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Social justice and mathematics education make strange bedfellows.  One premise of this paper is that this state of affairs is unfortunate.  While there are differing perspectives as to the best way to go about making the two less incompatible, given the philosophically oriented forum provided by this journal, addressing some conceptual dimensions of this challenge seems in order.  

In a previous issue of this journal, I argued that rethinking the nature and aims of school mathematics is necessary in order to accomplish this task (Stemhagen, 2006).
  In this paper, I continue in this vein, arguing for a particular conceptual overhaul regarding the nature of school mathematics and suggesting ways in which this particular conceptualization can pave the way for a mathematics class in which social justice can reasonably be a concern.  Some forms of resistance to such reforms are identified and considered.  Finally, the paper’s closing remarks address the need to include multiple perspectives when considering mathematics education.  

Getting Beyond Algorithmic and Conceptual Mathematics

One way to explain the two predominant ways of thinking about the enterprise of mathematics education is to consider the “math wars.” Briefly stated, the math wars pit traditionalists against reformers.  Traditionalists tend to favor back-to-basics approaches, as their general belief is that mathematics can be best taught by the mastery of skills that have been isolated and formalized.  Reformers, on the other hand, often favor constructivist philosophies and methods and tend to focus on the development of what it means to “do” mathematics on a conceptual level.  This oft-documented distinction has been given at least several different labels, but regardless of whether the dichotomy is referred to as back-to-basics-constructivist, procedural-conceptual (Hiebert & Lefevre, 1986), or technical-cognitive (Gavalas, 2007), the ideas at remain reasonably. 

Multiplying fractions can serve as a slightly simplified example of this distinction.  An algorithmically focused mathematics classroom would have as a primary goal that the students develop the ability to carry out the act of multiplying fractions, say 1/2 x 2/3, whereas a conceptually focused mathematics classroom would work to ensure that the student gain an understanding of what it means when 1/2 is multiplied by 2/3.  Presumably, the enlightened conceptually oriented mathematics teacher would also work to ensure that the child acquires the requisite mathematical skills. It is reasonable to conclude that, by subsuming the algorithmic learning, conceptually based reform approaches are superior.  The tenacity with which the “math wars” are still fought suggests that my judgment regarding the superiority of reform mathematics might not be such an easy decision to reach.
  The clearest challenge to claims of reform mathematics superiority is that taking time and attention away from procedure and skill learning leads to less time and focus on basic skills.
  The debate, however, is about much more than simply jockeying for classroom time.  Later, more traditionalist critiques of reform-oriented or constructivist approaches will be considered but next I want to level a different complaint about reform mathematics, namely that it doesn’t go far enough.

Those arguing for the inclusion of social justice in mathematics education probably would tend to agree with my claim that reform mathematics does not go far enough.  Some argue that mathematics class ought to more explicitly consider those on the socio-economic margins and our social system’s role in this marginalization (Gutstein, 2006).  Others argue that rather than reinforcing social class barriers, students of low socioeconomic status should be taught mathematics with an eye toward ensuring that the gate keeping function of school mathematics does not keep them from attending college (Moses & Cobb, 2001).  Still others work to understand and eliminate differences in mathematical interest and attainment according to gender (Boaler, 1998; 1997).   While I share the belief that each direction is important and necessary for meaningful change, my focus is more foundational in that it seeks to provide conceptual support for those wishing to “take it farther.” 

The late constructivist mathematics educator, John Van De Walle (1990) identified the three-pronged goal of reform mathematics as “helping children develop: 1. conceptual knowledge of mathematics; 2. procedural knowledge of mathematics and; 3. connections between conceptual and procedural knowledge” (p. 6).  While Van De Walle’s assertion might not do much to soothe the fury of those entrenched in the traditionalist camp of the math wars, a reasonably objective perusal of his book should allay some fears of all but the most energetic opponents of reform mathematics education.  Van De Walle’s text continues to be widely used (currently in its sixth edition) and is thought to be philosophically in step with reform-constructivist mathematics education.  Additionally, I find it to possess a high degree of rigor in terms of its procedural content.  In the spirit of full disclosure, I should explain that not only was this the text I used as I studied to become a middle school teacher of mathematics but that it was Dr. Van De Walle himself who taught the course.  

As a student, I found myself quite convinced that “conceptual math” was the answer to the problem of how to improve students’ mathematics education experiences and this approach provided the pedagogical sustenance needed to nourish my first year as a sixth grade mathematics teacher.  By my second year (and beyond), however, I began to suspect that getting students to understand what algorithms mean—or, in other words, what is going on mathematically as they carry out school mathematics procedures—was an improvement over merely carrying out the procedures but that it did not provide the foundations for the meaningful sort of mathematics education experience I hoped to provide for my students.  For one thing, in their good-intentioned efforts to overcome the traditionalists’ tendency to focus exclusively on the skills and discrete bits of mathematical  knowledge independent of learners, constructivist mathematics educators often seem to downplay the stability of mathematics as they focus on the internal and idiosyncratic ways in which students make meanings.  Van De Walle, at the outset of his text, illustrates this way of thinking about mathematics education:

This book is about the challenging and rewarding task of helping children develop ideas and relationships about mathematics.  The methods and activities that you will find throughout the book are designed to get children mentally involved in the construction of those ideas and relationships.  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)   

While I strongly disagree with the traditionalist argument that the reformers’ focus on how children construct mathematical meanings as opposed to on rote skill building  will necessarily lead to a decrease in students’ mathematical abilities, I also do not believe that placing a primary focus on developing an understanding of the conceptual underpinnings of mathematical procedures is sufficient to make mathematics class meaningful.  If simply knowing how to mindlessly grind out school mathematics is insufficient, as is adding an understanding of what is accomplished during this grinding process, what focus is lacking?  The answer can be found in another question: why does any of this matter?   This conjures the pesky but important question students often ask: “why do we have to learn this?”  

What is needed is form of school mathematics that will encourage teachers to foster learning experiences designed to answer this question of relevance before it is even asked. Getting beyond mere “application” is the first step  (Application, as I understand it is a post hoc employment of procedures and skills to a given problem, all too often mechanically “given” by the teacher to the students.).  For school mathematics to matter in a richer sense than just in terms of its application, it needs to be organically related to human interests, problems and concerns—especially to the particular human concerns of the students in a given mathematics class.  Hence, I am arguing for contextual—instead of procedural or conceptual—understanding as the main focus of mathematics education.  

Contextual Understanding as an Aim of Mathematics Education

Previously, I have called for this contextual approach, emphasizing its pragmatic and empirical dimensions (Stemhagen, 2003; 2004a) but this is my first attempt to position it as a viable alternative to the forced choice between procedural and conceptual perspectives mandated by the math wars.  It needs to be noted that this contextual approach is intended to include both procedural and conceptual understandings, as it situates these facets of school mathematics within more nearly natural relevant environments.  The philosophical foundation or justification on which I base the contextual approach is that for the sake of school mathematics, adopting an evolutionary metaphor as to the nature and development of mathematics is useful.                                

To construct an evolutionary philosophy of mathematics, I employ the thought of a group of scholars beginning with the work of Philip Kitcher (1983).  The evolutionary account, in naturalizing the discipline, overcomes the problems some empiricists have had in explaining mathematics’ development from an empirical to a highly rational and abstract enterprise.  This perspective provides an explanation for how simple, applied, and directly empirical mathematics can be quite rational (Rogoff & Lave, 1984).  It does so through recognition of the development of mathematics as a series of individual/group-environment interactions (McLellan & Dewey, 1900; Parshall, 1988).  This way of thinking about mathematics also acknowledges that contemporary mathematics possesses empirical and pragmatic dimensions (Peirce, 1898).  Additionally, according to this evolutionary perspective, the origins of mathematics are not thought of as crudely empirical, but rather as tools that arose out of pragmatic endeavors possessing both physical and mental aspects, as human organisms developed and used mathematics as a means to interact with their environments.       

Contextual understanding requires that the functional dimensions of mathematics are considered.  As such, the evaluation of the development of students’ mathematical understandings goes beyond merely measuring a student’s acquisition of abstract skills and knowledge or how well new understandings fit with a child’s previous constructions. The functional nature of the contextual approach situates mathematics as a series of evolving, humanly constructed tools created to solve genuine problems and these tools are evaluated according to how well they help solve the particular problems they were devised for and employed to contend with in the first place.  Rooting mathematics in its natural contexts renders its social dimensions clear, thus making it possible to consider the ways school mathematics can aid in social justice issues.

Mathematical Contexts and Social Justice

A necessary early step toward social justice is helping children recognize that their voice matters (Johnson, 2006).  Real and lasting social change cannot come about until individuals realize the power they possess.  In an earlier issue of this journal, I stated that “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” (Stemhagen, 2006, p. 6).
  That traditional approaches to mathematics education can leave students feeling that mathematics is beyond them and reform mathematics can under-explain why it is that the mathematics that they conceptually understand matters beyond mathematics class are two examples of the powerlessness to which I refer above.  To the degree that we, as a society, believe that increasing social equity and civic-political participation ought to be general aims of education given our brand of democratic social organization, it follows that empowering students ought to be an aim of mathematics education.  Furthermore, adopting a contextual approach can aid in the accomplishment of this task. The activities in which students will engage in mathematics class will more easily be able to effect change beyond the classroom, as they have their origins in more authentic inquiries.  According to this way of thinking about school mathematics, the work that students do—and, it follows, the understandings they develop—will be evaluated according to their ability to change (presumably for the better) their existence (context) in some way.
        

The brief personal story that follows illustrates the cash value of different ways of thinking about mathematics.  As a senior in high school, a good friend of mine told me of his intention to study electrical engineering in college.  He was a strong student in all subject areas, particularly in mathematics and creative writing.  I advised him against pursing a career in engineering, pointing out that he would be turning his back on his creative talents.  I’ve come to realize that my advice was based on a fundamental misperception of what mathematics is.  I had good reason to possess this misperception as twelve years of school math had created, nurtured, and reinforced it.  I had come to think of mathematics as a completely noncreative enterprise, where the questions and answers are both predetermined.  I was a strong student in mathematics but I took my own advice and turned away from its study after high school.  

My friend did go into engineering and I ended up taking a middle school teaching job in mathematics, only because there were no Language Arts jobs available.  Through teaching and conversations with professional users of mathematics, such as my engineering friend, I have come to realize that had I had a different kind of mathematics education, I might have been able to recognize the power of mathematics as a tool to help improve our circumstances.  

The case for the promotion of contextual understanding in K-12 mathematics grows stronger once Ernest’s three forms of mathematical empowerment are considered. 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.”  Epistemological empowerment 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, 2002).  Contextual math, I argue is one way to free up mathematics class to help in the broader educational aim of social justice, because, if, as I and others (Ernest, for example) have argued, that mathematical empowerment is a key to social justice, moving beyond procedural and conceptual mathematics is needed so students can experience a mathematics that genuinely relates to their lives.  They can then learn to use mathematics in a number of ways to positively affect their lives and the lives of those around them, be their empowerment mathematical, social, epistemological, or some combination of the three.
Challenges to Context: The Allure of the Abstract and the Dangers of Expertise

Drawing on both my reading in the field and my experiences in interacting with interested parties, I have come to conclude that, all too often a shortcoming of a high level of disciplinary expertise is that in acquiring depth of knowledge, breadth is sometimes sacrificed, making it difficult for the expert to recognize where her discipline fits into broader contexts.  For example, it is frequently experts—mathematical or philosophical—who do not see or do not want to see the potential connections between mathematics class and social justice (or all too often, social anything).  Perhaps most telling are some of the responses I have received from professional mathematicians and others in mathematics-related fields regarding an earlier attempt at linking mathematics education and our human predicament (Warnick & Stemhagen, 2007).  What follows are just a few reactions my work has provoked from such disciplinary experts:  

“To see (social justice) used in the context of mathematical education sends shivers down my spine”(italics added).

“…if there's one thing I'm sure of, it's that mathematics has nothing to do whatsoever with justice, or for that matter, with any aspect of the physical world. Sure -- physicists and engineers have used mathematical tools with great success to build scientific theories and neat gadgets. But math lives in its own separate Platonic world and we mere mortals can only hope for an occasional peek inside.”

“The fact that in a right triangle, the sum of the squares of the legs equals the square of the hypotenuse was true long before Pythagoras or even planet Earth was around; that it was discovered by some humans (long before Pythagoras, actually) has no bearing on its validity.” (Kontorovich, 2007)
        

As historical studies of mathematics and mathematics education have borne out (Duren, 1989; Jones & Coxford, 1970; Kline, 1980) the aims, and subsequently the curriculum, of mathematics education have been strongly influenced by professional mathematicians’ versions of the discipline.  Noddings (2003) explains some problems endemic to an over-reliance on disciplinary expertise in matters of K-12 curriculum/pedagogy: “We allow experts to establish what all people should learn in every subject.  It is a mistake because subject matter experts cannot control their passions.  Even when they start out reasonably enough, they quickly move to recommendations that reflect their own interest and not the needs of…students” (p. 110).

There are at least two types of pathologies that emerge when expertise is overly relied upon in thinking about mathematics education.  The first pathology emerges when professional mathematicians (pure and applied, but particularly pure) are thought of as the only legitimate authority in considering what ought to go on in school mathematics classes.  Morris Kline (1980) more than eloquently describes the dangers of this phenomenon and the “new math” debacle is itself a stunningly poignant artifact of professional mathematicians run amok in the realm of mathematics education (although a case could be made that it was the combination of mathematicians and philosophers of mathematics that allowed the new math to happen—see what follows).  Noddings’ statement above astutely describes the narrow view of mathematics afforded by hyper-specialized disciplinarity as well as the tendency to think of the discipline in a self-serving manner.  It’s puzzling why professional mathematicians would want to think that what they do has no connection to the world in which they live, but—as is evidenced by the snippets above and from scholarly accounts of the philosophies of mathematics operational in the communities of professional mathematicians (Hersh, 1997)—the belief that mathematics has nothing to do with humandom is quite prevalent.
    

The second pathology emerges when the mainstream abstract conceptions of the nature of mathematics propagated by philosophers of mathematics are given a privileged position in determining school mathematics curricula and practices.  This pathology is not completely independent of the first, as both Platonism and formalism are often the philosophical stances employed by professional mathematicians and other related professionals.  I never thought I would be making an argument that philosophers are being listened to too much but ironically that is, in a sense, what is happening here. Although “maverick” philosophers of mathematics exist and mathematics education could, I argue, benefit from their being taken seriously, it is rarely the case that they are (Hersh, 1997).  One could argue that an over-reliance on Plato’s otherworldly notions of the nature of mathematics set us off on the wrong path and firmly established the traditionalist version of mathematics education, whereby mathematics is something wholly external to students, residing in some otherworldly realm (e.g., the blogging mathematician’s musings about “we mere mortals…only hop[ing] for an occasional peek inside [this Platonic world]).”  Formalism, the more contemporary philosophical depiction of the nature of mathematics, carries its own set of well documented assumptions and weaknesses, typified by the aforementioned new math, whereby mathematics is reduced to an internally consistent system of symbols.  

This second phenomenon of privileging traditional philosophical understandings of mathematics leads to a situation whereby only those who want to think about mathematics in largely abstract philosophical ways are welcome to can contribute to conversations regarding the nature and aims of school mathematics. Prior to dismissing this claim as exaggerated or unfounded, consider the following e-mail exchange I had with a very highly regarded philosopher of education while I was a graduate student.  During an informal conversation at a philosophy of education conference he had expressed interest in my line of scholarship.  In a subsequent e-mail, I inquired about outlets for my work as a former K-12 mathematics teacher who brings to bear his conceptual tools as a student of philosophy of education on mathematics education. His response speaks volumes about the way mathematics and, hence mathematics education, is regarded as consisting of a fundamentally different form of knowledge than is the case with other content areas:   

I should say that I think it is extraordinarily difficult to do sound work in the philosophy of mathematics unless one has been trained by a philosopher of mathematics... There is only one real philosopher of math in the world I know of who teaches a course on math pedagogy… (personal communication, italics added)

The Potential of “Outsight”

This paper is not an argument against listening to disciplinary experts, but rather a call to balance their perspectives and interests with the points of view of other stakeholders.  My particular plea is that there is a place for what I’ll call the semi-enlightened outsider.  In Foresight and Understanding, Stephen Toulmin (1961) contrasts the perspectives of the disciplinary expert and the philosopher by referring to the expert’s “insight” and the philosopher’s “outsight.”  He extols the worth of philosophical “outsight” as a means to think philosophically about mathematics from the position of the interested outsider.  He explains that his project  is to “focus on science something of the insider’s judgment and the outsider’s breadth of vision alike” and he metaphorically asserts that “there is only one way of seeing one’s own spectacles clearly; that is, to take them off.  It is impossible to focus both on them and through them at the same time” (p. 101).  I do think that from the “outside” it is easier to see that broadening our understandings of what is to be considered mathematics will be beneficial for mathematics education.  The recognition that a naturalized mathematics, in which human interactivity with our physical and social environments is central to mathematics can help mathematics class become a place where students do not simply learn procedures or develop understandings of what is going on “behind the curtain” as they carryout mathematical procedures, but where they can be empowered to mathematize as a means to creatively confront genuine problems and to change our social world for the better, as well.           

What is at issue here is not who can demonstrate once and for all what the true nature of mathematics is in any ontological sense.  My grounding in American pragmatic philosophy leads me to doubt the value of such ambitious and possibly quixotic projects in general.  My call is for us to step back in order to reconsider our implicit assumptions regarding the nature of mathematics, given the enterprise of school mathematics and the wider aims of school in general.  I worry that overemphasizing the academic/professional versions of mathematics might very well not be in the interests of most students.  I submit that our understandings of the aims of K-12 mathematics ought to be informed, in good measure, by how all stakeholders—educators, parents, students, colleges, employers and yes, professional mathematicians—think about what school mathematics ought to “do” for the students and for society as a whole.  In light of this discussion, particularly Noddings’ contribution, the aforementioned comments from the “experts” reveal a lack of appreciation for the fact that in K-12 education, the primary aim is not (and ought not be) to propagate the expert mathematicians’ understandings of the field.        

This is not an argument for adoption of a rudimentary mathematics-for-everyday-life curriculum.  Instead, my attempt to rethink the nature of mathematics given the task of its teaching and learning is undertaken in the hope that it will help more students care about mathematics, find it interesting, and want to study it in more detail (perhaps even in the manner in which many mathematical experts advocate).  At the same time, I hope that my conceptualization of the discipline will provide a place for others to meaningfully participate (and also a way for mathematics to meaningfully participate in the lives of the students) even if they decide to pursue other primary interests.  Regardless of whether one becomes a professional mathematician, everyone can benefit from a mathematics education that teaches mathematical procedures and what it means to carry out these procedures,  while cultivating understandings about how it might matter in our human, social world to engage in such mathematical activities.  
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� This project purposefully sidesteps any ontological claims regarding what mathematics “really is.”  Instead, adopting a philosophically pragmatic temperament, I am looking for a productive way to think about mathematics given the related enterprises of its teaching and learning. 


� The dueling websites, Mathematically Correct (www.mathematicallycorrect.com) and Mathematically Sane (www.mathematicallysane.com) represent the traditionalist and reform sides of the math wars, respectively.  


� For example, see the Mathematically Correct home page.  


� Not surprisingly, this was not a popular position amongst mathematics educators.  I wish to qualify it by offering that there is often a remarkable disconnect between what prospective mathematics educators learn in mathematics education programs and how they eventually teach their students.  I do not want to go too far down this avenue (although study of this disconnect is in order), but just think of all of the structural/institutional impediments to implementing anything approaching an NCTM’s Principles and Standards-inspired pedagogy (2000) in our current age of reductive accountability.


� For a description of a specific sample activity and explanation of its effect in this regard, see Warnick & Stemhagen (2007) and Stemhagen (2004b), where an activity is described and considered from two different but related theoretical points of view.     


� This blog is merely one among many involving graduate students and professors in mathematics/mathematics-related fields.  That said, their discourse (specifically sparked by my attempt to consider the moral dimensions of mathematics) drew what I would classify as a reasonably predicable response in light of both the history and philosophy of mathematics on matters loosely related to his debate as well as in light of the ongoing math wars.  


� Acknowledging that mathematics is not completely separate from the messiness of human life and that flesh-and-blood people have actually had some involvement in its creation would, I suppose, make mathematical knowledge not different in kind from other forms of knowledge.  This would effectively knock it off the lofty perch on which it has resided for so long.  This naturalization that many mathematicians fight so hard against is exactly what I am arguing is needed in the realm of mathematics education.   
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