludes what sociologist Bauman (1998) referred to as the “dirt”, which might contaminate the curriculum of the Mathematics subject. It can be inferred that banning the “dirt” from the Mathematics subject was also anchored in the preservation of formal writing that school mathematics “borrows” from academic mathematics, marked by formality and abstraction (Knijnik, 2007, p. 4). This “borrowing” mentioned by Knijnik may be thought of as indicating that these language games are multiple and varied, and do not have, as was clearly emphasized by Wittgenstein, an invariable common property, but only resemblances that present themselves as “family resemblances”. 

The analytic exercise also pointed to the existence of another mathematics practiced at that school. This mathematics – here called “mathematics of technical subjects” – used approximation – “olhômetro” (which can be loosely translated from Brazilian Portuguese as “by eye”, an expression used by students and teachers to refer to estimation) and orality. Indeed, differently from the asepsis, formalism and abstraction present in the mathematics of the Mathematics subject, the students used different rules when they were asked to solve problems connected to farm work in the technical subjects. 

In one of the classes of the subject called “Animal husbandry” that was observed during fieldwork, the students were asked to calculate the amount of feed needed for the pigs in a five-day period. Immediately they mentioned that it would be necessary to “separate the sums”, since the daily consumption of each lot was different from that of the others. Although the students were careful with the “order” of writing, so as to obey the multiplication algorithm, the calculator was used throughout the process. While they mixed the ingredients they unanimously remarked that when preparing the feed, they use the “more or less technique”, i.e., they round off the values found, usually “upwards”.  They argued that this “upwards” was necessary because of possible losses, ranging from accumulating feed in the machine – impossible to remove – to waste in transport from the feed room to the chicken coops and pigpens.  The teacher ratified the students’ position: on discussing the differences between “calculation in the Mathematics subject” and the animal consumption, she said that the former [referring to calculation] “is dry, it does not take the variables into account”; on the other hand, in consumption there are “a number of variations” that have to be taken into account. 

This episode, among so many others observed in fieldwork – such as calculating the amount of feeders needed on a chicken farm, and determining their area – showed that, more than obeying the rules dictated by the mathematics of the Mathematics subject, the mathematics of the technical disciplines was amalgamated to the daily practices of production and supported by a grammar whose rules included rounding off and estimating. The teacher clearly stated: “everyone does this”.  

Oral calculations, “calculating in one’s head”, were also part of the mathematics practiced in the technical subjects. Indeed, in one of the practical classes, in which it was necessary to make 150 kg of feed with a proportion of 70%  of corn and 30% of concentrate, one student remarked that “ there is nothing very difficult in this mathematics”, explaining verbally: “If there were one hundred kilos, there would be seventy [kilos of corn], since its one hundred and fifty kilos, it is seventy, plus thirty-five, which makes one hundred and five kilos of corn“.  Likewise, in calculating the concentrate, he explained: 30% of 150= 30 [30% of 100] + 15 [30% of 50] = 45. The calculations produced by the student, as well as others observed in the fieldwork, allow inferring that, the percentage taught in the class on the Mathematics subject was used only as a strategy to determine the amount of feed components.
In brief, we can say that the language games practiced in the technical subjects do have family resemblances with the peasant mathematics, marked by the rules of orality and approximations discussed by Knijnik (2007) and Wanderer (2007). However, even producing breaks with the rules engendered in the Mathematics subject, resemblances can be observed between their language games and the mathematics in the Mathematics subject.

On several occasions in technical classes, the teacher referred to the importance of “taking up again “ some basic concepts of the Mathematics subject, including, rule of three, percentage and geometry – according to him, “the pillars that matter” in solving any problem. This positioning agreed with what the vice-director said, when he emphasized that 
there are parts of mathematics that one hardly or almost never uses” [referring to the equations]  and “it is at the time of doing it, that one needs to apply mathematics that uses geometry, for instance, calculating the surface of areas. One has the geometrical figure, one has to have the formula for this, you know. One has to have basic knowledge. 
His statement leads us to think that teachers and students, in the technical classes on agricultural techniques, also used rules associated with the mathematics of the Mathematics subject stating that “use in practice” will determine “which mathematics” is necessary to train the agricultural technician, during the explanation the vice-director used rules that are usually present in the classes of the Mathematics and in the handouts we examined. 
In summary, mathematics education practiced at that school used language games of different mathematics. Furthermore, the language games conceived in the mathematics of the Mathematics subject showed that they strongly resembled the language games of Academic Mathematics. The mathematics of the technical subjects, even while maintaining a more intense family resemblance to the peasant mathematics language games, also presented a resemblance to those that instituted the mathematics of the Mathematics subject of that school. 
Data analysis also led us to conclude that the shaping of this complex network of language games, with family resemblances (even though with a variable intensity) to the language games of other mathematics, operated through the selection and hierarchisation of knowledges, producing movements of discipline and resistance. There was a tension between these selection processes and hierarchisation. As the mathematics teacher said, the contents, on the one hand had to be applicable – “because they need them in the technical area “ – and on the other, they had to be used to foster reasoning, since, in her words, “if you take mathematics, only the one you use in daily life, your brain will become limited to this, and that will be the end.”. Furthermore, although the teacher said that she only allowed using the calculator in the third year, some students utilized it in the technical classes as a tactic to “get out of” calculations that often involved fractioning integers. 

When we discussed the mathematics education practiced at a Brazilian agricultural technical school, we focused on processes that disciplined, standardized and hierarchised the school knowledges. These ideas make it possible to think about issues involving the school curriculum, its subjects and the mathematics that institute them. In the next section we will show some of these issues. 

Final words

The discussion about the mathematics of the Mathematics subject and of the technical subjects intended to understand the more variegated hues of this set of knowledges that has been called “school mathematics”. This allowed showing the immanent character of the school curriculum, as opposed to the transcendence with which it has often been considered, making it possible to “render suspect” the ways in which the field of Mathematics Education has participated in these processes.  


It should be recalled that such mechanisms were already present during the classical Greek and Roman periods, when the contents to be taught were arranged in different areas (Gallo, 2007). According to the author, at the time, the different areas – or subjects – underwent changes that culminated in a double organization: the trivium (Grammar, rhetoric and philosophy) and the quadrivium (arithmetic, geometry, astronomy and music). The author believes that this concept of education and curriculum presupposes the understanding that the world and reality are constituted by an assumed totality that could not be completely covered by man. Thus, it became necessary to divide the knowledges into areas which should “be studied, learned and articulated in an encyclopedic view” (Gallo, 2007, p.2). This educational process would imply “the loss of the totality of ignorance so that, through analysis (which in turn means division into parts) knowledge will be enabled and finally the totality will be recovered, now as wisdom” (Gallo, 2007, p.2) [author’s italics]. The advent of the Modern Age caused the faster proliferation of subjects and specializations. New areas arose and were later subdivided, and then led to others, in a continuous specialization process. 
In his analysis Gallo also emphasizes that philosopher and mathematician René Descartes used the image of a tree to describe the set of knowledges. In this image the roots would represent original knowledge; the trunk, philosophy, that would support the whole and the branches, the different “scientific” subjects that would be subdivided by the branches. According to the author, even with this idea of segmenting and subdivision, the image of the tree “always refers back to totality, since there is a single tree, and, beyond knowledge of the parts, we can reach knowledge of the whole” (Gallo, 2007, p.3). The author also states that this “essentially modern movement of division into subjects” fostered a specialization of knowledges and that, in this process “different sciences are created and new knowledges proliferate” (Gallo, 2007, p.3). The author argues that in the schools this movement is reproduced in the process called “self-learning”, where the curricula are increasingly specialized and subdivided. Based on the research developed at the school studied, we came to believe that the mathematics that circulated in the subject of Mathematics and in the technical subjects was imbricated in the specialization and subdivision mentioned by Gallo. At that institution they appeared to be reinforcing the specific rules of the different mathematics, in a process that at the limit blurred the family resemblances between the language games that constitute these mathematical differences, strengthening the fragmentation of their school curriculum. 

What meanings can we attribute to this fragmentation? Would it be necessary to go beyond it by means of a “reconnection of knowledges”? Gallo does not hold the position that the “solution” to this fragmentation is a supposed “rescue of totality”. Indeed, he argues that even the substantial scientific and technological progress no longer allows certain problems to be solved by specialization, and that at school the students no longer manage to “perform the logical operation to recover totality, articulating the knowledges that they have learned in an isolated form” (Gallo, 2007, p. 3). However, when  he emphasizes that, on feeling this “loss” of totality, science and education appealed to the opposite movement, i.e., interdisciplinarity – in epistemological terms already during the 19th century, and in pedagogy in the mid-20th century- the author questions whether interdisciplinary practice would be able to “rescue” the totality “or whether it would only manage to place patches on pieces created by the division into subjects (…) resulting in a quilt which, ultimately, will never again be the same fabric as before” (Gallo, 2007, p.3). 

The author mentions that, according to this concept, even with complex and with multiple aspects, reality was considered to be one and uniform. As opposed to the image of the tree, Gallo uses the Deleuzian metaphor – inspired by Nietzche - of the rhizome, to allude to the philosophical position that considers reality as multiplicity and difference. From this perspective, “there is no reconnection of knowledges” (Gallo, 2007, p.5), since “what has never been connected can never be reconnected” (Gallo, 2007, p.5). 
Since Gallo’s positions do not show the ways to “overcome” curricular fragmentation, they go against the flow of as yet hegemonic perspectives in the field of Education interested in finding “the solution” to the problems we face in our daily work as teachers. This paper – as well as the research that engendered it – also wants to be in a position of going against the flow: it did not attempt to find answers to the questions faced today by mathematics education in Agricultural Technical Education. The study had an eminently analytic purpose. We consider that our analysis had a local, circumscribed dimension. It was one of many possible readings of the mathematics education practiced at that school.  
Even so, our analysis could highlight issues concerning the politics of knowledge. It showed the existence of different mathematics in the school curriculum of an Agricultural Technical School of southern Brazil. It allows us to think about some elements that contribute to peasant students’ failure in schooling processes. If the mathematics of the Mathematics Subject is only one among other mathematics taught in the school form of life, if there we can identify other mathematics, which have strong family resemblances with peasant mathematics, we can go deeper into our understanding about how to enlarge the mathematical world of students of non hegemonic groups – like the peasants who attend to the school we studied.  To enlarge it without suppressing their outside school mathematical practices, the language games that do not belong to the mathematics of the Mathematics Subject. And we must say: this enlargement does not refer only to the mathematical world. It can help prevent prejudices and discrimination against “the others”, those whose everyday mathematics language games are marked by rules that are neither formal nor abstraction. 
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