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ABSTRACT
MATH WARS: A RHETORICAL ANALYSIS OF TERMS OF DEBATE
By

Irfan Muzaffar

This study concerns itself with the conflict in mathematics education—popularly
known as math wars—in the United States. More specifically, it investigates the terms
of debate in this conflict to develop insights into the varied, and sometimes conflicting,
relationships between the perceived nature of mathematics and its pedagogy. It also
extends the use of rhetorical analysis to understand the ways in which the rhetoric of
standards was at odds with the idea of mathematical power for all.

The study centres its analysis on terms—such as mathematical power or
proficiency—that became the sites of contestations. It explores the internal logic of
particular clusters of terms, and the relations between them in several significant texts
about mathematics and mathematics education. To perform this analysis, I have chosen
the image of dfama offered by Kenneth Burke due to its emphasis on conflict. Image of
drama is invoked because of its relevance to an understanding of conflict. This image
invokes particular scenes, populated with particular agents engaged in purposeful acts
using means available to them. As an analytical device to study mathematics education
texts, it implies the recognition that any text having to do with mathematics education
implicitly or explicitly would have some description of background or scene against
which mathematicians, teachers of mathematics, or students [actors, that is] would appear

as engaged in purposive acts of doing, teaching, or learning mathematics.



There are two kinds of texts examined in this dissertation. The first kind of texts are
those written long before the current conflicts around mathematics education reforms—
i.e. the texts by well-known mathematicians such as Rene Descartes, Bertrand Russell,
and the 19" century American mathematician Benjamin Pierce. Second kind of texts
examined in this dissertation were generated as part of the mathematics education
reforms, which were constituted in the wake of crisis calls to reform education in the
early to mid 1980s. The dramatistic analysis of these texts suggests that terms such as
mathematical power for all and mathematical proficiency for all were bound up in two
different conceptions of mathematics and its teaching and learning. While the former
represented a merger of mathematics and pedagogy, the latter emphasized their
separation. The study also discusses the implication of these suggestions for
professional claims of mathematics education.

In the final chapter, the study uses dramatistic analysis together with the notion of
American Jeremiad—a reference to perpetual announcements of impending doom and
calls for reform in American history—to develop insights about the relative strength of
reform texts in a scene set up by the Jeremiad of 4 Nation at Risk. The insights so
developed suggest that mathematics education reforms’ strength as well as their

vulnerability accrued from their reliance on the rhetoric of standards.
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Chapter I: Introduction

If the world around us is at least partially a matter of how it is framed, how the
situation is defined, then the reader, the observer, the audience can best understand

how the procedure operates by getting outside the box of his own logics.

(Gusfield, 1989, p. 7)

Through this dissertation, I study the terms of debate in mathematics education.
Specifically the study concerns itself with the conflict in mathematics education in the
United States in the last two decades or so. In this introductory chapter, I will provide
you with a description of why the terms of debate in mathematics education are worthy of
a dissertation length investigation. This chapter will also describe the research questions
as well as the key methodological decisions taken be me as both a reader of the terms of
the debate and as the writer of this report.

Viewed from outside, especially from a vantage point in a foreign institution, the
United States of the 1990s appear as an exporter of terms such as constructivist teaching
and learning, teaching for understanding, child-centeredness, pedagogical content
knowledge, and professional development schools.! Half understood, but largely
welcomed, these terms are reinterpreted and recontextualized in educational reform
discourses of other cultures without any reference to conditions of their production.

When these words and descriptions produced in one culture traveled to distant cultures—

' I have opened this conversation using these terms without highlighting their subtleties and multiple
meanings. For example, while all versions of constructivism see the student as active constructors of
knowledge, there are considerable variations among them (See, for example, Phillips, 1995; Wilson, 2003,
pp- 40-41). My purpose is not to survey these variations in meaning here, but to tell you that to an outsider
these terms come across not as carriers of these subtleties but as recipes for action.



as from the American continent to South Asian Sub-continent where I encountered them
as a mathematics teacher and a teacher educator—they come across as pretty secure
descriptions of teaching and learning generally, and of mathematics teaching and learning
particularly.’

As a physics major in my undergraduate and early graduate work, I was committed to
a view of mathematics—usually attributed to Galileo Galilei (1564-1642)°*—as the
language in which the universe reveals its truths. My early encounters with a
constructivist view of learning and teaching did not interfere with this belief about the
nature of mathematics. I encountered terms mentioned above as exclusively about
teaching and learning and not as a set of statements about the nature of mathematics as a
discipline. For example, whereas I understood the term constructivism as a basis for
thinking about how children learn with implications about how they should be taught,
this understanding did not push me to think about what mathematics is or should be.

Not so, after arriving in the United States. Here, the constructivist discourse in the
talk about school mathematics was not just about the teaching and learning of
mathematics. It also impinged profoundly upon beliefs about the nature of mathematics.
In fact, mathematics assumed “many faces” with questions being raised about whether
mathematics educators and mathematicians talked about the same thing when they used

the term mathematics (Sfard, 1998, p. 491). As I was to learn later—and more

? Gita Steiner-Khamsi has used the title “traveling reforms” to talk about the lending and borrowing of
educational discourses across the world (Popkewitz & Steiner-Khamsi, 2004).

3 Galileo thought of universe as “...written in mathematical language, and its characters are triangles,
circles, and other geometrical figures; without these it is humanly impossible to understand a word of it,
and one wanders around pointlessly in a dark labyrinth”(Galilei & Finocchiaro, 2008, p. 183). This
assumption continues to be widely held by the theoretical physicists (see, for example, Eugene, 1960;
Tegmark, 2007)



thoroughly through the analysis of terms of mathematics education debate in this study—
one could identify various different, but internally coherent, texts with each containing
different and conflicting descriptions of the nature of mathematics and its relationship
with teaching and learning. The groups adhering to one or the other text about
mathematics and its pedagogy seemed to be hard at work, at times with religious zeal, to
mark themselves off from what they were not (see, Wilson, 2003, pp. 48-49). This
difference appeared as a raging conflict in the policy arena.

The conflicts were not just in mathematics education. The figure of war appeared
frequently to refer to conflicts in education. Terms such as culture wars, social studies
wars, language wars, and reading wars were commonplace. But, being a mathematics
educator and a believer in the mainstream view of mathematics as certain and a priori, 5]
found the phrase Math Wars, to echo Alan Schoenfeld, “oxymoronic, a category error”
(Schoenfeld, 2004, p. 253). Yet, here, the proponents and detractors seemed to have
locked horns with each other in this spectacular battle. Stepping into the territory of
mathematics education in the United States was much like becoming part of a territorial
jurisdiction, complete with its citizens, friends, and enemies.

Also, as an outsider, I did not immediately notice that American educational
discourse frequently appeared to be associated with a reform movement. Reforms and
Reformers are a ubiquitous feature of educational discourse in America in a way that they

seldom are outside of the United States. Before I came to the United States, I was not

4 My reference to internal coherence merely restates the observations made by other scholars as well that
formal documents have the appearance of a consensus, which masks differences if any between their
authors while appearing to be internally consistent. (See, for example, Wilson, 2003, p. 48.)

* Hersh (1999) uses the term mainstream to speak of the pervasive view of mathematics as a bastion of
certainty and as consisting of preexisting mathematical forms. I will use this distinction again in Chapter 3.



accustomed to seeing the term reform used for matters considered to be traditionally
under the control of professionals (teachers, teacher educators). As a traveler from a
distant culture it took me some time before I realized that the work I was doing as a
professional mathematics educator in graduate school was also part of a reform
movement. I had done similar work and used the same progressive discourses and
materials, without ever thinking of myself as anything more than a professional
mathematics educator.

Insiders in the field of education in the United States may not recognize it due,
perhaps, to their proximity with the term reform, that the commingling of professional
with evangelical as exemplified by the insertion of reforms and reformers within the
discourse of professional fields such as education is a peculiarly American conjoining of
secular with sacred.® My reference is not to the form and content of particular reforms.
Rather, I stress the availability of the terms “reforms” and “reformers” as locations to be
inhabited by individuals and groups. In this discourse, the individuals and groups come
across as reformers, anti-reformers, un-reformed, to-be-reformed, or reformed. American
scholarship on educational reforms typically raises questions about factors that promote
or hinder reform, but assumes the ubiquity of reforms without question. To me the idea
of reform is not something familiar that needs to be made strange in order to interrogate
it; it is already strange.

Why have there always been reforms of one kind or the other in the United States?

And why are the reforms and reformers prone to getting into trouble? These questions

¢ The peculiar mixing of sacred and secular emerges in the unique form of political prose that the Sacvan
Bercovitch terms American Jeremiad (Bercovitch, 1978). The jeremiads produce reforms by directing
public attention toward risk and decline, and calling for reforms to stem decline. 1 will discuss this idea at
greater length in Chapter 6.



are not the central questions that guide the inquiry in this project, but they keep
shadowing me throughout this project, pushing me to account for them within the context
of mathematics education debates.

The recent conflicts in mathematics education are also battles over reforms. They are
not new disagreements over teaching and learning of mathematics but instead are the
most recent volcanic eruptions from a conflict simmering beneath the surface of
American education at least since the middle of the 19" century (Wilson, 2003, p. 5).
Below, I will first describe the sequence of events in the math wars briefly. This
description will be followed by my rationale for this study, a discussion of assumptions

that I take to this analysis, and finally an outline of the dissertation.

The Math Wars at a glance

I do not intend to provide a full description of the recent math wars, but will only
provide a chronology of events and some details that I think are important to develop my
argument. The reader may find many important details of math wars omitted in this
drastically reduced summary. For this description and many of my data sources, I have
borrowed heavily from Wilson’s history of the math wars (Wilson, 2003).

“Math Wars” is the media title for the debates around school mathematics that began
in the wake of the calls for reforms made in the report 4 Nation at Risk (NCEE, 1983). 1
will discuss this report and its implications for reforms in more detail in Chapter 6. Here
it suffices to note that this report is widely believe to have spawned the large scale reform
effort to improve student achievement in K-12 mathematics and other school subjects by

developing and implementing national standards—the so called standards-based reforms.



The National Council of Teachers of Mathematics (NCTM) took the lead in
publishing Curriculum and Evaluation Standards (NCTM, 1989) for K-12 mathematics.
Subsequently, the NCTM also published Professional Teaching Standards (NCTM,
1991) and Assessment Standards (NCTM, 1995).” All of these three volumes were
addressed to teachers, school administrators, teacher educators, policy makers and the
wider public and they responded to the call for change with new ideas about appropriate
goals for school mathematics teaching.

From the perspective of this study, it is important to note that NCTM Standards
assumed that all students could be mathematically empowered. The standards defined
the term mathematical power for all as “an individual's abilities to explore, conjecture,
and reason logically, as well as the ability to use a variety of mathematical methods
effectively to solve non-routine problems.” (NCTM, 1989). The term mathematical
power was repeated and reinforced in the 1992 Mathematics Framework for California
Public Schools® as well as several other texts produced around the same time (see, for
example, NRC, 1989; NRC, 1993).

Development of mathematical power was seen as associated with an increased
emphasis on learning the meaning of operations, operation sense, mental computation,
estimation and the reasonableness of answers, use of calculators for complex
computation, and thinking strategies for basic facts. At the same time, the standards
deemphasized traditional activities—such as complex paper-and-pencil computations,

traditional algorithms, rote memorization of number facts—as expressions of

7 In this dissertation, unless stated otherwise, I will use the shorthand NCTM Standards to refer to
Curriculum and Evaluation Standards (1989).

8 In this dissertation, unless stated otherwise, 1 will use the shorthand 1992 Framework to refer to
Mathematics Framework for California Public Schools (1992).



mathematical power. Broadly speaking the NCTM standards, attempted to shift
mathematics curriculum and instruction away from “drill and kill’ and teaching of ‘paper
and pencil algorithms” towards a vision that placed more emphasis on communication,
problem-solving, and invented instead of already known or standard algorithms for
solving mathematical problems. The standards conceptualized mathematics as a product
of human activity and made the capacities to produce mathematics—the so called
mathematical powers—the objects of pedagogical intervention.

An important feature of the standards and documents associated with them was their
claim to be an expression of professional consensus by the mathematics education
community (Carl & Frye, 1991; Crosswhite, Dossey, & Frye, 1989; Frye, 1990).

The NCTM Standards were received warmly by the advocates and criticized
scathingly by the critics. Through its publication of 1992 Framework, California took the
lead in aligning its K-12 mathematics education policy with NCTM Standards. Fierce
debates followed the efforts to align the practices of teaching and learning in school
districts with the precepts of the NCTM Standards and 1992 Framework. The opponents
emphasized what was deemphasized by the reform texts; the traditional ways of teaching
and learning mathematics such as drill, paper and pencil computation, learning standard
algorithms, and automatic recall of basic mathematical facts.

These debates, which spanned most of the 1990s, turned into a bitter controversy that
by the middle of 1990s had embroiled parents, math educators, mathematicians,
education reformers, local school boards, federal and state policymakers, and political
pundits in a struggle over the content and teaching of mathematics. The figure of war

began to dominate these debates as they turned more and more acrimonious. As Suzanne



Wilson puts it: “...the language of war crept into many debates about mathematics
education” (Wilson, 2003, p. 2). A scene dominated by the figure of war tends to divide
humans into warriors, peace makers, and spectators. The language in which the debates
were projected by the ‘warriors,” especially those resisting the reforms, sometimes
mirrored the language of civil war. This language of war permeated up and down and
across the system, as evidenced from the calls by the U.S. Secretary of Education Riley
for cessation of hostilities and a return to “civil and constructive discourse” in his address
to the Mathematical Association of America in 1998.

Meanwhile, in California, the math wars led to a revision of 1992 Framework and
publication of a new set of standards to replace the NCTM standards. In 1999 the revised
Mathematics Framework for California Publics Schools together with revised Content
Standards (CDE, 1999) were endorsed by California’s legislature.

Important from the standpoint of my project is the shift in vocabularies between the
1992 and 1999 Framework. The 1999 Framework replaced the language of
mathematical power for all with that of mathematical proficiency for all. 1t defined
mathematical proficiency as a measurable construct whose presence/absence could be
indicated by the students’ scores on standardized tests. The new standards were an effort
at defining in unambiguous terms what the students needed to know and be able to do in
order to be declared proficient. They came across as precise statements of several
desirable strands for school mathematics and of precise benchmarks on each one of those
strands. Becoming mathematically proficient, according to the 1999 Framework,

required all students to cover all the benchmarks in all the strands at each grade level.



Thos shift and its implications for mathematics education are discussed more fully in
Chapter S.

What needs to be mentioned in this introduction is that after the shift in vocabulary of
mathematics education in California, a different kind of consensus emerged and found its
way into the major NCTM and other publications. For instance, in the year 2000,
NCTM published the Principles and Standards of School Mathematics (PSSM) (NCTM,
2000). PSSM dropped the term mathematical power from its repertoire of terms in its
description of the principles and standards of school mathematics. Likewise, the most
recent NCTM publication titled Focal Points for Curriculum (NCTM, 2006) also makes
no reference to the term mathematical power. Meanwhile, several documents have
emerged at the national level refining the concept of mathematical proficiency as the new

consensus (Ball, 2003; Kilpatrick, Swafford, & Findell, 2001; USDOE, 2008).

Understanding the terms of the debates

I began this chapter with an account of my encounter with a blizzard of terms—such
as constructivist teaching and learning, teaching for understanding, child-centeredness,
pedagogical content knowledge—in different contexts. The point of this brief narrative
of my encounter with similar terms in different contexts was to highlight that the meaning
of these terms—some of which, such as mathematics, we take for granted—are not stable
and same across different texts. I have come to believe that ferms do not exist in a
necessary and inextricable relationship with particular worldviews. When the terms that I
have talked about, left their discursive places of origin and traveled to the distant lands
where I encountered them, they did not necessarily carry with them the trace of their

origin. In their new contexts, ideas such as child-centeredness or pedagogical



constructivism were not part of a progressive worldview as they are taken to be in the
United States. They remained the same, yet were different. In general, we may assume
that when terms travel from one discursive community to the other, they are
recontextualized in their new discursive habitats.

I believe it is also important to recognize that we use terms that are perpetually
constituted by the conflicts. When I began my work as a mathematics educator, terms
such as constructivism, teaching for understanding, mathematical empowerment, worked
as guides for our practice. But, as I have observed in the previous section, the discourse
defined by these terms was challenged. For the workers in the field of mathematics
education it is important to recognize that terms which shape their work are not always
expressions of scientific progress, but residues of rhetorical conflicts in education. This
project—much like cartography—is about understanding conflict by drawing maps of
specific relations between the terms the terms used in mathematics education in the
conflicting discourses.

The understanding of terms in conflicting discourses does not assume a necessary
relationship between the use of particular terms and the worldviews of the users as a
strategy to avoid what Wilson refers to as “facile simplifications.” (Wilson, 2003, p.xii).
In her documentation of the math wars in California and, more generally, in the United
States, Wilson suggests the need to avoid facile simplifications in thinking about reforms
and counter reforms. About the math wars, Wilson concludes that:

This wasn’t a debate between the Republican-Conservative-Traditionalist-
Positivist-Math-as-Skills-Direct-Instruction-Social-Efficiency Camp and the

Democratic-Progressive-Constructivist-Interpretivist-Math-as-Conceptual-

10



Understanding-Child-Centered-Instruction-Democratic-Equality Camp (Wilson,
2003, p. 165).

I interpret Wilson as suggesting that it is not easy, not even desirable, to draw the
lines in ways that declare conservatives as against democratic equality or progressives as
essentially against social mobility. The facile simplifications tend to conflate political
and pedagogical orientations in misleading ways. An example from a Californian
mathematician documented in the Notices of the Mathematical Association of America
(MAA) is in order here. A mathematics professor who was concerned about some
mathematical aspects of the reform texts was reported as having been stunned when
invited to speak at a local Republican convention. “Mathematicians tend to jump into
such issues with both feet,” she says, “and then they find themselves labeled as right
wing conservatives. And it’s pretty hilarious. I don’t know any mathematicians who are
right-wing conservatives” (Abigail Thompson, quoted in Jackson, 1997, p. 820). Yet,
when we direct our attention to competing goals of education and on conflict in terms of
worldviews signified by such terms as progressives and conservatives, ° we foreclose

other ways of thinking about debates in mathematics education.

The Methodological Considerations

When exploring a particular cluster of terms, I do not work like a social scientist.
That is to say, I am not using a particular conceptual repertoire and applying it to conflict

in mathematics education. Nor am I developing a grounded theory of particular conflicts

® For an explanation of conflicts in terms of worldviews, see, Apple, 1982, 1986, 1993; Shor, 1986

11



in the tradition of anthropologists. Rather, I read the texts that I chose to study in a
manner similar to literary analysis.

The argument of this dissertation is based on exploring the internal logic of particular
clusters of terms, and the relations between them. I expect my readers will apply a
similar mode of reading to follow my argument. To perform this analysis, I have chosen
the image of drama offered by Kenneth Burke (Burke, 1945) due to its emphasis on
conflict. Kenneth Burke’s dramatism—whose theoretical underpinnings I develop in
more detail in Chapter 2—works for me as it takes ambiguity in the meaning of terms
describing human action as central to the conflict. As Burke puts it: “Since no two things
or acts or situations are exactly alike, you cannot apply the same term to both of them
without thereby introducing a certain margin of ambiguity, an ambiguity as great as the
difference between the two subjects that are given the identical title” (Burke, 1945, p.
xix). This dramatistic ambiguity is echoed in Sfard’s question about whether
mathematicians and mathematics educator mean the same thing when they use the term
mathematics (Sfard, 1998).

As someone who has acquired an awareness of the shifting meanings of the terms
through actually going back and forth between different linguistic communities, I saw
terms—such as the ones designating the subject matter of mathematics and its
relationship with teaching and learning mathematics—within particular texts as the very
sites of conflict in the mathematics education debates. For example—as I mentioned in
my brief history of the math wars—the term mathematical power for all was a site of
conflict inasmuch as the opponents of the reform texts containing it sought to substitute it

with mathematical proficiency. An exploration of internal logic of the discourses reveals,

12



as | will show in more detail subsequently, that these terms are bound up with very
different notions of what constituted mathematics and mathematical ways of knowing.
Thus, considering the terms of mathematics education debates as sites of the conflict, I
am interested in ways in which these terms function to provide us with a structure of
understanding the subject matter of mathematics and of motivation for doing, teaching,
and learning mathematics.

There are two kinds of texts examined in this dissertation. First kind consists of texts
that came into being long before the present conflict between reformers and counter
reformers, texts created by well-known mathematicians within a broad time frame
ranging from the 17" to late 19" century. These texts give us a chance to see some
continuities as well as discontinuities of perspective between the discourse associated
with some iconic figures in the history of mathematics and the current debates in
mathematics education.

In choosing these texts, I follow the distinctions between mainstream and humanist
mathematical texts offered by Reuben Hersh (1999) in his book What is Mathematics,
Really? Hersh’s distinctions work for me because they are not set in fixed time periods.
What he calls Mainstream can be seen as distributed from ancient Pythagoreans to
modern day Platonist mathematicians (Davis & Hersh, 1981). As he puts it:

For the Mainstream, mathematics is superhuman—abstract, ideal, infallible, eternal.

So many great names: Pythagoras, Plato, Descartes, Spinoza, Leibniz, Kant, Frege,

Russell, Carnap...Humanists see mathematics as a human activity, a human creation.

Aristotle was a humanist in that sense, as were Locke, Hume, and Mill. Modern

philosophers outside the Russell tradition—mavericks—include Peirce, Dewey, Roy
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Sellars, Wittgenstein, Popper, Lakatos, Wang, Tymoczko, and Kitcher (Hersh, 1999,

p- 92).

Like Hersh, I do not assume progress from mainstream to humanist notions of
mathematics. I imagine these distinctions as existing in texts across times and spaces.
From a rhetorical standpoint, there seems to be no difference in the motivation of a
Pythagorean or a modern day mathematicians who believes—Ilike Pythagoras—that
mathematical objects are not constructed by humans but exist independently of them.

Specifically, I explore the descriptions of the nature of mathematics in René
Descartes’ (1596-1650) Meditations, in archived letters of Bertrand Russell (1809-1880),
and the writing of Benjamin Peirce (1809-1880). I then make use of these descriptions to
think about the possibilities of acts of teaching and learning mathematics that become
thinkable in relation to those conceptions of mathematics.

The second kind of texts examined in this study are those that directly relate to the
conflict in mathematics education in the last two decades. As described earlier in this
chapter, I call these the reform and counter reform texts in this dissertation. The reform
texts examined in this dissertation are the NCTM Standards and the 1992 Framework.
The NCTM Standards and 1992 Framework may be imagined as a single textual complex
which was ultimately replaced by the California Mathematics Standards and 1999
Framework (CDE, 1999), which I refer to as the counter reform texts.

On what grounds can we compare the texts so disparate and distant in nature and
what insights can we gain from such comparison between the terms of debate in
mathematics education? To constitute the grounds of comparison between the texts I use

the image of drama as employed by rhetorician Kenneth Burke (Burke, 1945). Why
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drama? Drama suggests organization of texts that deal with human actions and their
motivation in terms of descriptions of actors—in my case reformers, mathematicians,
counter reformers, and learners—as engaged in purposive acts in specific scenes using
agencies [means]. Using the figure of drama as an analytical device implies the
recognition that any text—whether Pythogorean, Cartesian, or Reform texts of the last
two decades—would have some description of background or scene against which
mathematicians, teachers of mathematics, or students [actors, that is] would appear as
engaged in purposive acts of doing, teaching, or learning mathematics.

When I am occupied with finding out what school mathematics might mean in
particular texts, I do not see—following Wilson’s phrase that I cited above and repeat
here—it as defined primarily in terms of a conflict between Republican-Conservative-
Traditionalist-Positivist-Math-as-Skills-Direct-Instruction-Social-Efficiency Camp and
the Democratic-Progressive-Constructivist-Interpretivist-Math-as-Conceptual-
Understanding-Child-Centered-Instruction-Democratic-Equality Camp. My reference
point becomes the drama rather than the particular worldview or a theoretical notion that
may be seen to be at the heart of it. By using drama as a reference point, I hope to show
that the texts about mathematics attributed to Descartes, Peirce and Russell may be
centuries apart but may still be dramatistically similar inasmuch as they contain similar
descriptions of nature of mathematics and actions of mathematicians. Similarly,
mathematics education counter reform texts may bear no direct relation to Cartesian
texts, and yet be seen as enacting a similar drama. As far as the drama is concerned, what
matters is not the traditional label of the text but the ways it describes the context, the

agents, their purposive acts, and the means with which they act.
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A rhetorical analysis of the texts that I describe above is offered in response to the
following question:

What can we learn about the terms of mathematics education debates of the 1990s
by looking closely at some of the terms that figure prominently in key
mathematics texts, mathematics education reform texts, and mathematics
education counter-reform texts?

To respond to this I take the following set of questions to each set of texts'’:

1. Scene: How is the context of mathematical activity described in classical
mathematical texts and in key reform and counter reform texts??

2. Act: How are mathematical acts described in these different texts?

3. Agent: Who is described as entitled to act, that is, to do mathematics in these
different texts?

4. Agency: What means are available to act, that is, to do mathematics in these
different texts?

5. Purpose: What is described as the purpose of mathematical activity in these
different texts?

The five categories mentioned before the statement of question are the elements that
organize descriptions in dramatism. Dramatism, as I have mentioned earlier, borrows the
metaphor of drama to organize descriptions of actors—in my case mathematicians,
reformers, counter reformers, learners, and so on—as engaged in purposive acts in

specific scenes using agencies [means] made available to them.

'% The questions provided here are adapted from five questions that Kenneth Burke takes to descriptions of
human actions and their motivations. As Burke put it, “...any complete statement about motives will offer
some kind of answers to these five questions: what was done (act), when or where it was done (scene), who
did it (agent), how he did it (agency), and why (purpose)” (Burke, 1945, p. xv).
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Outline of the Dissertation

Chapter 2 provides a primer to Burke’s dramatism. My readers should know at the
outset that Burke uses terms of dramatism in ways that may sound unfamiliar. Chapter 2,
therefore, is my attempt to clarify the terms that will organize the analysis throughout this
dissertation.

In Chapter 3, I take the research questions mentioned above to selected classical texts
on mathematics. In particular, I reach for descriptions of mathematics and mathematical
activity in Rene Descartes’ meditations, in the writing of the 19" century American
mathematician Benjamin Peirce, and in excerpts from the letters of logician Bertrand
Russell. By examining the texts that are temporally distant from the reform and counter
reform texts, I want to make a rhetorical point about the vast differences in meaning that
inhabit the same words. Terms such as mathematics, mathematical powers, and
mathematics teaching and learning carry quite different meanings and implications when
articulated in recent reform documents and in these classical mathematical texts.

The drama of the classical mathematical texts unveiled in this chapter will become a
dramatistic reference point for comparison with the more contemporary discourses.

In Chapter 4 and 5, I will examine the reform (Chapter 4) and counter-reform
(Chapter 5) texts using the same set of questions. In all of these texts, I observe the ways
in which the texts constrain the meaning of mathematics and of what it means to learn
and teach mathematics.

Chapter 6 shifts the scene and views of both reforms and counter reforms as
competing acts on a stage prepared by the calls for reforms. The argument in this chapter

highlights the ways in which the language of standards embedded in the calls for reform,
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and, by corollary, in the responses to such calls, works to undermine the progressive

reforms.
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Chapter ll: Understanding Dramatism

If man-as-symbol-user, then action; if action, then conflict, if conflict, then drama. And if drama,
then you must find a critical language that deals with drama.
(Booth, 1974)

This chapter is designed to introduce the reader to key ideas of Dramatism (Burke,
1945), which is a technique of analysis of language and thought as basically modes of
action rather than as means of conveying information. Burke’s oeuvre is huge. In this
chapter, I will only be concerned with the ideas that I believe my readers must know
before they proceed to read this argument. Specifically, the following points will form
the body of this chapter:

1. I will describe assumptions about connection between language, conflict and
drama. Next, I will describe the five elements of what has been called dramatistic
Pentad. These are stated succinctly by Booth in the passage with which I begin
this chapter, and I will repeat and expand them in the first part of the chapter.

2. I will describe the elements of Dramatism, which are mapped onto the set of
questions that I take to each text in Chapters 3, 4, 5, and 6 and the relations
between them.

In what follows, I will first discuss the assumptions that undergird Dramatism and
then I will explain the technique of analysis Dramatism provides and the key terms that

will help in understanding the subsequent analysis.
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Assumptions about Relations between Action, Conflict, and
Drama

Understanding the idea of action and how Burke distinguishes it from motion is
central to understanding Dramatism. Burke makes a distinction between Action and
Motion. For him the terms explaining motion describe unambiguously stated concepts,
such as, for example, those dealt with in physics. However, human action is different
from physical [according to Burke, even biological or behavioral] motion, and involves
ambiguities. For example, descriptions of human comedies, tragedies, and conflicts defy
unambiguous conceptualizations in the manner of science. The broad question to which
the language of Dramatism responds is posed by him in these terms: “What is involved,
when we say what people are doing and why they are doing it”(Burke, 1945, p. xv). The
answer to this question is not a theory of motives, but a rhetoric of forms. Five forms of
thought, he argues, are necessarily present in any description of action: “...any complete
statement about motives will offer some kind of answers to these five questions: what was
done (act), when or where it was done (scene), who did it (agent), how he did it (agency),
and why (purpose)” (Burke, 1945, p. xv).

Wayne Booth explains the need for Burke’s dramatistic method succinctly: “if man-
as-symbol-user, then action; if action, then conflict, if conflict, then drama. And if
drama, then you must find a critical language that deals with drama” (Booth, 1974, p. 8).
This phrase contains the assumptions about language as a mode of action and the conflict
and drama that becomes visible when we assume language as such. Dramatism, as will
become clearer in the following discussion, cannot work without these assumptions. That

is to say, if we do not assume the language to be symbolic action, we lose sight of the
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ambiguity and the possibility of conflict that characterizes drama. Below, I take each part
of Wayne Booth’s assertion and discuss the assumed relations between the action,

conflict, and drama suggested by it.

If Man-as-symbol-user Then Action

I will first discuss what is entailed in regarding language as a mode of action. The
first point in that direction is to recognize the ubiquity of language. As Burke puts it:
...can we bring ourselves to realize...just how overwhelmingly much of what we
mean by “reality” has been built up for us through nothing but our symbol
systems? Take away our books, and what little do we know about history,
biography, even something so “down to earth” as the relative position of seas and
continents? What is our “reality” for today (beyond the paper-thin line of our own
particular lives) but all this clutter of symbols about the past combined with
whatever things we know mainly through maps, magazines, newspapers, and the
like about the present? In school, as they go from class to class, students turn from
one idiom to another. The various courses in the curriculum are in effect but so
many different terminologies. And however important to us is the tiny sliver of
reality each of us has experienced firsthand, the whole overall “picture” is but a
construct of our symbol systems. To meditate on this fact until one sees its full
implications is much like peering over the edge of things into an ultimate abyss
(Burke, 1966, p. 5).
An example from sociologist Joseph Gusfield will make Burke’s point clearer. While
conceptualizing his research on auto deaths and alcoholism, Gusfield points toward two

distinct terminologies, the drinking-driver and drinking-driving. The first, as he puts it,
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“directs attention to the agent (driver) as the source of the act, the second frames the
experience as an event...The first, drinking-driver, is a call to transform the motorist. The
second, drinking-driving, directs attention to the auto, the road, the event” (Gusfield,
1989, p. 15). Extending this point to mathematics education debates, I take terms—
which will be discussed more fully in the next three chapters—such as mathematical
power and mathematical proficiency as associated with particular descriptions of learning
and teaching of mathematics.

Burke tells us that symbols, or terms as I call them, are all we have available to
apprehend things and motives. The identities we assume, the roles we accept, the reality
of the stars we gaze at, all reach us as words about reality. The support for this claim is
not restricted to Kenneth Burke. For example, in the 1950s, linguists Edward Sapir and
Benjamin Whorf put forward their eponymous hypothesis that “language shapes
thought.” Also, the philosopher of language, John Searle agrees that language is
constitutive of thought:

In order that something can be money, property, marriage, or government, people
have to have appropriate thoughts about it. But in order that they have these
appropriate thoughts, they have to have the devices for thinking those thoughts,
and those are essentially symbolic or linguistic devices (Searle, 2006, p. 95).

Similarly, Ian Hacking claims that dividing people into categories in order to count
them (as in the case of censuses) created human kinds. He writes about the emergence of
ways of counting people, as constitutive of human types:

Even the decennial censuses in the different states amazingly show that the

categories into which people fall change every ten years. This is partly because
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social change generates new categories of people, but I think the countings were
not mere reportings. They were part of an elaborate, well-meaning, indeed
innocent creating of new kinds of ways for people to be, and people innocently
“chose” to fall into these new categories (Hacking, 2002, p. 49) .

Philosopher of linguistics, J.L. Austin (1962) made a similar distinction between
performative utterances and statements. Austin said, “the issuing of a [performative]
utterance is the performing of an action—it is not normally thought of as just saying
something’’ (Austin, 1962, pp. 6-7).

Hacking, Searle, Austin, and Burke all make the same point about language as
providing individuals with ways of acting—seeing, saying, doing, and thinking etc.
Finally, I exemplify the influence of terms that we use by applying this idea to my self-
perception as initially simply a mathematics educator, and eventually a reformer
mathematics educator.

The idea of language as doing something is also exemplified beautifully in Garry
Wills’ rhetorical analysis of the Lincoln’s famous Gettysburg Address. Speaking about
the meaning of the Civil War, Wills writes, “The Civil War is, to most Americans, what
Lincoln wanted it to mean” (Wills, 1992, p. 35). And Wills attributes Lincoln’s success in
defining the meaning of this conflict for future generations to the Gettysburg Address.
Lincoln’s speech, then, is action, or a performative utterance inasmuch as it alters [or
constructs] the reality of civil war for most Americans.

Let me elaborate this further by giving two examples from the mathematics education
debates in the United States. First, consider the ways in which language of counter-

reform texts worked to undermine the term “progressive” or reform by associating it with
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disparaging terms such as faddist, dogmatic, unscientific, touchy feely, un-rigorous, fuzzy,
and permissive.. At the same time, the term “traditional” in those texts was loaded with
an attitude of flexibility, balance, rigor, and discipline. While there is no necessary
relationship between any label and the terms used to define an attitude toward it, such
relationships are strategically constructed in the public discourse to achieve an effect,

and, therefore, ought to be examined as modes of action.

If Action then Conflict

The assumption about language as a mode of action can be extended to an
understanding of conflict in general, and conflicts in education particularly. For example,
consider two statements about mathematics and their significance as modes of action.
When we want teachers to act in certain ways in their math classrooms, we say,
‘mathematics is reasoning.’ This statement, together with the rhetoric explaining and
supporting it, is a way of acting on teachers, schools, and curriculum. Conversely, when
we push our audience to accept mathematics as consisting of apriori objects then we push
them to act in a way that makes them appear to be in search of those apriori objects.
Conflict may be thought of as an engagement between these two performative utterances,
to use J.L. Austin’s phrase, to define the meaning of mathematics.

In these terms, Chapters 3, 4, and S in this dissertation delineate three different modes
of action and spell out the ways in which they attempt to define the meaning of
mathematics and its teaching and learning,

Two aspects of language as a mode of action contribute to conflict. The first is the
need to come up with definitions to work with. For example, as I will consider in more

detail in the subsequent chapters, mathematics is conceptualized and defined. Particular
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conceptions of mathematics are then associated with descriptions of mathematical
practices or its teaching and learning. That is to say, a performative utterance or a mode
of action involves constructing definitions or, working with existing ones. Second,
definitions are inhabited with ambiguity. To understand this, consider the example of the
term standards in education. As I will discuss in detail in Chapter 6, what counted as the
meaning of term standards varied depending on its location in various competing
discourses. Different actors defined standards based on the concepts available to, and
valued by, them. Below, I will discuss the conceptual connection between definitions,
ambiguity, and conflict, which becomes available when we think of language as action.
Definitions and Antagonisms: Defining a term marks off its discursive boundaries.
Setting the boundaries implies an inside and an outside: certain meanings and
implications are included in the term — they are declared to be part of its meaning — while
others are excluded. Exclusions may be thought of as a prerequisite for conflict. It
follows that conflicts accompany the process of setting up clear definitions. Burke—and
almost three centuries before him, Spinoza''—acknowledged this “inevitable paradox” in

setting up definitions. As Burke puts it:

To tell what a thing is, you place it in terms of something else. This idea of
locating, or placing, is implicit in our very word for definition itself:
to define, or determine a thing, is to mark its boundaries, hence to use terms that

possess, implicitly at least, contextual reference (Burke, 1945, p. 24).

' This notion of any definition of a thing as making sense only in terms of what it is not, i.e. in terms of its
context in which it appears to be rooted is associated with Spinoza’s notion of “determination is
negation”(For a discussion on this, see, Burke, 1945; Morgan, 2002, p. 892).
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Setting up definitions, standpoints, and perspectives is, as the above quote suggests,
also an act of marking off the boundaries, thus creating an inside and outside. This can set
up the inside and the outside as each others’ antagonist. The point I am making is that
definitions, standpoints, perspectives etc. become possible through defining an outside.
As Burke puts it, “To tell what a thing is, you place it in terms of something else. This
idea of locating, or placing, is implicit in our very word for definition itself: to define, or
determine a thing, is to mark its boundaries, hence to use terms that possess, implicitly at
least, contextual reference. We here take the pun seriously because we believe it to reveal
an inevitable paradox of definition...” (Burke, 1945, p. 24).

Given above is indeed a very geometric description of definition. That is to say, just
as in coordinate geometry specific coordinates in space are defined in relation to a frame
of reference which positions them in relation to a fixed set of coordinates. We also place
the coordinates of language as action in relation the coordinates of language as not

action. Burke describes, and also complicates this relation as follows:

Contextual definition might also be called "positional," or "geometric," or
"definition by location." The embarrassments are often revealed with particular
clarity when a thinker has moved to a high level of generalization, as when
motivational matters are discussed in terms of "heredity and environment," or
"man and nature," or "mind and matter," or "mechanism and teleology," where
each of the paired terms is the other's "context" in the universe of discourse

(Burke, 1945, p. 26),

Take for example the first pair, “heredity and environment”. Burke seems to be

saying that these binaries reveal embarrassments, because of what I interpret to be,

26



mutual exclusions. That is, when one generalizes human behavior in terms of heredity,
excluding environment, then one forgets that environment is needed for the definition of
heredity. That is to say, it is only through excluding the environment [Read NOT
heredity] that heredity becomes possible. Hence, in a certain important sense, heredity is
because of what it is not. Likewise, the progressive/conservative binary may also be
treated similarly. Progressive defines or positions itself in relation to conservative, and
would lose its identity if there was no such reference point. That is to say, progressive is

defined partly in terms of what it is not.

To wrap up this discussion on the effects of definition on the possibility of conflicts:
Defining something is construed in this discussion as an action that works to set the
boundaries of a concept. Setting up boundaries, Burke lets us see, inevitably involves
exclusions and inclusions. The exclusions haunt the definition from the outside. It is
interesting that any definition—including definitions of identities such as progressives or
conservatives—becomes possible only by marking off, and thus defining an outside. But
their condition of possibility also works to undermine them. The conflict is only to be
expected from what is excluded in the process of formulating a definition or an identity.
For example, while it is impossible to even think about progressive without marking it
off from conservative, the former is also threatened by the latter and vice-versa.

Since they are necessarily based on selections, definitions both reflect and deflect aspects
of what they attempt to define. Burke refers to these clusters of terms as terministic
screens. “Terministic screen” is Burke’s term for a sort of grid of intelligibility,
consisting of a cluster of terms, through which we make sense of the world. When it is

definite, it would, Burke argues, select some aspects of the reality it is describing and
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deflect others. That is to say, Burke is denying the possibility of totalizing theoretical
constructs about human motives. In this dissertation, the descriptions of relations
between mathematics and its teaching and learning in mutually agonistic discourses are
treated as terministic screens.
Men seek for vocabularies that will be faithful reflections of reality. To this end,
they must develop vocabularies that are selections of reality. And any selection of
reality must, in certain circumstances, function as a deflection of reality. Insofar
as the vocabulary meets the needs of reflection, we can say that it has the
necessary scope. In its selectivity, it is a reduction. Its scope and reduction
become a deflection when the given terminology, or calculus, is not suited to the
subject matter which it is designed to calculate (Burke, 1945, p. 59).
Thus, conflict appears to follow from earnest efforts to define, refine, and perfect a
discourse, which ends up in exclusions and inclusions. As Burke puts it, “we are rotten
with perfection” (Burke quoted in, Booth, 1974, p. 12). I interpret “rottenness™ here to be
indicating the ultimate paradox of positioning oneself rigidly and attempting to perfect
that position. It reminds me of the plot of the movie Quills (2000). The plot [or scene to
use the language of Dramatism] contains the famous French character Marquis de Sade
held as an inmate in a French insane asylum in the 1790s and his reformer, a priest. The
scene unfolds as a long engagement between the reformer and the to-be-reformed. But
the perfect act of reform is symbolized by elimination of Marquis de Sade from the scene,
signifying the elimination of all the evil he stood for. However, ironically, as the priest

eliminates de Sade, he himself assumes the character of de Sade. In the Burkean sense,
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the priest “rots with perfection,” through a paradoxical operation involving the
elimination of what he loathed.

As mentioned above, the Chapter 3, 4, and describe three different modes of action.
By the same taken, they are also descriptions of three different ways of defining
mathematics and its teaching and learning. The argument in these chapters will
emphasize these texts as presenting terministic screens about the reality of mathematics
and its teaching and learning. To summarize, the terministic screen is a sort of cluster of
terms that collectively afford as well as constrain the object of their description. In
chapters three, four, and five, terministic screens constitute the cornerstone of analysis.
In these chapters, I use the pentad to describe the cluster of terms for agent, act, scene,
purpose, and agency. These descriptions constitute the terministic screen because they
define the ways in which the drama of mathematics and its teaching and learning is
permitted to unfold. And by virtue of being definitive, they are also exclusive.

The dialectic of ambiguity and clarity: We define things because we want to be
understood clearly. Yet, the story of conflict, tragedy, and even comedy is oﬁe based on
misunderstanding, or understanding differently, the terms which are otherwise assumed
to be stated clearly. From the math wars we know that even the term mathematics, when
caught in two different discourses—that of mathematics and education—is rendered
ambiguous. The associated ambiguity is reflected in the following observation on the

mathematics education reform texts by the Berkeley mathematician Hsi-Wu:

The shock comes from the discovery that what passes for mathematics in these
publications bears scant resemblance to the subject of our collective professional

life. Mathematics has undergone a re-definition, and the ongoing process of
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promoting the transformed version in the mathematics classrooms of K-14 (i.e.,
from kindergarten to the first two years of college) constitutes the current

mathematics education reform movement (Wu, 1998, p. 1).

Viewed in the light of the above discussion on the relations between defining as a
mode of action and conflict, Wu’s expression of dismay on not recognizing his
professional discipline in the definitions of reform texts is also a refusal of the system of
relations within the reform texts, which, according to him, shapes and defines what
mathematics could be. That mathematicians and mathematics educators do not talk about
the same thing when they refer to mathematics is also observed by some prominent
mathematics educators (see, for example, Sfard, 1998). When mathematics educators
defined mathematics without including the perspective of folks like Hsi-Wu, ambiguity
ruled, and debates followed. Ambiguity, thus, has the power to move debates in action.
As my analysis in Chapters 3 and 4 will show, the term mathematics and the notions
about its learning and teaching mean different things, depending on who speaks it, to
which audience, in what context, and for what purposes.

So same terms may have different meaning because of being situated in two different
dramas. As Burke puts it: “Since no two things or acts or situations are exactly alike, you
cannot apply the same term to both of them without thereby introducing a certain margin
of ambiguity, an ambiguity as great as the difference between the two subjects that are
given the identical title” (Burke, 1945, p. xix). Below, I change this quote slightly to
illustrate the ways in which the assertions about ambiguity are relevant to my study:
“Since no two situations in which the term mathematics is spoken are exactly alike, you

cannot apply the term mathematics to both of them without thereby introducing a certain
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margin of ambiguity, an ambiguity as great as the difference between the two subjects
that are given the identical title.” The utterance mathematics is ambiguous, and when
ambiguous it is conflictual. Action, drama, and conflict are brought into a relation
because of the contingent ambiguity that accompanies our efforts to define and clarify
concepts.

Based on the discussion above, I understand ambiguity as a suggestion that words
cannot shift from one discursive neighborhood to another without losing or changing
their meaning. Burke speaks quite dramatically of these one-to-many relationships
between the words and their particular investments by asserting that we do not even know
what was said when we hear someone uttering a word as simple as ‘yes’: “Let us suppose
that I ask you: “What did the man say?” And that you answer: “He said ‘yes.’” You still
do not know what the man said. You would not know unless you knew more about the
situation and about the remarks that preceded his answer... For there is a difference in
style or strategy, if one says “yes” in tonalities that imply “thank God” or .. in tonalities

that imply “alas!”” (Burke, 1966, p. 77).

Thus, Dramatism assumes, privileges, looks for, and describes ambiguities associated

with specific terms:

A perfectionist might seek to evolve terms free of ambiguity and in consistency
(as with the terministic ideals of symbolic logic and logical positivism)... We take
it for granted that, insofar as men cannot themselves create the universe, there
must remain something essentially enigmatic about the problem of motives, and
that this underlying enigma will manifest itself in inevitable ambiguities and

inconsistencies among the terms for motives. Accordingly, what we want is not
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terms that avoid ambiguity, but terms that clearly reveal the strategic spots at

which ambiguities necessarily arise (Burke, 1945, pp. xviii, italics mine).

If Conflict then Drama

So how does drama follow from the conflict? Drama happens on a stage, and
involves actors who appear to be acting purposefully. These actors, love, hate, kill, die,
laugh, cry, and do many other things when playing their part. Production of drama
requires presence of motives that must remain essentially ambiguous. For example, in
Shakespeare’s plays ambiguity is said to play an important role when the playwright
makes his characters say something whose significance cannot be grasped with reference
only to the time of their utterance. “For what they say might have two meanings. The
one meaning which the speaker has in mind refers to the momentary situation, but the
other meaning may point beyond this moment to other issues of the play” (McDonald,
2004, p. 51).

This theme about the function of ambiguity in conflict and drama will be revisited in
Chapter 6, where I will dwell upon the ways in which the utterances of the reform texts
respond to a momentary scene as well as to other moments in the historical scene. When
reformers uttered the term standards they responded to a current scene which called for
measurable standards as a large part of the educational reforms. However, they filled the
term standards with a meaning that went beyond the contemporary historical context,
thus making the term standards ambiguous. Conflict and drama followed, when different

people used the term standards but meant different things.
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Ambiguity characterizes drama and sets it apart from what Burke terms scientistic
explanations. Scientistic explanations work to eliminate ambiguity. To the contrary,
drama thrives on ambiguity.

The dramatistic/scientific distinction is complemented by action/motion distinction.
In the spirit of definition by placement, Burke sets up Dramatism as a means of analysis
of human action, while leaving the analysis of motion to science. The concept of action
works to delineate motivated and purposeful human acts from mechanical responses to
situations. As Burke puts it: “As for "act," any verb, no matter how specific or how
general, that has connotations of consciousness or purpose falls under this category.”
(Burke, 1945, p. 14). This Burkean distinction between motion and action, and
identification of action with language and rhetoric is stressed in contemporary writings on
Burke. Robert Wess elaborates this distinction by linking motion to life and death as
biological: “Rhetoric is linguistic action, but language-users live and die in the biological
realm of motion” (Wess, 1996, p. 112).

In this section, I have argued that Dramatism becomes thinkable against a background
of assumptions about language as action, about the paradoxical nature of framing
definitions of ideas and ambiguity of terms and their clusters. As Burke puts it,
Dramatism as “a method of analysis and a corresponding critique of terminology is
designed to show that the most direct route to the study of human relations and human
motives is via a methodical inquiry into cycles or clusters of terms and their functions”
(Burke, 1968, p. 445).

To summarize, in this section, I described ways in which assuming language as a

mode of action helps us see conflict and debate as arising from attendant ambiguities.
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To analyze the terms in mathematics education debate, I have used the five part
framework of Dramatism—also called the Pentad—which is outlined in Burke’s

Grammar of Motives (Burke, 1945). I will turn to its description in the next section.

Elements of Dramatism

At its simplest, a dramatistic analysis is built around a response to the following
broad question and its specific variations: “What is involved, when we say what people
are doing and why they are doing it?” (Burke, 1945, p. xv). By way of response, Burke

offers what he argues to be:

...basic forms of thought which, in accordance with the nature of the world as all
men necessarily experience it, are exemplified in the attributing of motives. These
forms of thought can be embodied profoundly or trivially, truthfully or falsely.
They are equally present in systematically elaborated metaphysical structures, in
legal judgments, in poetry and fiction, in political and scientific works, in news

and in bits of gossip offered at random (Burke, 1945, p. xv).

The five elements of Dramatism are referred to as forms because of their emptiness,
generative principles of investigation because of their capacity to generate dramatistic
analysis, and sometime simply the elements of elements of Dramatism. For any particular

narrative these elements are signified by:

... some word that names the act (names what took place, in thought or deed), and
another that names the scene (the background of the act, the situation in which it
occurred); also, you must indicate what person or kind of person (agenr)

performed the act, what means or instruments he used (agency), and the purpose.
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Men may violently disagree about the purposes behind a given act, or about the
character of the person who did it, or how he did it, or in what kind of situation he
acted; or they may even insist upon totally different words to name the act itself.
But be that as it may, any complete statement about motives will offer some kind
of answers to these five questions: what was done (act), when or where it was
done (scene), who did it (agent), how he did it (agency), and why (purpose).

(Burke, 1945, p. xv)

Act, Scene, Agent, Agency, and Purpose, then are the forms that form the system of

reasoning that Dramatism offers us. The next important point to explicate is that these

terms do not refer to fixed categories. For example, an agent does not have to always be

a person, and agency does not always refer to some intrinsic ability to act freely in this

world. A somewhat longer quote from Burke provides us with a glimpse of the

malleability of these terms:

A portrait painter may treat the body as a property of the agent (an expression of
personality), whereas materialistic medicine would treat it as "scenic," a purely
"objective material"; and from another point of view it could be classed as an
agency, a means by which one gets reports of the world at large. Machines are
obviously instruments (that is, Agencies); yet in their vast accumulation they
constitute the industrial scene, with its own peculiar set of motivational
properties. War may be treated as an Agency, insofar as it is a means to an end; as
a collective Act, sub divisible into many individual acts; as a Purpose, in schemes

proclaiming a cult of war. For the man inducted into the army, war is a Scene, a
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situation that motivates the nature of his training; and in mythologies war is an
Agent, or perhaps better a super-agent, in the figure of the war god.
(Burke, 1945, p. xx)
So although the analysis works with the five elements of drama mentioned above,
they are not used as ‘unvarying, frozen, literal categories...but as fluid reagents,

”!2__to be explained shortly—for different problems. What

applicable in different “ratios
is one agent’s action is another agent’s scene. A given agent can be of someone else’s
agency—a tool to other ends—or he can be, again, a part of someone’s scene ”(Booth,
1974, p. 11). Also notice that I have used this malleability in the characterization of the
elements of pentad to organize this chapter. For example, to explain Dramatism--which
you may simply define as a method or technique of analysis—I have thought of it as an
agency. The assumptions about language as a mode of action, then, form the scene against
which the agency of Dramatism makes sense.
Dramatistic use of these terms is further exemplified by the following quote in which
Burke is examining an excerpt from John Dewey’s Intelligence and Modern World.
...though Dewey stresses the value of "intelligence" as an instrument (agency,
embodied in "scientific method"), the other key terms in his casuistry,
"experience" and "nature,” would be the equivalents of act and scene respectively.

We must add, however, that Dewey is given to stressing the overlap of these two

terms, rather than the respects in which they are distinct, as he proposes to

"1 should acknowledge that Burke’s use of the term ratio will sound very unconventional to the readers
familiar with the term in mathematics. Ratio is not used here in its usual mathematical sense, but in the
sense of logic of the terms. While in mathematics ratio appears as a relation between two similar
magnitudes in respect of quantity, determined by the number of times one contains the other (integrally or
fractionally), Oxford English Dictionary also defines ratio as reason. Dramatism’s meaning of the term
ratio is closer to this latter sense.
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"replace the traditional separation of nature and experience with the idea of
continuity. (Burke, 1945, pp. xxi-xx)
The sense in which Dewey might have deployed experience in relation to nature, then,

inserts them as act and scene respectively in the space of Dramatism.

The Analysis

A scholar using Dramatism to examine a text does more than simply decompose the
texts in terms of pentadic categories; he also uses Dramatism to develop insights about
relations between the various pentadic terms. I will elaborate these points through

examples of some texts.

Example of texts with stress on one or the other Dramatistic Element

Almost a year ago, as part of my many efforts to learn about the history of American
public education, I stumbled on an obscure text, written by a prominent name in
American educational history. I am speaking of William Bagley's book 'A century of
universal school' (Bagley, 1937). Bagley’s book was an appraisal of universal schooling
at the turn of the century, not just in the US, but also in other countries of the world. I
was particularly struck by a passage on Iraq. Bagley’s observations on Iraq pointed
toward a facet of Iraqi society that resonates so with current accounts of the tribal
configurations in Iraq:

Another serious educational problem in Iraq illustrates very clearly how
dangerous it is to assume that generalizations regarding human affairs can be
applied to all peoples. We hear a great deal today about the importance of

reducing the sentiments that attach to the idea of nationalism. But Iraq needs a
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healthy growth of the feeling of nationalism as much as she needs literacy. The
loyalties of the people are tribal loyalties. Intertribal warfare has always been
taken for granted among the nomads. It has persisted over the ages--and for a
reason that is biologically sound. It is a means of keeping the population within
the limits of a very precarious food-supply. When the tribes settle, however, a
different situation develops; and yet, just as the powerful mores against the use of
water persist, so the tribal loyalties and enmities persist, making very difficult the
enforcement of law and order—making impossible, indeed, an effective national
government on a democratic basis (Bagley, 1937, p. 50).

On this view, the tribal motivations for internecine warfare were explained in terms
that may be regarded as ‘natural.’ If we accept this account as a valid explanation of the
Iraqi situation, then the Iraqi people would come across as not really engaged in a tribal
warfare, but as merely moved to perform a natural function, that of keeping the
population in check in the face of a precarious food supply. This naturalist account,
then, does not stress Iraqi people as agents. Rather it stresses the ‘precarious food
supply’ as an element of scene that determines their motivation to kill. Furthermore, with
internecine strife as part of the scene marked by precarious food supply, Bagley declares
a democratic government in Iraq as impossible. Thus, in this account, the precarious
supplies of food, the internecine strife, and the impossibility of democracy are clustered
together in such a way as to stress the scene and construe the acts of as completely
determined by a scene characterized by a precarious food supply. The tribes do not act to
kill but follow a law of nature that explains conflict as a means to regain a balance

between the availability of food and size of population.
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Contrast the above mentioned account of Iraqis with another account borrowed from
Kenneth Burke in Grammar of Motives (Burke, 1945) '*:

Many people in the Great Britain and the United States think of these nations as
"vessels" of democracy. And democracy is felt to reside in us, intrinsically,
because we are "a democratic people”. Democratic acts are, in this mode of
thought, derived from democratic agents, agents who would remain democratic in
character even though conditions required the temporary curtailment or
abrogation of basic democratic rights (Burke, 1945, p. 17).

Notice that, in contrast to Bagley’s text, this construes the scene [of democracy] as
emanating from the nature of the agents.

Burke extended this analysis to all major philosophical narratives of his time,
proposing that materialism, idealism, pragmatism, mysticism, and realism all feature one
or the other terms of the dramatistic pentad: The discourse of materialism—which
explains the universe sufficiently on the assumption of body and matter is aligned with
scene; Idealism—which accounts for universe as the work of reason and mind—features
agent'*; Pragmatism—with its concern for instruments to act—features agencyI5 ;

Mysticism—with its concern for the valid ends for human existence—is aligned with the

13 The quoted passage does not present a theoretical position that Burke necessarily subscribes to. Rather,
he has used this passage as an example to clarify a distinction between the discourses that privilege agent
compared with the discourses that feature scene.

' For details, see Burke (1945, p. 131 & 171).

' Burke’s association of Pragmatism with agency seems due to pragmatists’ theory of knowledge as means
to desirable ends. He says: “In accordance with our thesis, we here seize upon the reference to means,
since we hold that Pragmatist philosophies are generated by the featuring of the term, Agency. We can
discern this genius most readily in the very title, Instrumentalism, which John Dewey chooses to
characterize his variant of the pragmatist doctrine. Similarly William James explicitly asserts that
Pragmatism is “a method only”” (Burke, 1945, p. 275).
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element of purpose'®; Finally, act is featured in realism.'” This idea of prominence of any
one term from dramatistic pentad in major philosophical themes is important to my

subsequent analysis.

Concluding thoughts: Analyzing the Relations between Terms of

the Pentad

When a text stresses scene or agent—as in the case of Bagley’s texts from which I
quoted above, it also shapes the relations between various terms of the pentad. The
analytic stress, then, is not just on the terms of pentad but also on the relations between
them. Burke calls these relationships “ratios”. A ratio, according to Burke, is a formula
indicating a relation of precedence from one term to another. For example, a scene-act or
a scene-agent ratio gives priority to the scene, or background, in relation to the act or
agent. That is to say, the scene sets the parameters of what agents and acts can be.

So we cannot speak of an act or an agent, without also speaking of the scene.
Speaking in terms of ratios such as scene-act or scene-agent appears useful when
assigning relétive weights to the elements of the pentad. The use of these ratios in
dramatistic analysis is exemplified by the explanations for existence of democracy in

some countries in the above quote from Burke in the last section. Bagley’s text stressed

' According to Burke, mystical philosophies appear in times of social chaos or confusion about human
purpose. “They are a mark of transition, flourishing when one set of public presuppositions about the ends
of life has become weakened or disorganized, and no new public structure, of sufficient depth and scope to
be satisfying, have yet taken its place. Thus, precisely at such times of general hesitancy, the mystic can
compensate for his own particular doubts about human purpose by submerging himself in some vision of a
universal, or absolute or transcendent purpose, with which he would identify himself” (Burke, 1945, p.
288).

'" This association, according to Burke, is rooted in realism’s concern with actual embodying a sort of Act-
Actual ratio. Another example: if one replaces Act and Actual by God and Universe respectively in this
formulation, the real universe would appear to follow from a supreme act of creation—so it does in the
discourse of creationists.
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scene more as compared with the act. By featuring the scene it set up a scene-agent and
scene-act ratio which worked to explain Iraqi people and their actions in terms of
contextual factors such as scarcity of food. On the other hand, the example that Burke
gives [which, I emphasize, is not his own theoretical stance] derives democratic acts from
the characteristics of an inherently democratic people. Notice that the text which stresses
scene defines acts in relation to the context [definition by placement] and the text which
stresses acts describes scene as derived from acts [definition by derivation].

In an important way, then, a dramatistic ratio signifies a move from potential to
actual. As Burke puts it: “...a mode of thought in keeping with the scene-agent ratio
would situate in the scene certain potentialities that were said to be actualized in the
agent. And conversely, the agent-scene ratio would situate in the agent potentialities
actualized in the scene” (Burke, 1945, p. 262).

Insofar as men's actions are to be interpreted in terms of the circumstances in
which they are acting, their behavior would fall under the heading of a “scene-act
ratio.” But insofar as their acts reveal their different characters, their behavior
would fall under the heading of an “agent-act ratio.” For instance, in a time of
great crisis, such as a shipwreck, the conduct of all persons involved in that crisis
could be expected to manifest in some way the motivating influence of the crisis.
Yet, within such a “scene-act ratio,” there would be a range of “agent-act ratios,”
insofar as one man was “proved” to be cowardly, another bold, another
resourceful, and so on (Burke, 1978, pp. 332-333).

It is important to recognize that a ratio, in bringing together a potential-actual

relation, is not necessarily a cause-effect relation. As Burke put it: “It is not easy to know
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just when one is deriving potentialities from actualities and the reverse” (Burke, 1945, p.
260).

Let me now briefly allude to how these insights are put to use - and also complicated
- in the analysis of mathematics education texts. In Chapter 3, the texts that [ examine
feature mathematics as scenic thus setting up a scene-agent and scene-act ratios. That is
to say, mathematicians and their mathematical acts are completely determined by the
scene. When mathematics is construed to be a priori, all the agents can do is discover it.
However, if we reverse these ratios, as it happens in the texts examined in Chapter 4, we
will also need to reconfigure the nature of mathematics to keep it coherent with the act-
scene ratio. Mathematics, in such a text, will need to be conceived as being constructed

instead of being out there.

Throughout this dissertation, the analysis involves exploring the consequences of
shifting the values of the dramatistic place holders, i.e. the scene, agent, act, agency, and
purpose. What changes in the relations between agent, acts, agencies, and purposes come
into play as the scene shifts? The analysis will sort the texts in terms of the dramatistic
categories first, examining the ways in which these categories relate to each other in
particular texts, and answering the question about what insights can be developed about

mathematics and mathematics education based on these relations.
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Chapter lll: Mathematics, God, and Pedagogy

Dramatistic Classical Texts Reform Texts Counter-Reform
Pentad Texts
Scene Mathematics Mathematics Standards
Education—Based
on NCTM
Standards
Act Following, Constructing Following,
Reading, Mathematics Reading,
Discovering demonstrating
mathematics fluency
Agent Mathematicians Children, Teachers | Children
Agency Mathematical Mathematical Mathematical
Powers Powers proficiency
Purpose Illumination by Empowered Numerate Citizenry
natural light of citizenry
reason

Table 1: Pentad at a Glance—Focus on Classical Texts

Reuben Hersh (1999) in his book What is Mathematics, Really? identifies two

parallel descriptions of mathematics, labeling them Mainstream and Humanist:

For the Mainstream, mathematics is superhuman—abstract, ideal, infallible,

eternal. So many great names: Pythagoras, Plato, Descartes, Spinoza, Leibniz,

Kant, Frege, Russell, Carnap...Humanists see mathematics as a human activity, a

human creation. Aristotle was a humanist in that sense, as were Locke, Hume, and

Mill. Modern philosophers outside the Russell tradition—mavericks—include

Peirce, Dewey, Roy Sellars, Wittgenstein, Popper, Lakatos, Wang. Tymoczko,

and Kitcher (Hersh, 1999. p. 92).
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Among the humanists, Hersh also includes psychologist Jean Piaget, and mathematics
educators Paul Erest and Anna Sfard. Some mathematicians have also made it onto
Hersh’s list of humanists, prominent among them Henry Poincaré and George Polya.

From these lists we may make two important observations. First, the mainstream
description of mathematics extends all the way from Pythagoras to our times (Davis &
Hersh, 1981; Sfard, 1998). Second, that the mainstream/humanist distinction also
suggests a schism between most mathematicians and most mathematics educators.

Hersh says that these descriptions of mathematics are not just diachronic. That is to
say, we cannot assume a linear progress from a mainstream view of mathematics to a
humanist view of mathematics. Rather, the mainstream and humanist views exist side by
side. As someone who has moved past all of these discourses, while changing careers
from physics to mathematics education, I agree! Mathematics has changed its meaning
for me several times in a lifetime. As a student in elementary and high school, I
experienced mathematics as an abstract and meaningless but strictly rule-driven play of
symbols. Formalists, I learned later, have something similar to say about the nature of
mathematics. As a university student and later a teacher of physics, I experienced
mathematics as a collection of mysterious objects, which, if applied appropriately and
wisely, spoke, somehow, nothing but truth about the physical universe at scales
unimaginably large and small. As a mathematics educator, I came to see mathematics as
a product of human activity and socio-culturally constructed.

The mainstream and humanist approaches to mathematics practices are usually so
insulated that each appears distant to the other. That is, as a physicist, I had no clue of, or

even felt the need for a socio-cultural dimension of mathematics. But when working as a

44



teacher and mathematics educator, I came to work within a perspective on mathematics
grounded in the context of schooling. While the classical perspective on mathematics—
mainstream, to use Hersh’s phrase—projected mathematics as a bastion of absolute and
objective certainty, in the socio-cultural perspective—humanist in Hersh’s terms— as
Sfard puts it, there was “no absolute truth any longer” (Sfard, 1998, p. 491). Ultimately
on the educational landscape the distinction between the Aumanist and mainstream plays
out, as I will discuss in more detail in Chapters 4 and 5, in terms of mathematics as
invention and mathematics as discovery, with the former inscribed in the reform and the
latter in the counter-reform texts.

The difference between the mathematicians’ and mathematics educators’ descriptions
of the nature of mathematics has assumed a renewed importance in the wake of recent
mathematics education debates, and hence are the focus of this dissertation.

This chapter explores the descriptions of the nature of mathematics in some selected
mainstream texts, organizing these descriptions in terms of the five elements of Burke’s
(1945) dramatism, each defined by the following questions:

1. Scene: How is the context of mathematical activity described?

2. Act: How are mathematical acts described?

3. Agent: Who is described as entitled to act, that is, to do mathematics?

4. Agency: What means are available to act, that is, to do mathematics?

5. Purpose: What is described as the purpose of mathematical activity?

The Texts: To explore the answers to these questions, I do not survey all the texts

produced by all the authors in Hersh’s list, and I include one mathematician—the 19™
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century Harvard mathematician Benjamin Peirce'®*—who, curiously enough, has not
made it to Hersh mainstream listings. Specifically, I explore the writings of René
Descartes (1596-1650) because of a widely held perception about him as the father of
modernity, Benjamin Peirce (1809-1880), and Bertrand Russell (1872-1970). While
Descartes may not need much of an introduction here, Benjamin Peirce is not a name that
one frequently encounters, as is evident from his absence Hersh’s list of mainstream
mathematical thinkers. However, given his half a century long tenure at Harvard, Peirce
was uniquely positioned to influence American mathematics. Peirce was Hollis Professor
of Mathematics at Harvard University from 1833 until his death in 1880. He also served
as president of the American Association for Advancement of Science for seven years
from 1847 to 1954. Historian Daniel Cohen sums up Peirce’s influence on the American
mathematics community as follows:

Holding a position at Harvard for a pivotal half-century in which the university
shifted its character away from clerical training toward a new research model, he
trained and guided the work of two generations of mathematicians who would go
on to train and guide countless others. Personally Peirce was responsible for
numerous theories and applications, and his linear Associative Algebra (1870)
was a landmark both for its new form of algebra and for its statements regarding
the nature of mathematics itself (Cohen, 2007, p. 42).

Bertrand Russell is usually known to the world of philosophy of mathematics as the
logicist par excellence. His monumental work with Alfred North Whitehead (1861-1047)
Principia Mathematica (Whitehead & Russell, 1997) is usually known as an attempt to
find logical foundations to all mathematical truths, i.e. to reduce mathematics to logic.

However, for the purpose of analysis in this chapter, I was interested in Russell’s

'® Benjamin Peirce was father of pragmatist philosopher Charles Sanders Peirce.
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statements about the nature of mathematics. I have used what I found in Selected Letters
of Bertrand Russell (Griffin, 2002).

The particular texts in which I searched for statements about the nature of
mathematics, mathematical practices, and mathematical purposes are Descartes’ Fifth
Meditation as well as the documented objections to it. For Descartes’ writings, I have
consulted Cottingham’s compilation of Descartes’ philosophical works (Descartes, 1984)
and translations of Descartes by Wollaston (Descartes, 1960). I access Benjamin Peirce’s
ideas through his book Ideality in Physical Sciences (Peirce, 1881) and his textbook
Linear Associative Algebra (Peirce, 1882). I have also looked at the writings of Peirce’s
colleagues and students, and drawn upon a recent historical survey of the connections
between religious faith and mathematics in 19™ century (Cohen, 2007), looking for clues
to answer the questions I posed above.

Below, I foreshadow the argument that I develop in the rest of the chapter.

Scene: The nature of mathematics in both Descartes and Peirce can be read as

grounded in a peculiar mix of theology and intellect, which renders mathematics as

existing in a heavenly realm in the mind of God. These mathematicians’ descriptions
of mathematics stress scene—the existence of a preexisting mathematical landscape.

Acts like discovering, reading, following: When scene is a priori mathematics, acts

are described by the dramatistic scene-act ratio. That is to say, if the scene is already

given, then acts cannot construct it. Thus the mathematician is positioned in a math
land in whose construction he does not play any role. Contrast this with the Hersh’s
humanists whose description of mathematics as a human activity will need a reversal

of this ratio.
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Agent: The mathematician comes across as a seeker in the math land, or a prophet

receptive to the mind of the God.

Agency: Powers to practice mathematics lie beyond normal human faculties. If

mathematics exists in the mind of God, the powers to do mathematics are like spiritual

powers needed to provide access to the mind of God.

Purpose: To know the mind of God

Examining the implications of this description for teaching and learning of
mathematics, I argue that mainstream mathematics is incompatible with the humanist
mathematics practiced by math educators. That is, if we accept the arguments of
Descartes, Peirce, and Russell, mathematics learning and teaching cannot be thought
about in the ways in which we educators think about it in the public school contexts.
When mathematical truths exist in the mind of God as priori truths, the capacity of
individuals to do mathematics, the so-called mathematical powers must also be
understood as gifts of God.

This point may be illustrated metaphorically by considering a mountain range as a
scene, climbers as agents, and climbing as an act. Climbers do not invent or construct
the peaks that they scale. We believe that the job of climbers is to find the best routes
and use them to reach the summits. Once a particular summit has been scaled, the beaten
paths come on record, and become available for future generations of climbers. These
climbers may also discover new, more efficient, and safer paths to reach the summit.
Yet, they, and those before or after them, cannot change the shape of the mountain.

Like the mountain range and its many summits, mathematics comes across in the

classical texts as a priori. Just as the mountain range as a scene contains the summits
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and the climbers, as well as their attempt to scale the summits, mathematics also works as
ascene. The texts examined in this chapter are those that assume the existence of a
priori math world—a universe populated with mathematical forms. On this view, the
mathematicians act—that is, they do mathematics—to gain access to the pre-existing
world of mathematics. Since the world of mathematical forms pre-exists us, it constrains
what can or cannot be done as mathematics. In these texts the preexisting world of
mathematics is described in two ways. First, in the Cartesian Meditations mathematics is
conflated with the mind of God thus commingling religion and mathematics. Second, in
the Platonist texts (Russell) it is construed as existing in a metaphysical realm
independent of mental and physical reality.

The idea of mathematics as conveyed in these texts can be analyzed according to
Burke’s pentad as follows: The mathematician [agent] reads the mind of God or
discovers mathematical objects, or follows the paths already tread by other
mathematicians, in a preexisting mathematical landscape [scene]. Since mathematics is
either in the mind of God or existing in a metaphysical math world, the powers to do
mathematics come across as abilities to read, comprehend, and follow the mind of God.
Those with the gift are the elect who can gain to access the math world. Such
specification of the nature of mathematics implies an elitist approach to knowledge
focused on identifying the gifted. I make no claims that such is the perspective of all
contemporary mathematicians. I also make no claims about whether such a perspective is
inherently good or bad. Rather, I perform this rhetorical analysis in order to help identify
a cluster of terms—that is, a terministic screen—that is just as internally coherent as the

one that motivates us mathematics educators, teacher educators, and reformers.
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However, the mainstream conception operates with a set of truths about mathematics that
is different from that of the humanists, and by implication their respective assumptions

about teaching and learning are also different from one another.

The Mountain Range: Mathematics as the Scene in Classical
Texts

There are striking similarities between the perspectives of René Descartes (1596-
1650) and Benjamin Peirce (1809-1880) inasmuch as both preserve the nature of
mathematical reason as the God-given light of the mind and the connection of this form of
rationality with the heavenly and divine. Both construe mathematics as a priori and
divine. By virtue of being a priori and divine this perspective frames mathematics not
just as preexisting but also as containing the totality of mathematical objects that can be
accessed by the mathematicians. It is this description of mathematics that, I argue,
provides it with the connotation of scene in the sense in which Burke uses the term, as
containing both the agent and the act, and when mathematics is the scene—the given—
then learning mathematics becomes a discovery process, and the role of the teacher
becomes that of forebear.

Recall from Chapter 2 that the scene contains the agents and their acts. Furthermore,
there are narratives that stress the scene, while there are others that stress agents. In a
particular narrative on the nature of mathematics that stresses mathematics as a scene, we
will expect the terms for mathematicians and mathematical practice to exhibit scene-
agent and scene-act relationships. What a mathematician can or cannot do will depend

on what kinds of agents and acts can be contained in the scene without destroying the
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coherence of the narrative.'” For example, if the narrative describes mathematical objects
as existing independently of the human acts, then mathematics must be discovered;
mathematics can never be invented in such a narrative.

In the texts of Descartes and Peirce mathematics comes across as belonging to a
divine realm. This may be as surprising to others as it was for me. The name of
Descartes is usually spoken in relation to rationalism. Rationalism, rationality, and
reason have come to be understood as in opposition to religious dogma. When Descartes
is read as the father of modern rationalism, the relation of the divine and religious with
Cartesian reason is not remembered. Reading mathematical rationality as at the roots of
the modern scientific enterprisé, which boasts to be secular, obscures the cordial
relationship that mathematics and religion enjoyed until the late nineteenth century. It
was significant that I could recall nothing from my early encounters with mathematics
that suggested a deep relation between mathematics and divine. Yet, the relationship
between mathematics and divinity remained alive and well until very recently (Cohen,
2007). Professionalization is a kind of secularization, and at the end of the nineteenth
century, the professionalization of mathematics served to sever the link between religion
and mathematics (Cohen, 2007).

Yet, as expressed through the claims earlier, Platonism reemerges from this severing
of the link between religion and mathematics. Theologizing mathematics had only
located it in the mind of God. Modern Platonism released it from God’s house only to
relocate it (at least for some mathematicians) in some a metaphysical realm. As Hersh

observes, “the trouble with today's Platonism is that it gives up God, but wants to keep

' Burke uses the term narrative here where others might use the terms philosophy or epistemology.
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mathematics a thought in the mind of God” (Hersh, 1999, p. 135). A dramatistic analysis
is useful for educators because it helps us see that substituting the theological basis for
mathematics with a Platonist base is not likely to change the scene-act or the scene-agent
ratios. That is to say, whether the mathematical forms are creations of God or they are
assumed to exist in some a priori realm, the key mathematical act remains discovery.

Let me begin with an analysis of selections from Descartes’ Meditations (Descartes,
1960). Throughout this analysis, I focus on the ways in which, from a dramatistic
standpoint, the Cartesian Meditations talk as not as if mathematics were an act, but rather
as if mathematics were the scene in which actors might take a position.

René Descartes and mathematics as scene. I read Descartes’ perspective on
mathematics through a reading of his Fifth Meditation.’* Descartes’ famous argument
comes across in four moves. First, he isolates the properties of the sensible world that are
susceptible to proportional reasoning, the most significant being the discreteness (lending
itself to counting), extension (lending itself to the measure of degree of extent), and
duration (lending itself to the measure of change), and calls them the ‘quantifiable
dimensions.” Second, he invokes the idea of reason, which he also calls natural light of
mind, as capable of illuminating the quantifiable dimensions. Third, after identifying the
particular geometrical forms in the sensible world he decides that he did not invent this
form, and that it existed a priori in the deepest reaches of his soul or Cogito, as he calls it.
Cogito is mind or spirit, which contains ideas as forms; and the cogito is separate from

the body and sensations. Cogito, and not the world of sensations, becomes the spring

 In the Fifth Meditation Descartes attempted a mathematical proof of the existence of God. He based this
truth on the geometry of the triangle. The certainty of triangle was used in this argument to imply the
certainty of religion.
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from which the dimensions emanate. Fourth, he decides that since the form was already
there and it could not have been invented by him, that there must be a perfect being who
knows, and that Cogito is but the extension of that perfect being. This is the meaning of
“cogito ergo sum.” Let me retrace these moves in some more detail.

The dimensions (sometimes called essences) were written in Descartes’ text as
quantitative, or quantifiable, properties of matter, the magnitudes and dimensions that
could ultimately be isolated and subject to analysis by mathematical reason. Number
could be assigned to counting parts, fixing a degree of extent, and assigning duration. As
Descartes put it:

Now, in the first place, I have a distinct image of that quantity which philosophers
commonly call continuous quantity, the extension, that is to say, in length,
breadth, and depth, of that quantity, or rather of the thing to which quantity is
attributed. In addition, I can count its several parts, attributing to each various
sizes, figures, locations, and movements; and, finally, I can assign duration, in
varying degrees, to these movements (Descartes, 1960, pp. 144-145).

If continuous and discrete quantities are the dimensions, or quantifiable attributes of
things in the world, then what might their source be? Descartes locates the source of
these attributes of extension and of magnitude in the Cogito—the thinking substance:

And all this I know not only distinctly, when I consider it in general, but I have
only to apply my attention to become aware of a host of particulars regarding
numbers, figures, movements, and so on, of which the truth appears with so much
evidence, and seems so connatural with my mind, that it does not seem so much

that I am learning something new as that I am recalling what I knew before, or

53



perceiving what I already had in my mind, although I had not yet turned my
thoughts in that direction (Descartes, 1960, p. 145).

The a priori nature of the mathematical truth is stated clearly in this passage. The
truth of, say, a geometrical figure such as a triangle, must preexist its demonstration; the
triangle exists before it can appear in the'world. It is already there, much before it is
mapped onto the materiality of a physical shape. A shape such as a triangle possesses its
own true and unalterable nature—immutable and eternal like the metaphorical mountain I
alluded to earlier. However, even if the truth of triangle precedes its mapping on a
sensible triangle, where did it come from? Who invented it? According to Descartes, the
triangle could not possibly be invented by him. Humans can only conceive of a triangle,
more or less distinctly. So even when it was possible to demonstrate various properties
of the triangle, such as its three angles and their sum as equivalent to the sum of two right
angles, and so on, Descartes regarded these properties to be contained in the true and
immutable form of triangle. As he put it: “when I first imagined a triangle, I had no
thought of these properties, which cannot therefore have been invented by me”
(D_escartes, 1960, p. 145).

In sum (!) then, the properties of which the ideas of physical things are composed,
namely extension, shape, position, and movement, cannot exist formally in us since we
are merely a thinking being. Those ideas are the forms, “the garments,” as he puts it, “in
which substance is clad.” The form, existing independently of us, is supplied with
content from facts of experience to account both of a priority and applicability of

mathematics (Shabel, 2007).
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Descartes’ account of mathematics then assigns a certain ideality and a priority to
mathematics. But there is another factor involved here. Descartes was a practicing
Jesuit, and he worked to make his philosophy rationally coherent with his religious
beliefs (see, e.g., Toulmin, 1990). This ideal and a priori nature of mathematics is
consistent with his religious beliefs. The apriority of mathematical truths follows from
their being “connatural” with his mind. That is to say, ideas belong to the realm of
Cogito (the spiritual world), and not the realm of the world, the body, or the sgnsations.
The expression and application of mathematical truths involves discovering and eliciting
the natural light of mind.

However, Descartes adds to the complexity of Cogito as he extends his argument to
prove the existence of God. Cogito in this sense may be read as relating God and Man,
and by the same token, the infinite and perfect with the finite and imperfect, the same
way that scene is related to what it contains. The imperfect and the finite are contained in
the perfect and infinite. God as infinite and perfect contains what is finite and imperfect.
God becomes the scene of all scenes:

the idea of God is particularly clear and distinct, and contains [italics mine] in
itself more objective reality than any other, there is none that is more true in itself,
and less open to the suspicion that it is false. This idea, I say, of a sovereignly
perfect and infinite being is wholly true. A pretense can be made that no such
being exists; there can be no pretence that its idea represents nothing real to me,
as I have said was the case with the idea of cold. And the idea of God, being

particularly clear and distinct, contains wholly within itself all that I perceive to be
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real and true and as having some degree of perfection (Descartes, 1960, p. 128,
emphasis mine).

Finally, Descartes’ views on the relation between mathematics and God come out
even more explicitly in exchanges with those objecting to the claims in his Meditations,
chief among them the mathematician and French theologian, philosopher, priest, and
astronomer Pierre Gassendi (1592-1655). Gassendi was not happy with the idea of
granting to the triangle an immutable existence prior to its perception in the physical
world. Gassendi’s objection to the Fifth Meditation argues:

It seems very hard to propose that there is any ‘immutable and eternal nature’
apart from almighty God. You will say that all that you are proposing is the
scholastic point that the natures or essences of things are eternal, and that
eternally true propositions can be asserted of them. But this is just as hard to
accept. (quoted in, Descartes, 1984, pp. 221-222)

Gassendi then objects explicitly to the triangle as “out there” and argues that the
essence of a triangle is elicited from the experience of a triangle, an approach that
Descartes—and as I will show in the next section, also Benjamin Peirce—obviously
reject in forming a relation between mathematics and God. For Gassendi, the term
triangle is a mental construct which is put to use to sort triangles from other shapes in the
physical world, and as one it has been induced from material experience with triangles.
Gassendi explained his objection this way:

The Triangle is a kind of mental rule that you use to find out whether something
deserves to be called a triangle. But we should not therefore say that such a

triangle is something real. For it is the intellect alone which, after seeing material
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triangles, has formed this nature and made it a common nature...It follows that we
should not suppose that properties demonstrated of material triangles belong to
them because they derive them from the ideal triangle. Rather, they themselves
possess these properties in their own right, and it is the ideal triangle which does
not possess except in so far as the intellect, after inspecting the material triangles,
has attributed such properties to it, only to give them back to the material triangles
to again in the course of the demonstration. (quoted in, Descartes, 1984, p. 223)
Descartes, defends the immutability of mathematical truths in response to this

objection by claiming that the objection would have been worthy if he was claiming the

immutability of mathematical truths as apart from God:
Just as the poets suppose that fates were originally established by Jupiter, but that
after they were established he bound himself to abide by them, so I do not think
that the essences of things, and the mathematical truths which we can know
concerning them, are independent of God. Nevertheless I do think they are
immutable and eternal, since the will and decree of God willed and decreed that
they should be so. Whether you think this is hard or easy to accept, it is enough
for me that it is true (Descartes, 1984, p. 261).

Descartes reinforced this opinion in a letter to one of his contemporary French

mathematicians, theologian Marin Mersenne (1588-1648):
The mathematical truths which you call eternal have been laid down by God and
depend on Him entirely no less than the rest of his creatures. Indeed, to say that
these truths are independent of God is to talk of Him as if He were Jupiter or

Saturn and to subject Him to the Styx and the Fates. Please do not hesitate to
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assert and proclaim everywhere that it is God who has laid down these laws in
nature just as a king lays down laws in his kingdom. (Descartes, Quoted in
Kenny, 1970, p. 693)

To summarize—using the dramatistic image of a stage, agent, act, purpose and
agency—Cartesian descriptions depict mathematics as a scene on which Descartes the
mathematician also appears as a worshipper, who does mathematics to simultaneously
connect with the mind of God through his notion of ego, and illuminate the workings of
the world by shining on it the light of mathematical reason.

Benjamin Peirce and mathematics as scene. For half a century (from 1833 until his
death in 1888) Peirce held the Hollis Professorship of Mathematics at Harvard
University. He also served as the President of the American Association for
Advancement of Sciences from 1852 to 1854. He was often called the “Father of pure
mathematics in America” (Cohen, 2007, p. 42).

Peirce was an impressive, influential, firebrand, and hard to follow. A witty New
York Times correspondent covering his presidential address at the sixth annual meeting of
AAAS in Washington, D.C. in 1854, had this to say:

...the professor’s sentenceé were long and full of metaphors, similes, allusions,
and the like, which no mortal man might hope to set down. They could be no
more sketched, than the shapes of a puff of smoke. They came out regularly and
beautifully, but they widened and enlarged, and they went up, and if you looked
too long at one you lost the next dozen. It was magnifying of geometry—a

glorification of pure mathematics (Anonymous, 1854).
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For Peirce’s views on mathematics, I consulted his books Ideality in Physical
Sciences (1881) and Associative Linear Algebra (Peirce, 1881, 1882) and also searched
for what was written about him by his contemporaries. However, while in the middle of
writing this chapter, I serendipitously came across a recent historical study of Victorian
mathematics by historian Daniel Cohen, which he aptly titled Equations from God
(Cohen, 2007). Given the analytical resonance between what I was trying to accomplish
in this chapter and Cohen’s work, I also draw heavily on his work to support my
argument.

To begin a discussion on Peirce’s ideas on the nature of mathematics, I first draw on
his Harvard colleague, Andrew Peabody (1811-1893), a mathematician and Professor of
Christian Morals at Harvard. The following quote from Peabody, whose fundamental
premises are repeated in the writings of Peirce, stresses the a priori nature of
mathematical thought and its applicability to the physical universe. Peabody’s text is as
much an eulogy of Peirce, as it is a statement of belief about math<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>