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Abstract

What is behind and what is at stake in the “math wars?"  In this chapter, we take a sociological step backward to consider the antagonists in this "war" and the sociocultural and historical contexts of their enmities.  We explain what it means to claim that mathematics, particularly as taught in our schools, is a social construction, a social institution, and dependent upon social relations. This explanation is crucial to understanding the emergence of multicultural mathematics, ethnomathematics, alternative math, and radical math as valid alternatives to the study of traditional mathematics.  It also gives a context for understanding the reactions these different perspectives have provoked within various factions of science education and mathematics education.  We will demonstrate that this conflict has battlegrounds running all the way from the classroom to the Oval Office, and contradicts the goals of higher learning in our diverse society. In our conclusion we will explore the cultural significance of the math wars and pathways to resolution.

I have no great faith in political arithmetic.
Adam Smith 

In the first place God made idiots. This was for practice. Then He made School Boards.
Mark Twain

 
Background

The math wars appear to pertain to matters of curriculum design and the content of textbooks, and hence the process of education.  The conflict is, however, at heart political, an example of incompatible cultures unable to cooperatively define the goals of education. While these differences apply to language and literature as much as they do to mathematics (cf. Hirsch, 1988; Takaki, 1993), we focus here on the realm of mathematics.  The governments of the industrialized world, vying for power and prestige, strive for superior technological prowess; technology is the means, political leadership is the end.  The purpose of reformulating the national curriculum is not primarily motivated by academics or aesthetics, but rather, reflects a drive for political, economic, technological, and cultural advantage.


The past century has seen mathematics become a ubiquitous part of United States high school curricula.  No longer the particular domain of superior students considered most likely to succeed (in general, not coincidentally, non-immigrant white males) mathematics courses have become more egalitarian and widely available, yet required at a higher level of proficiency for graduation.  Designating the students who merit a solid mathematical education, understanding where mathematics fits in the general curriculum, determining which areas of mathematics are relevant to this country’s pedagogical goals, and establishing how such mathematics should be both taught and assessed have shifted as our collective social consciousness and societal goals have evolved.  The underlying issue less candidly examined is why all students should be expected to learn mathematics (cf. Noddings, 2004, Davis and Hersh, 2005).  The primary purpose of making mathematics an essential component of a complete education is the corresponding belief that mathematical ability is necessary for integration into the dominant society.  Those able to demonstrate the ability to reason abstractly and compute with facility are best equipped for participating in a lifestyle that promotes this nation’s local and global agendas.


At the outset of the twentieth century, the population demographics and the educational resources available in the United States were substantially different from those of our own time.
.  There is a notable contrast between the societal expectations of the different eras.  As marginalized populations have earned a stronger voice in the dominant culture, the U.S. has become both a more technologically sophisticated and, in principle at least, more compassionate nation.  In striving to tear down barriers separating the marginalized from the powerful, leaders commonly begin with the assumption that the best way for the underprivileged to “succeed” is to make them more like the privileged in some perceived key aspect.  At the same time, there is an endeavor to improve upon the thoughtless mistakes of those past generations who barreled through the American frontier in the name of Manifest Destiny, importing slaves to solve the labor shortage, using immigrant labor in sweatshops to produce goods cheaply.  


The current prevailing philosophy argues that opportunity should be available to all.  Affirmative Action, Title IX, and Equal Opportunity target discriminatory practices of the past in an effort to right longstanding wrongs.  Social programs prepare and protect those unequipped to take full advantage of the opportunities available.  Tribal sovereignty for Native Americans is recognized and honored, for example; immigrants are encouraged to become fully participatory citizens; and educators strive to understand, respect, and accommodate the obstacles faced by a student population learning its so-called Three R’s in a second language rooted in an alien culture.                                     ..


Where, then, does the subject of mathematics fit into this complex structure of education, societal growth and power, technological advancement, and a philosophy that proposes respect for the individual, appreciation of cultural histories, and the advancement of the common good?


Mathematics, long promoted as the “universal language,” is described by the Annenberg Center for Public Broadcasting (2005) as: 

. . . the only language shared by all human beings regardless of culture, religion, or gender. . . . With this universal language, all of us, no matter what our unit of exchange, are likely to arrive at math results the same way. . . . [V]irtually all of us possess the ability to be "literate" in the shared language of math. . . . [I]t is this shared language of numbers that connects us with people across continents and through time. . . .  Math is not just for calculus majors
.  It's for all of us. 


This perspective, however, conflicts with the sociological perspective on mathematics (Restivo, 1993: 15-16):

The idea that mathematics, or any other form of knowledge, falls from the sky is quickly fading. ... [But] there is a growing awareness, if not of a theoretical social constructivism, at least of the necessity of attending to the social practices that people engage in to produce or construct knowledge or facts, including mathematical knowledge or facts. 

This is not an isolated view.  Because mathematical facility is so widely perceived as a prerequisite for social mobility, mathematics educators consider how mathematical learning might be reevaluated in the general curriculum (cf. Burton, 1995; Bishop, 2000; Noddings, 2004; and see Frankenstein, 1990 for a discussion of radical maths).  One widely discussed proposal is to convert mathematics from an academic filter, excluding the many that lack ability, to a pump, propelling apt students to an attainable and lucrative goal.


Schoenfeld (2004: 255) notes that mathematical ability correlates with financial success, and he perceptively adds:  

The counterpoint to the mathematics-is-independent-of-culture perspective . . . is that knowledge of any type, but specifically mathematical knowledge, is a powerful vehicle for social access and social mobility.  Hence, lack of access to mathematics is a barrier—a barrier that leaves people socially and economically disenfranchised.


History, including the history of mathematical pedagogy, has a disturbing way of replaying the same songs
.  The historical record of mathematics education shows the retiring president of the American Mathematical Society, E.H. Moore, recommending in 1902 that mathematics be integrated in the secondary school curriculum and taught cooperatively, with the instructor taking the role of a fellow learner.  Fourteen years later, the Mathematical Association of America created the National Committee on Mathematical Requirements to research reform in mathematics teaching.  The committee published its results in 1923, and described three broad and interrelated features of mathematics education: practical, disciplinary, and cultural.  Moore’s 1902 recommendation was reiterated, and the committee concluded that integration of mathematics courses was the greatest predictor of positive results.  The committee noted that teachers preferred to work with a highly specific syllabus containing clearly-outlined topics of instruction, sequence of teaching, and length of time allotted to each topic.  This demand was impossible to satisfy for the simple reason that no one could determine the specifics of the ideal course.   
The National Council of Teachers of Mathematics (NCTM), founded in 1920, describes itself today as “a public voice of mathematics education”; NCTM (again) recommended reform in a 1945 report, emphasizing the importance for high schools to recognize their responsibility for training future leaders in mathematics and science while at the same time preparing all students for everyday mathematical competence.  In 1950, the National Science Foundation (NSF) was created by Congress, an independent federal agency "to promote the progress of science; to advance the national health, prosperity, and welfare; to secure the national defense…." The mathematics curriculum advocated by the NSF and several other groups
 placed greater emphasis on mathematical theory with the expectation that such insight would enhance both skills and understanding (Lott and Souhrada, 2000: 99-100).  

It is evident that both the content and format of mathematics education in the United States have been shaped by social forces.  “Mathematics has been seen as a foundation for the nation’s military and economic preeminence, and in times of perceived national crisis mathematics curricula have received significant attention” (Schoenfeld, 2004: 256).  Looking back, the twentieth century can be generally viewed as a period of increasingly democratized schooling in the United States.  At its beginning, less than 5% of the eligible student body graduated from high school and they were exposed to a fairly rigorous mathematics curriculum by our current standards.  By the beginning of World War II, by contrast, nearly three-fourths of 14- to 17-year olds were enrolled in high school and almost half the high-school age population graduated
.  The demographics of the mathematics classroom had shifted significantly, and the vastly expanded student population stressed the limited educational system.  The student body had become more diverse but was poorly prepared.  Thus, the overall number of high school students grew while the proportion studying mathematics shrank.  


1957 was a year of significant change.  The launching of Sputnik gave the United States a new goal—supremacy in the Space Race.  Fearful of being technologically (and then politically and economically) surpassed by the Soviets, the United States introduced New Math into the curriculum.  The story behind the New Math reveals the social and cultural contexts of curricular problems, issues, and decisions (Schoenfeld, 2004:257).  Teachers, attempting to understand a curriculum that was perhaps fundamentally flawed, and limited by inadequate preparation for this unfamiliar pedagogical approach, saw the program collapse.  By the 1970s, New Math was being replaced by the more accessible Back to Basics.


Back to Basics swung mathematics education away from a position that made teachers feel awkward and parents disenfranchised to one that stressed routine skills and procedures.  By 1980, however, it was apparent that Back to Basics had created a population of students weak in problem solving abilities.  NCTM responded by arguing that students’ problem-solving skills should be made a priority, but the changes formulated in response to NCTM’s charges were primarily cosmetic with little actual pedagogical reform.  The textbooks of the 1980s were not very different from their immediate predecessors, except for the few pages of problem solving exercises added to each chapter.

The American economy stumbled in the 1980s as Asian economies thrived.  The Second International Mathematics Study (SIMS) in the early 1980s underscored this discrepancy; American students were dominated in international competition just as the nation’s industries were.  The political side of mathematics education was in a similar state of disequilibrium.  The NSF, having lost considerable clout when well-intentioned efforts to implement innovative curricula had been met by a grass-roots political backlash, was not in a position to play an influential role at this point.  NCTM took up the slack.


Every educator recognizes that textbooks structure teaching, and, in turn, that publishers control the textbooks produced.  Three important states—California, Texas, and New York—allow little flexibility in their public schools’ book choices.  Because of the economic clout of those three states, their requirements and restrictions become the national norm: publishers claim that exorbitant development costs make it unfeasible for them to be creative when the result is only the loss of sales.  “It is extremely difficult to train a team of writers distributed across the country to produce innovative materials aimed at a new set of intellectual goals” (Schoenfeld, 2004:262).


Cognitive science, an interdisciplinary field developed through the 1970s and 1980s, offered new ways of interpreting knowledge, thinking, and learning.  Cognitive science suggested that mathematical competence could depend on several factors: a strong knowledge base; access to productive problem-solving strategies; making effective use of that knowledge; and holding productive beliefs about oneself and the mathematical enterprise.  Classroom instruction stressing the general knowledge base prevailed at the expense of problem-solving knowledge.  The fundamental situation had not improved after all, and the problem was still in need of repair (Schoenfeld, 2004:262).  

The growing and increasingly diverse student population of the 1970s and ’80s found that one important college prerequisite was a demanding pre-college mathematics program
.  Ineligible students were diverted into a less ambitious regimen that offered little value beyond earning a high school diploma.  Even with the less rigorous available option, though, high school attrition in mathematics was close to 50% per year, and even higher among African Americans and Latinos; the rate of success became even more sharply disparate with higher levels of education (Schoenfeld, 2004:264).

The first of the NCTM Standards, published in 1989, addressed the challenge of facing a national problem with no proposed national solution.  The Standards focused on process, challenging the “content-oriented” view of mathematics that had prevailed until then: “. . . the traditional curriculum was a vehicle for social efficiency and the perpetuation of privilege” (Schoenfeld, 2004:268).  They were vague, a key aspect of their triumph but also of their unmanageability.  The Standards supported local autonomy rather than a national curriculum.  The NSF, still unsteady from earlier assaults, saw the Standards as a way of implementing a national curriculum without actually having one (Schoenfeld, 2004: 266-269).

Schoenfeld (2004) observes: “We are now about to turn to the origins of the math wars themselves, in California.  One thing that must be understood as we do is that a decade of battle was conducted in the absence of any real data” 
(p.269).  California published its own Frameworks in 1992, taking the Standards further in its reforms.  Despite the lack of any kind of evidence, the Frameworks became the leading model for mathematics curricula, and the textbook publishers rushed to fill the niche.  As for the lack of data, Schoenfeld adds, “When things turn political, data really do not matter” (p.270).


Having a template like the Standards or the Frameworks leaves more room for creativity, but the textbooks produced in response to them were unfamiliar in format and inaccessible to most parents.  The curriculum reform recommended by NCTM again required new teaching practices, hard for the novice to implement.  This precarious level of comfort within the teaching profession saw the emergence of organizations such as Mathematically Correct, which ridiculed using a methodology (“fuzzy math”) that stressed understanding over getting the right answer.  These antireform groups became politically powerful, escalating the ongoing dispute between advocates of the Standards and their opponents
.  


The California Mathematics Standards were rewritten, a process taking a year and a half, and submitted to considerable public review.  In the end, the California Standards reflected current research but ignored the wishes of the conservative state board.  The board then simply overrode any aspects that displeased it, overlooking the research involved in the creation of the Standards as well as any criticism of the board’s approach from qualified professionals.  The debate became ugly, politicizing mathematics in the crudest sense—an example of “extremism in public discourse” (Schoenfeld, 2004: 276).  

The techniques used by the California state board have been compared to those used to advance creationism in the science curriculum, again exposing the math wars as just one battleground in the culture wars (Schoenfeld, 2004: 279).  Fragmented diversity and an educational system that creates great rifts between the knowledge bases and critical thinking capacities of different subpopulations has set the conditions for civil wars over cultural matters.  Science and religion are center stage in these civil wars as a divided people struggle to sustain ethnic and subcultural traditions and identities.  The situation is much more dramatic and serious than can be captured in the rhetoric of “decentralization” which we encounter elsewhere in this chapter. 

In response to the furor, NCTM updated its position with the 2000 Principles and Standards for School Mathematics.  NCTM went to a number to relevant sources for input on this process.  The National Research Council (NRC)
 was commissioned to review the process (Schoenfeld, 2004: 280).  The 2000 Standards has been praised for its integrity and displayed as a model of “civil . . . discourse among diverse professionals on matters of mathematics education” (NCTM, 2000: xv).


Schoenfeld (2004: 280-81) concludes:


Will civil, disciplined, and probing discourse prevail, and will there be a return 
to balance?  That remains to be seen. . . . The extremes are untenable. . . . 
Nonetheless, it is interesting to see the wars shape up. . . 


The platform promoted by NCTM advocates education for democratic equality and education for social mobility.  In opposition, the traditional curriculum encourages the continuation of the filtering mechanism, constructing an agenda biased towards social efficiency, and in effect maintaining social elitism and reinforcing the boundaries of the class system.

The Wars Rage On

Cuoco (2003: 778), examining the development of mathematics education in the United States, traces educational funding policies to the decentralization of the system. Despite decentralization, however, he observes: 


Given this organizational patchwork, there is surprising uniformity in American 

education. . . . An extremely potent smoothing force has taken root over the past 
decade.  It is a phenomenon that might be more common in other countries than it 
has been here: the high-stakes exam. . .  Finally many professional societies are 
filling the void left by the absence of a national curriculum.

Cuoco sees a scenario commandeered by an overemphasized standardized test heavily weighted in determining students’ options beyond high school, while the students themselves struggle to reconcile conflicting messages carried by cultural expectations and demands.  

Tracking students through the educational process according to ethnic, gender, race, and class markers is a stock feature of our schools.  Within this process, there is a long-standing assumption that learning mathematics is an “all or nothing” matter and teachers look for and cater to those students who have “the gift” for mathematics.  We might look to the oppression many students experience in the face of the schools’ enculturation functions as one source of the violence endemic to American schools.  We don’t mean by this that every school is a breeding ground for Columbine massacres but that American students regularly and systematically experience a variety of levels and types of emotional, verbal, and physical violence as well as the structural violence characteristic of our schools. 


This situation is complicated by the fact that the math wars are being carried out within the culture wars on the one hand, and as a sort of civil war engaging mathematicians and mathematics educators on the other.  These two groups are vying for control over mathematics education in the U.S.  They are both constantly under attack from school boards and parents interested in controlling what and how their children are taught, in general and in the sciences and mathematics in particular.  


The discipline of mathematics appears to be thriving in the U.S., with graduate schools turning out talented PhDs every year
, while the mathematics teaching profession atrophies, losing qualified teachers and gaining as many as 50,000 underprepared teachers every year
.  Cuoco (2003: 786-87) contends that our educational system has evolved into a system that nurtures the talented and potential leaders of American science and technology at the expense of greater scientific and mathematical literacy for all students, He writes: 

Indeed, the efforts of many of us to improve mathematics education for the rest 
of the spectrum can be thought of as an attempt to make the top end more 
inclusive, to awaken the nascent interest in mathematics that almost all students 
show when given a chance, and to prepare and develop mathematics teachers with 
the same success as that with 
which we prepare and develop mathematics 
researchers.


On November 18, 1999, a document signed by six mathematicians and ‘endorsed’ by more than two hundred was sent to then Secretary of Education Richard Riley.  The “Riley letter” was published in the Washington Post (Ralston, 2004; Schoenfeld, 2004; Cuoco, 2003).  Although mainly signed by research mathematicians, most had not done their research.  Instead of carefully reading the document they had signed, they trusted their colleagues enough to endorse their position.  While remaining neutral on the quality of the targeted programs, Ralston (2004: 406) notes, “It is certainly quite appropriate for mathematicians to involve themselves with the politics of mathematics education, but when they do so using the techniques of the average politician, we are all worse off.” 


The civil war between mathematicians and mathematics educators is grounded,  

according to some observers (Ralston, 2004: 406-410 for example), in the “arrogance” and “hubris” of research mathematicians.  They judge mathematics curricula using inappropriate standards such as test scores and are overly and irrationally critical of curricula documents written by mathematics educators
.  There is a continuing sense that the lessons of the New Math have been forgotten or were never learned in the first place.


A complex tangle of factors makes it difficult to improve the textbooks used in the United States (Reys, 2001: 256-258).  Textbook publishers are driven by sales, seeking products that can be continuously available with sales potential for states using a wide range of criteria. The teachers using the texts have a similar range of mathematical understanding and training.  Adding to the confusion, the decision-makers are often limited in their own mathematical backgrounds.  Reys concludes:


These are exciting times in mathematics education.  Despite the difficulties in 
designing, testing, and marketing new mathematics curricula, the need for 
significant improvement in student learning requires us to overcome these 
difficulties.  All interested parties should stop trying to defend the past and work 
together to improve children’s mathematics education for the future.


Government policies on mathematics education have consistently claimed the practical goal of making the United States internationally competitive.  There is little mention of the moral responsibility, the wish to contribute to the greater good, implicit in mathematics education.  At best, stated goals include improving the participation in academic arenas and careers requiring mathematics of women and other underrepresented and marginalized ethnic groups, including African Americans, Latinos, and Native Americans.  Are such goals compatible?  Are they realistic?


Because politics drives the mandates of the educational system, practical results are demanded; an interest in the pursuit of learning, mathematical or otherwise, is devalued.  These political goals, however, conflict with a primary goal of education: nurturing of scholarship and the simple desire to learn.  Research discovers pedagogical innovations that can improve participation in higher mathematics by all populations—smoothing the competitive climate, mentoring for students unaccustomed to the academic environment, accommodating different learning styles (cf. Seymour, 1995; Seymour and Hewitt, 1997; Linn and Kessel, 1996; Treisman, 1992; Light, 2001; Tinto, 1993; Nasir, 2002; Nasir and Cobb, 2002).  These methods require a greater focus on the individual learner, yet educators are pressured to teach bigger (and hence more economical) classes, promote homogeneous online education for a diverse and mathematically weak student body, and, in general, somehow accommodate diversity without dwelling on the individual and collective characteristics of students and student bodies.


As population demographics have shifted, and as social and economic equality has become an increasingly prominent issue, attention has focused (especially among scholars of higher mathematics) on the demographic disparity in continuing mathematics students.  Correlating academic achievement, especially in quantitative subjects, with financial success has become a national goal.  The implication is that such prosperity indicates an improved society.  This then becomes a rationale for increasing mathematical participation and achievement among members of underrepresented populations.   These efforts affect the direction taken by the math wars.  Despite ongoing efforts, however, encouraging participation in mathematical pursuits, and exhorting administrators, educators, and researchers alike to rectify the discrepancy, the typical mathematician remains white and male.  


The National Council of Teachers of Mathematics (NCTM) Standards (1989: 4) says on the subject of equity: 


The social injustices of past schooling practices can no longer be tolerated. 
Current statistics indicate that those who study advanced mathematics are most 
often white males. Women and most minorities study less mathematics and are 
seriously underrepresented in careers using science and technology. . . . We 
cannot afford to have the majority of our population mathematically 
illiterate: Equity has become an economic necessity
.

In 2000, the updated Standards (p. 12) added:  “Equity does not mean that every student should receive identical instruction; instead, it demands that reasonable and appropriate accommodations be made as needed to promote access and attainment for all students.”  NCTM went further.  In the 2002 Standards they added the need to view diversity positively, requiring authors in the field of mathematics education to use language that does not characterize diverse populations in terms of deficits or problems. 

Mathematics, like literature or sociology or physics, has developed from collectively shaped individual efforts to interpret the world; the act of intellectual struggle leading to mathematical growth is as much influenced by culture and ethnicity as is the struggle leading to new novels.  Arguing that culture is an inherent part of mathematical reasoning, Latiolais (n.d.: 1-2) writes:


. . . [Q]uantitative reasoning is seen as objective while qualitative reasoning 
is seen as subjective.  If a range of experiences is seen as being objectively 
verifiable, it is thus not cultural.  In so doing, one can run the risk of 
reifying a set of practices that has a deeply embedded cultural, social, 
economic, and political history. . . . How we think about the world (including 
our history of quantitative reasoning) impacts how we act.  Mathematics’ 
embeddedness in history is then socially, politically, and economically significant.

Mathematics and Culture


The concept of “ethnomathematics” entered the mathematics educators’ lexicon in the 1980s, conceived, defined, and promoted by the Brazilian mathematician Ubiratan D’Ambrosio (1984, 1985, 1992).   D’Ambrosio introduced the term to draw attention to the fact that different cultures “mathematize” differently.  This definition underscored mathematics as an activity, as a practice, as a discourse—it focused our attention on mathematics as “mathematics in use” (a perspective that brings together, intentionally or not, the ideas of Spengler, Wittgenstein, and Freire (cf. Restivo, 1992: 23-90; and see Barton, 1996).  Interpreting mathematics from this perspective directs our focus away from the classroom as a site populated by a set of more or less isolated and independent selves, brains, or minds.   Instead, the focus is now on the everyday ongoing social dynamics that make a classroom a collectivity characterized by a complex social dynamics of activity, of practice, of mutually activated choices.  This indeed is mathematical work, mathematical activity, mathematical practice (Bishop, 2000).  This is consistent with research findings in the sociology and anthropology of science over the last fifty years.  Languages, with their cultural idiosyncrasies, are used to convey these ideas and values within different cultures, ultimately affecting mathematical development.  Thus, the learning process is inescapably rooted in culture.  What happens, however, when we recognize, first, that “culture” is never monolithic and homogeneous; and second that increasing diversity produces a kind of multiplier effect in terms of how cultures and subcultures intersect and interact?  Schools, however, have typically been unresponsive to facing the challenge of incorporating culturally-based knowledge in mathematics curricula.  Traditionally, as has been pointed out over and over again, school mathematics has been directed by an elitist rather than an inclusive philosophy and pedagogy (cf. Bishop, 2000: 1; Reuben and Hersh, 2005; Apple, 1996; Burton, 1995).  More radically, social science and ethnoscience approaches don’t eliminate the classroom as an important focus for teachers, students, and researchers but transform the way we “see” the classroom.  These approaches lead us away from a view of the classroom as a room filled with atomistic individuals to one characterized by complex, ongoing social dynamics.


Bishop further argues that school and home experiences are often culturally dissonant, making education a process of acculturation rather than enculturation.  Students in the classroom are not simply constructing mathematical understanding, as constructivism proposes; they are co-constructing knowledge from their different points of view.


Lave and Wenger (1991:29), too, interpret learning as a type of social activity, rooted in day-to-day experiences.  Their perspective diverges from more common Piagetian theories of learning, which assume that learning is an individual process.  Situated learning, Lave and Wenger’s model, describes learning as “a process of participation in communities of practice, participation that is at first genuinely peripheral but that increases in engagement and complexity.” Participation refers to the process of being actively involved in social communities and using their practices to construct individual identities.  It is a form of apprenticeship.  The process of social participation directs the learning, and indeed is in a sociological sense the learning..  


Burton (1999:134-135) discusses another aspect of diversity in mathematics education, writing: “[Y]ou cannot separate the mathematics from the people that produce it,” and that ultimately, “. . . the power of that knowledge lies in the feelings it evokes, not externally in the mathematics.”       


Seymour and Hewitt (1997) specify four distinct areas of difficulty for minority students in their college careers: differences in ethnic cultural values and socialization; internalization of stereotypes; ethnic isolation and perceptions of racism; and inadequate program support.  They claim that the disadvantages students of color often suffer can be traced back to their cultural backgrounds.  In particular, these students are more likely to be under-prepared, especially in mathematics; have developed negative attitudes towards mathematics and the sciences; have less access to information about career opportunities in science and technology; be penalized by highly structured educational inequality throughout the system; and commonly believe that mathematical ability is predominantly the domain of white or Asian-American males (reinforced by an educational process that promotes a Eurocentric version of the history of mathematics).  


Because underrepresented populations are generally disadvantaged at every level of the educational system, they are less likely to complete high school, attend college, choose mathematics—a demanding subject that requires facility in a complex language with meaning-packed rules—for their major, or graduate from college.  Unsatisfactory early educational experiences persist and create a ripple effect that continues throughout minority students’ academic careers.  In addition, interest in mathematics for some students comes into conflict with their cultural and ethnic identification, weighting a decision to pursue such studies with deeper implications.   There is a broad relationship intertwining cultural politics, the goals and expectations of the U.S. educational system, and an inherent desire for autonomy on the part of many minority cultures.  Although some academic literature examines general issues surrounding culture, privilege, economic disadvantage, and education, the effect of this powerful relationship is rarely addressed in the mathematics education research literature.  This omission creates an impression of unawareness or lack of interest on the part of mathematics educators, despite their informal acknowledgement of the profound effect of politics on educational success.  


Apple (1996: 22) challenges the purpose behind the creation of a national curriculum, which, while sensible in theory, is damaging in reality:


It [curriculum] is produced out of the cultural, political, and economic 
conflicts, tensions, and compromises that organize and disorganize a people . . . 
[T]he decision to define some groups’ knowledge as the most legitimate, as 
official knowledge, while other groups’ knowledge hardly sees the light of day, 
says something extremely important 
about who has power in society.

Apple (1996: 96) also points out that these relationships between mathematics, politics, and culture are not an afterthought or accident but rather “a constitutive part of the very being of schooling”:
Few people who have witnessed the levels of boredom and alienation among our students in schools will quarrel with the assertion that curricula should be more closely linked to “real life.”  This is not the issue.  What really matters is whose vision of real life counts . . . not only is the goal of using mathematics to prepare for “real life” a partial fiction, but it institutionalizes as official knowledge only those perspectives that benefit those groups who already possess the most power in this society (Apple, 1996: 99-100).  

There are, incidentally, two ways in which “real life” enters the classroom.  First, cultures and sub-cultures permeate all the institutions, organizations, and group settings in a society.  Secondly, the classroom can be in fact more “real world” than the world outside the classroom, just because the classroom (ideally) is an arena dedicated to the pursuit of truth. 


Many minority students exhibit counterproductive behavior, refusing genuine attempts of assistance from authority figures.  Kohl (1994) explores the process behind the behavior pattern, concluding that students will reject efforts to be taught and assimilated into the educational system if they perceive that acceptance of these attempts would imply disloyalty to their culture.  These students choose instead to remain outside of the mainstream culture, perpetuating their marginal status:
Until we learn to distinguish not-learning from failure and to respect the truth behind this massive rejection of schooling by students from poor and oppressed communities, we will not be able to solve the major problems of education in the United States today. . . . We must give up looking at resistant students as failures and instead turn a critical eye toward this wealthy society and the schools that it supports (1994: 32).


Prosperity in society is often tied to academic success, a success heavily dependent upon mastery of a curriculum dictated by the literate elite.  That prescribed curriculum, however, favors not the promotion of equity or excellence, but the perpetuation of the class structures.   Many researchers argue against any need for giving mathematics a position of greater importance than other subjects, claiming that its importance beyond a basic level of understanding is overrated in order to perpetuate its authority.


Sociocultural factors are powerful, affecting the way language, including the language of mathematics as traditionally presented, is interpreted and processed.  These factors are capable of altering an individual’s system of beliefs and priorities and can affect facility in using the language and concepts of mathematics, impacting not only the learner’s level of mathematical proficiency, but also his or her interest in learning more about the subject.  Aptitude is the result of a combination of factors, not a simple genetic predisposition.

Many students of science and mathematics continue to be burdened by Piagetian-like developmental psychologies that assign special cognitive characteristics and challenges to learners in these disciplines.
  There are many reasons to be cautious of such theories and perspectives, not the least of which are the sociocultural contexts of the assumptions and ideologies they reflect.  We cannot assume that any student, no matter what his or her learning environment contributes, will make choices identical to his or her peers.  At the same time, we don’t want to become so attentive to individual differences that we ignore the reality that people carry with them social and cultural patterns.   These are keys to understanding dilemmas raised by and addressed in the math wars.  

We should be especially cautious of any theory or perspective that sets mathematics apart as something special in the pantheon of human achievements.  We are on stronger ground if we view mathematics as an ethnomathematics and a social construction; then we are in a better position to recognize that no teaching-learning approach guarantees a given result.  By de-essentializing mathematics we allow its variations to come into view, and this makes it easier to see variability in pedagogy and didactics, not to mention in the philosophy of mathematics and mathematics education. 

            We must be doubly cautious not to fall into the trap of making a species distinction between mathematics and other forms of discourse and practice, and not to lump all forms and contexts of mathematics together.  The distinction between academic and school mathematics as ethnomathematics, and between research and applied mathematics as ethnomathematics is just a special case of the postmodern condition.  Many of us have described and/or experienced the end of the search for “a single, comprehensive order of Nature or Being” (Smith, 2006: 166).  Instead, we find ourselves in an intellectual environment populated by views of the universe as an infinite unfolding of diversities and multiplicities (Bohm, 1973), and the order of Nature and Being as “irreducibly multiple and variable, complexly valenced, [and] infinitely reconfigurable” (Smith, 2006: 166-67).   It is time to bring mathematics under the umbrella of a science studies research community in which the worlds of science and non-science are no longer strongly demarcated (Latour, 2003)
, and everything exists in “multi-level, heterarchical, open, and infinitely decomposable systems and contexts” (Restivo, 1994: 211-212).  The math wars are a product of this new world which has brought into focus opposed ways of life that are at once in conflict with and dependent on each other.  This at least follows from the perspective of cultural theory (Thompson, Ellis, and Wildavsky, 1990).   When we defend a particular view of mathematics or of the mathematics curriculum, we are defending a way of life.  There are therefore serious limits to resolving differences on rational grounds.  At best, according to this perspective, we can look for disparities between expectations and results that change the balance of power between ways of life.  Cultural theory (which extends Mary Douglas’ concept of grid-group analysis) also posits a small number of interdependent ways of life that shift along an axis of power but never disappear.  We cannot develop the details of this theory here, but it seems to us that it is a promising framework for understanding the math wars and potentials for resolutions and changes in these struggles.  We are at pains here to remind our readers and ourselves that our language encourages us to essentialize even while we are committing ourselves to more diverse and complex views of mathematics, mathematics education, and the philosophy and sociology of mathematics.

The influence of material and sociocultural environments does not end at the classroom door, nor at the entrance to the university.  Classrooms, school hallways, campus venues are all arenas for new and continuing socialization processes, for social dynamics that impact how and what we learn and why.  

Inconsistent assumptions and beliefs combined with the complexity of teaching and learning environments will always stymie the development of a hypothetical ‘best’ environment for learning any level of mathematics, optimizing both student diversity and equity.  Diversity and equity are fluid terms.  One’s vision of diversity may offend another’s perception of mathematics.  One of us has had the experience of interviewing parents at an NSF workshop on multicultural mathematics.  Their perception of multicultural mathematics was that their children would be learning about Egyptian and Babylonian counting systems and Peruvian quipus instead of the basic arithmetic they needed to be successful in the work world.  

In the end, however, not all students can be expected to prefer learning mathematics’ vast body of stylized knowledge.  After making subject matter and career options available, after making the classroom culture inclusive and offering opportunities to close learning gaps to motivated learners, the students themselves (as social actors) must determine whether their own interests lead them in a particular direction.  


It is no longer apparent that mathematics is a or the universal language.  Brown (1996) believes the philosophy of humanistic mathematics is the key to appreciating how to both respect diversity and still teach mathematics, because we live in a multicultural world.  Mathematics can only be made meaningful to every learner by demonstrating that the subject has relevance to the learner’s own life (see, for example, Frankenstein, 1990).  Far from being a universal language, then, mathematics feels more like the elephant described in the classic parable of the six blind men and the elephant: each man, describing the single feature of the animal he touched, insists that his interpretation is the true manifestation of the beast. The blind man who touches the elephant's leg is sure it is a tree. The one who grabs the trunk claims with certainty it is a snake. And so it goes: the ear is a fan, and the tail is a rope with a brush on the end. The blind men each studied the elephant while limited to a single point of contact. 

Mathematics is indeed an elephant, in that it rebels against any attempt to be assigned a single defining characteristic.  Mathematics serves different purposes in different contexts.  Each audience uses and interprets mathematics according to its own values. 

Until minority students are able to succeed in the grade school and high school systems at the level of their non-minority peers, no matter how mathematics is taught, they will obviously be unable to complete a college education.  As Lubienski (2003) points out, this is a consequence of lower socioeconomic status as much as it is of divergent cultural norms and perceptions.  Native Americans in particular are further impeded by their perspective on life and the universe.  The Native American paradigm is evolutionary; the European paradigm is imperial (Duran and Duran, 1995).  Despite the commonly-accepted pedagogical Piagetian view of cognitive development, this outlook interferes with the ability to develop a mathematical toolbox for use in the traditional system.  


Fennema (1990, 2000) has shifted her position radically over the years, from early arguments that justice demands equal outcomes to musing towards the end of her career that she may well have underappreciated the contrast between different priorities for the different genders, whether based in nature or nurture.  Perhaps part of the dilemma that causes underrepresentation is differences—whether innate or sociocultural—between such populations and the more powerful norm-setters, differences that are important and honorable.  Some individuals exist outside the delineated boundaries of mainstream culture, living lives enriched by nontraditional wisdom.  It might behoove the dominant culture to seek ways of learning from these members of society, appreciating their perspectives and enabling their lifestyles to coexist with the more dominant ones with financial self-sufficiency, rather than pursuing avenues to make them more “norm”-al.  Fennema’s conclusion is insightful and missing from many other arguments promoted by advocates of methodological innovation who seek to bring underrepresented populations into the mainstream culture.  The idea of a “mainstream culture” is also problematic; cultures are to different degrees variegated rather than monolithic.  

We need to question the longstanding role of mathematics as a gatekeeper.  If superfluous, then this role should be abandoned.  Further, if it is true that sociocultural factors affect students’ ability to succeed in mathematics, then retaining the requirement that mathematics in its current guise is necessary to a complete liberal arts education discourages meaningful participation from minority students.  Whether different requirements, perceiving mathematics in a new light, or a general course that approaches mathematics differently might be used to satisfy the mathematical aspect of a well-rounded university education, or a more radical approach, like Burton’s (1995) or Noddings’ (1992, 1993, 2004), be adopted, studies in curricular design would satisfy an important need.  The customary pace and sequence of mathematics courses in the universities have served as an obstacle for decades.  Is it a necessary obstacle?  


Ours is an era of colliding cultures and engagements with the Other.  One of the consequences of globalization has been to increase the flows of communication and information across formerly more or less impermeable barriers.  In this situation, conflicts are inevitable as the forces of local and regional integrity and solidarity engage more ecumenical forces.  The math wars narrative we have unfolded needs to be set more concretely in the sociocultural and theoretical contexts of twentieth and twenty-first century developments.  Unless we have some sense of the bigger picture, the math wars will look like a small skirmish instead of a fault line in the changing cultural geography of our world.
Math Wars, Science Wars, Culture Wars


In 1870, Friedrich Max Müller gave a lecture at the Royal Institution in London.  His topic was "the science of religion."  He reminded his audience of Goethe's remark about language: "He who knows one, knows none."  Muller was in effect arguing for a multicultural religious studies, a comparative religion.  Adolf von Harnack, the leading historian of Christianity at the time, opposed Müller's views and approach.  Harnack claimed that Christianity was all that mattered: "Whoever does not know this religion knows none, and whoever knows it and its history knows all."  There was no point to looking to the Indians, the Chinese, the Negroes, and the Papuans, for it was Christian civilization that was destined to endure.  This is the context in which the math wars are being carried out.  


The West’s encounter with the East, the South, the Other has provoked a series of cultural identity crises and put all of our traditional institutions on alert.
  Terrorism has brought the world’s political realities to America’s front doorstep.  Science studies and the science wars have brought the Other’s knowledge into the laboratory in at least two respects.  First, social scientists have entered scientific laboratories as (social) scientists studying science and scientists, thus upsetting a routine in which scientists told their own stories and controlled and protected their own spaces or territories; philosophers reduced those stories to logically coherent narratives and served as a secondary line of defense of the territory of science.  Second, feminists and other postmodern researchers have found science lurking in the most unexpected places, from the kitchen to the garage to the culture of bodybuilding. The current math wars have put Americans on notice, not that there are “alternative mathematics” but rather that there are (O)ther and differently valenced mathematics.  And let us not lose sight of how the laboratory as an icon and vanguard of the sciences has moved into the world (Latour, 2003).  These differences clearly exist across cultures; they also exist within our own industrialized culture.  And most importantly for understanding the math wars, they exist within mathematics themselves (sic).  This view of mathematics is a product of the so-called “new” (post-Mertonian) sociology of science and, more broadly, the diversity of intellectual trends in the twentieth century loosely labeled postmodernism.

In its simplest guise, postmodernism was a reply to the naïve worldviews that had grown out of an ontological and epistemological arrogance and complacency among nineteenth century thinkers.  We can think of postmodernism and poststructuralism as bringing to the center of our attention space the idea of multiple narratives and a variety of more or less fragmented discourses.  “Things fall apart, the centre cannot hold,” wrote Yeats, long before Derrida made decentering and deconstruction watchwords of twentieth century theory.  This, perhaps more than the true convictions of their authors, made Einstein (relativity theory), Gödel (the incompleteness theorems), and Heisenberg (the uncertainty principle) among the most prominent co-authors of the myth of objectivity.   Clearly, however, Einstein and Gödel at least never lost their commitment to the idea of an objective reality.  Neither did that paragon of paradigmatic postmodernist science, Thomas Kuhn, ever lose his commitment to the ideas of scientific progress, objectivity, and truth (Restivo, 1983; Fuller, 2000).  

We are left, Einstein, Gödel, and Kuhn notwithstanding, with the problem of how to tell the truth after postmodernism.  Dorothy Smith (1999: 130) has cut through all the relativistic conclusions of the postmodern extremists to show us how postmodernism has in fact taught us HOW to tell the truth.   This lesson depends on doing a lot of technical work to figure out how to represent and express the nature of the social.  We have mapped some of the major features of the math wars landscape, but there is no understanding these controversies and conflicts without understanding the fundamentally social nature of mathematics, the social construction of mathematics.  Even this depends on the more difficult notion that our very selves are social things.  The ability of a sociology (and anthropology) of mathematics to “tell the truth” depends on entering it into a dialogue with everyday activities, “of finding and recognizing where we are in relation to others, and how what we are doing and what is happening are hooked into such relations.”  We are, in our social constructionist approach to mathematics (and as Smithian sociologists of knowledge) resistant to substituting a single objective hegemony for the multiple and divergent realities of our everyday/everynight world.  Here we stand shoulder to shoulder with the postmodernists.  The social and cultural constructionist approach to mathematics develops out of active inquiry and not out of empty theorizing or philosophical speculation.  We are at one with Dorothy Smith:
Such a sociology develops from inquiry and not from theorizing.  It aims at discoveries enabling us to locate ourselves in the complex relations with others arising from and determining our lives; its capacity to tell the truth is never contained in the text but arises in the map-reader’s dialogic of finding and recognizing in the world what the text, itself a product of such inquiry, tells her she might look for (1999: 130). 
Conclusion: Implications for Culturally Responsive Mathematics Education


Having explored the math wars from our sociological stance, we now need to explore the question of what our findings imply for the future of mathematics education in this country.  What happens if we continue on the same path we now tread?  Can we afford to ignore the reality of changing demographics?

The current political climate has affected the educational arena in the United States. No Child Left Behind (NCLB), signed into law in 2002 has been criticized by both the National Council of Teachers of Mathematics (NCTM) and the American Federation of Teachers (AFT) as being flawed and underfunded.  Other politically-charged manifestations include the American Competitiveness Initiative, tying education to Homeland Security
 and the National Mathematics Panel, created by order of the President in 2006 because “The rest of the world is "gathering strength" and forcing us to catch up.”
  Education is being increasingly perceived as a closed system of assessment and negative reinforcement à la B.F. Skinner, with dollars taking the role of food.  The list goes on.

In the final analysis, however, without a serious criticism of the idea of God -- which after all is the limit of the Platonic realm of ideas -- the idea of a "pure mathematics" will continue to haunt multicultural mathematics.
  We are, indeed, thermodynamic systems and we run at some level according to the laws of physics, biology, and chemistry.  But what we are above all is a social and a cultural thing, a society, a social being, a cultural entity sui generis.  We are, individually and collectively, social facts.


It is not religions and belief in God or gods that are universal but rather moral orders.  All societies, all humans, require a moral order to survive, to move through the world and their lives.  That is, they require, to put it simply, rules about what is good and bad, right and wrong.  Religion is just one way to systematize these rules.  There are other ways to do this: we can organize moral orders around almost any human interest from politics to physical fitness.
  And there are ways to construct moral orders that do not depend on unreferred entities.  The more general problem we are faced with here is the problem of abstraction.  How does one account for abstract ideas without falling into the traps of transcendental and supernatural realism?  The solution is to stop making a distinction between concrete and abstract ideas.

There are battles and struggles, conflicts and controversies on all of the paths before us.  We have not sought here to offer practical politically viable solutions to the problems of the math wars.  Rather, we have tried to shed some light on these paths that may help as we pursue such solutions.  We can imagine no better way to conclude this excursion than by recalling Spengler’s insight that there is no Mathematic, only mathematics. 
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� And by 2050, European Americans are expected to be in the minority (United States Information Agency, 1998).


� Why calculus is such an issue for non-mathematicians is another question; see Davis and Hersh (2005).


� “Those who do not learn from history are doomed to repeat it.” -- George Santayana.  


� School Mathematics Study Group (SMSG), College Entrance Examination Board (CEEB), National Advisory Committee on Mathematics Education (NACOME)


� Compare this with present day California, where Algebra I is a graduation requirement (“It is important to remember that Algebra I standards can and should be taught to all students, including students with disabilities” -- California Department of Education, 2005) and statewide graduation rates are about 71 percent, and even lower among African Americans and Latinos (The Civil Rights Project, Harvard University, 2005).


� The argument for requiring mathematical proficiency at this level remains unclear.


� Nor has this situation markedly changed since then.  As noted earlier, the California Department of Education claims that all students, including disabled ones, are capable of learning algebra, despite the absence of hard data to back their claims.


� Note that this is not a simple two-sided argument; there are recognized mathematics educators who find fault with both sides of this argument. 


� The NRC was “organized by the National Academy of Sciences in 1916 to associate the broad community of science and technology with the Academy's purposes of furthering knowledge and advising the federal government” (The National Academies, 2006)


� Many from overseas.


� We are reminded of Polya’s quote from the Educational Testing Service in 1956: “Future teachers pass through the elementary schools learning to detest mathematics . . . They return to the elementary school to teach a new generation to detest it.”


� Reys writes that he is “constantly amazed that research mathematicians place any faith whatever in the results of standardized tests, much less make them the arbiter of success or failure of a curriculum . . . . True, mathematicians are not statisticians, but surely they generally know that experiments (i.e., standardized tests) with a plethora of uncontrolled variables cannot possibly yield meaningful results”.





� Nationalism again.


� See, for example, Gardner’s (1983) claim that mathematical achievement requires a particular type of intelligence – logical mathematical – associated with distinct forms of perception, memory, and psychological processes), but also curiosity, persistence, and the opportunity to pursue that interest.


� See Latour’s (2004) detailed exposition of this view and Restivo’s ((2005) oppostional review.  Restivo does not object to Latour’s view of science but rather to his efforts to deny sociology its due and to opt for a traditional philosophical and metaphysical approach to inquiry.  And see Galison and Stump (eds.) [1996) on the disunity of the sciences, as well as Knorr-Cetina’s  (1999) empirical demonstration of this disunity.


� See Restivo and Loughlin (2000). 





� � HYPERLINK "http://www.whitehouse.gov/stateoftheunion/2006/aci/" ��http://www.whitehouse.gov/stateoftheunion/2006/aci/�


� � HYPERLINK "http://www.ed.gov/about/bdscomm/list/mathpanel/factsheet.html" ��http://www.ed.gov/about/bdscomm/list/mathpanel/factsheet.html�


� If anyone has any questions about the relevance of the God question, of the politics of God so to speak, to issues in education and to issues in science and mathematics education in particular, we recommend a close reading of Kevin Phillips’ American Theocracy (2006; see, for example, p. 248).  


� We acknowledge the gendered danger of standing on the shoulders of these giants but remind you that they and we stand on the shoulders of so many other giants that gender, race, and class may not matter.  If we contradict ourselves, if we fail to stand apart from our own gender, race, and class we can remain silent or carry on.  We choose to carry on.


� One of the most articulate exemplars of a political basis for a moral order is Michael Harrington’s (1983) essay on “the spiritual crisis of western civilization.”  Harrington described himself as, in Max Weber’s phrase, “religiously musical” but a non-believer.   His goal was to fashion a coalition of believers and non-believers to challenge the wasteland of nilihism, hedonism, and consumerism spreading across the western cultural landscape.








