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� � ¸� ¸� ¸� ì� ì� ì� Î� � Ð� Ð� Ð� Ð� Ð� Ð� $� � R� W� � � ô� � þ� ž� ì� ì� ž� ž� ô� þ� þ� ¸� ¸� 4�  � � ®� ®� ®� ž� ¸þ� ¸� þ� ¸� Î� ®� ž� Î� ®� ®� þ� þ� ®� ¸� –�  €¢¥‘ƒ"Ç� � � V� T� ®� Î� � � 0O� ®� o� ª� èo� ®� � � � � þ� þ� þ� þ� o� þ� ®�  ì� >*� ,®� V� $z� $� ì� ì� ì� ô� ô� � � � � � � � � ’� � � � � � � � � � � Social Justice and Mathematics: Rethinking the Nature and Purposes of School Mathematics Kurt Stemhagen University of Mary Washington, USA Introduction: The Need for an Ethics of Mathematics Education It is interesting to see how different subject area teachers view their role in the wider community. Nearly all teachers I have spoken with acknowledge that schools can 
and should play a part in helping our society work toward social justice. However, it has been my experience that when mathematics teachers are pressed on this point they often explain that, because of the nature of mathematics, there is not much that they can do in this regard. They explain that the content of their subject matter reduces their obligations when it comes to teaching for social justice, that is, it is out of their hands. Furthermore, I have spoken with social justice -oriented teacher educators who succeed in exciting most of their students about the enterprise of teaching for social justice yet struggle with how to help future mathematics teachers link their curricula and classroom practices to the movement toward a 
more just, equitable, and democratic society. Conceding that many important ways in which teachers can work toward social justice have little to do with their specific subject areas (e.g., the physical setup of the classroom, the types of assignments given, and the way students and other teachers are treated), I am nonetheless troubled by the conception of mathematics as devoid of social implications. In this article, I consider what needs to change if mathematics class is to become a place where its aims stretch beyond the narrow transmission of mathematical skills and knowledge. A central facet of my argument is that for mathematics to have broad social implications, the way that mathematics is typically thought about 
needs to change. I will offer a sketch of one such reconceptualization. It is important to note that a larger argument, that mathematics has ethical implications, does not require the adoption of this particular philosophy of mathematics. I have included this account because I believe offering one such possibility will add specificity to, and illuminate the possibilities of, an ethics of mathematics education. There will be expectations that connecting social justice to mathematics education ought to involve the inclusion of marginalized groups in curriculum materials, improving access to higher mathematics courses of study, �  tracking and mathematics, using mathematical skills to analyze social injustices, and other issues more 
traditionally thought of as relating to equity in education. While each of the preceding ideas is certainly important and will need to be analyzed and confronted if mathematics education is to become an arena in the battle for civil rights, I am arguing that such practical changes are necessary but not sufficient and that a change in the way we conceptualize the subject matter of mathematics is also critical in any effort to include mathematics education in the mission of social betterment. In addition to seeking to equalize educational structures and methods, we must also find ways for the very subject matter to be able to take part in aiding this reconstruction. I submit that school mathematics needs to help students recognize their 
ability to, and the value of, creating and evaluating mathematical knowledge as a means to improve the world around them. I must admit that my belief that increasing students’ mathematical agency (a term that I will define more clearly later) will aid in the push toward social justice is at least somewhat intuitive. However, there is precedent for arguing that conceptual shifts can have social implications. One reasonably closely related example can be found in situated theory. Jean Lave and others have argued that rethinking the nature of our thought-action dichotomy is a way to recognize the rationality of situated, non-academic cognitive activity in an effort to increase social equality. Likewise, Jo Boaler has studied various 
ways in which situativity might help lessen the gender gap in school mathematical performance as well as to increase participation in mathematics in general.�  Although a philosophical reconceptualization of mathematics might seem a strange way to promote social justice, I hope that readers will consider it an avenue worthy of exploration. An Alternative Philosophy of Mathematics Historically, mathematics has been held up as a bastion of certainty. The popular, common sense version of mathematics as objective, logical, neutral and extra-human has fostered resistance to pedagogical shifts similar to the other subject areas.�  Recent reform efforts that have sought to introduce psychosocial components to mathematics 
education have had to work against particularly entrenched understandings of mathematics. Consequently, reformers have postured against this absolutism by offering constructivist versions of mathematics that are thoroughly subjective, relative, and fallible. The “math wars” have been raging for several years and show no signs of letting up, pitting traditionalists—those calling for more rigor and a “back to basics” approach to mathematics education—against reformers—those advocating a child-centered, applied approach to mathematics education. The “math wars” are about more than just teaching methods and curriculum decisions. Undergirding this split are pronounced differences as to how the nature of mathematics is 
conceived. Absolutists tend to view mathematics as certain, permanent, and independent of human activity. Constructivists, on the other hand, focus on the ways in which humans actually create mathematical understandings and knowledge. A simple yet powerful way to characterize this split is to borrow from philosopher Rorty’s distinction between those who view phenomena as found versus those who view it as made (1999, p. xvii). I contend that absolutism and constructivism, while having much to offer, ultimately fail as philosophies of mathematics. Absolutism suggests an understanding of mathematics that captures its unique stability but that does not acknowledge its human dimensions. Conversely, constructivism 
tends to encourage understandings of mathematics that feature human involvement but, in doing so, seem to lose the ability to explain the remarkable stability and universality of mathematical knowledge. Elsewhere, I have worked to develop a useful and different philosophy of mathematics education given this stalemate (both practically and philosophically speaking) existent within the context of contemporary mathematics education. �  I use the work of several thinkers and schools of thought to develop an evolutionary philosophy of mathematics education. This perspective acknowledges how the empirical world, that is the world of experience, contributes to mathematics. As Philip Kitcher and others have noted, the very 
origins of mathematics were probably empirical, most likely originating in Mesopotamia, arising out of the practical experiences of farmers and others.�  Whereas some mathematical empiricists (particularly Kitcher) have had trouble explaining how mathematics has gone from an empirical to a highly rational and abstract enterprise, this evolutionary account, through recognition of the development of mathematics as a series of individual-environment interactions, emphasizes the ways in which simple, applied, and directly empirical mathematics can be quite rational. Conversely, the evolutionary account also develops the empirical and pragmatic dimensions of contemporary mathematics. Furthermore, the origins of 
mathematics are not conceived of as crudely empirical, but rather as arising out of pragmatic endeavors that possessed both physical and mental aspects, as human organisms developed and used mathematics as a means to interact with their environments. A functional account of the nature of mathematics is suggested by this presentation of ideas. Whereas past philosophies of mathematics tended to advance structural approaches to explaining mathematical knowledge, this functional approach posits mathematics as a series of evolving, humanly-constructed tools that are created in order to solve genuine problems. Additionally, whether a mathematical activity functions well in its role as a solution to the particular problem it 
was employed to contend with presents an opportunity to judge its “correctness.” The educational implications of the evolutionary perspective’s functional account are potentially quite broad and powerful. However, the scope of this article is limited to a consideration of how a reconceptualization of mathematics might encourage the development of mathematical agency and ultimately work toward social justice. Empowerment and Agency as Aims of Mathematics Education While I would not argue that most teachers view mathematics as a way to teach powerlessness, I do believe that, unfortunately, mathematics class frequently has such an effect. My claim here is that if empowering students is an aim of mathematics 
education (and I argue that it ought to be if increased social equity and democratic participation are more general aims of education), then rethinking the nature of mathematics is called for. A necessary step toward social justice is helping children recognize that their voice matters. Real and lasting social change cannot come about until individuals realize the power that they possess. The mathematics class version of this is that they must develop mathematical agency. In “Empowerment in Mathematics Education,” (2002), Paul Ernest identifies three different but overlapping domains within which mathematics can be personally empowering for students: mathematical, social, and epistemological. Mathematical empowerment 
refers to becoming fluent in the ways and language of school mathematics. Social empowerment involves using mathematics to: “better one’s life chances” (2002). Ernest explains that the world in which we live is highly quantified and that knowledge of and the ability to use mathematics is critical to being able to negotiate it: Our understanding is framed by the clock, calendar, work timetables, travel planning and timetables, finances and currencies, insurance, pensions, tax, measurements of weight, length, area and volume, graphical and geometric representations, etc. Much of our experience of life is already mathematised. Unless schooling helps learners to develop the knowledge and understanding to identify these 
mathematisations of our world, and the confidence to question and critique them, they cannot be in full control of their own lives, nor can they become properly informed and participating citizens. (Ernest, 2002) The third type of mathematical empowerment is epistemological. It is concerned with the ways in which individuals come to view their role in the creation and evaluation of knowledge, both mathematical and in general. Ernest rightly claims that epistemological empowerment: “is perhaps the most neglected in discussions of the aims of teaching and learning of mathematics” (2002). It is a critical component of what I earlier referred to as mathematical agency. Epistemological empowerment refers to the degree to 
which children recognize that they can construct new knowledge and that they have the power to determine the value of their constructions. Those who possess primarily absolutist or constructivist outlooks face severe problems fostering genuine mathematical agency in mathematics classrooms. Mathematical agency is some combination of Ernest’s social and epistemological empowerments. For mathematical agency to be addressed in mathematics classrooms, teachers must commit to helping students learn how to deal with their already mathematized existences and also to recognize that they are agents capable of altering such mathematizations and also to create new ones when they see fit. Finally, teaching mathematical 
agency requires that teachers help students develop the means to judge the merit of different forms of mathematics. In viewing mathematics as a static body of preexistent truths, absolutists have a problem in placing the student in a position to become a mathematical agent in any robust sense. As Ernest explains: Many students and other individuals, including mathematics teachers (Cooper, 1989), are persuaded by the prevailing ideology that the source of knowledge is outside themselves, and that it is both created and sanctioned solely by external authorities. They are led to believe that only such authorities are legitimate epistemological agents, and that their own role as individuals is merely to receive knowledge, with the 
subsequent aim of reproducing or transmitting it as accurately as possible. (2002) Constructivists face a different, yet equally daunting set of challenges. Elsewhere, I have analyzed constructivist mathematics education through scrutiny of a textbook for mathematics educators and an account of constructivism in practice (Stemhagen, 2004). I found that in constructivist classrooms, students are certainly empowered in the sense that their individual ideas, methods, and findings are given value. The problem is that following through with this way of thinking tends to foster the view that all mathematical constructions are valuable, regardless of their power to solve “real world” or even theoretical problems. That is, the primary 
means by which a mathematical idea can be evaluated is whether and how it matches a child’s existing mental structures. Math educator John Van De Walle demonstrates the constructivist’s tendency to evaluate the worth of mathematical constructions according to internal criteria: “Children (and adults) do not learn mathematics by remembering rules or mastering mechanical skills. They use the ideas they have to invent new ones or modify the old. The challenge is to create clear inner logic, not master mindless rules” (1990, p. vii). Jere Confrey is more explicit and succinct: “…reflection is the bootstrap for the construction of mathematical ideas” (p. 116). The result is that although children learn to create mathematical 
constructions, they are discouraged from developing understandings of how mathematics can help outside of mathematics class (or even beyond their own minds), as according to this way of thinking mathematics is connected not primarily to the physical world so much as it is to the prior mental structures of each student. This “bootstrap” theory provides no explanation of how engaging with the physical world can foster new mathematical constructions and also help students to judge the merits of what they have constructed. Consequently, in an effort to empower students, constructivist teachers run the risk of encouraging students who are emboldened to create mathematical constructions that may or may not be truly 
empowering in the sense that they can help children live in and negotiate a mathematized world and lead to a recognition of how they can be epistemological agents, creating and evaluating their own functional mathematical constructions. The Non-neutrality of Mathematics: Winner’s Making-Use Distinction The content of mathematics is typically thought of as neutral. That is, to most, mathematics is considered a domain that is devoid of ethical-moral implications. One can use mathematics for whatever purposes one wishes, but the mathematics itself is not good or bad, it just is. If I am right and mathematics classrooms frequently teach powerlessness, then the notion that mathematics is essentially neutral needs to be 
revisited. Furthermore, if the content of mathematics class fosters a particular way of looking at the world (a mathematical one), then it seems reasonable that this way of looking at the world, to the extent that it is different from non-mathematical perspectives, can be conceived of as more or less valuable. Thus, it is not devoid of ethical implications. Langdon Winner argues similarly about technology. In The Whale and the Reactor (1986), Winner writes that technology is often viewed as a neutral tool that can be used for good or ill purposes. His argument is that this common conception is mistaken and that technology is not neutral, in that its very invention and employment alter our social arrangements. Winner ’s ideas 
about technology can be helpful in thinking about mathematics.�  Perhaps most relevant, is his idea that much of the reason why technology is mistakenly thought of as neutral is that there is a sharp distinction between its creation and its use: The deceptively reasonable notion that we have inherited from much earlier and less complicated times divides the range of possible concerns about technology into two basic categories: making and use. In the first of these our attention is drawn to the matter of ‘how things work’ and of ‘making things work.’ We tend to think that this is a fascination of certain people in certain occupations, but not for anyone else. ‘How things work’ is the domain of inventors, technicians, engineers, 
repairmen, and the like who prepare artificial aids to human activity and keep them in good working order. Those not directly involved in the various spheres of ‘making’ are thought to have little interest in or need to know about the materials, principles, or procedures founding those spheres.” (Winner, p. 5) Winner goes on to explain how, to most, it is only the use of the tools that matters. Our interactions with these tools are instrumental, and take place to achieve certain desired outcomes: “One picks up a tool, uses it, and puts it down. One picks up a telephone, talks on it, and then does not use it for a time. A person gets on an airplane, flies from point A to point B, and then gets off” (Winner, p. 6). According to this 
view of technology our interactions with the tools in question are: “occasional, limited, and non-problematic” (p. 6). Not surprisingly, Winner finds the making-use dichotomy unacceptable and damaging. He contends that if people were aware of what went into the making of some forms of technology that there would be greater awareness of how use is not so simple. In a section titled, “Return to Making,” Winner eloquently makes this point with a question: “As we ‘make things work,’ what kind of world are we making?” (p. 17). As far as the relevance of Winner’s making-use distinction to mathematics and mathematics education, there seems to be a similar divide between those who do or use mathematics 
professionally and those who do not. Furthermore, there is a similar lack of consideration as to how mathematics can alter our lives in ways more radical than simply existing as an instrumental aid to be intermittently used in a non-complicated manner. Winner writes of the small group interested in the making of technology. With mathematics, the group is even smaller, perhaps consisting of professional mathematicians, those who employ much mathematics in their work (scientists and engineers, for example), and teachers of mathematics. It seems that to most, mathematics is some sort of language or system that supports or silently undergirds the technologies that sustain their lifestyle. The Reintegration of Making and Use: 
Hersh’s Metaphor A first step in countering the making-use distinction in mathematics education might be to help students experience some of what goes on in the world of those who are involved in the making of mathematics. In What is Mathematics, Really?, Reuben Hersh explains that mathematics can be thought of as divided into two areas, front and back. The idea, an application of sociologist Erving Goffman’s work (1973), is that the finished product of mathematicians belongs in the well-ordered and more-or-less highly polished front of mathematics while the back is the area where mathematicians are busy engaging in the messy but often practically fruitful activities of mathematicians. He uses the analogy of a 
restaurant. The front of a restaurant is the dining room and the back is the kitchen. In the dining room everything is to appear orderly and under control. Those in the front are not privy to all that goes on behind the scenes (in the back) in order to create the seamless experience of dining in the front. Hersh explains math in these terms: The front and back of mathematics aren’t physical locations like dining room and kitchen. They’re its public and private aspects. The front is open to outsiders; the back is restricted to insiders. The front is mathematics in finished form—lectures, textbooks, journals. The back is mathematics among working mathematicians, told in offices or at café tables . . . Front mathematics is formal, 
precise, ordered, and abstract. It’s broken into definitions, theorems, and remarks. Every question either is answered or is labeled: “open question.” At the beginning of each chapter a goal is stated. At the end of each chapter, it’s attained. Mathematics in back is fragmentary, informal, intuitive, tentative. We try this or that. We say “maybe,” or “it looks like.” (1997, p. 36) It is a common belief that the front part of mathematics is all that exists. The application of the Hersh/Goffman metaphor is an invitation for all students to leave the well-ordered dining room and to see what’s cooking in the kitchen (as well as how things are cooking and most importantly, to do some cooking themselves!). Hersh stresses that we do 
mathematics first and philosophize about it later. He does not deny the seeming banality of declaring that mathematics is a human activity that takes place in the context of a society. He goes on to assert that failing to recognize the importance of mathematics’ socio-historical context is the source of the intractability of many of the problems of the philosophy of mathematics, and by extension, mathematics education. Mathematics and the Fabric of our Lives Hersh’s metaphor is offered as a means to suggest the possibility of mathematics classrooms where the making and not just the use of mathematics is taught and learned. If Winner’s work with technology has any relevance to mathematics education, this could be a very 
important development. Recall Winner’s notion that people tend to think of our relationship to technology as a simple instrumental one. We employ something for a time for a given purpose, then we put it down; we use the telephone or airplane for briefly, then we stop using them, etc. When thought about in this way, certain technologies tend to change the way we live much more broadly than by simply altering our immediate mode of communication or transportation. The question, as I see it, is: Do the development and acquisition of mathematical skills and techniques alter our existence in profound, not immediately clear ways? If so, it is interesting and even disturbing that mathematics class rarely, if ever, confronts such 
issues. One interesting explanation about the power of mathematics to alter our social arrangements is detailed by Lewis Mumford. In Technics and Civilization, Mumford considers the impact of certain machines and technologies on human life. He details the development of the clock in European monasteries in the fourteenth century and he considers its effect on the monks and also its eventual impact on humanity as a whole. It should be noted that, in talking about the mechanical clock, Mumford bundles technological development with a more general and perhaps underlying mathematization of human experience: “The application of quantitative methods of thought to the study of nature had its first manifestation in the 
regular measurement of time…” (Mumford, p. 12). Later, Mumford furthers an interesting clock-mathematics/science connection: “The clock, moreover, is a piece of power-machinery whose product is seconds and minutes; by its essential nature it dissociated time from human events and helped create the belief in an independent world of mathematically measurable sequences; the special world of science” (p. 15). It is not too much of a stretch, I should think, to consider ways in which other mathematizations might alter the way we experience our lives. We tend to see most things as able to be mathematically modeled. Some, such as Jean Baudrillard, argue that our simulations (mathematical and otherwise) are taking the 
place of our real experiences.�  This might sound preposterous on the surface, but models are, virtually by definition, “cleaner” and more understandable than the “real thing” so it seems understandable that models might creep in as substitutes for portions of our lives. In fact, Baudrillard points out that on some level, this is necessary. Simulations starts with a retelling of a fable about how a map became so detailed that it eventually covered exactly the same area as the territory it represented. Maps are models of reality that can be quite useful. The trouble, according to Baudrillard, is when we cannot distinguish between the model and the reality and perhaps, when we can but when we prefer to experience our lives through 
models and not reality. Conclusion What does all of this have to do with differing philosophies of mathematics education, the argument that mathematics is non-neutral (that is, that it has moral/ethical implications), and the notion that social justice should be on the minds of mathematics educators? If meaningful change in mathematics education is going to take place, a reconceptualization of the nature of mathematics and what we want to accomplish in mathematics classrooms is needed. That is, Hersh’s back part of mathematics only becomes important as anything more than a teaching technique if the traditionalists’ absolutism is abandoned. Likewise, the hyper-empowerment of many constructivist accounts does not lead 
to genuine social and epistemological empowerment, or what I am calling mathematical agency. The adoption of some alternative conception of mathematics is needed if we are to recognize that mathematics is non-neutral and that it has very real yet not always obvious effects on our actual experience. In other words, absolutist philosophies of mathematics tend not to acknowledge the non-neutrality of mathematics and constructivist accounts tend to under-emphasize the ways in which mathematics matters to anything outside of the mind of the individual learner or beyond the confines of groups of professional practitioners. The links from pondering the nature of mathematics to teaching mathematics as a means of changing 
the world for the better might seem hidden and even tenuous, yet they are both present and important. While I agree that getting more females and students of color into advanced mathematics class is important, my concern with this project is with what gets taught and learned in such classes. A more meaningful and genuinely agency-producing mathematics education would, to paraphrase Neil Postman, teach us not only how to use mathematics, but also how mathematics uses us.�  For this to happen, two gulfs will need to be bridged. First, the making and use of mathematics need to be reintegrated. Second, the absolutist understanding of mathematics as stable, universal, and inert and the competing constructivist version 
that emphasizes its contingency and uniqueness needs to be reconciled. Whether the evolutionary philosophy of mathematics that I have sketched in this paper is the particular philosophical bridge is not as important as the fact that one gets constructed. Is the recognition of an ethics of mathematics education possible? I certainly hope so, as a latent premise of this paper is that it can not be and never was neutral. Furthermore, if we do not actively consider and attempt to shape the ethical meta -messages of mathematics, we might not be pleased with that ones that will nonetheless emerge. Thinking of mathematics class as a forum for students to learn to analyze, understand, and improve their world is a radical shift from both 
traditional and contemporary notions. I concede that affecting this shift will not be easy but that taking the time to think deeply about the dual enterprises of teaching and learning mathematics is an important first step. Hopefully this can pave the way for recognition of the possibilities of mathematics class becoming a legitimate arena in the battle for increased democratic participation and social justice. References Baudrillard, J. (1983). Simulations. New York: Semiotext, Inc. Boaler, J. (1994). When do girls prefer football to fashion? An analysis of female underachievement in relation to ‘realistic’ mathematic contexts. British Educational Research Journal, v 20; 5, 551-562. Boaler, J. (1999). Participation, knowledge and 
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age of high technology. Chicago: The University of Chicago Press. �  Moses and Cobb’s Radical Equations (2001) is an important recent work in this vein. They look at how Algebra I is used as a means to separate the college-bound from the non-college bound. The book details a project in the rural south designed to increase minority participation and success in Algebra I in an effort to work toward increased equity. �  See Rogoff and Lave’s Everyday Cognition (1984) for more on the link between the mathematical and the social. Boaler’s “When Do Girls Prefer Football to Fashion? An Analysis of Female Underachievement in Relation to ‘Realistic’ Mathematic Contexts” (1994) and “Participation, Knowledge and 
Beliefs: A Community Perspective on Mathematics Learning” (1999) address gender and wider participation, respectively. �  In science, philosophical work (including Kuhn’s and Popper’s), coupled with a post-Sputnik concern for relevant, applicable science education has led to a shift in the way science is taught and learned in school, as science class has become a place where students often play the role of fledgling scientists. History class, with the advent of new forms of technology, has undergone a similar metamorphosis; from emphasis on the memorization of names, dates, and places to a dynamic forum for students to act as mini -historians, using the newfound ease of access to primary source data to discover and 
interpret material. �  See Stemhagen (2003, 2004). �  The Nature of Mathematical Knowledge (1983) is Kitcher’s fullest account of mathematics as an empirical enterprise. �  Bryan Warnick and I are in the process of writing a paper on the educational implications of conceiving of mathematics as a non-neutral technology. We are making a case that mathematics can actually be thought of as a form of technology. For the sake of this article, I am merely suggesting that some work in the philosophy of technology can be useful in thinking about mathematics. �  Much of Baudrillard’s Simulations (1983) deals explicitly with what he sees as the replacement of reality with this new “virtual reality” in which models are 
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