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Chapter 1 : Introduction 

All I have to offer is my own confusion. 
--Jack Kerouac 

This thesis began with a question from my middle sister: 

"Why do I need to learn math if I'm not going to be a STEM major?" 

It was fall break of my first semester as an undergraduate, and I was home extolling the 

joys of collegiate mathematics and urging both of my younger sisters to study math as well. So 

when she fIrst posed the question, I responded without thinking: Because math is important! 

Duh. Math tells you true things about the world. Thus everyone needs to know math regardless 

of their career interests. 

She wasn't convinced. I brushed it off; growing up she had never enjoyed mathematics in 

the same way I did. She just didn't understand. But while I initially rested secure in my belief in 

the unquestionable importance of mathematics, the question didn't go away. It continued to nag 

at me, egged on by critical questions and perspectives I was gaining from my Introduction to 

Education course that same semester. After completing a project on math curricula for the course 

that forced me to work with the question head-on, I realized that I didn't, in fact, have an answer 

to the question that I found really satisfactory. 

Was math "true"? Perhaps, but there were lots of true things in the world that weren't a 

part of required school curricula. Was math beautiful? Again, there are plenty of beautiful things 

that are rarely if ever taught in U.S. schools. Was math useful for everyone? Maybe arithmetic 

and a basic understanding of fInance were, but as much as I loved calculus, even I had never used 

it outside of a classroom, and unless one was pursuing a STEM-related career it was completely 

possible for math beyond arithmetic to never make an appearance. 
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I realized that I was regurgitating answers that weren't really my own and that came from 

- somewhere. I couldn't tell you where I heard them, or who told them to me, because it wasn't 

from a specific person or interaction. They were just things that I "knew." More disturbingly, 

even with intentional reflection, I couldn't find a different answer. This was, to borrow a phrase 

from Paulo Freire, my "limit-situation." I had reached a problem that my then-current way of 

understanding the world couldn't solve. Why is mathematics such a lynchpin of the u.s. 

educational system while music, art, and social science were not? Was it truly important for 

every student to learn mathematics? And even if it was, was I certain that every student could 

learn mathematics - or was there something inherently exclusionary about the discipline I loved? 

This thesis is a step toward answering these questions. 

* * * * * 
An engineer, a biologist, and a mathematician are chatting on a bench in the 

neighborhood park. As they talk, they observe two people go into a house; a little while later, 
three people come out. 

The engineer says, "Huh, our initial count must have been wrong. " 
The biologist says, "No, they must have reproduced while they were inside. " 
And the mathematician says, "In any case, if one person goes back inside, the house will 

be completely empty I" 

Mathematics occupies a strange double position in our society. On the one hand, 

mathematics is the incomprehensible, useless school subject that almost no one really enjoys. 

Statements like "I'm just not a math person," or "I'm terrible at math," are common. 

Stereotypical geeky, head-in-the-clouds, painfully socially inept mathematicians are lampooned 

on television and in comedy, and a board full of arcane mathematical symbols is a go-to visual 

for the complicated and meaningless. 

At the same time, as information technology and data science tighten their grip on our 

infrastructure and interpersonal interactions, STEM expertise has become increasingly valued and 

desired. A STEM degree, particularly in computer science or mathematics, is a near-certain 
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ticket to economic security (and likely, prosperity). Pioneers of computing and big data analysis 

are cultural heroes, wealthy and powerful, or both. Silicon Valley and other hubs of 

technological research are mythologized as the ultimate conclaves of innovation and genius, 

where the future is literally being built before our eyes. One's ability to do mathematics is 

considered an objective, indisputable sign of their intelligence, and if someone is "smart" they are 

by assumption going to study and work in the STEM fields. 

Despite this dichotomy and the power and privilege associated with STEM knowledge, 

mathematics has so far escaped heavy critical scrutiny. Another piece of the discourse around 

mathematics is its supposed perfection and objectivity; mathematics is the sine qua non neutral, 

apolitical knowledge, the field that gives truth unaffected by the messiness of humanity and that 

offers sure footing in a postmodern, post-truth era. Perhaps thanks to this discourse, but certainly 

in tandem with it, there is no significant sociology of mathematics; the interactions of 

mathematics with larger social meaning are understudied. Certainly, sociology has engaged with 

the general scientific, positivist paradigm head-on, but up to this point it has only taken potshots 

at mathematics and has not mounted a strong critique of mathematical knowledge itself 
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In a kinder world, we perhaps could let sleeping dogs lie and accept this mythology of 

perfection. But if the growing alliance between mathematical knowledge and wealth and power 

weren't reason enough to take a long-overdue critical look at mathematics, the role of 

mathematics in educational and economic inequality certainly is. Educational inequity has 

remained entrenched, sometimes intentionally and sometimes otherwise, in the U. S. educational 

system since its inception, disenfranchising female students, poor students, and students of color, 

and mathematical knowledge is currently a key player in that disenfranchisement. Mathematics 

is more than a mandatory school subject; it is half of most standardized tests and is an 

unavoidable gatekeeper for educational advancement, into and through secondary school and 

especially for collegiate admissions (Bryk & Treisman, 2010). And as mentioned above, 

mathematics plays a stratifying role well after college, both stacking the salary deck and 

mediating understanding of systems - from insurance to bank loans to investment - that have 

serious financial and health consequences. Lack of access to critical mathematical training is 

more than just a violation of a student's right to a complete, equitable education (though that is 

certainly bad enough); it is a theft of ability to participate in the modern world. 

Essential Questions 

Seeking to answer my sister's query led me to three central problematics that spanned the 

limit-situation I was wrestling with: 

1. Mathematical knowledge, and its derivatives in computer science and engineering, are 

increasingly tied not just to wealth and economic success, but to the ability to comprehend 

the functioning of a technological society. Why have the currencies of power become so 

entangled with mathematics and not other disciplines? 
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2. Is mathematics a universally-applicable, universally-beneficial body of knowledge that 

everyone should know? Why or why not? 

3. As an academic subject, people seem to perceive math differently than others, especially 

reading/English. Educational inequities are also larger, and more persistent, in 

mathematics than in other subjects. Why? 

Working to resolve these problematics opened a Pandora's box of possible research questions 

that quickly spiraled beyond my ability to answer in a single year. Many of the questions ended 

up being answered by other researchers and theorists; others I had to regretfully defer for a later 

time. The knot of topics that remained centered on the third problematic and a concept that had 

explanatory potential for it: the way of thinking employed in mathematics. 

My interest in the "way of thinking" used in mathematics grew from my own experience 

as a mathematician and mathematics tutor. At first in teaching myself mathematics, and then in 

teaching others, I began to notice logical, as well as numerical, patterns in the strategies and 

methods I was engaging with. They appeared in the ways I would describe problems to students, 

or in the tools I myself would use when trying to understand a particularly recalcitrant theorem. 

At the same time, in both the literature and my own experience, I heard the phrase "math person" 

repeated over and over, an identity which was connected to race, gender, and class but also 

seemed tied to peoples' interests and personality. According to these anecdotes, "math people" 

were "logical," or preferred to solve problems with right-or-wrong answers, or were unusually 

good at dealing with abstract concepts. "Way of thinking" seemed to be connected to both how 

mathematics itself functioned, how people perceived what mathematics is, and how students were 

labeled as able or not-able in mathematics. 

Thus "way of thinking" seemed to be a useful concept for understanding all three of the 

limit-questions, but in a one-year thesis could barely engage with one of them in sufficient depth 
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and detail, let alone all three. Although the choice was hard, given the genesis of these questions 

in an educational context I decided to focus on the third question and examine the role of "way of 

thinking" in education. Did a student's "way of thinking" affect others' perception of their 

"mathiness" or their own self-identification with mathematics? Maybe there was there a 

stereotype of how "math peop Ie" thought and acted just like there was one of how they looked. 

Obviously, I was not the first person to consider this; mathematics education research and 

the philosophy of mathematics had already engaged with identity in mathematics and the 

essential logical assumptions of mathematics, respectively. But despite frequent mentions of the 

odd prevalence of the "math person" identity in comparison to other disciplines, there was little 

to no research exploring whether the way a student thought about the world was a part of that 

stereotypical identity. In other words, the existence of demographic stereotypes in mathematics 

around race, class, gender was very firmly established; the existence of other kinds of stereotypes 

less so. There was also little crosstalk between the philosophers of mathematics who had sought 

to articulate ways ofthinking essential for doing mathematics, and educational researchers who 

grappled with the question of whether or not there were essential characteristics that made 

students more or less successful in math. 

With these initial explorations at my back, I articulated my research questions: 

l.a. Do teachers and students evaluate the likely areas of interest and of success of their/of 
fellow students differently, based on student characteristics signaling different forms 
of mathematical identity? 

l. b. Do students experience mathematics and mathematics education differently if they 
have different mathematical identities? 

l.c Is the stereotype of the "math person" connected to some essential nature of 
mathematics, or is it a product of arbitrary social and cultural construction? 

2. Are there connections between a student's or teacher's mathematics 
experiencelidentity, and other identities (particularly race, class, and gender) held by 
the teacher/student? 
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As I familiarized myself with the existing literature, I noticed that a prevalent piece of the 

discourse around the "math person" stereotype was that the stereotyped "way ofthinking" wasn't 

a stereotype at all- it was simply a consequence of how math functioned. Mathematics 

inherently required certain ways ofthinking, certain ways of engaging with problems and 

interpreting information, and students who preferred those ways of thinking were just going to be 

more comfortable and able in mathematics. But I was suspicious. Most professional 

mathematicians I had spoken to or read about mentioned how important intuition, creativity, and 

nonlinear thinking - the exact opposite of the "math person" stereotype - were to doing 

mathematics. I also knew that racial and gender stereotypes in mathematics - stereotypes that are 

about as wrong as it is possible to be - were and still were wrapped in similar legitimizing 

ideologies. 

I believed in every student's potential to learn mathematics, and if I did find a way-of

thinking component to the "math person" stereotype I wanted to be able to say the same thing 

about it as I could about race and gender components - it was a social artifact, false, completely 

exclusionary and not based on truth. But I realized that I didn't know enough about what 

mathematics was in order to make this assertion, and in fact wasn't certain that there wasn't some 

way of thinking essential to mathematics. I couldn't just dismiss the patterns I noticed in my own 

mathematical work; there did seem to be some kind of pattern to how mathematical argument 

functioned. If I wanted to accurately understand the "math person" stereotype, I also had to at 

least begin to understand the tension between the essential and the social aspects of mathematics 

- what I eventually termed the "internal" and the "external" aspects of mathematics. 

Thus I took two distinct but complementary approaches to answering these questions. 

The first was theoretical; engaging with the philosophy, history, and anthropology of 

mathematics, I sought to articulate what mathematics actually is, in the hope of understanding if 
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there is some essential "way of thinking" associated with mathematics. The second approach was 

empirical; as mentioned before, the educational literature is replete with mentions of the "math 

person" stereotype, but no direct work has been done exploring whether it has a "way of 

thinking" component. Although multiple lines of circumstantial evidence suggested that such a 

component did exist, it was necessary to estab lish this with greater certainty. 

Exploring the way-of-thinking dimension of the "math person" stereotype is not just an 

interesting theoretical exercise. Given the well-documented, damaging consequences of racial 

and gender stereotypes in mathematics, if way-of-thinking factors are also a part of the "math 

person" stereotype, then they almost certainly have a similar stratifying effect, discouraging and 

encouraging students to pursue mathematics based on their alignment with the stereotype. And 

if, thanks to the stereotype, people who study math on average think a certain way in addition to 

(as we already know) on average having certain sets of experiences based on race, class, and 

gender, then that is going to influence a) the knowledge that they produce and b) the problems 

that they decide to solve - which in turn has very, very serious consequences for the role of 

mathematics in upholding or resisting oppression. Dragging the stereotype out into the light and 

showing its social construction is a key fIrst step to combating it; stereotypes thrive when they are 

unarticulated and unchallenged (Bettie, 2003; Steele, 2010; Taylor & Walton, 2011). Through 

unraveling the "math person" stereotype, I hoped to be able to better understand mathematics and 

combat inequity in mathematics education at the same time. 

Given the limitations on this work as a one-year, undergraduate thesis, few solid 

generalizations or recommendations will be made based on my fIndings. That said, after 

completing the work, I believe that continuing to expand our understanding of the "mathematical 

way of thinking" has signifIcant potential to shed light not just on the "math person" stereotype, 

but also on the limit-questions mentioned at the beginning of this section. The specifIc work of 
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this thesis ended up connecting to the larger questions in unexpected ways. Limited though it is, 

my work on the question of "what is mathematics?" also led me to initial guesses as to how 

mathematics functions in society, how mathematical thinking can affect decision-making in areas 

outside of mathematics, and why mathematics and STEM knowledge are associated with power. 

Fundamentally, applying a sociological framework to my results allowed me to ask if a "way of 

thinking" associated with mathematics could affect society's trajectory as well as an individual's. 

Ifbeliefs about the "mathematical way of thinking" influence student and teacher actions in a 

classroom - and I will show that they appear to - it lends credence to the hypothesis that these 

beliefs can influence power relations on a societal scale as well. 

As tantalizing as these guesses are, they are only just guesses, and as much as I wanted to 

pursue them further the limitations of a one-year thesis confined me to describing the "math 

person" stereotype. But I think that finding more trustworthy answers than I could in this project 

is a deeply important task. It is certainly one that I care about very much. To that end, I have 

sketched my initial ideas on the deeper connections between mathematics and our society in 

Appendix 1; as preliminary as they are I hope the reader will find them consistent and thought

provoking. But the body of this thesis will concern itself only with understanding the structure 

and functioning of the "math person" stereotype. 

The Positionality Dilemma 

It is a well-established fact that a researcher's identities and position directly and 

unavoidably influence their work (Denzin & Lincoln, 2005; Luker, 2008; Tukufu & Bonilla

Silva, 2008). I am no exception. 

I am a white, heterosexual man, currently 23 years of age, finishing my final year of 

undergraduate study at Swarthmore College. I am a native citizen of the United States and 
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English is my first language. I have two younger sisters (you've already met one of them, the 

other is just as awesome) and grew up in an upper-middle-class family in Asheville, North 

Carolina. I was homeschooled for most of my education. I am a mathematician, a teacher, and a 

sociologist. I try really hard to be a radical thinker, to always recognize the role that I play in 

maintaining structural oppression, and to take action every day to combat that oppression. I don't 

always succeed. 

I would not personally identify as a "math person," given the damage caused by that 

stereotype, but most people would probably label me that way. I am comfortable identifying as a 

mathematician; I love mathematics very much, and in general I have a serious weakness for 

abstract theoretical argument, especially social theory. Despite my rejection of positivism, I can 

never resist the allure of airtight rational arguments, and a part of me still hopes that one day I'll 

discover the One True Social Theory. Yet I'm a little trapped by this love, because I also believe 

that an discipline like mathematics that orders the world into neatly related, perfectly defined 

categories is inherently destructive. So while I'm going to critique mathematics, I am also 

actively seeking to find pieces of math that are not oppressive, not harmful, not violent. Using 

some ofN el N oddings' language, fired by my love for mathematics I am trying to make it into 

the best thing it can possibly be (Noddings, 1984). 

Given my other major interest - sociology - it isn't that surprising that I'm taking a 

sociological approach to this project. But while I really do believe in the vital importance of 

exploring math from a sociological standpoint, I can't deny that I'm asking only the questions 

that I'm prepared to ask. As Bourdieu notes, for any arbitrary episteme, those whose success is 

most tied to the validity of that episteme will argue the most vociferously for the truth of said 

episteme. So, as a sociologist and a mathematician, I suppose it is unsurprising that that I believe 

a sociological analysis of mathematics is useful - in fact, necessary. But hopefully I can avoid 

14 



the trap by noting that I certainly don't think that this is the only valid approach to understanding 

mathematics. I hope to give some insight into my questions but I recognize that it is only one 

insight among seven billion. 

Lastly, I must say that in many ways, this project is as much a self-exploration as it is an 

exploration of mathematics. I think there is a very fundamental connection between the 

functioning of mathematical knowledge and the functioning of privilege, and so part of the reason 

that I'm so committed to understanding math is that I'm trying to understand how my own 

knowledge functions in the world - and if! can do anything uplifting with it. Because (spoiler 

alert) my final answer to my sister's question is that mathematics is a crystallization of a 

mythology for achieving control over the world, and control of people - of their bodies, of their 

meanings, oftheir choices - is the foundation of oppression. Mathematical knowledge is 

currently vaunted because it is a ready tool of the powerful for maintaining their own power, a 

discipline that shuns context, specificity, and the legitimacy of subjective experience and so 

tacitly upholds the arbitrary meanings ofthe privileged. 

I am a mathematician and most of my identities are privileged; the confluence between 

how I think as a white, male, heterosexual, middle-class person, and how I think as a 

mathematician, is undeniable. In wrestling with the privileged nature of mathematics, I am 

hoping to make sense of my own privilege. In de constructing mathematics' claim to absolute 

truth, I am working to open my own eyes to experiences beyond my own. In trying to find a truly 

radical role for mathematics, a role that doesn't cause suffering or depend on a pre-existing 

power structure, I am seeking a way to use my own experience and mythology that resists, rather 

than reifies, systemic oppression and violence. 

Roadmap 
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It is a common convention in mathematical writing to use the pronoun we; this signifies 

that the reader and the writer are working together to untangle results and arrive at a conclusion. 

I will be following this convention in this paper. When I occasionally use I. I am referring to an 

action that I personally took or signaling that a statement is a personal belief and not a general 

conclusion. 

Our first step will be laying the necessary empirical and theoretical groundwork to ask 

informed questions and make reasonable assumptions. A guiding theme will be the sociopolitical 

frame in both education and sociology, as it is an interpretive frame that posits a fundamental 

connection between power and knowledge. Chapter 2 will engage with the empirical literature 

on mathematics education, exploring applications of the sociopolitical frame and establishing 

what we currently know about the "math person" stereotype and how it stymies effective, 

equitable mathematics education. Chapter 3 will take the theoretical side of the coin, and will use 

the work of Pierre Bourdieu and Paulo Freire to build a theoretical stance both justifying the 

validity ofthe sociopolitical frame and gives us an analytic toolkit for the work ahead. 

The fundamental theoretical question we seek to answer is whether a stereotyped "way of 

thinking" is "internal" or "external" to mathematics - whether it is derived from the nature of 

mathematics or overlaid onto mathematics by society. This is the task of Chapter 4. We will 

trace the history and philosophy of Western Academic mathematics, as well as the comparative 

anthropology of mathematics, with the goal of determining if an essential "mathematical way of 

thinking" actually exists .. 

With a solid theory in hand we will turn to the empirical questions. Chapter 5 will re-state 

the questions and describe and validate the methodologies used to answer them, while Chapter 6 

will state and interpret the raw results. The project concludes in Chapter 7, where we will put the 

results into conversation with the theory developed in Chapter 3. We will close by discussing the 
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implications of this research, and what remains to be done. There will be many unanswered 

questions left over, and several unresolved contradictions that hint at new limit-situations. 

Although it will be the closing of the project, I hope that this last chapter is also a chapter of 

possibility yet to be realized. 

Oh, and if along the way I end up breaking mathematics or something - it's my sister's 

fault. 
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Chapter 2 : literature 

Go my sons, burn your books, Buy yourselves stout shoes, Get away to the mountains, the 
deserts and the deepest recesses of the earth, In this way and no other will you gain a true 

knowledge of things and their properties, 
--Peter Severinus 

The reader will not be surprised to hear that mathematics education is a busy and well-

studied subfield of educational research in general, This review will attempt to paint a coarse-

grained, but accurate, picture of the state of our knowledge in the areas of mathematics education 

relevant to understanding the "math person" stereotype. Recognizing the importance of history 

to accurate sociological interpretation, we will begin with a brief overview ofthe history of 

mathematics education in the U.S. All of the other literature - and my own results - must be 

interpreted within in this context. 

The central piece of this review is a discussion of the somewhat-recent trend in 

mathematics education that is self-termed as "sociopolitical mathematics education." This 

movement seeks to understand inequity in education as flowing from structures at the deepest 

level- not only from teacher bias and resource differentials, but from the content of mathematics 

curricula themselves as well as the discourse used to discuss and research inequity in the first 

place. The basic premise of this research - that mathematics is as political and permeated by 

power structures as any other field of knowledge - is the touchstone for my arguments as well. 

With this understanding in hand, we will explore three realms of research that a) offer 

useful concepts and empirical toolkits, and b) suggest themselves as areas where the socio-

politics of mathematics could be acted out. These reahns are identity (in particular, mathematical 

identity), teacher expertise and attitudes, and mathematics pedagogy. The review will conclude 

18 



with a short discussion of the gaps that remain in this research, and how my questions fit in to our 

current knowledge on stereotypes in mathematics. 

A Brief History of Mathematics Education in the U.S. 

Mathematics education in the U. S. has been a hotly contested area of research and 

practice for over a hundred years. The debate is characterized by two opposing camps, the 

"progressives" and the "traditionalists" (J. Woodward, 2004). Understanding that these labels 

represent theoretical "poles" in the debate and are generalizations that overlook a great deal of 

middle ground, we can understand "traditional" mathematics education as tending to espouse a 

"back to basics" philosophy that emphasizes direct computational skills and content knowledge, 

while "progressive" math education tends to support curricular reform and advocates for indirect, 

inquiry-based, problem-solving-focused pedagogy (Klein, 2003; Schoenfeld, 2004; J. Woodward, 

2004). 

This tension has been present since the 1920s, when reform and progressive pedagogy in 

general coalesced into a national movement, spearheaded by John Dewey (Klein, 2003). This 

movement quickly found a home in university schools of education, and in the realm of 

mathematics was just as quickly opposed by a loose coalition of mathematicians and conservative 

teachers (Klein, 2003). However, in mathematics at least, the debate remained mostly a concern 

of educators and mathematicians until the 1950's, when the launching of Sputnik sparked national 

concern over math and science preparation and threw gasoline on the smoldering progressive

traditional fire. 

The average quality of mathematics education in the U.S. had been low up until this point, 

sometimes shockingly so (Klein, 2003; Schoenfeld, 2004). Klein (2003) reports that even the 

military had to begin providing remedial mathematics instruction to recruits to enable them to 
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complete their duties. Sputnik was primarily a symbolic event (it had no scientific, military, or 

humanitarian applications), but it was a powerful symbol indeed and it kicked the burgeoning 

governmental concern with inadequate mathematics education (and STEM education in general) 

into overdrive. The wave of reform spurred by this concern was termed New Math (Schoenfeld, 

2004). 

Interestingly, this major reform of math curricula - though considered "progressive" by 

educators then and now - primarily changed the type and order of mathematical concepts 

presented to students, rather than classroom pedagogy. New Math emphasized the logical 

underpinnings of K -12 mathematics and was intended to give students an understanding of how 

and why math worked, instead of only a blind ability to calculate (Schoenfeld, 2004). Some 

researchers, including Jerome Bruner, hoped that this approach would spur intrinsic interest in 

mathematics in addition to increasing mathematical understanding (Klein, 2003). However, New 

Math was not well received. Despite its wide reach and the significant government heft behind it, 

New Math was mostly dismantled by the early 1970's (Klein, 2003). With this backlash, the 

progressive dominance in the 60's gave way to a more traditional zeitgeist in the 70's as 

educators reacted to the abstract and sometimes-incomprehensible structure of New Math. 

The pendulum swung back towards the progressive pole in the mid-80s with the 

publication of perhaps the most controversial document in U. S. mathematics education - the 

National Council of Teachers of Mathematics' Curriculum and Evaluation Standards for School 

Mathematics - alongside an alarming report on the still-unimpressive state of math education 

called A Nation at Risk (Schoenfeld, 2004). These documents arose from a second wave of 

concern over the U.S.'s mathematical competitiveness; in spite of a decade of New Math, and a 

decade of basic skills instruction, national math performance had barely improved since the 60s 

(J. Woodward, 2004). The NSF threw its weight and money behind developing Standards-based 
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curricula, leading to a wave of development and the implementation of Standards-aligned 

coursework in most states - and instantaneously making the Standards a lightning rod for critique 

(Schoenfeld, 2004). Opposition arose almost immediately, fueled by the same "basic skills" 

arguments that had opposed New Math. The intense controversy generated by the Standards has 

come to be known as "The Math Wars." 

The debate raged so hot that in 1998 the current Secretary of Education begged in a 

national address for civility on the topic between mathematics educators (Schoenfeld, 2004). 

However, as Schoenfeld notes, this was a war largely "without ammunition" - at least until the 

late 90's, there was little research evidence to support or reject the Standards. Indeed, several 

reform curricula - which were pedagogically dubious at best - were put in place on the basis of 

their invoking the Standards and not on sound research evidence. Given the broad and sometime 

vague language employed by the Standards (in hopes of being broadly palatable!), Apple (1992) 

notes that this disparity in interpretation was likely predictable. On the other hand, opposition to 

these curricula often rejected math education reform whole-cloth (instead of only the dubious 

practices) and conflated failing curricula with the more-moderate content of the Standards. 

No clear victor emerged from this fight; in some cases reform curricula remained in place, 

in some they were repealed, and no solid consensus coalesced among teachers, researchers, 

policymakers, and parents either way (Schoenfeld, 2004). The stalemate has mostly continued 

through the present day, where the battle has shifted to high-stakes testing and the neo-liberal 

regime of accountability and "teacher-proof' education (Apple, 2006; Schniedewind & Sapon

Shevin,2012). However, the same basic patterns underlie the opposing sides: is education 

intended to holistically develop the capacities of every student, or is it meant to impart discrete 

skills that improve employability and contribute to economic growth? 
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This brief history offers two interesting conclusions. Firstly, these frenzies of work, 

reform, and counter-reform in mathematics have been driven largely by political and economic 

concerns. New Math was prompted by fears of Soviet scientific (and so military) superiority; A 

Nation at Risk cautioned that U.S. economic dominance was dependent on STEM excellence 

(Klein, 2003). In neither case was student achievement qua achievement -let alone the vicious 

inequity of both educational opportunity and outcome - a catalyst for action. This hints at a 

strong connection of some kind between STEM (and particularly mathematics) and economic and 

military power, a theme which I expand further in Appendix 1. 

Secondly, while both camps of educators and researchers have argued for the ability of 

their system to improve educational equity and overall achievement, both of these metrics have 

remained shockingly stagnant since the middle of the century (Schmidt, 2012; J. Woodward, 

2004). From a critical perspective (and certainly aided by hindsight), the discussed national 

outcries are almost humorous - the massive national concerns were, at best, tenuously connected 

to any discussion of equity or supporting all students to learn mathematics, and in any case failed 

to make truly transformative progress. As the next section will discuss, the state of mathematics 

education in the u.S. - and the equity thereof - remains a significant problem. 

The State of Math Education Today 

In a 2008 piece, Rochelle Gutierrez cautions against a "gap-gazing fetish" in mathematics 

education research. She argues that an over-emphasis on measuring disparities in achievement 

between white students and BlackiLatinx students feeds deficit-theory-flavored interpretations of 

the problem because a) simply comparing statistical means hides inter-group variation (and paints 

all members of a category as "less" than the other category) and b) reporting underachievement 

without commenting on why there is a disparity obscures the cultural and social structures that are 
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the ultimate cause of the disparity (Gutierrez, 2008). Even the word "underachievement", used 

in a comparative context, reifies the work of white students and makes their achievement the 

norm that others are judged against. So while the numbers I am going to share are necessary to 

understand the degree to which our educational system underserves so many students, they are 

only a very small part of the story of educational inequity and are not intended to be a 

comprehensive examination of the subject. 

Significant disparities in mathematics achievement between various demographic groups 

have been present for decades in the United States (Schoenfeld, 2004). Recently, however, 

progress has been made to reduce these gaps, especially between male and female students 

(Lindberg, Hyde, Petersen, & Linn, 2010; National Science Board, 2014). Xie, Fang, and 

Shauman (2015) note in their review of STEM education literature that the continuing perception 

of innate male superiority in STEM largely relies on statistical quirks such as the greater 

representation of males at the higher end of test score distributions, and is not reflective of deeper 

statistical trends, let alone anything innate (Ellison & Swanson, 2010; Xie, Fang, & Shauman, 

2015). However, women remain severely underrepresented in STEM fields in tertiary education; 

this is likely influenced by the very prevalent stereotype of male STEM superiority (Chen & 

Soldner, 2013; Cvence\" Meltzoff, & Greenwald, 2011; Kiefer & Sekaquaptewa, 2007). Patterns 

are much less encouraging with respect to class and racial achievement differences (Bryk & 

Treisman, 2010; Reardon, 2011; Steele, 2010; Xie et aI., 2015). Racial achievement gaps have 

narrowed, but Black and Latinx students remain underrepresented in both mathematics 

achievement and participation (Fryer & Levitt, 2004; Nord et aI., 2009). Differences in 

achievement based on SES have only widened, rather than improved, over the past fifty years 

(Reardon, 2011). 
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This inequity takes on even more weight when we understand the economic and political 

context it is operating within. In Algebra and Civil Rights. Robert Moses summarizes the 

situation clearly: over the past fifty to sixty years, the core of the United States economy has 

shifted from manual labor to knowledge labor and service labor (Moses & Cobb, 2001). 

Computers and robotics have fundamentally changed the palette of employable skills. This new 

work revolves around, in some form or another, manipulating or programming computers, 

meaning it revolves around manipulating systems of abstract symbols to solve problems - which 

is exactly the set of skills that one learns in mathematics (Moses & Cobb, 2001). This, coupled 

with the intense competition among finns to create and market new products, has led to a 

situation where the skills of the STEM realm are suddenly in high demand far outside of their old 

haunts of scientific research and mechanical engineering. 

Furthermore, a second consequence ofthe ubiquitous integration of computers into daily 

life is that understanding the logic of mathematical systems is required for understanding how 

many critical devices and institutions function. The internet, banking and finance, credit and debt 

collection, insurance premiums, consumer safety, accurate interpretation of political positions and 

news articles - all of these entities are inherently tied to computers, search algorithms, or 

quantitative data analysis, and understanding them requires comfort with abstract numerical 

reasoning and calculation. 

In sum, we see that inequity is still fmnly entrenched in U. S. mathematics education, and 

that ending this inequity in mathematics education is not only a concern of educators; it is a 

matter of economic, social, and political equality as well. 

A New Paradigm: Sociopolitical Mathematics 
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I situate my work within the strain of research labeled "Sociopolitical mathematics 

education research." This relatively new body of research and its associated theory are 

multifaceted and difficult to pin down into a singular framework or approach. Given that 

essentialization - of students and their identities, but also of academic content - is explicitly 

rejected by the sociopolitical stance, this diversity isn't entirely unexpected (Gutierrez, 2013). 

However, and without pigeonholing the field into a static list, it is possible to identify some major 

structuring assumptions. 

1. Mathematics, mathematics curricula, and the pedagogies used to teach them, are political 
objects as well as social and cultural ones. That is, they are intimately intertwined with 
power and power relations in a society. They do not innocently reflect cultural norms; 
they are active players in their reproduction (Apple, 1992; Gutierrez, 2013; Martin, 2010). 

2. Mathematics is thus more than a neutral collection of rules for manipulating numbers. 
Mathematics is a living body of knowledge that can actively empower or disempower 
students depending on how it is taught (Gutstein, 2006; Skovsmose & Niss, 2008). 

3. Concepts such as "equity" or "achievement" - while theoretically representing positive 
ideas - cannot be taken at face value. They cannot be separated from the particular 
context under consideration (in these cases, usually a classroom or a school) and the 
myriad forces which influence it. For example, whereas a sociocultural but apolitical 
perspective might ask how a teacher can use students' culture as a touchstone for 
activating intrinsic interest in mathematics, the sociopolitical stance would also 
investigate the mathematics curriculum itself - is that knowledge also culturally relevant, 
and does the mathematics empower or disempower students? Rochelle Gutierrez's 2008 
piece Beyond Gap-Gazing is an excellent example of this type of analysis (Gutierrez, 
2008). 

4. Identity is a crucial analytic tool for understanding the machinations of classrooms and 
their consequences. The classroom experiences of students and their interactions with the 
teacher and the curriculum cannot be separated from their identities and the social 
baggage that comes along with them. Sociopolitical analysis, however, rejects classical 
concepts of identity as fixed or static, instead accepting that identity is fluid, constantly 
growing in response to experience, and frequently paradoxical (Gutierrez, 2013; Valero & 
Zevenbergen, 2004). 

5. Finally, all analysis and research must be coupled with action. When mathematics is 
labeled as a political object, that requires that educators, mathematicians, and researchers 
involved with mathematics take responsibility for the set of meanings around mathematics 
- and their consequences. 

The sociopolitical stance in general is not at all new to education, and definitely not to social 

science in general. But it is relatively new to mathematics, and in sociopolitical mathematics 
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education multiple critical traditions are alloyed together as the basic idea of the inseparability of 

power and know ledge is braided with more penetrating theories on the effects of identity and 

applied to the specific setting of the classroom. 

Once this stance is adopted, a plethora of new questions - both research and practical

become open for investigation (Greer & Skovsmose, 2012; Valero & Zevenbergen, 2004). In 

addition to continuing to explore and critique classroom practices, researchers may ask if 

mathematics curricula, or even mathematical knowledge, reflect certain power relationships or 

dominant cultural norms; how students do or do not build mathematical identities, and how that 

identity interacts with other identities; and in what way can mathematical knowledge be made not 

only accessible to students, but empowering for them. Fundamentally, a sociopolitical approach 

to mathematics education throws out any assumption ofthe a priori desirability or emancipatory 

potential of mathematics, and instead asks when and how can mathematics be empowering of 

students - and when and how is it disempowering (Skovsmose & Niss, 2008; Valero & 

Zevenbergen, 2004). Sociopolitical mathematics education asks: "Whose mathematical 

knowledge is being taught, and for what purpose?" (Martin, 2010). 

The assumptions and perspective of sociopolitical mathematics education research are the 

ones that I will take throughout this project. There is more to be said on the theory undergirding 

these assumptions before research questions can be formulated; in particular they need to be put 

in conversation with Pierre Bourdieu's take on the relationship between power and knowledge. 

This is a project for the next chapter. For now, with this lynchpin established, I will move to 

sketching analytic categories that are of interest to the sociopolitical researcher and some of their 

prior applications to mathematics education. 

Identity and Stereotype Threat 
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As noted above, a major focus of sociopolitical research is identity: how identities are 

constructed and positioned in society and how those identities shape classroom interactions. The 

sociopolitical concept of identity rejects essentialism, instead seeing identity as ever-changing, 

socially constructed, and often paradoxical. Sfard and Prusak (2005) operationalize this 

understanding of identity in the following way: identities are stories, stories that individuals tell 

about themselves but also stories that are told about them by others (or by society at large). 

These stories are changeable and influenced by ongoing events, but they are also habitualized 

over time and can become so to the point ofreification (Sfard & Prusak, 2005). In addition to 

giving researchers a working operationalization, Sfard and Prusak note several consequences of 

this definition, the most interesting being that such an understanding of identity - in recognizing 

the active role that each individual plays in creating it - places some responsibility on those 

individuals for the creation of their identity and its effects on others. 

The literature is rife with research demonstrating the meaningfulness of identity as an 

analytic tool. In the case of mathematics education, research repeatedly finds that a) the strength 

of a student's mathematical identity (their perception of themselves as a mathematician) 

influences their likelihood of pursuing mathematics long term, and b) students can feel that they 

do or do not belong in mathematics classrooms solely based on other aspects of their identity not 

directly connected to mathematics (Boaler, William, & Zevenbergen, 2000; Cass, Hazari, Cribbs, 

Sadler, & Sonnert, 2011; Heller, 2016; Kim, Sinatra, & Seyranian, 2018; McGee, 2015). 

In a review of empirical studies, Kim, Sinatra, and Seyranian (2018) find more broadly 

that student identity (in this case, primarily race and gender) consistently affects students' 

perception of whether they belong in mathematics classrooms. Women, and especially women of 

color, experience feelings of "not fitting" in STEM classrooms unless they confonn to a very 

narrow and constricting stereotype of what women in mathematics "are like" (Kim et aI., 2018). 
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Critically, the authors note that while at the High School level, there has been significant progress 

towards equal student representation, the feelings of not-belonging that arise have long-term 

effects that depress participation and retention STEM-related college study and careers (Kim et 

aI., 2018). This means it is essential to not just increase representation, but actively build spaces 

where these feelings of not-belonging do not occur, a finding which has been replicated in other 

contexts (Heller, 2016; Treisman, 1992). 

Noah Heller's 2016 dissertation explores a particularly interesting phenomenon, that of 

math identity dissonance. Using a nationally-representative dataset of25000 students from the 

High School Longitudinal Study, Heller explores the general characteristics of students who 

experience either personal math identity dissonance (individuals believe themselves to be "math 

people" but think others hold the opposite belief) or social math identity dissonance (individuals 

do not think they are math people, but think others perceive them this way) (Heller, 2016). 

Heller (2016) finds that females and students of color are much more likely to experience social 

MID, whereas personal MID is decreased by prior achievement and feelings of belonging at 

school. Heller's findings are supported by McGee's work (2015) showing that students' 

enjoyment of and persistence in mathematics is influenced by the "robustness" oftheir 

mathematical identity: the degree to which their mathematical identity depends on internal or 

external validation. 

A final and particularly useful example is the social-psychological concept of Stereotype 

Threat, first described by Claude Steele (Steele, 2010). In a series of brilliant experiments, Steele 

demonstrated how the mere presence of a stereotype could depress a student's performance on a 

math exam, regardless of that student's prior performance (Steele, 2010). Furthermore, the 

"threat" of confirming the stereotype could motivate unproductive behavior on timescales as long 

as a semester (Steele, 2010). Further research has shown ever-more insidious effects of 
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stereotype threat ' s effects, including decreased physical health, persistent negative emotions, and 

sometimes dis identification with a subject entirely (Spencer, Logel, & Davies, 2016). 

Overall, we see that - exactly as predicted by the sociopolitical stance - identity is a 

highly salient category for understanding student experiences in mathematics. Positive 

mathematical identity supports persistence in the field, but the ability of a student to build this 

identity is strongly affected by societal stereotypes about who is, and is not, a "math person." 

Teacher-Student Interaction and Teacher Expertise 

A second relevant field of research documents the effects of teacher-student interactions 

and teacher knowledge/expertise on student educational outcomes. Given the research explored 

in the previous section, this isn't especially surprising; interactions with teachers are obviously a 

significant player in the communication of stereotypes and the forming of student identities. This 

section will briefly explore some of that research. 

There is strong support for the assertion that a) teachers often reproduce stereotypes 

through their words and actions, and b) that these actions have power to influence student self

concepts (Dweck, 2008; McGee, 2015; Pringle, West-Olatunii, Brkich, Archer-banks, & Adams, 

2012; Rattan, Good, & Dweck, 2012; Valenzuela, 1999). Pringle et al. (2012) and McGee (2015) 

report that, on the basis of race and gender, teachers can and do speak to students in differentiated 

ways, communicating that mathematical success for female and/or students of color is 

unexpected and contributing to the feelings of not-belonging described in the previous section. 

Discussion of "ability" is a central area where this occurs; drawing on previous research 

describing "fixed" and "growth" mindsets, Rattan et al. (2012) describe how teachers possessing 

a "fixed" interpretation of ability attempted to comfort (!) struggling students by telling them that 
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"not everyone can be good at math," and lowering their expectations accordingly (Dweck, 2008; 

Rattan et aI., 2012). 

Perhaps even less surprisingly, a teacher's comfort and experience with mathematics also 

affects their ability to teach the subject effectively (Epstein & Miller, 2011). Bearing in mind 

that this fact has contributed to blame being unfairly placed on teachers for the U.S.'s 

underperformance in mathematics (Apple, 2006; Ravitch, 2013; Schniedewind & Sapon-Shevin, 

2012), the most interesting result probably comes from Hill et al.'s (2008) work. Hill et al. 

(2008) separate teacher mathematical knowledge into two distinct areas: Mathematical 

Knowledge for Teaching (MKT) and Mathematical Quality of Instruction (MQI). MKI is the 

direct knowledge of mathematics, especially school-relevant mathematics, and MQI is the 

knowledge of how to communicate the mathematics to students in a way that promotes deep and 

flexible understanding (Hill et aI., 2008). 

The authors find that both areas are critical for effective teaching - that a strong 

understanding of mathematics doesn't translate into good teaching unless it is paired with strictly 

pedagogical knowledge as well, whereas strong teaching without a firm grasp of the mathematics 

fails to support deep student understanding (Hill et aI., 2008). This finding is echoed by Alan 

Schoenfeld in the appropriately-titled piece When Good Teaching leads to Bad Results, which 

similarly describes pedagogically-excellent classrooms that failed to grow profound 

mathematical understanding (Schoenfeld, 1988). 

Mathematics Pedagogy: Open and Closed Mathematics (or, an Ode to Jo Boaler) 

The final area of research that I will explore deals in the actual pedagogy used to teach 

mathematics. Since pedagogy requires a teacher of some sort, the distinction between this 
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section and the previous one is somewhat artificial; I have separated them for narrative clarity but 

it is important to bear in mind that a teacher and the pedagogy they employ are deeply related. 

The quintessential study in this vein was conducted by Jo Boaler in 1998, in which Boaler 

conducted observations and gathered test-score data from two secondary schools in the UK. One 

school employed what Boaler termed an "open" approach to mathematics: the curriculum was 

inquiry-focused and centered on student projects, and students were encouraged to ask questions 

and take the mathematics farther than the minimum required if they desired. The other school 

employed a "closed" approach: a traditional, textbook-and-lecture teaching style with little room 

for creativity or application of the mathematics being studied. Both schools served 

demographically-similar populations, and the cohorts of students entering the schools had similar 

test-score profiles (Boaler, 1998). 

Boaler found that the students receiving the "open" curriculum acquired more positive 

attitudes towards mathematics, reported greater interest in the subject, and believed more often 

that mathematics was a subject that would be useful to them (Boaler, 1998). They also 

performed significantly better on standardized assessments. Boaler and Selling extended these 

findings in a follow-up study interviewing students from the same cohorts two decades later, and 

found that even twenty years after graduation students from the "open" cohort reported a) 

significantly higher usage of mathematics in their daily lives, and b) significantly higher 

perceptions that the mathematics that they had studied in school were relevant and helpful 

(Boaler & Selling, 20 l7). 

Boaler's work following the 1998 study added depth and breadth to the initial 

"open"/"closed" dichotomy; for example a 2003 study in California reinforced her 1998 

conclusion on the ability of "open" math classrooms to improve standardized test scores and 

ameliorate achievement gaps (Boaler, 2003). Most relevant this paper, however, is work digging 
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deeper into the consequences of "open" and "closed" classrooms for student persistence in 

mathematics. In a separate study of AP Calculus courses in California, Boaler found that the way 

a teacher presented mathematics interacted strongly with student identity in the way-of thinking 

plane as well as the demographic plane. That is, the way teacher presented how one thought in a 

mathematics classroom influenced which students decided to pursue mathematics (Boaler & 

Greeno, 2000). In "closed" classrooms - where mathematics was presented as an absolute, 

solved field where every answer was right or wrong - students who enjoyed thinking in black-or

white terms were comfortable, whereas students who thought less linearly and enjoyed debating 

multiple answers to questions felt out of place (Boaler & Greeno, 2000). On the other hand, this 

sorting did not occur in "open" classrooms - regardless of a student's approach to problem

solving, they felt at home in the open math classroom (Boaler & Greeno, 2000). 

The conclusion here is that, when asked about their perceptions of mathematics, students 

who felt out-of-place in the "closed" classrooms reported that they simply thought that 

mathematics wasn't right for them (Boaler & Greeno, 2000). They developed an understanding 

of what mathematics "was" from the way it was presented in the classrooms, compared that to 

their own preferences for interacting with knowledge, and decided that mathematics would not be 

the best fit for them. But this understanding of mathematics didn't reflect anything essential or 

"true" about mathematics itself, since similar students in the "open" classroom learning the same 

material had an entirely different experience and thought that their multifaceted approach to 

knowledge was completely reconcilable with mathematics. Closing the loop with research 

discussed earlier, the "open" classrooms supported a greater diversity of students to grow positive 

mathematical identities, whereas the "closed" classrooms shut out students who didn't think in a 

certain way. 
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Boaler's central conclusion is that the meaning and impact of the mathematics learned in 

school comes from how that material is presented, not from the material itself. The same formal 

content - whether in the U.K. or U.S. - had very different meanings for the students depending 

on whether it was presented in a manner that did or did not encourage diverse, critical thinking 

and students' seeing mathematics as something for them to use to accomplish their goals (Boaler, 

2002; Boaler & Greeno, 2000). In this way Boaler's work sings in harmony with the theories of 

sociopolitical mathematics: every one of the myriad assumptions embedded in the act ofteaching 

mathematics must be examined, critiqued, and chosen with intention, as they will be 

communicated to students and have the power to influence the rest oftheir mathematical lives. 

In Summary 

The literature on mathematics education documents a field of practice and field of 

research far removed from the serenity and precision stereotypically associated with 

mathematics. Yet it also tells a compelling story of advancement in our understanding. We 

know how important it is to be aware of student identity and teacher expertise in a classroom. 

We know about stereotypes and their consequences, and have an idea of how to combat them. 

We know how effective "open" pedagogies are for teaching all students mathematics, and how 

pernicious and persistent the effects of "closed" pedagogies can be. And we have a very robust 

theory of student mathematical identity in classrooms thanks to Boaler's synthesis (Boaler, 

2002). 

It is almost surprising, then, to see that there are still some key questions unanswered. In 

particular, while a majority of the cited pieces reference the phrase "math person" or in passing 

note the association of mathematics with words like "logical" or "objective" (including pieces 

examining math in a larger societal context, see Devlin 2000), there is no systematic exploration 
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of what constitutes the "math person" stereotype. The fact that it contains racial and gender 

components is very well established, but beyond that, we know little. Most relevant for my 

project, while Boaler frequently explores the connection between a student's identity (including 

their way of thinking or problem-solving, a non-demographic factor) and their experiences in 

mathematics, she does not explore the question of whether way-of-thinking/problem-solving 

identities are a part of the "math person" stereotype in general. 

Furthermore, there is also no discussion of how dominant mathematical stereotypes might 

be related to the role of mathematics in society at large. That is, there is little critique of 

mathematical knowledge itself. With the exception of Robert Moses' book, the connections 

between mathematical knowledge and larger social forces infrequently made explicit. This fact 

will be further explored in Chapter 4, but for now we will note that while the sociopolitical frame 

has been applied to many aspects of mathematics education, a comprehensive analysis of 

mathematical knowledge has not yet been undertaken. 

These, then, are the two empirical areas where my project hopes to add to the 

conversation. We will pick up this empirical thread again in Chapter 5 where, bolstered by a 

chunk of theory, we will state research questions with the goal of adding to our understanding of 

the "math person" stereotype and its interactions with the larger societal discourse around 

mathematics. 
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Chapter 3 : Theory 

In theory, practice and theory are the same, In practice, they are not, 
--Anonymous 

Preliminaries 

In the previous section, we explored literature surrounding mathematics education. In 

particular, we encountered the "sociopolitical" stance in mathematics education, which argues for 

understanding mathematics and mathematics classrooms as being shot through with power 

relations at the most fundamental level. The group of researchers taking this theoretical frame 

have produced a (comparatively) small body of work within mathematics education, but this 

frame in general has become extremely common and well-explored in social science at large. 

This section will give a very brief overview of the history of the sociopolitical paradigm in social 

theory, followed by an in-depth exploration of two monumental theorists - Pierre Bourdieu and 

Paulo Freire - whose ideas will form the theoretical foundation of my own work. Bourdieu in 

particular will receive close attention, as his work Reproduction in Education, Society, and 

Culture applies sociopolitical critique to education head-on and so provides a rich source of tools 

for empirical analysis. We will close with a dialogue between the gloomily-pessimistic 

conclusions of Bourdieu and the radically humanistic theses of Freire, who also applies a 

sociopolitical lens to education but takes a very different route than the French and arrives at an 

uplifting, cautiously optimistic vision. 

Our goal in developing this theory is to be able to sensitively critique how meaning is 

created, maintained, and contested in society. This is necessary for a project analyzing 

stereotypes since we can conceive of a stereotype as being a set of meanings applied to a group of 

people - how they think, how they act, what they look like. These meanings may have more or 
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less basis in fact, but they are always simplifications and generalizations that elide the diversity 

of any group of humans. Furthermore, the meanings of a stereotype are far from neutral and have 

very real consequences for the people stereotyped. Thus Bourdieu and Freire's theories of 

meaning and its politics are useful tools. 

Lastly, it has (rightfully) become a standard piece of social science to always give the 

history of the objects or populations that one is studying. But to be clear, the following history 

here is not simply checking a box. Ifwe want to be able to sensitively and accurately critique not 

just mathematics education, but mathematics itself-as a sociopolitical frame asks - then we 

must understand sociology's tempestuous relationship with rationality and the critiques that have 

already been leveled at reason and its supposed neutrality. If to be neutral in a conflict is to take 

the side of the oppressor, then mathematics has a lot to explain. 

Note: In the subsection on Bourdieu, quotations are drawn from Reproduction in 

Education, Society, and Culture (1992), unless otherwise stated. In the subsection on Freire, 

quotations are drawn from Pedagogy of the Oppressed (2003), unless otherwise stated. 

The Advance of the Sociopolitical Frame in the 20th Century 

According to the Western canon, what we today call "social theory" has its roots in the 

social philosophy of Georg Hegel, Jean-Jacques Rousseau, Immanuel Kant, Karl Marx, and to a 

lesser extent Friedrich Nietzsche and August Comte (Munoz, 1993; Ritzer, 2011). These 

individuals took the established process of Western philosophical inquiry and applied it to the 

social realm, seeking to understand how social order appears, is maintained, and changes, and 

what forms the relationship between the individual and the social group can take (Joas & Knobl, 

2004). These philosophers - products of the Enlightenment in Europe - championed the power 

of reason to give insight into the world and solve social, as well as individual, problems (Munoz, 
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1993), and it was through their reasoned arguments that they sought to build their theories of how 

the social world both currently functioned, and how it ideally ought to function. Their initial 

work was taken up by the founding members ofthe sociological canon: Durkheim, Weber, Mead, 

Simmel, and Du Bois. With sociology consecrated as an autonomous discipline, the scope and 

complexity of social theory exploded in both the u.s. and Europe. 

The fIrst cracks in the hegemony of reason appeared in the works of Max Weber, who 

cautioned against the advance of the "Iron Cage of rationalization," and Max Horkheimer and 

Theodor Adorno of The Frankfurt School, who excoriated reason in Dialectic of Enlightenment 

(Adorno & Horkheimer, 2002; Ritzer, 2011). These theorists bemoaned the objectifying, 

controlling effects of unbalanced reason, but neither saved reason from itself nor offered a 

solution. These critiques, however, only blunted the advance of social theory; subsequent 

theories recognized the ways in which power could hinder emancipatory work and obscure 

rational conclusions (Munoz, 1993). The pinnacle of this effort was the synthesis of Jiirgen 

Haberrnas, whose Theory of Communicative Action sought once and for all to fInd a way to 

achieve truth via rational exploration (Joas & Knobl, 2004; McCarthy, 1978). 

However, the utopian progression of this work was brought to a halt by the post

modernist revolution in theory. Postmodernism attacked not the arguments nor the critiques of 

the prior theorists, but their fundamental assumption of the supremacy and truth of reason; in 

doing so it exploded sociology so completely that it is still reeling (Luker, 2008; Munoz, 1993). 

Any attempt to summarize postmodernism and its contemporaries (Critical Feminism, Critical 

Race Theory, Queer Theory) would be to impose the very straightjacket of precise classification 

that the theories reject in the fIrst place; I will thus briefly discuss a single theorist - Michel 

Foucault - whose ideas are both central to the fIeld and relevant to my own work. 
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Foucault's oeuvre touches on a wide range of topics, but it is all undergirded by a radical, 

non-rational thesis: the interconnection of power and knowledge. Foucault uses a historical 

methodology to examine the discourses surrounding various institutions - such as mental health 

clinics - over time, with the goal of understanding how these discourses have changed and why 

(Gutting, 2005). Over several of these explorations he arrives at the conclusion that the 

institutions and knowledges of Western civilization have not advanced towards more liberating, 

true, humane forms; rather they have simply come to express power and domination in different 

ways (Gutting, 2005). 

Two central definitions for this understanding are power and the episteme (Barker, 1998). 

Firstly, an episteme is a historically specific "implicit" structure of thinking that restricts and 

shapes what can be thought, often without the conscious recognition by those doing the thinking 

(Gutting, 2005). From the outside, knowledge produced within an episteme can seem arbitrary or 

illogical, but within the episteme, the same knowledge is completely rational (Gutting, 2005). 

Secondly, power to Foucault is not an inherently dangerous or destructive entity; it is merely a 

constructive force, albeit one that can easily be harnessed for violence. Furthermore, power can 

be wielded from centralized authority, but it also exists at the micro level, influencing and 

affecting every interaction between individuals (Gutting, 2005). 

This theory of power leads to a further hypothesis: in line with his archaeological 

understanding of history, Foucault asserts that the individual themselves, the knowing subject, is 

constituted only within a historical situation (and its concurrent set of power relations) and does 

not exist in some neutral space outside of it (Barker, 1998; Foucault, 1984). There is no space 

from which a "transcendent" subject can view the world uninfluenced by relationships of power 

(Barker, 1998). With fine-grained power relations produced in every connection of a system, and 

without a subject existing outside of power relations, Foucault argues for the dramatic final 
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conclusion that it is not possible for knowledge to exist outside of and uninfluenced by power 

relations. Power is what brings objects of knowledge and subjects capable of relating to 

knowledge into being and there is thus no knowledge - and, critically, no truth - separate from 

power (Gutting, 2005). In short, every society has an episteme that is created by power relations, 

and the presence ofpower enhances an episteme to be a "regime of truth, " a system through 

which not just knowledge, but distinctions of true and false knowledge, are produced (Barker, 

1998). 

It is from this unification of power and truth that the sociopolitical stance begins to take 

shape. If our current definition of truth is a product of current, historically specific set of power 

relations, then it is no longer safe to assume that what we label "true" is, in fact, objective, 

liberating, and inclusive of all voices. This position is, critically, not one of moral relativism; 

Foucault does not argue that truth does not exist, nor that without universal truth action to end 

oppression is impossible to discover. He only asserts that truth does not exist separately from 

society but is created within it, and in fact this assertion is the source of a radical and positive 

politics for achieving change (Barker, 1998). The recognition of the influence of power on truth 

requires that this power be engaged with, analyzed - and resisted. We are required to constantly 

question whose voices were privileged in the definition of "true" and the production of 

knowledge, to constantly question how a body of knowledge might uphold or reinforce 

oppressive power relations, and to constantly make space for unheard, "marginalized" voices to 

speak (Barker, 1998). 

With this foundational understanding of the general sociopolitical frame in place, we are 

prepared to engage with its consequences. 

Bourdieu: The Meaniug of Meaning 
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Foucault's central insight into the fundamental relationship between knowledge and 

power blows the door open to a wealth of theoretical and empirical possibility. However, 

Foucault's work by nature (and likely, given Foucault's explicit rejection of clear labels and 

identities, by intention) does not give us an especially well-defined set of concepts to work with 

or place from which to start our analysis. For this, we turn to Pierre Bourdieu. 

Bourdieu and Foucault's theories converge closely on the inseparability of power and 

knowledge (a puzzle which unfortunately cannot be explored further here). Thus, from the 

perspective ofthe motivating problematic of my research (how and when is mathematics 

education and knowledge oppressive, and how and when is it empowering), both theories are 

potentially useful. Since the sociopolitical frame demands that we investigate mathematical 

knowledge and practices themselves, and not only classroom practices and pedagogies, we must 

dive down to the very foundation of the question and explore what it means for power and 

knowledge to be inseparable. Both Foucault and Bourdieu offer tools to do this. 

However, given the specific focus of this project on stereotypes in education, Bourdieu's 

work is much more applicable for three reasons. Firstly, he applied his theories directly to 

education, writing the foundational Reproduction in Education, Society, and Culture solely on the 

topic. Secondly, his analysis in this work is nuanced and provides ample conceptual firepower 

for articulating and testing predictions about actual educational situations. And thirdly and most 

importantly, his analysis specifically discusses the legitimization and delegitimization of arbitrary 

bodies of knowledge and engages with the harmful consequences of these legitirnizations - issues 

which are central to understanding how stereotypes are created, maintained, and resisted. Thus 

my own theoretical preparation will center on Bourdieu, and through his general theory of 

meaning, we will develop a robust framework for understanding stereotypes. 
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Meaning is the fundamental concept in Reproduction. Much like the concept of a "set" 

in mathematics, it is so fundamental that Bourdieu does not define the tenn; from its use in the 

text, we intuit that a "meaning" is a thing that humans associate to some entity in the world that is 

not contained in that entity itself. A quintessential example is written language: words are just 

visual symbols contrasted in various media, but we attach meanings to them, allowing them to 

represent other things in the world. The meaning isn't "in" the words in any way; it is something 

that we associate with them. 

But for Bourdieu, meanings are not neutral entities. They are contested and fought over 

just like physical objects are, and just like physical objects, they can be used to do violence. 

0. Every power to exert symbolic violence, i.e. every power which manages to impose 
meanings and to impose them as legitimate by concealing the power relations which are the 
basis of its force, adds its own specifically symbolic force to those power relations. (4) 

1. All petktgogic action is, objectively, symbolic violence insofar as it is the imposition of a 
cultural arbitrary by an arbitrary power. (5) 

Taking "meaning" as an undefined but understood concept, Bourdieu begins by restating the 

basic sociopolitical axiom and linking meaning and power through the central definition of 

symbolic violence. Symbolic violence is the act of imposing meaning on an individual. It is the 

act of forcing an individual to accept a certain interpretation ofthe world - a certain set of 

meanings, a set of symbols - that is not their own and not their choice. This is easily analogous 

to physical violence, which we could tentatively define as the act of imposing physical conditions 

on an individual that are not their own and not their choice. 

"Arbitrary" and "objective" are two key sub-terms. With "arbitrary" Bourdieu does not 

mean "random" or "meaningless," he means not a priori (8). That is, the meanings and symbols 

that are being imposed, and the power that is imposing them, do not reflect a "natural order," do 

not reflect superiority or righteousness (8). They "cannot be deduced from any universal 
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principle, whether physical, biological or spiritual, not being linked by any sort of internal 

relation to 'the nature of things ' or any 'human nature'" (8). As for "objective," the word itself is 

academic but Bourdieu is using it to make a powerful claim about violence. He is stating that the 

symbolic violence that occurs when meaning is imposed cannot be disputed or negotiated - it is 

an objective fact. Bourdieu legitimizes the experience of violence, making it a cornerstone of his 

theory that there is no "right" or "justified" imposition of meaning, that doing so is always 

violence and is objectively a violent act. 

But symbolic violence goes further than simply imposing meaning. It also imposes these 

meanings as legitimate: it presents them as justified, or as natural, or as in some way not arbitrary 

(10). In doing so, symbolic violence conceals the fact that the power that enables it to occur in 

the first place is arbitrary. The meaning could not be imposed unless there was an unbalanced 

power relation, but the meaning that is imposed "obscures" the objective fact ofthat relation (6). 

This is how power to exert symbolic violence "adds its own specifically symbolic force to those 

power relations" (4). Once meaning has been imposed by an unbalanced power relation, it in 

turn supports those power relations. The power relations are no longer "reducible to the 

imposition of force" (7) -they are now partially formed of symbolic power, they exert control 

over individuals through meaning as well as through physical force. Political propaganda 

machines provide concrete examples of this dynamic. As Foucault would put it, power relations 

actively create conditions "where it is impossible to imagine thinking that", restricting minds as 

well as bodies (F oucault, 1994)1 

1 Bourdieu in fact argues thatthis axiom is the fundamental axiom of sociology, as rejecting it means that either 1) 
individuals can create meaning independent of their social context, or 2) thatrneaning is deterministically related to 
material conditions and has no separate existence. In either case, the need for sociological exploration is erased. 
This hints at a deep connection between the existence of social structures and the actions of symbolic power, a 
connection which fully explored could potentially shed light on the persistent antinomies of social theory and help 
develop a robust theory of power and suffering (Munoz, 1993). This is, unfortunately, also an adventure for another 
time. 
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Ifwe accept Bourdieu's axiom, we are led to the immediate and disturbing consequence 

of Theorem 1. All pedagogic action is symbolic violence (5). Children obtain their socialization 

into a group, into a culture, from that group: it is not an internal or intrinsic process. They have 

no choice as to what group they are born into: it is arbitrary. Finally, if imposition of meaning is 

symbolic violence, then by definition any education is violent, as it is the imposition of some set 

of meanings onto the child. Even if that education is humanistic, freethinking, and critical, it is 

still a part of an episteme, and it is still being imposed on the individual without consent. And it 

can never be consensual, nonviolent, since in order to function in a social group the individual 

must be socialized, and before they are socialized - before they obtain a habitus (see below) -

they have no framework for interpreting the world and making judgments in the first place and so 

can never be capable of choosing what meanings they wish to take on (Bourdieu, 1992). 

It's hard to come to terms with this conclusion. It strikes at the very foundation of 

progressive education as a discipline and a practice. Educators and educational theory have long 

described the ways in which education can be harmful and destructive, but this theorem states 

that all education is violent, is in some way destructive. Ifwe accept Bourdieu's definition of 

violence as imposition of meaning, the only possible escape is to question the assumption that 

symbolic violence - the imposition of meaning - is not always a priori a destructive act. 

Certainly some social theorists have argued that this imposition of meaning, however harsh, is 

preferable to the consequences of no socialization, or even to diverse socialization, and so 

justifiable (Freud, 2010; Hirsch, 1987). But this is a very slippery slope, and one that we have 

already encountered in our brief exploration of the history of reason. If one asserts that it is 

possible to find "true" meaning that people should accept - and so it is justifiable to force them to 

accept it - the sociopolitical, F oucauldian stance fires back: Who gets to define "true" and the 

procedure for finding it? Who draws the line of what level of force is acceptable? According to 
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whose system of morals is this violence justified? There is no escape from these questions, and 

thanks to Foucault no escape from the fact that it is power and power relations that determine the 

answers. And once it is power making these decisions and not any extra-human objective or 

perfect force, we have arrived back at Bourdieu's thesis, that there is no "right" meaning and that 

any imposition thereof is necessarily a violent act. 

Pedagogic Action, then, is the act of imposing meaning in a teaching/educational setting. 

However, it does not occur in a vacuum. 

2. Insofar as it is a power of symbolic violence ... and insofar as it is the inculcation of a 
cultural arbitrary. .. PA [pedagogic action] necessarily implies, as a social condition of its 
existence, pedagogic authority and the relative autonomy of the agency commissioned to 
exercise it. (12) 

Since all sets of meanings are arbitrary, they have no a priori force or legitimacy. Hence there 

must be some authority behind the P A that gives the meanings it inculcates their legitimacy. P A 

inculcates the meanings, and Pedagogic Authority (PAu) convinces us not to challenge them. 

This is an absolutely essential point that is necessary to Bourdieu's understanding of education as 

symbolic violence: if pedagogic action could exist without pedagogic authority behind it, then 

perhaps there could be nonviolent education - but this is a "sociological impossibility" since 

finding a "true" authority faces the same Foucauldian challenge as finding "true" meaning (12). 

The importance ofthe legitimizing, as well as inculcating, function of education cannot be 

overstated. It is the key to understanding the power of symbolic violence, as it explains how 

meaning can be accepted and unchallenged even when it is imposed without consent. It also 

allows us to connect education to other arenas. 

2.2 Insofar as it is invested with PAu, PA tends to produce misrecognition of the objective 
truth of cultural arbitrariness because, being recognized as a legitimate agency of 
imposition it tends to produce recognition of the cultural arbitrary it inculcates as 
legitimate culture. (22) 
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"Legitimate meaning" goes well beyond the content that is communicated in a classroom and 

includes broader linguistic and behavioral codes, ethical norms and standards, and anything else 

that can be included under the umbrella of "culture" (which is just about everything). In addition 

to producing misrecognition of outright meaning, P Au also produces misrecognition ofthe 

arbitrariness oflarger cultural forms. 

With the concept oflegitimacy in place, we can now move to the central application of 

this theory and understand how social and cultural hierarchies are reproduced through education. 

2.1.1 Power relations are the basis not only ofPA but also of the misrecognition of the truth 
about PA, a misrecognition which amounts to a recognition of PA and, as such, is the 
condition for the exercise ofPA. (15) 
2.1.3 In any given socialformation the legitimate PA, i.e. the PA endowed with the 
dominant legitimacy, is nothing other than the arbitrary imposition of the dominant cultural 
arbitrary insofar as it is misrecognized in its objective truth as the dominant P A and the 
imposition of the dominant culture. (22) 

Theorem 2.1.1 is Bourdieu's restatement of the Foucauldian thesis that legitimacy and meaning 

in society come from power relations. The power of P A to impose meaning, and its legitimate 

authority to do so, come from social power relations. We thus have as an immediate corollary 

that in any society, it is the culture and meaning of the dominant class that will be imposed as 

legitimate. 

Although the purpose of this section is not to examine the empirical support for 

Bourdieu's theory, it is worth noting that research in both sociology and education has provided 

intense evidence for this conclusion. Along any axis of power one cares to identify - from 

economic class (Anyon, 1980; Bettie, 2003), to gender and sexuality (Bettie, 2003; Pascoe, 

2007), to race and ethnicity (Carter, 2005; Delpit, 1988; Deyhle & Margonis, 1995; Morris, 

2015), to cultural respect and representation (Olsen, 1997; Valenzuela, 1999) - schools teach, 

enforce, and legitimize dominant cultural forms with terrifying uniformity and nonchalance. 

Even if one disputes the assertion that nonviolent education is theoretically impossible, in 
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practice it is a harsh fact that the majority of educational institutions in the United States are 

engaged in widespread symbolic violence exactly as Bourdieu's theory predicts. 

Education teaches and legitimizes dominant cultural forms, but institutionalized education 

does not continue throughout the entirety of an individual's life. However, the meanings 

inculcated are retained through habitus: 

[Habitus is] ... systems of durable, transposable dispositions, structured structures 
predisposed to function as structuring structures, that is, as principles which generate and 
organize practices and representations that can be objectively adapted to their outcomes. 

As an acquired system of generative schemes, the habitus makes possible the free 
production of all the thoughts, perceptions, and actions inherent in the particular conditions 
of its production - and only those. (Bourdieu, 1992). 

Education gives us a habitus that we carry with us even when we have left the institution in 

question. Somewhat analogous to Foucault's episteme concept, our habitus gives us the ability to 

interpret and act on experience, but also delimits what interpretations and actions are possible. 

Habitus can be added to over time, and even changed with effort, but the effects of a prior habitus 

can never be erased in the sense that, since habitus is always the starting point for any action, all 

work to change one's habitus will be affected by the habitus in question that is being changed 

(Bourdieu & Passeron, 1990, 42). 

Given that education teaches and legitimizes dominant cultural forms, forms which are 

dominant thanks to power relations and which endure after official education ends thanks to 

habitus, there are two major avenues through which that set of power relations are reproduced. 

2.3.1 A pedagogic agency commands the PAu enabling it to legitimate the cultural 
arbitrary that it inculcates, only within the limits laid down by that cultural 
arbitrary. .. [thus] it reproduces the fundamental principles of the cultural arbitrary that a 
group or class produces as worthy of reproduction, both by its very existence and by the 
fact of delegating to an agency the authority required in order to reproduce it. (26) 
3.2.2.1.31n any given socialformation, because the PW [Pedagogic Work] through which 
the dominant PA is carried on tends to impose recognition of the egitimacy of the dominant 
culture on the members of the dominated groups or classes, it tends at the same time to 
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impose on them, by inculcation or exclusion, recognition of the illegitimacy of their own 
cultural arbitrary, (41) 

On the one hand, education presents and imposes a certain set of meanings as legitimate, 

desirable, etc., and so the most worthy both socially and economically. Those who possess those 

meanings - the dominant class - thus possess the most valuable social and cultural capital and so 

have the most resources to retain their dominant position. On the other hand, all other sets of 

meanings are delegitimized. Students possessing these meanings are told, through both the open 

and hidden curricula in the school, that their know ledges are not valuable, their experiences not 

legitimate. 

The mechanisms through which this is accomplished are perverse. Fundamentally, since 

both the content and the methods of education derive from the cultural arbitrary of the dominant 

class, that education will be more accessible and effective the more a student's habitus matches 

that cultural arbitrary - the closer a student is to the dominant class. The education will 

conversely be less accessible and effective to student's possessing a nondominant habitus. 

Confronted with this inaccessibility, nondominant students conclude - accurately - that this 

education is not intended for them, simultaneously reifying dominant know ledge and sealing 

themselves off from it. This is the "most subtle" form of reproduction in education (51). 

Last theorem, I promise. 

3.2.2.1 Insofar as it is a prolonged process of inculcation ... PW produces more and more 
complete misrecognition of the ethical and intellectual limitations which are correlative 
with the internalizing of that delimitation (ethical and logical ethnocentrism). (40). 

The real weight and worth of this theorem will become apparent in Chapter 7; for now, we will 

note that education produces not only a misrecognition of legitimate power and know ledge (i. e. 

social reproduction) but a misrecognition of the limitations of that knowledge. Dominant 

knowledge presents itself as complete, perfect, and universally true, and this presentation 
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reinforces its violent character through not just delegitimating, but preventing altogether 

alternative meanings. 

Bourdieu's theoretical tour de force achieves a comprehensive sociopolitical 

understanding of education, but also raises doubts about our ability to create a better system, the 

goal that motivated us in the first place. Bourdieu's interpretation of the sociopolitical stance 

leads to one distressing conclusion after another; the violence inherent in education, the 

inescapability of social reproduction, the apparent futility of resistance. However, Bourdieu is 

but one sociopolitical theorist of many. Our flag-bearer Foucault engages with resistance 

frequently, but in the realm of education, there are few better theorists of resistance and liberation 

than Paulo Freire. It is to Freire we will turn as we seek to find a way out ofthe dilemmas 

Bourdieu has posed for us. 

Freire: Saving Meaning from Itself 

Much of the previous section could have been written using Paulo Freire's language rather 

than Bourdieu's. Like Bourdieu, Freire discusses the ways in which dominant social classes 

impose their meaning on other groups, how that meaning is precisely the meaning that best serves 

the interests of the dominant class, and how resistance is easily co-opted to serve the greater logic 

of the system. Additionally, with the assertion that all education is symbolic violence, Bourdieu 

has painted us into a theoretical corner and left us with no recourse for dealing with this reality. 

But the question of action must be dealt with; the sociopolitical frame demands action, not just 

theorizing (Freire, 2003). To not engage with potential solutions would betray my trust as a 

teacher and researcher. For these reason, we will focus in this section on exploring Freire's 

solutions for combating oppressive situations. 
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The fundamental move that Freire makes, and that Bourdieu does not, is that he engages 

with the creation of meaning on an individual as well as a societal level. 

To exist, humanly, is to name the world, to change it. Once named, the world in its turn 
reappears to the namers as a problem and requires of them a new naming ... . But while to say 
the true word - which is work, which is praxis - is to transform the world, saying that word 
is not the privilege of some few persons, but the right of everyone. (88) 

Freire is absolutely unambiguous on this point. Every human, no matter their position, possesses 

the power to name the world - that is, to create meaning. While it is very true that those in power 

violently impose their meanings on others, that does not mean that the oppressed lose their ability 

to make meaning. It is something that every person always possesses (Freire, 2003). 

The fIrst serious consequence of this assertion is Freire's characterization of which groups 

in society are most able to see and combat oppression. 

This, then, is the great humanistic and historical task of the oppressed: to liberate 
themselves and their oppressors as well. The oppressors ... cannot find in this power the 
strength to liberate either the oppressed or themselves. Only power that springs from the 
weakness of the oppressed will be sufficiently strong to free both. (44) 

This is why ... the pedagogy of the oppressed cannot be developed or practiced by the 
oppressors. It would be a contradiction in terms ... " (54) 

By virtue of their experience, only the "oppressed" - synonymous with Bourdieu's "non-

dominant classes" - have the knowledge and strength to make radical change. Ifthere is to be 

emancipatory action (in this case, specifIcally emancipatory education), it must come from the 

oppressed and cannot come from any other group. 

This is not a blindly romantic or idealistic statement. Freire is aware of how quickly and 

easily radical or revolutionary action can become co-opted by the power structure and end up re-

inscribing the same patterns of oppression through physical and symbolic violence. He is also 

not making the naive argument that the knowledge possessed by the oppressed makes 

changemaking easy or straightforward, or that their insight somehow compensates for their 
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suffering. But it is also a significant departure from Bourdieu. While Bourdieu does note that the 

further from the dominant class a person is, the more likely they are to recognize the arbitrariness 

of the education being imposed on them and the arbitrariness of the authority behind it, Bourdieu 

makes no claim about any resulting ability to take action based on this recognition (Bourdieu and 

Passeron, 1992, 16). 

The second consequence of Freire's base assertion is that individuals are also empowered 

to perceive objective conditions of their oppression (Freire's use of "objective" is identical to 

Bourdieu's). Every person's experience is delimited by what means of interacting with the world 

are made available to them by their position in the power structure; this is again directly 

analogous to Bourdieu's understanding of the effects of habitus. However, Freire further argues 

that through perception of these limits, or "limit-situations", people can recognize aspects oftheir 

habitus (and the system that created it) (99). They can then take "limit-actions" that push them 

beyond the limit-situations and into realms of "untested feasibility" (102). This is a really key 

point: the experience of oppression provides a "hard edge" that can break through the 

conditioning of habitus, and by asking "What actions and thoughts are not allowable under this 

habitus/episteme?", individuals can find concrete steps to expand their understanding of the 

world. 

Thus Freire's position recalls Foucault and differs from Bourdieu in two major ways. 

Firstly, Freire directly assigns individuals the ability to create meaning. This gives them the 

necessary tool to resist symbolic violence: since symbolic violence is the imposition of meaning , 

the ability to create meaning empowers individuals to fight back. Secondly, and equally as 

importantly, Freire expands the label of "objective" to include the experience of violence. This 

hard edge makes it possible for individuals to scope out the edges of their habitus, their episteme, 

and find ways to transcend them. 
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These significant differences lead Freire to a more hopeful understanding of violence in 

education than that of Bourdieu. Precisely because individuals in Freire-space have the ability to 

create new meaning about the world, they can create meaning that isn't completely bound by 

their habitus and so doesn't entirely serve to reproduce power relations. Bourdieusian individuals 

cannot do this. But with this assumption it is then possible to build a pedagogical method based 

on the creation of meaning that is, at least, not as reproductive and violent as the established 

system. True to a sociopolitical stance, Freire does not claim to be able to find a perfectly 

nonviolent educational method based on his theory; indeed he explicitly rejects any possibility of 

a Utopian "right" method. But with the ability of individuals to create meaning, he cracks the 

door open to working for something beyond the oppression of the present. 

Conclusion 

In this chapter, we have seen the arrival of the sociopolitical frame, its up-ending of 

rationalistic social theory and sociological research, and the dramatic consequences ofthe frame 

for education. Thanks to Bourdieu and Freire, we have five key insights which are the 

foundation of my theoretical approach and will inform the rest of this thesis: 

l. Education, insofar as it is the imposition of meaning on one human by another, is 
symbolic violence. 

2. Power relations, manifested in the structure and method of education, legitimate this 
violence as inevitable and conceal its arbitrary nature. 

3. By legitimating dominant habitus and delegitimating nondominant habitus, education 
reproduces these power relations. 

4. At the same time, the experience of violence, enhanced by distance from the dominant 
class, allows individuals to see beyond the limits of their habitus and find actions to 
challenge the power relations. 

5. Because every individual has the ability to create meaning, they are empowered to take 
these actions. 

Thanks to these insights, we see how the theories discussed above are directly applicable 

to work on stereotypes in mathematics education. A stereotype is a set of meanings that have 
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been associated with a group of people, usually without their consent, that purports to describe 

something essential or innate to that group but which are in actuality arbitrary and have been 

assigned and legitimized by a dominant social power. The creation and reproduction of 

stereotypes is thus symbolic violence against the group being stereotyped. Since these 

stereotypes claim legitimacy - as stereotypes in math around race and gender did before the 20th 

century, and stereotypes around "way of thinking" in math continue to do - they are ripe for a 

Bourdieusian-Freirean analysis. 

* * * * * 

Sociology is the study of the interactions between social structure, social change, and 

individual action within the structure. This makes understanding meaning, and the battles that 

are fought over it, central to the field. Indeed, a number of theories, both social and 

biological/evolutionary, posit that humanity's ability to create arbitrary shared meaning (i.e. 

meaning that is fictive, that is not based on material conditions) is what fundamentally 

differentiates us from other animals and is what has allowed us to build civilizations of such 

staggering complexity (Devlin, 2000; Geertz, 1973; Harari, 2011; Joas & Knobl, 2004; Ritzer, 

2011). Social beings that we are, conflict and reconciliation, violence and healing, suffering and 

liberation, all occur in the realm of meaning and myth as well as in the realm of bodies and space. 

It's hard to overstate to the incredible power that the ability to create meaning gives every 

individual, but it's also hard to overstate the volatility of the situation. We walk a razor's edge 

where it is painfully easy to unintentionally cause symbolic violence, and terrifyingly easy to 

intentionally do so. But we are all, each of us, empowered to seek the other pole; to heal violence 

instead of causing it, to celebrate meaning rather than impose it. This is why we need the 

sociopolitical frame: it gives us the strongest and most effective tools for unraveling this web of 

power and meaning and trying to find actions that counteract violence without doing more. 
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U sing the machinery of Bourdieu and Freire, we have developed a language and analytic 

toolkit for doing this work. We are now prepared to engage with the specific topic of this thesis, 

stereotypes in mathematics education, and bring the incisive, ironic eye of the sociopolitical 

frame to bear on this discipline that has for so long hidden behind a mythology of political 

neutrality and innocence. 
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Chapter 4 : What is Mathematics? 

For scholars and laymen alike it is not philosophy but active experience in mathematics 
itself that alone can answer the question: What is Mathematics? 

--Richard Courant, What is Mathematics 

In the previous two chapters, I discussed the literature on mathematics education, on 

sociological theories of reproduction, and on the postmodernist thesis of the connection between 

power and knowledge. This overview reveals that education is a field (to use Bourdieu's term) 

shot through with power relations, and that these relations filter themselves through student 

identity, teacher practice, and institutional culture (including stereotypes). Mathematics 

education is no exception. However, while there has been a significant amount of work 

critiquing mathematics pedagogy (giving us at least a fledgling understanding of how to 

effectively and equitably teach mathematics), comparatively little has been done to explore and 

critique the content of mathematics itself within this field of power. 

Speaking generally, a critique of mathematical knowledge not neutral; it is inherently 

sociopolitical and is decidedly opposed to a positivist understanding of knowledge since it 

assumes that knowledge is socially constructed. However, if we have even a suspicion that the 

objectivity of math isn't all it's cracked up to be - a suspicion that is supported by both 

theoretical and empirical work - then there is a good reason to look and see. If mathematical 

knowledge reflects a set of power relations, then it stands to reason that (like so many other 

bodies of knowledge) mathematics is infected with the destructive and inequitable power 

relations that characterize our current society. And if this is true, then the project of equity in 

mathematics education cannot stop at pedagogy; it must go all the way and address mathematical 

content itself. Especially given the fact that mathematical knowledge has clung to an aura of 

objectivity and that successful mathematical practice retains a sense of inevitability, it is 
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extremely important to understand ifthere are in fact limits on the applicability of culturally 

relevant pedagogy, of inquiry-based learning or student-centered knowledge, to mathematics. In 

the case of my questions specifically, stereotypes around the "way of thinking" associated with 

mathematics in part derive from conceptions of what mathematics innately is (e.g., "math people" 

are more logical than creative because math is a field that requires logic more than creativity). 

We thus need to ask if there is, in fact, some core of mathematics that makes it more accessible to 

some people than others, making the former truly "math people" and not just a stereotype. The 

two questions are inseparable. 

Thus to fully answer my research questions on the "math person" stereotype, we need a 

theory of what mathematics is. In embarking on this project, I will be drawing on four branches 

ofliterature: I) the sociopolitical critique of mathematics education (Gutierrez, 2013; Martin, 

2010; Skovsmose & Greer, 2012; Valero & Zevenbergen, 2004); 2) prior sociological and 

anthropological explorations of mathematics (Burton, 1998; Dowling, 1991; Pinxten, 2015; 

Restivo, 1992; Saxe & Posner, 1983); 3) the history of Western mathematics (Kline, 1982; 

Lakatos, 1976; Stillwell, 2002) and 4) texts on mathematics and mathematical philosophy written 

by and for mathematicians that serve as data for constructing a characterization of Western 

Academic mathematics (Courant, 1941; Dummett & Minio, 1977; Ellenberg, 2014; Nagel & 

Newman, 2001; Penelope, 1990; Russell, 1919). 

The sociopolitical critiques of mathematics education, coupled with the theories of 

Foucault and Bourdieu, provide both a justification for the validity of the project and insight into 

its ramifications. The prior sociological/anthropological work will inform the discussion of 

mathematics' different cultural forms; the historical work will provide an understanding of how 

mathematical knowledge is produced over time; the philosophical work a window into the 

divided and contested nature of even modern mathematics. Lastly, an analysis of the texts on 
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mathematical knowledge itself will be used to construct a preliminary hypothesis of what does 

make mathematics distinct from other branches of knowledge. 

The Jigsaw that is Math 

The fIrst thing to establish is that mathematics is in no way a unitary or unifIed entity; it is 

as social an entity as any other. The label "mathematics" contains a great many pieces 

underneath it. Mathematics is a body of knowledge about objects we call numbers; it is a set of 

techniques and tools for solving problems and modeling physical and biological processes; it is a 

set of practices for testing and verifying knowledge. I am duty-bound to add that mathematics is 

also a set of communities that produce the knowledge and apply the techniques. However, 

fInding the organization of these pieces is trickier. 

All humans possess a "number sense," an ability to conceive of and work with numbers. 

In fact, the ability to understand small numbers and even simple fractions appears to be present in 

chimpanzees as well (Devlin, 2000). Humans do seem to uniquely possess the ability to abstract 

- the ability to see similarities deeper than surface characteristics (Devlin, 2000). Abstraction 

allows us to move beyond our biology and work with numbers beyond three, and to apply the 

burgeoning concept of number to solve problems. Abstraction is also what allows us to use 

symbols - verbal or written - to represent objects in the world. 2 

This preliminary extension of our basic numerical intuition is called numeracy, and the 

relation ofnumeracy to numerical ability is directly analogous to the relation between literacy 

and linguistic ability (Johnston & Yasukawa, 2010). Just as every culture develops some forms 

of spoken and written language and state of being literate in those languages, every culture 

develops a "language" of numbers and the state of being numerate (Johnston & Yasukawa, 2010; 

2 One could further argue that the ability to abstract is fundamentally what allows us to create meaning in the first 

place. 
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Restivo, 1992). Numeracy is thus an extremely broad category encompassing numerical 

practices and know ledges of all kinds and is - as we will see - highly culturally specific. 

On the basis of number sense and numeracy, mathematics arises as a refinement and 

extension of numeracy much as literature arises as a refinement and extension of literacy. 

Experiencing the world through numeracy begins to suggest mathematical practices (such as 

counting) which then produce initial mathematical knowledge (such as tallies of objects). At a 

certain point, this burgeoning mathematical knowledge becomes abstracted to the point that the 

knowledge itselfbecomes analyzable (Restivo, 1992). That is, components of mathematical 

knowledge become objects of mathematical exploration themselves. This process can repeat 

indefinitely, allowing mathematical knowledge to become more and more distant from the real

world situations that initially gave rise to it (Kline, 1982). 

The best example ofthis process is numbers themselves. Interestingly, several prominent 

philosophies of mathematics agree with anthropologists that numbers do not exist in and of 

themselves, but are properties of groups of physical objects (Frege, 1983; Restivo, 1992). When 

we set two groups of objects side by side and perceive that for each object in the first group there 

is exactly one object in the second group (mathematically, when we make a "bijective" 

correspondence between the groups), we have perceived that the groups share the property of 

containing a certain number of objects. As we abstract from groups we can observe to all groups 

containing that number of objects, we become able to grasp the idea of the property itself - the 

number. Eventually we become able to study the numbers themselves, and when these properties 

begin to be objects of mathematical study in their own right, mathematics proper has begun. 

This fundamental abstracted quality of mathematics gives it tremendous power to solve 

problems, and this utility spurs investment in the active development of mathematical knowledge 

(Devlin, 2000; Ellenberg, 2014; Restivo, 1992). Class-stratified civilization allows for 
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individuals to specialize in mathematical knowledge and practice and for these individuals to 

form communities (Kline, 1982; Restivo, 1992). Once these communities of practice emerge, 

mathematics becomes a social activity and social forces take over in earnest (Bourdieu, 1992; 

Wenger, 1999). The universal base of number sense and numeracy grows into a set of practices 

and know ledges highly specific to the culture in question (Bishop, 1988; D' Ambrosio, 1985; 

Pinxten, 2015). 

Of particular interest is that the new social context sparks the development of 

legitimization practices alongside technical practices. Standards for evaluating the correctness of 

mathematical knowledge are developed, standards which guide future mathematical practice and 

impose restrictions on what constitutes true or valid mathematical knowledge. With the addition 

of legitimization practices, mathematics is no longer just a method for solving problems; it is a 

method for distinguishing between true and false statements. To use Bourdieu's terminology, it 

has become afield (Bourdieu, 1986). 

"Mathematics" is, then, a single term that encompasses knowledge, technical and 

legitimization practices, and the communities and institutions that engage in the practices and 

consecrate the knowledge. It is clear that from this point any reference to "mathematics" will 

have to specify what facet of mathematics it refers to. With this in mind, in the next few sections 

I will explore some ofthe ways in which these pieces of mathematics are culturally, socially, and 

historically influenced, with a particular focus on the Western mathematical tradition ("Western 

Academic mathematics"). This will provide evidence in support of the thesis that mathematics is 

a social entity, and will lay the groundwork for my attempt to uniquely define Western Academic 

mathematics in the next section 

Historically Formed and Culturally Arbitrary 
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Numeracy, as the broadest category of mathematical knowledge and practice, is present in 

"virtually all cultural groups" (Saxe & Posner, 1983) and shows the greatest cultural variability. 

As only one example, Saxe (2017) discusses different counting systems used by Oksapmin 

communities in Papua New Guinea. The original Oksapmin method uses 27 as a base and counts 

off 27 positions starting on one hand, moving up the arm and across the face, and down to the 

other hand (Saxe, 20l7). With the introduction of British base-l0 and base-20 currency in the 

1960's, hybrid forms of counting emerged that combined both systems, eventually supplanted in 

turn by mostly-British systems (Saxe, 2017). This was not simply linguistic change; concepts 

such as "whole" shifted in meaning as well (in this case, from "27" to "double" since 20 shillings 

~ £2) (Saxe, 2017). 

There is also significant variability within a group's numeracy practices. Philipp (1996) 

describes a wide variety of addition/subtraction and multiplication/division algorithms used by 

American adults. All of these algorithms yield numerically correct answers to the given 

problems, yet they each exploit different properties of numbers and look very different when 

written out. Furthermore, each algorithm appears inscrutable or strange when presented to a user 

of a different algorithm, and there are no significant computation speed differences between users 

of different algorithms (Philipp, 1996). 

Finally, both Johnston and Yasukawa (2010) and Saxe and Posner (1983) note that 

individuals develop a numeracy in response to the problems they use that numeracy to solve. 

Saxe and Posner (1983) observe differences in the algorithms used by children to solve 

multiplication problems depending on whether the students were taught in school, or learned to 

calculate in a market; Johnston and Yasukawa (2010) contrast the numeracies possessed by 

nurses, engineers, and teachers with those of academic mathematicians to show that while 

mathematicians possess more formal numeracy knowledge than others, all groups are highly 
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skilled in solving the particular numerical problems they face in their jobs. These examples and 

many others (see Jao, 2012; Pinxten, 2015; Saxe & Posner, 1983) show the large variability of 

numeracy both within and across cultural groups. 

Moving up a level of formality, we see that this variability is present in mathematical 

knowledge and practice as well. In a cross-cultural comparison of mathematical practice, Restivo 

(1992) describes how styles of proof-writing and standards for an acceptable proof differed 

between ancient Greek, ancient Indian, and ancient Chinese mathematical communities. Restivo 

also notes connections between the development of mathematical knowledge and larger social 

practices for legitimating knowledge; for example, the ancient Chinese intellectual system placed 

a premium on mastering and commenting on an established canon of mathematical texts, rather 

than deriving new results oneself, which possibly contributed to the relative stagnation of 

Chinese mathematics over time (Restivo, 1992). 

This variability is also present within mathematical communities. In a brilliant analysis of 

Western mathematical practices, Imre Lakatos contrasts the mythologized narrative of 

mathematical results derived deductively and linearly from unquestionable axioms to the actual 

discovery process of iterated justification and critique, jumping ahead to new problems and 

circling back to old assumptions (Lakatos, 1976). This method of "proofs and refutations" is 

nonlinear, creative, and unpredictable, and produces knowledge that is contestable and uncertain. 

In fact, Lakatos explicitly condemns any teaching of math which presents the results as 

unquestionable or inevitable as deceptive and dangerous, calling this "deductivist" pedagogy a 

"hotbed of authoritarianism" (Lakatos, 1976). 

Western Academic Mathematics 
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The examples above strongly suggest that Western Academic Mathematics, the 

quintessential field of universal rationality, is itself a product of cultural and historical forces. 

Interestingly, while several scholars have argued this position from social scientific standpoints 

(see Pinxten, 2015; Restivo, 1992; Struik, 2012), the mathematical discoveries of 20th century 

Western Academic mathematics themselves provide evidence for this position. Thus, while the 

long history of Western mathematics offers many other examples as well, I will focus on this 

recent period as an exemplar. 

Ancient Egyptian, Sumerian, and Babylonian civilizations all possessed rich mathematical 

traditions, but historians generally recognize ancient Greek mathematicians as the creators of the 

axiomatic tradition that characterizes Western mathematics (Kline, 1982; Stillwell, 2002). 

Axiomatic mathematics seeks to define a set of axioms (statements that are accepted without 

proof) that is as small as possible, and to derive other mathematical results from these axioms 

using deductive logic. The Greeks also presented the mathematical philosophy of Platonism, 

where mathematical objects were understood to be eternal metaphysical entities that our minds 

somehow grasped through a poorly-defined mathematical ability (Kline, 1982). 

Platonism reigned in Western mathematics for the next two thousand years, surviving the 

long European mathematical hiatus between ancient Greece and the Renaissance and imbuing 

mathematics with its characteristic aura of certainty and perfection. But the myth came crashing 

down in the century between 1850 and 1950, thanks to two "crises of certainty" (Kline, 1982). 

The first crisis was technical; mathematicians realized that much of the work of Classical 

mathematics - especially the previous two hundred years - was riddled with informality, vague 

intuitive justification, and outright (though often brilliant) guesswork (Kline, 1982) They 

responded by embarking on a project to definitively state the axioms upon which mathematics 
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rested and the precise rules used in deduction from those axioms, with the goal of placing 

mathematics on sound logical footing once and for all (Benacerraf & Putnam, 1983; Kline, 1982). 

The project was brought to a grinding halt by the second crisis of certainty arising from 

Bertrand Russell's discovery of paradoxes in elementary set theory. These paradoxes showed that 

the recently-articulated axioms that formed the foundation for the rest of mathematics were 

themselves inconsistent (i.e. led to paradoxes), once again calling into question the validity of the 

entire edifice (Benacerraf & Putnam, 1983). Critically, this second crisis was not just one of 

technical practice, but one of philosophy. The prior work had sought to make mathematical 

reasoning completely rigorous and ironclad, but had not questioned or examined the rules of 

mathematical reasoning themselves (Dummett & Minio, 1977; Kline, 1982). 

Five schools of mathematical philosophy (Logicism, Set Theorism, Formalism, 

Intuitionism, and Realism) arose in response, hoping to articulate a justification for the truth of 

mathematics that was not only technically sound, but also philosophically sound - guaranteed to 

produce knowledge free of contradiction. They debated what was and was not mathematical 

knowledge, what was and was not valid mathematical practice. In many cases, conclusions and 

results that one school called "mathematics" were dismissed by the other schools as incorrect, 

unjustified, unsound. And, perhaps incredibly, this debate continues - to this day there is no 

unified conception among mathematicians of what mathematics is, or what the best way to 

produce mathematical knowledge is. Mathematics, mythologized as the paragon of rigor and 

certainty, is a field that is in many ways as philosophically contested and uncertain as any other. 

The Structuring Principles of Western Academic Mathematics 

The evidence that mathematics is defined only in relation to cultural context is 

compelling. But there is one significant piece of counter-evidence, and that is the similarities 
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between the conclusions of mathematics cross-culturally. Despite wildly different counting 

systems, it is possible to communicate the idea underlying a Western "10"; despite different 

algorithms for addition, students arrive at the same answer; what we call the Pythagorean 

theorem was formulated independently but equivalently at least three different times, in Babylon, 

China, and India (Philipp, 1996; Restivo, 1992). 

This confluence complicates an entirely social constructivist understanding of 

mathematics and complicates our project of understanding what mathematics is. Recalling the 

conclusions of the previous chapter, while numeracy, practices, and communities (both technical 

and legitimization) are mostly culturally incommensurable, knowledge is sometimes culturally 

"isomorphic." That is, even though different languages and symbols may be used in different 

contexts, this knowledge can sometimes (not always) be translated from one context to the other 

- there is some underlying idea that is the same. Understanding this fact is related to 

understanding in general what differentiates mathematics from other areas of inquiry and 

exploration. In its professional communities, its practices and (sometimes) the knowledges 

produced by practices, and its interaction with culture and history, mathematics is no different 

from any other area. Yet mathematics clearly plays a different role in our society than other 

tangles of practices and knowledge, as well as having this curious property of isomorphism of 

knowledge. It is this tension that a satisfactory model of mathematics has to resolve. 

A fIrst answer to the question of what makes mathematics unique might be that it is the 

subject of the practices and know ledges that sets mathematics apart - in this case, numbers and 

patterns in numbers. The meaning of numbers are universal across human groups, hence 

mathematical knowledge generated using them will be too. This is true to some extent, but is not 

a complete answer since a) by the arguments above, numbers do not exist independently of 

humans but arise from physical and social worlds, and b) many subfIelds of mathematics are 
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concerned not with analyzing numbers but with analyzing physical or social systems using 

numbers. 

As a second answer, I posit the concept of structuring principles. 

Def1nition. Structuring Principles are concepts that inform and guide every form of action in a 
field of human inquiry. Structuring principles are rules for how to think that delineate, at the 
most fundamental level, how information is to be created and processed. Structuring Principles 
shape what kinds of practices form, how these practices produce knowledge, how that knowledge 
is verified, and what legitimates the verification process. This relation is not one way; the goals 
and practices of a group can influence the structuring princip les they take to guide their work. 

This concept allows us to join the seam between highly culturally relative practices and less-

culturally relative knowledge, as well hypothesize an explanation of math's different historical 

trajectory as compared to other fields. Mathematical practice is in constant dialogue with 

structuring principles of thought that shape what can and cannot be thought at the most 

fundamental level. To use the terminology developed in Chapter 3, structuring principles define 

the episteme that mathematicians work within, they articulate fundamental characteristics of 

cultural arbitrary that mathematics represents. 

There is no a priori reason why these structuring principles came to define mathematics. 

They do so through a combination of physical and historical forces. Physically, mathematics was 

created to solve certain problems (such as keeping track of possessions), and the properties of 

physical objects that were relevant to solving these problems were kept when things like numbers 

were defined (Devlin, 2000; Kline, 1982). Other physical properties of objects that were not 

relevant were dropped. Historically, mathematics was also developed in conversation with a 

social and cultural context, and the ideals and necessities of that context also influenced what 

rules were chosen to guide mathematical exploration. The crisis of certainty in Western 

mathematics is an excellent example; principles of reasoning that were deemed valid up until the 
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1850's (and so would have then been a part of the structuring principles) were discarded due to 

the European mathematical community's desire for purely deductive rigor. 

As a mathematician myself, my suspicion is that a set of structuring principles can be 

articulated that is universal to the majority of human mathematics. However, this is a hotly 

contested area of research, with some arguing for a strong social constructivist position where 

even the structuring principles are culturally incommensurable (e.g. Pinxten, 2015), and some 

arguing a strong universalist thesis of one mathematics across cultures (e.g. Rowlands & Carson, 

2002). I do not have the expertise, nor is it necessary to this project, to engage with this debate 

on a global scale. I will thus only apply the theory of structuring principles to Western Academic 

mathematics, in an attempt to characterize the functioning of this discipline but only this 

discipline. 

Drawing on my own experiences studying mathematics throughout my education, I read 

texts by prominent and influential mathematicians of the early 20th century to explore what 

logical moves, what types of reasoning, were essential to Western mathematical argument of this 

period. I chose literature from this period because, being in the middle ofthe second crisis of 

certainty, it provides an unusually rich and self-reflective body of work. Principles were flagged 

based on repeated usage in proofs, on self-identification by the authors, and on discussions in 

philosophical texts of a principle's necessity or importance. I present my take on the structuring 

principles of Western Mathematics below; see Appendix 1 for the bibliography used to create this 

list. 

l. The law of the excluded middle 
Meaning: This principle states that a proposition may be true or false, and there is no 
middle ground. The truth can be determined absolutely either way. 
Evidence: the frequent use of "indirect" proof which relies on this law, statements by 
Courant, Hilbert, and Russell that it is necessary (Courant, 1941; Hilbert, 1983; Russell, 
1919). Its use by Kurt G6del in his paradigm-overturning proofs (Nagel & Newman, 
2001). 
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2. The law of noncontradiction 
Meaning: This principle states that a statement and its contradiction (opposite) cannot 
both be true. 
Evidence: It is a central tenet of logic. All mathematics takes it as a fundamental axiom 
(Benacerraf & Putnam, 1983). 

3. The idea of a set, class, or aggregate 
Meaning: This principle states that collections of objects can be exactly defined such 
that 1) a rule is given for determining whether an object belongs or not 2) the definition 
is precise - an object is either in or out 3) all objects in the set share properties and so any 
one can be switched for any other as a representative of the set. This is the principle of 
essentialization. 
Evidence: A school of mathematical philosophy taking sets as fundamental objects, 
statements by multiple mathematicians and philosophers that it is a fundamental concept, 
the constant use of sets in proof and reasoning (Courant, 1941; Frege, 1983; Penelope, 
1990). 

4. The idea of 1, also called unity. Perfect discreteness. 
Meaning: This principle is the idea that 1) a discrete individual thing exists, and 2) a set 
of objects (in this case, numbers) can be reduced to a single representative that embodies 
all relevant properties. This is the principle of perfect separation. 
Evidence: Several schools of philosophy (Formalism, Intuitionism) take unity as a 
fundamental human intuition; the concept of "1" forms the basis for defining the natural 
number sequence (1, 2, 3, 4, .... ) and so most of the rest of mathematics. The idea of the 
perfectly discrete is also the basis for defining its opposite, the idea of continuity 
(Dummett, 1983; Frege, 1983; Hilbert, 1983). 

5. Isomorphism: the idea that deeper patterns can be found beneath surface differences 
Meaning: This is the principle that surface appearance or meaning can hide deeper 
similarities, and that these deeper similarities are what actually define or describe the 
entity in question. This is the principle of abstraction or generalization. 
Evidence: statements by Courant and Kline giving abstraction a central role in 
mathematics. This is the essence ofthe logicist and formalist thesis that relations 
between symbols determine their truth, not what the symbols actually say (Courant, 
1941; Kline, 1982; Kreisel, 1983; Russell, 1919). 

6. Mathematical Induction 
Meaning: This is the principle that, for some series of objects, if we can prove that a 
property holds for the first object, and that if it holds for a random object it must hold for 
the object after it, then it holds for all objects. This type of reasoning is also prevalent in 
empirical science, where on the basis of some number of observations scientific 
predictions are formulated. This is the principle of static predictability. 
Evidence: fundamental use of induction in all schools as a way to define numbers, the 
use of induction in many proofs (Benacerraf & Putnam, 1983; Courant, 1941). 

7. Modus ponens, the logical syllogism 
Meaning: This is the rule behind the classic argument form "If all men are mortal, and 
Socrates is a man, then Socrates is mortal." This is the principle of complete causality. 
Evidence: an accepted inviolable logical rule in all mathematics (Russell, 1919). 

8. Infinity, infinite totality 
Meaning: The idea of logical deductions being valid in spite of one's lack of intuitive 
understanding. The ability to define something mathematically that cannot be 
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understood intuitively. This is the principle that logic can take precedence over 
expenence. 
Evidence: statements by Hilbert and Courant on the essentiality of infinity, its use 
throughout mathematics (Courant, 1941; Hilbert, 1983). 

Ifany one thing can be called "Western Academic mathematics," it is this set of principles. 

These are the rules that guide and define Western Academic mathematical thinking and so 

characterize the knowledge, the practices, and the legitimizations that fonn Western Academic 

Mathematics. 

As mentioned above, it is extremely important to note that these laws ofthought are not a 

priori inviolable. It is possible to hypothesize of a system ofthought that does not take, or 

outright rejects, some or all of these principles. I also do not argue that there is some innate 

"essence" of mathematics (in a platonic sense) that these principles are aligned with. These 

principles define math because we have defined math using them. In another time line a different 

system that took different rules could very well be called mathematics. However, I do argue that 

these principles are essential to mathematics as we have defined it; if more than one or two of 

these principles are changed, the body of knowledge and practice that resulted would be 

fundamentally different from Western academic mathematics (for an example, see Dummett & 

Minio, 1977). 

Lastly, one could also note that while these ideas are very common in mathematics, they 

also appear in other fields. The priority of logic over intuition, modus ponens, induction, and 

noncontradiction are all hallmarks of other natural sciences as well as mathematics. This leads us 

to wonder if these principles are in fact unique to mathematics or characterize something broader, 

and in fact I think this is the case. While the principles above are explicitly articulated to be 

structuring principles of mathematics, they can be expressed in an even more general and 

fundamental form that does indeed encompass something larger than mathematics. Appendix 1 
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deals with this topic more fully; for this thesis, we will merely assume that the principles 

articulated above are uniquely defining of Western Academic Mathematics. 

Modeling the Discipline 

We have almost completed building up the set of ideas we will need to definitively answer 

the question of "What is Mathematics?" Mathematics around the world is formed of various 

numeracies, practices, and knowledges, and at least in the case of Western Academic 

Mathematics (and I would argue, all mathematics), these entities are all undergirded by a set of 

structuring principles that fundamentally define the discipline. The last thing we need to consider 

is the social webs that these mathematics are embedded in; the stories that are told about 

mathematics that aren't mathematics themselves. I call these stories a "mythology." 

Def1nition. A mythology is the collection of practices, knowledges, stereotypes, and discourses 
associated with an entity. It encompasses the range of ways that people think about, talk about, 
and understand the entity. It is my theoretical analogue to habitus and episteme. Mythology is 
very similar to these concepts, but is more local than an episteme (it need not necessarily 
characterize an entire nation's way ofthinking) and is more explicit and abstract than habitus (the 
reasoning for the legitimacy of the entity is spelled out, and the entity need not be a person or 
group of people ). An entity's mythology is a purely social entity - it need not bear any relation 
to anything "internal" to the entity. In the case of mathematics, it is laid on top of the structuring 
principles and is independent of them. 

The mythology of mathematics in the United States is formed of the ways in which a society 

talks about, thinks about, portrays, lampoons, sorts, labels and stereotypes the discipline and the 

people who do it. Stereotypes about "math people" and the conception of the discipline that they 

are built on both live in the mythology. 

At last we are ready to articulate an answer to the question "What is Mathematics?" The 

answer is the model below. 
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Madel 4.1 : Western Academic Mathematics 

All of these things are a part of what we call "mathematics," but they each have unique 

and different relationships to the whole. There is a scale from the interior to the exterior that goes 

from less socially constructed to more, less variable cross-culturally to more, more abstract and 

formal to more concrete and informal. At the foundation are the Structuring Principles: the basic 

rules for thinking that, if changed, make the discipline fundamentally not mathematics. In this 

sense, they are essential and not socially constructed; they do not vary between one mathematics 

and another. The next level up is knowledge: the accumulated, accepted results of applying the 

structuring principles to the world and of verifying the knowledge using legitimization practices. 

This makes knowledge a hybrid entity, both isomorphic and yet culturally influenced. Practices 

and Numeracy cross a line to be primarily socially-constructed entities and, and mythology - the 

broadest category and the one most "exterior" to mathematics - can be entirely socially 

constructed. 
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What does this all mean for stereotypes? 

At last we can answer the question that prompted creating this model in the first place: 

can there be elements of the "math person" stereotype that derive from some essential character 

of mathematics? We will need one more definition, a distinction that I have mentioned before 

but not yet formally defined. This definition will be crucial to understanding the relationship of 

stereotypes in mathematics to mathematics proper. 

Def1nition: Components associated with an entity may be internal or external to the entity itself. 
A component is internal if it derives from, or is connected to, a part of the entity that is essential 
to the entity (using the word essential with the utmost care). Conversely a component is external 
if it does not bear this relation. In a sense, we can think of the distinction between external and 
external components as being the distinction between components that are, or are not, socially 
relative. "External" is synonymous with Bourdieu 's term "arbitrary." 

Note that I have used the term socially relative rather than socially constructed. This may be an 

unnecessary distinction, but I think that in seeking to define mathematics we are wrestling 

fundamentally with whether it is socially relative and not whether it is socially constructed. 

Everything that humans make and do is socially constructed in the sense that all of our 

knowledge and ways of interpreting the world fundamentally arise from our biology, psychology, 

and sociology in some way. What I am trying to parse apart in the case of mathematics is 

whether there is something about the thing that we call mathematics that leads to stereotypes, 

regardless of the ultimate origin of the field. 

Based on my model and the evidence that I have presented in support of it, I argue that 

there is not a "way ofthinking" inherent to mathematics that is a valid basis for stereotypes about 

who is, and is not, a math person. This may seem in contradiction with my theory of structuring 

principles, but the conflict is avoided when we realize that while structuring principles do 

characterize the final form that mathematical knowledge takes, they say nothing about how that 

knowledge is found or how one should approach actually doing mathematics. All of the aspects 
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of mathematics that would affect who does math - the practices, the numeracies, and the 

mythologies - are socially relative entities that are exterior to mathematics. It is true that 

structuring principles delineate ways of approaching a problem, but how they are grasped and 

applied is up to the user. The structuring principles can be used deductively, linearly, logically, 

or they can be used irrationally, creatively, nonlinearly. The structuring principles have 

absolutely no reference to any identity or characteristic of the person using them; the wayan 

actual person approaches a problem is far, far more complex than a single finite list of structuring 

principles. 

Consider the dominant mythology of mathematics in the United States. Beginning with 

the pure epistemology, mathematics is a system for understanding the world that is objective and 

apolitical. Mathematics is independent of ideology. Mathematics is not socially constructed or 

relative, not messily entangled with power and resistance, it is an independent system for finding 

eternal truths about the world. Math is a system that gives strictly true or false, strictly right-or

wrong answers that finds those answers through linear logical deduction. Mathematics is an 

unquestionably legitimate and unquestionable system for finding objective truth about the world. 

The major consequence of my model of mathematics is this: if we accept my 

characterization of the structuring principles, then the mythology above is "external" to 

mathematics - it is in no way reflective of essential characteristics of mathematics. None of this 

mythology bears any relation to the structuring principles whatsoever. This purely theoretical 

argument is backed up by the work of the first two sections in this chapter as well as research that 

has already shown that the work of professional mathematicians in no way conforms with the 

mythology given above (Burton, 1998, 1999b, 1999a; Lakatos, 1976; Philipp, 1996; Schoenfeld, 

1988). Theoretically and empirically, we see that any way-of-thinking component stereotype of 

the "math person" is external to mathematics, is a component of the mythology of mathematics 
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and is not reflective of anything essential about the discipline. It's taken a while for us to get 

here, but the journey was worth it: we have come to a tentative answer to the question "What is 

Mathematics?" and can safely assert that way-of-thinking components of the "math person" 

stereotype are external to mathematics and thus can be critiqued and challenged without restraint. 

Now that our triptych of literature and theory is in place, we can move to actually answering the 

questions stated in the introduction. 
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Chapter 5 : Methodology 

Never forget that the numbers in your tables are human destinies, even though the tears have 
been wiped away, 
--Irving Selikoff 

Defining Research Questions 

Let us quickly recap the work of the previous three chapters: 

• Mathematics as a field is defined by structuring principles that dictate how mathematical 
exploration and reasoning can proceed, These principles delimit practices which, when 
used to examine the world, produce knowledge that we call mathematics. 

• Although the anthropological debate is not settled, there is evidence that the structuring 
principles are historically and culturally contingent. A different set of structuring 
principles would produce a different body of knowledge and practice that could also be 
called mathematics. Even within the Western tradition, the Foundations debates in the 
early 20th century gave rise to multiple competing, and incommensurable, schools of 
mathematical philosophy whose differences have still not been resolved. 

• However, at least in the Western academic tradition, structuring principles are also 
necessary to Western Academic mathematics in that changing the principles would 
produce a fundamentally different body of knowledge. 

• Sociocultural and sociopolitical factors play an enormous role in education. Identification 
with an activity and feelings of belonging, discourses of success and failure, and 
teacher/educator faith in students, are all influenced by cultural and political divides. 

• Particularly, this filtering can act at the way-of thinking level as well. Disjuncture 
between a student's learning style in a subject, and that of their teacher, can result in a 
student losing interest in/not identifying with that subject. 

• However, at this point no research has been conducted directly asking whether a certain 
"approach to knowledge" - i.e., way-of-thinking- is stereotypically associated with 
mathematics and/or mathematical thinking. Personal experience, the theory above, and a 
wealth of anecdotes from the literature suggest that it does. We can thus ask if this 
dominant way-of thinking stereotype - like so many other dominant stereotypes - acts as 
a filter in education, discouraging students who think in a different way from pursuing 
mathematics or identifying as a "math person." 

• Through exploring the question of "What is Mathematics", we see that no single 
authoritative mathematical way of thinking actually exists. 

The next question is, of course, "What Questions?": finding answerable research 

questions whose answers would shed light on the hypotheses presented above. As we have seen, 

work by Jo Boaler, Claude Steele, and many others strongly suggests that the congruence or lack 
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thereof between a student's identity (particularly but not only their mathematical identity) and the 

classroom environment (including pedagogical style and teacher expectations, but also physical 

space and dominant identities in the student body) is a powerful predictor of a student's long-

term persistence and interest in mathematics. Accepting that student identity is a valid analytic 

tool, the theory developed immediately suggests observable phenomena: if a dominant way-of 

thinking stereotype of the "math person" exists in society (alongside the established racial and 

gender stereotypes), we would expect the average school situation to reflect this stereotype in 

some way - implying that students not identifying with this stereotype will feel some 

disconnection from the material. Ifway-of-thinking factors are not components of the "math 

person" stereotype does not exist, students may still feel disaffection due to the known 

stereotyped facets of identity, but not due to their "way of thinking" in mathematics. 

With this understanding of identity and mathematics in hand, my research questions 

become: 

l.a. Do teachers and students evaluate the likely areas of interest and of success of their/of 
fellow students differently, based on student characteristics signaling different forms 
of mathematical identity? 

l. b. Do students experience mathematics and mathematics education differently if they 
have different mathematical identities? 

l.c Can we find evidence of some sort of "external-internal" split affecting students 
experiences in mathematics? 

2. In both cases, do we see connections between a teacher's evaluation or a student's 
mathematics experiencelidentity, and other identities (particularly race, class, and 
gender) held by the teacher/student? 

With answers to these questions in hand, we will be able to know with some confidence a) 

whether or not the stereotype of the math person includes way-of thinking factors, and b) if this 

aspect of the stereotype is meaningful for guiding teacher and student evaluations of other 

students. We can then know if addressing these components of the "math person" stereotype will 

improve equity of both opportunity and outcome in mathematics education. 
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A few significant challenges to the validity of these questions present themselves. The 

first would argue that while the presentation of mathematics in a classroom is a proximate cause 

for student (dis )identification, the ultimate cause is the teacher and their pedagogy. "Open" and 

"closed" mathematics are in fact synonymous with "liberatory" and "oppressive" mathematics; it 

is better pedagogy, and not a better understanding of mathematics, that is needed. There is 

certainly validity to this position - poor pedagogy will lock a student out regardless of the 

teacher's philosophy around mathematics (Hill et aI., 2008; Schoenfeld, 1988). 

However, like everything else, good pedagogy is in part defined relative to the type of 

mathematics that one is trying to teach. It is possible to teach a classroom that emphasizes 

empowering problem-solving and creativity in mathematics, yet still upholds the myth that 

students who are "logical" or who prefer "black-and-white" answers are better suited for 

mathematics. We need look no further than the research on stereotype threat to find confirmation 

for this argument. The point is that how we define "excellence" in teaching depends in part on 

what we understand excellence in a subject to be. Teachers and their knowledge do not operate 

in a vacuum; there are discourses and prevalent societal forces privileging certain sets of 

knowledge and certain interpretations of a subject independently of how effectively that subject is 

being taught. 

A second challenge reignites the constructed-innate question, but from the side of the 

students: maybe the U. S. mythology of mathematics is external to math and should not be used to 

sort students, but what if individuals have innate predispositions even at the level of the 

structuring principles? Maybe some students are more comfortable rejecting contradiction and 

paradox than others, or innately have a preference for logical reasoning over experiential 

reasoning. This second piece comes down to a long-running debate over whether humans 

possess innate identities or faculties that predispose them towards success in certain subjects. I 
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cannot fully engage with this contentious and yet-unresolved question in this paper, but I argue 

that, firstly, even if people do possess innate dispositions towards or against the structuring 

principles, one's educational environment unquestionably plays a massive role in one's 

mathematical ability. Welcoming pedagogy can compensate for "innate" deficits (assuming they 

exist), and bad pedagogy can stymie innate ability. There is a belief and training component to 

performance independent of any innate factor, and educational research has made it clear how 

dangerous it is to assign labels of able or not-able to students (Sadovnik, 2011). Secondly, and in 

a similar vein, an innate disposition (assuming it exists) should never be an argument for or 

against a student's interests and pursuits in the first place. I would argue that no one - no teacher, 

no school, no society - has the right to delimit what a student is capable of Even ifthere are 

innate dispositions at the level of the structuring principles, the larger stereotype based on 

external factors is still destructive and should still be torn down. 

The main takeaway of these two critiques for my research questions is to note that the 

way-of-thinking factors that I hope to explore are those associated with the "exterior" conception 

of mathematics - the dominant mythology of mathematics in our society - and not anything 

inherent to mathematics qua the structuring principles. 

Finding a Methodology 

There are two competing interests in choosing a methodology to answer these questions. 

The first is that the interplay of individual identity with societal mythology, power with 

resistance, and knowledge with reality, that is present in my research questions is complex and 

multifaceted. In addition, my questions explicitly ask how people think and how their thoughts 

influence their action, dynamics that are fuzzy and nonlinear at best. These considerations 
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strongly suggest that qualitative approaches, with the depth of detail and sensitivity to variation 

that they offer, are necessary. 

Furthermore, this research seeks to produce empowering knowledge and hopes to be as 

cognizant as possible ofthe power differentials present in the researcher-subject relationship. 

Strictly quantitative survey- or experiment-type work has an inherently positivist flavor that 

deductively derives theory from assumptions or prior work and then tests those theories against 

data gathered (Luker, 2008). Few if any opportunities are allowed for the voices and experiences 

of the subjects in question to become a part of the theory. The research approaches that do seek 

to center these voices and experiences of the subjects in question - such as Glaser and Strauss' 

"grounded theory," or sociological interpretations of Paulo Freire's "critical pedagogy" - require 

qualitative data analyzed interpretively. 

On the other hand, thus far my questions have indeed been primarily motivated by 

personal experience structured by deduction from prior theory. I have yet to subject my hunch

that the way "math people" think is a meaningful part of the stereotype - to a rigorous test. And 

as discussed in Chapter 2, the literature offers only anecdotal confIrmation. Although there are 

frequent mentions of the difference in perceptions of mathematics and reading/literature, and 

although the phrase "math person" is extremely ubiquitous in both popular and academic 

discourse while "reading person" or "history person" is not, a comprehensive exploration of the 

stereotype has not been conducted. In order to provide a solid foundation for the asking of 

further questions, some generalizability and more-impartial confIrmation is desirable, suggesting 

that a quantitative survey-based approach is best. 

Given this tension, this project employs mixed methods. Vignette-type surveys of 

students at Swarthmore College and teachers in the United States were used to establish the 

existence of a dominant stereotype of "math person" and to determine ifthis stereotype affects 
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teacher and student behavior. The surveys are followed by interviews with volunteers from both 

populations, in order to engage with the deeper questions of where stereotypes of what 

mathematics is, who math peop Ie are, and how math peop Ie think, are encountered and learned, 

and if and how other aspects of an individuals' identity influence the learning of and 

identification with theses stereotypes. 

The Survey 

The survey consisted of four sections: a briefset of introductory questions establishing 

whether the participant was a teacher or student and what subjects they taught/studied, a vignette 

presenting a profile of a hypothetical student followed by questions about the student, a set of 

questions asking about attitudes towards and experience in mathematics, and finally a set of 

questions gathering demographic information (age, gender, sex, sexual orientation, race, SES, 

and political beliefs). The full survey can be found in Appendix 3. 

The vignette and its associated questions were the central analytic tool of the survey. 

Vignette research has several strengths that lend themselves to the questions I sought to answer. 

Firstly and most importantly, through factor analysis vignettes allow for multiple possible 

variables to be examined simultaneously (Auspurg & Jackie, 2012). As noted in the previous 

section, a strong challenge to my hypothesis is that the only way-of thinking factor relevant to 

student success in math is innate ability. An ideal dataset would thus allow for 1) testing of the 

way-of-thinking factors that I posit, 2) controlling for some marker of prior interest, and 3) 

comparison against some control variable known to influence perceptions of mathematical 

ability. 

In a factor analysis, a set of explanatory factors are selected by the researcher as worth 

studying. Each factor is then split into categories based on the nature ofthe factor and degree of 
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resolution desired by the researcher. For example, the factor "SES" could have multiple 

categories (maybe low-, middle-, and upper-class, with finer categories added as desired), while 

"voting in the last election" would be a strictly binary factor of "yes" or "no". Chunks of vignette 

text are then written for each factor and are written such that each category can be varied within 

the chunk. The chunks are constructed so that as much structure and language as possible is 

preserved when the category is varied. 

Finally, the survey is then built so that each participant reads a single vignette formed of 

chunks selected randomly from each factor. By comparing differences in responses to questions 

following the vignette (usually questions specifically about the vignette), researchers can 

determine a) if differences in the factors influence question responses, but furthermore b) which 

factor has the most influence on the answers for each question (Auspurg & Jackie, 2012). This 

second fact is ofparticular importance for my questions (see below). 

In addition to the vignettes' ability to test multiple variables against each other, the 

vignette format also offered an opportunity to ask about potential actions taken, a more robust 

construct than simply asking whether or not beliefs are held (Bryman, 2004). Given that survey 

research primarily relies on "quasi-experimental" structure (where correlations in answers are 

examined to potentially indicate causation), one hope is that the structure of a vignette battery 

will give better insight into causal effects of holding a certain belief about mathematics. 

Assuming valid results, responses to a survey with this structure thus provide a strong answer to 

the first question - of whether the "math person" stereotype includes a stereotype of how "math 

people" think, and whether that stereotype influences teacher and student judgments. 

After answering initial questions, survey-takers were presented with a vignette describing 

a hypothetical student that the survey-taker was mentoring in some way (either as a teacher or a 

fellow student). Respondents were instructed to read the vignette, and then predict the student's 
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interest in, and success in, five academic subjects on a scale of one (Not at all 

interested/successful) to five (Very interested/successful). Three factors were varied in the 

vignette: the student's gender, their interests and habits, and their approach to knowledge. One 

pole of the factor was hypothesized to be a part ofthe "math person" stereotype; the other was 

not. The factors with sample vignette text are included below. 

Factor title Hypothesized Stereotyped pole Hypothesized Non-stereotyped pole 

Gender Male Female 

"Academic" personality "Creative" personality 

Personality 
"[Student] is on the quiz bowl team "[She/he] sings in the school choir 

(Interests and 
and goes to debate club when and performs with the poetry club 

Habits) 
[she/he] has time. [His/her] room is when [she/he] has time. [His/her] 

usually tidy and he has separate room is usually messy and she keeps 
notebooks for each class." all her school notes in one large 

binder." 
"Objective" approach "Subjective" approach 

"[Student] has strong opinions and "[Student] has strong opinions and 
defends them with reasoned defends them with references to 

arguments. [He/she] enjoys finding [her/his] pers onal 
right and wrong answers to questions, expenence. [He/she] enjoys finding 

Approach to 
and [he/she] believes that objectively multiple answers to the same 

correct answers exist in most question, and [she/he] believes that 
Knowledge cases. [She/he] prefers classes where objectively correct answers don't exist 

the teacher spends most of the period in most cases. [He/she] prefers 
lecturing, and in class [she/he] asks classes where the teacher spends most 
challenging questions that build on of the period on independent projects, 
the information being presented." and in class [she/he] asks challenging 

questions that critique the infonnation 
being presented." 

Table 5.1: VIgnette factors selected for analysIs. 

Hard choices had to be made about what factors to include. The ideal vignette would test every 

possible piece ofthe stereotype at a fine resolution, but more complex vignettes require both 

more complex analysis, and a larger survey pool to give valid results. I estimated that I would 
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likely get a survey pool of around 200 responses, sufficient size to test either three binary factors, 

or one binary and one trinary factor. 

Three binary factors were selected, as a) the factors under consideration naturally fell into 

a binary pattern, and b) testing more factors allowed two controls in addition to the variable of 

interest. Gender functioned totally as a control variable. There is overwhelming evidence that 

gender is a highly salient factor for math education trajectories (e.g. Cech, Rubineau, Silbey, & 

Seron, 2011; Quadlin, 2018; yazilitas, Svensson, de Vries, & Saharso, 2013); we thus strongly 

expect to see differences in vignette-associated questions based on gender. If no difference in 

responses are observed based on the gender of the hypothetical student, we will have reason to 

suspect the validity of the responses - reason to suspect that the survey may not be capturing 

authentic reactions to the hypothetical students and that we have fallen prey to the "attitudinal 

fallacy" (Jerolmack & Khan, 2014). 

Interests and personality is intended to examine stereotypes at a slightly broader level, as 

well as partially control for student interest. Here students are presented as enjoying certain 

activities and generally being orderly or messy. This variable will also function as a sort of 

control, as it will cue a student's interests and preferred activities without explicitly mentioning 

interest in mathematics. It allows us to dissociate interests from approach to knowledge. 

The final factor was Approach to Knowledge, the major variable under consideration. 

This is the operationalization of "way of thinking." In this section, different approaches to 

thinking and problem-solving were operationalized in a binary form derived from the mythology 

of mathematics, as well as anecdotes in the literature. Operationalizing this as a binary was 

obviously not optimal given the complexity ofthe entity in question. Readers will also note that 

this factor isn't totally homogeneous: it combines epistemology with pedagogy. It asks both 

about how a student approaches working with knowledge qua knowledge (reason vs. experience, 
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right and wrong answers vs. multiple answers) and how a student prefers interacting with 

knowledge in a classroom setting (teaching style preference, types of questions asked). Elements 

of open/closed pedagogy are combined with elements of mathematical epistemology. This 

increases the chance of activating a stereotype, but lessens the ability of the question to 

differentiate between pedagogy and epistemology. 

Two major issues confronted the building of a valid survey to answer my questions. The 

fIrst was that mathematics is already known to be a heavily stereotyped academic discipline, 

particularly in terms of race and gender but additionally as highly anxiety-inducing practice 

(Alghazo, McIntyre, & Alghazo, 2013; Dweck, 2008; Steele, 2010). A survey seeking to 

examine stereotypes around way-of thinking factors must account for the presence of these strong 

demographic stereotypes. The second issue was once of operationalization: presenting the 

entities that one hopes to examine in such a way that survey respondents understand them in the 

same way as the researcher (Luker, 2008). 

The inclusion of gender as a factor was the primary step taken to account for demographic 

stereotypes. Adding gender protects us from the confounding effects of, for example, 

respondents unconsciously associating the non-stereotyped interests and habits factor (choir and 

poetry) with female students, and the stereotyped interests and habits (quiz bowl and chess) with 

males. Additionally, the name of the student was chosen so as to be as racially neutral as 

possible and to in the top-twenty most common names for current late-high-school students 

(Bertrand & Mullainathan, 2004; U.S. Social Security Administration, 2019). As for 

operationalization, there is no perfect answer; the wording of the factor was chosen a) to signal as 

unambiguously as possible the characteristics I hoped to test, and b) using language that is very 

common in the educational literature and so hopefully not foreign or confusing to the survey

takers. 
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The survey was built using Qualtrics XM and distributed electronically. Answer order 

was randomized when applicable, most importantly in the questions asking for predicted interest 

and success immediately following the vignette. The survey was submitted to two populations: 

students attending Swarthmore College, and teachers in the greater Philadelphia area. The survey 

was distributed to students through departmental and organizational email lists, and posts on 

college Facebook pages. The survey was distributed to teachers through a list of personal emails 

provided by the Education department, and through teacher organizations in Philadelphia who 

agreed to share the survey. Written consent for the use and analysis of the data was collected at 

the beginning of the survey, and the survey would not allow completion unless consent was 

given. The survey was open for roughly two months, opening on 

The Interview 

After taking the survey, respondents were asked if they were willing to participate in an 

interview asking further questions on the topics covered in the survey. Student interview 

participants were selected semi-randomly from willing survey-takers so as to vary class year and 

subjects studied. In order to maximize the relevance ofthe data, teacher interview participants 

were selected semi-randomly from teachers who primarily taught mathematics, varying across 

grades taught. In total five students and three teachers were interviewed. 

Interviews were semi-structured and based on the guides included in Appendix 4. 

Interviews lasted approximately one hour with some variation. Five interviews were conducted 

in person, one via Skype, and two via telephone. Written and verbal consent for the recording of 

the interview, and the use and analysis of the transcripts, were collected at the beginning of each 

interview. 

Data Collection and Analysis 
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The survey and interview described above were built and submitted for IRB approval. 

Upon receiving approval, the survey was distributed to two populations: students of all class 

years at Swarthmore College, and teachers around the United States. To incentivize completion, 

survey-takers were entered into a lottery for two $25 Amazon gift cards. 

Nominally, students were recruited to the survey from the whole campus; a link survey 

with a short descriptive paragraph was posted regularly on several all-campus social media 

groups. However, students were also recruited through mailing lists that various departments and 

programs agreed to send out on my behalf, meaning primarily Mathematics and Sociology; the 

data thus likely holds a skew towards students studying in these areas. 

Teachers were recruited using primarily word-of-mouth methods. Teachers who had 

graduated from Swarthmore College or who had hosted Swarthmore students in their classrooms 

for observations were contacted through Swarthmore's alumni network, asked to take the survey, 

and encouraged to share the survey with their own contacts as well as colleagues at their schools. 

Through the Department of Educational Studies, the survey was also distributed to teacher groups 

and organizations in the Philadelphia area 

The survey opened on December 2nd and closed on February 6th The complete dataset 

was downloaded, anonymized, and cleaned for duplicates and superfluous information. All 

modeling and graphing work was done in R on Swarthmore's secure Rstudio server. Linear 

models were used to explore the effect, if any, of ranked variables on predicted interest and 

success, including and especially the effects of the vignette factors. One-way ANOV A tests with 

Tukey HSD post-hoc analysis were used for non-ordinal variables, primarily student class year, 

student major division, and teacher primary/favorite subject. 

In total eight interviews were conducted, with five students and three teachers interviewed 

overall. Interviews lasted for roughly an hour and were semi-structured, ensuring that major 
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points were covered while allowing for participant ideas and comments to be heard. Recordings 

were taken using a passcode-locked personal phone but were immediately transferred to a 

private, secure cloud folder and deleted from all personal devices. The interviews were 

transcribed by hand and coded using Atlas.ti (trial version). 

Limitations 

Despite my best efforts, there are a number of limitations inherent to my approach. 

Although I can sidestep some ofthe epistemological challenges to both survey and interview 

research by playing the two against each other, I cannot avoid the "attitudinal fallacy" (Jerolmack 

& Khan, 2014). That is, in both the survey and the interviews, I am relying on people to 

accurately report their beliefs and actions, even though it is common for these reports to be wildly 

different from what actually happens in the situation of interest. I cannot refute this critique; I 

can only state that attempting to observe evidence for way-of-thinking components of the math 

person stereotype is a worthwhile area for future research. 

A second limitation is the non-representative nature of my survey sample. Neither group 

in the survey (teachers and students) -let alone the group as a whole - is at all representative of 

the United States population, and likely not representative of any more general population. 

Swarthmore students are possibly representative of the student bodies of Small Liberal Arts 

Colleges, but given the realities of sampling for the survey (i.e., not random), it is unlikely that 

the student pool is even representative of Swarthmore as a whole. As for teachers, while three 

Philadelphia-area organizations agreed to share the survey, at least a significant number of 

responses came from personal emails provided by the Department of Educational Studies and 

one-quarter of respondents were Swarthmore alumni. Given the progressive nature ofthe 

85 



department, it is likely that many of the teachers surveyed have studied educational stereotypes 

and received training on how to resist them; certainly this is true for the Swarthmore alumni. 

We must thus take care in generalizing any survey results. Quantitatively, statistical 

inference in any form is impossible. The non-representativeness ofthe sample prevents us from 

inferring any conclusions about a larger population based on survey results. While statistical 

tests will be conducted, they will be treated qualitatively rather than quantitatively - they will 

provide a measure of support for any observed patterns but will be interpreted only in the context 

of the dataset itself 

Qualitatively, however, there are two reasons to think that results may have real meaning 

despite sampling issues. The first is that the Swarthmore student body has a strong progressive 

educational bias, and as noted the teacher network of the Department of Educational Studies is 

likely to have one as well; these populations are likely more resistant to stereotypes than the 

general U.S. population. If this is the case, we would expect any patterns observed in survey data 

to be stronger, not weaker, in a general population. The second is that teachers as a group have a 

very strong influence on the experiences and perceptions of students (Alghazo et aI., 2013; Hill et 

aI., 2008; Lortie, 2002). While stereotypes at large are absolutely meaningful, we would expect 

stereotypes held by teachers to be relevant regardless of the presence of that stereotype in the 

wider population. Thus, for two reasons we do have some justification to expect that the way-of

thinking aspect of the "math person" stereotype - as encoded by the "Approach to Knowledge" 

factor - is relevant to students' educational experiences. 

A final methodological concern: at best it is doubtful whether or not an equitable 

relationship between researcher and researched can be created, and I am ofthe opinion that it 

cannot (Denzin & Lincoln, 2005; Wolf, 1996). Through my mixed methodology I have done my 

best to include the voices of my participants, but since I cannot graduate without writing this 
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thesis, in the end it is a fact that I am using their data for my own benefit. This research will be 

kept open access and summaries of the findings will be distributed to every participant who 

indicated interest in knowing the final result. Aside from this, I can only hope that there are 

larger benefits of my research for equitable mathematics education. I offer my thanks and 

gratitude to my participants for their contributions, and will do my utmost to make the knowledge 

I produce helpful to them as well as to me. 

87 



Chapter 6 : Results and Interpretation 

I never see the work that has been done; I only see the work that remains to be done. 
--the Buddha 

Due to the heterogenous nature of mixed-methods data, the analysis will proceed 

sequentially. We will begin in this chapter with the raw survey results, describing the respondent 

pool and looking closely at the results ofthe vignette battery. We will then interpret these results 

and put them in conversation with the more complex findings from the interviews. Combining 

the two datasets will allow us to paint a comprehensive picture ofthe "math person" stereotype, 

which we will analyze in the final chapter. 

Note; "stereotype" and "stereotypical" refer to the math person stereotype unless 

otherwise qualified. 

Descriptives 

There were two hundred and twelve responses to the survey. One hundred and thirty 

Swartlunore students and eighty-two teachers responded, and in both groups women responded at 

higher rates than men. A majority of respondents were white. Students were more racially 

diverse than teachers, and the racial distribution of students was generally representative ofthe 

overall student body at Swartlunore College (Swarthmore College, 2018). Respondents had a 

mild diversity of class backgrounds, but the majority were upper-middle or upper class. 

Respondents were not politically diverse. 

English literature, mathematics, and social studies were the most common primary or 

favorite subjects for teachers. Three-fifths of teachers were not alumni ofSwartlunore College. 

Students spanned class years fairly evenly, but majors were unevenly distributed. 
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Table 1: Survey Descriptives 

Gender 

Race 

Political Party 

AgenderlN on-Binary/Other 

Female 

Male 

Asian 

Black or African-American 

Latinx 

M ultirac ial 

Native American 

White 

Other 

Democrat 

Independent 

Libertarian 

Republican 

Other 

Socioeconomic Class 

Poor 

Working Class 
Lower-middle Class 

Upper-middle Class 

Upper Class 

Class Year (students only) 

First-year 

Sophomore 

Junior 

Senior 

Major Division (students only) 

Humanities 

Natural Science 

Social Science 

Other 

89 

Students (n ~ 130) Teachers (n ~ 82) 

0.03 

0.70 

0.27 

0.21 

0.09 

0.13 

0.08 

0.01 

0.46 

0.02 

0.81 

0.08 

0.02 

0.02 

0.08 

0.08 

0.17 

0.22 

0.44 

0.10 

0.22 

0.28 

0.21 

0.29 

0.12 

0.36 

0.42 

0.1 

0.01 

0.79 

0.20 

0.04 

0.05 

0.06 

0.04 

0 

0.81 

0 

0.82 

0.13 

0 

0.01 

0.04 

0.01 

0.05 

0.27 

0.63 

0.04 



Age (teachers only) 

20-29 years old 

30-39 years old 

40-49 years old 

50-59 years old 

60-69 years old 

Primary/Favorite Subject (teachers only) 

Computer Science or Technology 

English Literature 

Mathematics 

Natural Science 

Social Studies 

Visual Arts 

Music or Performing Arts 

Foreign Language 

Other 

Swarthmore Alumni (teachers only) 

Yes 

No 

90 

0.20 

0.31 

0.22 

0.20 

0.07 

0.01 

0.28 

0.21 

0.10 

0.20 

0.02 

o 
o 

0.17 

0.30 

0.70 



Teachers possessed a range of years of experience. 

Distribution of Teacher Experience 
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Figure 1: Distribution of Number of Years Teaching for teachers surveyed. Experience ranges from 0 to 37years teaching and the 
mean is 15.5 years (n = 82). 
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Students were slightly less likely to identify as math people than teachers (Figure 2), and 

slightly less likely to enjoy doing math (Figure 3). 
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Figure 2: Respondent likelihood of 
identifying as a 'math person' 

Student Teacher 

Figure 2: Respondent strength of identification as a "math person N on a Jive-point Likert-type scale. Teachers (n=82) and 
students (n = 130) showed similar distributions, although teachers identified as "math people?> slightly more strongly than 

students overall. 
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Figure 3: Respondent reported enjoyment of doing math on a ten-point scale. Again teachers (n=82) rate themselves slightly 
higher on the scale than students (n=130) do. 

Measuring Interest and Success 

The central analytic tool of this survey was the randomized vignette and its associated 

questions. Recall the three factors ofthe vignette: 

Factor title Hypothesized Stereotyped pole Hypothesized Non-stereotyped pole 
Gender Male Female 

Personality "Academic" personality "Creative" personality 

Approach to "Objective" approach "Subjective" approach 
Knowledge 
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For the rest of the paper, these factors will be referred to as "gender", "personality", and 

"approach to knowledge." 

Teacher and student responses to the vignette battery varied based on the vignette 

presented. In general, the more a hypothetical student possessed a "math person" - stereotyped 

identity, the more that student was perceived likely to be interested in and successful in 

mathematics. Teachers and students showed somewhat divergent patterns; student responses had 

higher variation and appeared to be more sensitive to the vignettes than teachers' responses. 

M/A/O -

F/A/O -

Q) M/C/O -
""0 
0 
() F/C/O -
Q) --Q) M/NS -c 
.2' 
> FIAIS -

M/C/S -

F/C/S -

, , 
2.5 3.0 

Mean predicted interest and success in Mathematics, 
separated for Teachers and Students 

Student Teacher 

, , , , , , , , 
3.5 4.0 4.5 5.0 2.5 3.0 3.5 4.0 

Mean Predicted Interest and Success 

Predicted Variable Interest Success 

, 
4.5 

, 
5.0 

Figure 4: Mean predicted Interest and Success for the hypothetical vignette student by vignette factor. Three vignette factors 
each with two possibilities resulted in eight unique vignettes. All three factors caused variation in perceived interest and success," 

student responses (n = 130) showed a stronger pattern than teacher responses (n=82L but both groups strongly associated an 
objective approach to knowledge with interest and success in mathematics. 
Key: M/F = male/female, Ale = academic/creative, 0/5 = objective/subjective. 

Mathematics was not the only subject that showed variation in responses based on 

vignette. Predicted student interest and success in English literature, social studies, and natural 
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science also all varied by the vignette presented to the respondent. Predicted interest and success 

in Foreign Language did not vary widely. 
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2.5 3.0 

Mean predicted interest in four academic subjects, 
separated for Teachers and Students 

Student Teacher 

, . I I I • , . 
3.5 4.0 4.5 5.0 2.5 3.0 3.5 4.0 

Mean Predicted Interest 

Subject Math Natural Science Literature Social studies 

. , 
4.5 5.0 

Figure 5: Mean predicted interest in four academic subjects, split by Teachers (n=82) and students (n=130). Vignette codes are 
ordered on the y-axis from more to less stereotypical. There is a bifurcation between perceived interest in Mathematics and 

Natural Science, and English Literature and Social Studies: as students possess more math-person-stereotypical traits, they are 
perceived as more interested in mathematics and natural science, and less interested in English Literature and Social Studies. 

Key: M/F = male/female, Ale = academic/creative, 0/5 = objective/subjective 

For four subjects (mathematics, natural science, social studies, and English literature), predicted 

interest varied stereotypically with the vignettes - interest in mathematics and natural science 

increased if the hypothetical student was male, orderly, or objective, and interest in social studies 

and English literature increased if the hypothetical student was female, messy, or subjective. 

Given the known prevalence of a gender stereotype in mathematics, mean predicted 

interest was also broken down by respondent gender. 

95 



F/A/O -

M/C/O -

Q) M/A/O 
""0 
o 
() F/C/O 
Q) 

:I:' 
~ M/A/S 
Ol 

:> F/A/S -

M/C/S -

F/C/S -

, 
2.5 

Mean Predicted Interest in Mathematics, 
split by Respondent Gender 
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Figure 6: Mean predicted interest split by respondent gender (n=212). Predicted interest does not every widely by respondent 
gender except in the case of subjective males (both academic and creativeL and objective academic males. Male survey-takers 

judge creative males to be more interested in math than female survey-takers do, but judge academic males to be less interested 
in math than females do. 

Key: M/F = male/female, Ale = academic/creative, 0/5 = objective/subjective 

Linear models were constructed to examine more rigorously the observed differences in 

predicted interest and success, as well as to determine which of the surveyed factors had the 

greatest effect independently of the other two. 
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Figure 7: Linear Model Slope estimates for the effects of each afthe tested vignette factors (gender, personality, and approach to 
knowledge), independently afthe other two. Approach to Knowledge shows the largest independent effect having significant 
effects for both teachers and students and in both interest and success. Personality has a significant effect for students but not 

teachers, and gender only influences student interest predictions. Given the nonrandom, nonrepresentative survey sample, 
significant regression coefficients are interpreted as "reality checks?> on the previously observed patterns and not indications of 

true statistical significance. 

Many single vignette factors were indeed predictive of predicted interest and success, for both 

teachers and students. Following the patterns seen in the figures above, all three factors had 

significant effects on student perceptions, while only "approach to knowledge" had a significant 

effect on teacher perceptions. In both cases "approach to knowledge" had the largest independent 

effect, and in both cases more factors tended to be significant for predicted interest rather than 

predicted success. All significant effects were positive, meaning that the more-stereotyped 

hypothetical students were judged more interested and successful in mathematics. 

Secondary models were constructed to control for respondent characteristics. As teachers 

and students were asked somewhat different questions, models were constructed separately for 

these two populations. 
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Figure 8: Linear Model Slope estimates using an ordinary least-squares method for the influence of seven ordinal factors on 
student-predicted hypothetical student interest in mathematics (n=130). The significance afthe three vignette factors was 

maintained, and no other factor had a significant effect. 
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Figure 9 Linear Model Slope estimates using an ordinary least-squares method for the influence of eight ordinal factors on 
teacher-predicted hypothetical student interest in mathematics (n=82). The significance of the approach to knowledge factor 
was maintained, but in contrast to students, respondent gender did have a significant effect - female teachers predicted lower 

student interest in mathematics than male teachers. 
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Few other recorded variables had a visible effect on predicted interest or success for either 

teachers or students; in fact, the only one to have a significant effect was teachers' enjoyment of 

doing math, and teacher respondent gender. Enjoyment of doing math had a very small positive 

effect, and female teachers predicted that students were less interested in mathematics than male 

teachers independent of other factors. 

The data was not robust enough to support meaningful comparison by political affiliation, 

class, or race. 

Unpacking the Survey 

The data from the survey supports the existence of the "math person" stereotype, and 

supports that it contains a way of thinking component. Figures 4 and 5 show a clear pattern: the 

more stereotypical traits the hypothetical student has (being male, being academic, or having an 

objective approach to knowledge), the more they are judged to be interested in and to be 

successful in mathematics. This effect does not, however, appear to be confined to mathematics. 

Overall, there appears to be rough "ranking" of school subjects by the degree to which 

stereotypical "math people" are interested and successful in those subjects. Mathematics is, 

naturally, the most "math-y" subject, followed by natural science, foreign language, social 

studies, and English literature (Figure 5). 

While non-stereotypical students are judged to be noticeably less interested and successful 

in mathematics, their perception is not "wholly" negative; they are also judged to be noticeably 

more interested in social studies and English literature (Figure 5). In general, not being interested 

in or successful in mathematics does not immediately imply general lack of academic ability; in 

fact, stereotypical math people were judged far less interested and successful in Social studies 

and English literature. The stereotype appears to operate in two directions: students are either 
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interested/successful in one group, or the other. Figure 5 allows one to see the clearly aligned 

trends for math/natural science and literature/social studies. There are two exceptions to this 

parabolic pattern: creative, objective females, who are interested and successful in all subjects; 

and academic, objective males (teachers only), who are indistinguishable in math, social studies, 

and natural science. 

Foreign language shows no noticeab Ie patterns, with every vignette having an average 

interest of around 3.5 (in between "Somewhat interested" and "Interested"). This appears to be a 

"neutral" subject with no stereotyping due to the tested factors either way. 

The apparent effects of the vignettes on respondent answers is corroborated by linear 

models testing the effects of each vignette separately. While the above data supports the 

existence of some kind of stereotype overall, these models allow leveraging the factor structure of 

the vignettes to pick up on specific elements of the stereotype. Based on the models, "Approach 

to Knowledge" is the factor with the greatest effect on perceived interest and success in 

mathematics, significantly influencing both teacher and student responses, followed by 

"Personality" and lastly, "Gender" (Figure 7). "Gender" and "Personality" have much larger 

effects on student responses than teacher responses, but "Approach to Knowledge" has a strong 

effect for both groups. 

As presaged by the vignettes, teachers and students show divergent patterns. For students, 

in the four stereotyped subjects, "Approach to Knowledge" is significantly predictive of interest 

and success (with success usually less affected than interest). "Gender" and "Personality" vary; 

both are also significantly predictive for interest in math, and "Personality" is significantly 

predictive for success in math as well (Figure 7). For teachers, all vignette factors are much less 

predictive of responses. In the case of mathematics, only "Approach to knowledge" remains 

noticeable and significant, while "Gender" and "Personality" are not (Figure 7). This suggests 
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that the teachers in the survey pool are, through personal background or professional training, 

more resistant to stereotypes about students - or that they are simply more careful in choosing 

survey responses. Of course, this pattern does not rule out unconscious stereotyping, and will 

never be possible to fully rule out social desirability bias; direct observation of action would be 

necessary to make this claim in full strength (Jerolmack & Khan, 2014). 

All of observed patterns in response based on vignette factor remain when the models are 

re-run while controlling for every ordinal variable in the dataset. Even when enjoyment of doing 

math, respondent gender, teacher age, teacher experience, and student class year class year are all 

held constant, the vignette factors' effects on students' perceived interest in mathematics stay 

nearly identical (Figure 8; Figure 9). In the case of teachers, two other variables also influence 

predicted interest. Teachers who enjoy doing math rate students as more interested in 

mathematics, and female teachers rate students as less interested in mathematics than male 

teachers (Figure 9). The first finding corroborates prior research showing that students can learn 

anxiety, or lack thereof, around mathematics from their teachers (Alghazo et aI., 2013); the effect 

is, however, very small. 

Figure 6 shows this pattern of divergent respondent-gender responses more clearly. The 

small dataset prevents more rigorous testing, but two factor combinations - subjective males, 

both creative and academic - show noticeable variation by respondent gender. Females predict 

academic, subjective males to be more interested in math than males do, but predict creative, 

subjective males to be less interested in math than males do (Figure 6). We actually see a similar 

pattern for other creative/academic pairs (though much more muted); it may be that males are 

more "forgiving" of creativity in other males than females. 

Overall we conclude that for this survey sample, the vignette factors appear to have robust 

effects on a student's perceived interest and success in mathematics. However, the non-random 
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survey sample coupled with the relative inapplicability of linear models to this data makes 

stronger conclusions impossible. 

Interviews Complicate the Picture 

Unfortunately, interviews cannot solve the sample problem. But they do add a great deal 

of richness to our understanding of the "math person" stereotype, and corroborate the conclusion 

from the survey that "way ofthinking" traits are meaningful parts of the math person stereotype. 

As is commonplace in interview research, the participants' responses to the questions yielded a 

dataset far more rich than my own research questions; I will thus only be describing five major 

themes that support, complicate, or extend the results ofthe survey. These five themes, in order 

of discussion, are: 

1. Students and teachers both mention that "way of thinking" is a part of the "math person" 
stereotype, or that thinking a certain way is related to being a "math person." 

2. Students and teachers also report or allude to a number of additional factors that are 
important for being a "math person," including the ability to calculate quickly, perfect 
performance, and overwhelming interest in mathematics untampered by interest in other 
subjects. 

3. Students and teachers are aware that the way that math is taught contributes to these 
elements of the stereotype, and in most cases don't think that these elements of the 
stereotype arise from the innate character of mathematics. That is, they note 
consequences ofthe "internal/external" split. 

4. Due to combinations of all of these factors, all but one participant did not identify as a 
"math person", even though all of the teachers were teachers of mathematics and two 
students were majoring/minoring in STEM fields. Several participants mentioned that at 
some point, they did identify as a math person, but later experiences led them to drop the 
identification. 

5. Students describe a wide variety of approaches to studying and learning in various 
disciplines, without patterns based on subject studied or math person identification. In 
particular, students present at times directly contradictory interpretations of what 
mathematics is and why they aren't as good at it. 

Beginning with the most straightforward finding, "way of thinking" was referenced 

multiple times as either a relevant factor for a student's experience, or as a part of the societal 
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stereotype of the "math person." Words like "ordered" and "logical" were used to describe this 

way of thinking. 

Yeah cause I would consider, like, math people, I wouldn't say the opposite of me, but 
almost like pretty, pretty different of like, kind of how I think, for the most part. I 
guess like their thought process, and how they go about making decisions, and how 
they go about tackling problems, I think is how I would like, how I would see this 
person as like a math person or not ... I guess it reaffirmed kind of my relationship with 
math, because I think it requires kind of a different kind of thinking that I wasn't 
personally adept to. (Interview 1). 

I, it really just seems like a way ofthinking ... the words that come to mind are logical, 
urn, like an ordered way of thinking, but then again, I also see it as so creative, so ... 
(Interview 4). 

I feel like the question that I was always asked ... were like, 'here's how to find your 
dream career, if you like xyz then you should pursue this career,' and I always 
remember one of the questions being' if you like knowing that there are concrete 
answers to questions, you should go into math or science,' like, which, god, which 
looking back on, god, it's so wrong ... But I do, I remember that for sure, that people 
would always say if you like having a solid endpoint to questions you're asking and 
like knowing there's a method and there is a way to do it, and you're right or you're 
wrong, then you should definitely pursue math and science. (Interview 5). 

These descriptions ofthe structure and consequences of the "way ofthinking" part of the 

stereotype directly corroborate the findings from the survey. 

More interesting, however, is the fact that both students and teachers mentioned a wide 

variety of other factors in their descriptions of "math people," in addition to way of thinking and 

demographic factors. These included an ability to calculate/answer questions quickly, an 

overriding or primary interest in mathematics that was exclusive of other pursuits, and a 

willingness or desire to do math for fun or enrichment. 

I mean, yeah, working within the framework of stereotypical math people, I think it's 
generally people who are, like, numerically inclined, would rather think about things 
in terms of numbers than in terms of words, urn, and people who usually do math 
quickly, urn, and who do it accurately, like, the first time around or, you know, if not 
the first time around then soon afterwards, and who can, who like have a certain level 
of memorization were they can just sort of like produce numbers very quickly, I guess 
also quickly and like from memory. (Interview 2) 
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"I know the things that immediately come to mind are really not true when I think 
about it some more, like I always imagine like a math person like, in quotes to be like 
ifI'm honest visualizing a white guy sitting like at a desk with like, frazzled hair and 
like, has been working on like a single person for like days, urn, like generally 
introverted I would say, urn, and like not a great communicator with other peop Ie 
(laughs)." (Interview 5). 

As seen in the second quote, interviewees were sometimes aware that the factors they were 

describing were connected to stereotypes, and did not necessarily believe that these stereotypes 

were accurate portrayals of mathematics. 

These quotes suggest that the math person stereotype is broader than even demographic 

and way-of-thinking factors combined. They also give us an initial insight into how the 

stereotype comes to be perpetuated in practice: for example, an ability to calculate quickly will 

aid performance on typical school assessment measures, especially timed standardized tests, and 

so reinforce the students' identification as a "math person." In fact, students and teachers both 

were often aware of this chain of events, and explicitly connected factors of the "math person" 

stereotype to the math abilities that are valued and privileged by institutional mathematics 

education. Some students also noted how these dynamics might have influenced their own 

education, and how non-stereotypical traits of their own could have been valued in a different 

mathematics education context. 

"I self-identify as creative, urn, which I think, had I maybe been in a different sort of 
math setting, would have been more valued, urn, but for the majority of math classes I 
took it was really just memorization and problem solving, and never proofs or the 
cooler kind of jumping around stuff, yeah." (Interview 4). 

"I think there's people who have like test anxiety and stuff, so they do bad in math 
classes, urn, and people who can't do math quickly, and so do we consider them to be 
bad at math? I think our school system does ... because exams are timed, urn, you 
don't get all the time in the world so it's sort oflike, deal with it. But if you think 
about high-level mathematics, I mean, you're sitting with a problem for a long time 
and figuring it out doesn't make you any less good. So I don't know .... but I think 
people will never go and become higher mathematicians being told they're whole life 
that they're bad at math because they're slow. Just an example." (Interview 3). 
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A comprehensive picture of the "math person" stereotype begins to emerge: math people are 

orderly, logical people with an objective approach to knowledge. They can calculate quickly, are 

more rational than creative, don't appear to struggle to do math, and are interested in math far 

more than any other subject (i.e., math people do not have multiple academic interests). Using 

the model of mathematics presented on page 67, we can interpret all of the above factors of the 

"math person" stereotype as belonging to the current mythology of mathematics, which is 

external to mathematics itself. Recall that the external mythology is the societal conception of 

who "math people" are that has no causal connection to skills or personalities that are actually 

valuable and effective in mathematics. 

Interviewees provided support for an interpretation ofthe current mythology of 

mathematics as being "external" to mathematics itself One teacher in particular directly 

commented on two different "kinds" of math people, describing precisely a difference between 

"external" and "internal" mythologies: 

I think there's definitely two different kinds of math people. For example, the student 
I told you about that's been taught only algorithms, has not related problem-solving or 
thinking, the cliche "outside of the box," that would never had been associated with 
math with her ... Meanwhile I think of another student, and she's all about finding 
patterns and problem-solving ... (Interview 6). 

This type of split - between technical, algorithmic skill and creative, problem-solving skill-

echoes the differences found by Boaler in her pieces on "open" and "closed" mathematics 

(Boaler, 1998, 2002). Evidence for this split is consistent with the hypothesis that the qualities 

forming the "math person" stereotype are not connected to the positive knowledge we have about 

effective mathematical problem-solving and good mathematics pedagogy. 

Perhaps the most striking finding was that - for a variety of reasons - all but one participant 

(a teacher) did not identify as a math person. This included two other math teachers and two 

students studying STEM fields. However, many students had identified as "math people" in the 

105 



past, before other experiences caused them to change their identification. One student reported 

that they began to identify as a math person in middle school, but when they entered a 

competitive, science-focused high school, comparison with the other students caused them to 

drop the identification. 

Interviewer: Can you tell me the story of your identification as a math person? 
Student: I think in seventh grade when I got to go into higher math, it was fun ... I was 
just like having fun, I would stay after school and do math, I was like 'Yeah, I guess I 
am a math person,' then I got into the science-y high school... I actually do remember 
taking a hit to my confidence when I only got in to the lowest, the second lowest 
[track], I was like 'Oh, I guess I'm not, guess I'm not that good at math ... ' 
Interviewer: Were there any other factors that contributed to that? 
Student: I don't know if this is true, I wonder if it was like, the fact that my classmates 
and I were so different, personality-wise ... (Interview 4). 

Another student told a similar story, where they struggled in a math course due to personal events 

and an unhelpful teacher; this difficult experience caused them to also drop their previous strong 

identification as a "math person." 

When I was in elementary and middle school, I loved math so much, um, it was like 
easily my favorite subject, and I thought I was just going to be the best mathematician 
ever ... [but] my sophomore year specifically I was in an accelerated math track and 
my sophomore year I had a teacher in math who I really didn't click with ... that year I 
had also lost both of my grandparents, so I had missed two weeks of school, yeah and 
that put me behind in the content a lot, I was behind, my ego was hurting, like 'ah I'm 
supposed to be good at math,' and my teacher and I didn't really get along, and so 
honestly I've always thought of that as the moment that math and I had a falling out, 
which was really sad, and so I ended up passing that class but they took me out of the 
accelerated track after that year, and I pretty much just kind of let it go after that, 
which is really, that's sad looking back now. (Interview 5). 

This finding is not surprising, as the negative effects of poor or uncaring teachers on student self-

confidence in math has been well documented (Alghazo et aI., 2013; Hill et aI., 2008). 

Lastly, the participants' math histories suggest that on top of the many factors directly 

comprising the "math person" stereotype, there is also an "infallibility" component; after either a) 

a difficult or failure experience in mathematics, or b) comparison to students more capable 

in/more interested in mathematics than oneself, students drop identification as "math people." 
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One cannot be a math person if one struggles in math. This pattern is borne out even by the one 

participant (a teacher) who did identify as a "math person," who reported that up until eight years 

ago, they would not have identified as a "math person" despite working full-time as a computer 

programmer and engineer. 

Teacher: ... I would consider myself a math person. 
Interviewer: Can you recall when you first began to describe yourself this way? 
Teacher: Yeah, only recently, now that I've been teaching, so in the last few years. Even as a 
computer programmer, mainframe programmer, I wouldn't have necessarily considered 
myself a math person, in my twenties and thirties, I'm now fifty-six, so I would say in the 
past eight years once I developed this growth mindset philosophy, I would call myself a math 
person. 
Interviewer: But before you would not have? 
Teacher: No, I would have said to you, 'Oh yeah, I was really good at math.' 
Interviewer: Why would you not have taken the identity of 'math person?' 
Teacher: Because I still feel the failure of not understanding my linear algebra. I still feel 
that failure from decades ago, I graduated in 1985, that's amazing how that can affect you 
your whole life. (Interview 6) 

That "infallibility" is a salient piece of identifying as a "math person" is further supported by 

Boaler's research, as well as the larger body of educational research on stereotypes, which have 

documented their persistent effects (Boaler & Selling, 20 l7; Steele, 2010). This literature agrees 

with my data that negative exposure to the "math person" stereotype is likely to have long-term 

consequences for students' self-confidence and identification in and with mathematics. One 

student even specifically addressed this fact: 

But there was definitely a lot of that kind of talk, and I think that wasn't unique to my 
school, I know other people who've had sort of similar experiences, urn, I think within 
like, not real math but like, you know, not school math, urn I think it definitely ... is still 
somewhat set up in a way where certain people have an easier time succeeding ... you 
get to college and you've spent the last thirteen years of your life thinking you're 
terrible at math, you're not going to like necessarily think "oh, I should try this new 
math," and even if you do, probably even you're intro classes in college are going be a 
little bit closer to school math than to, fancy math ... (Interview 2) 

With this last piece in place, we begin to be able to tell a story of the broader functioning 

of the "math person" stereotype. The mythology of the "math person," sometimes expressed 
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through practices of mathematics education employed by schools, values certain abilities and 

skills in mathematics and in so doing labels some students as "math people" and some students as 

not. Through timed testing and skill-based pedagogy, students who can calculate quickly and 

who readily accept and follow the rules of both the classroom and the mathematical techniques 

are successful. Their success leads them to be labeled "math people." This is, however, a brittle 

and fickle label, as any failure, struggle, or relative disinterest leads to dis identification. Finally, 

the way-of-thinking component stereotype intersects with racial, gender, and other demographic 

stereotypes to associate privileged physical identities with the stereotyped way-of-thinking 

identities. "Way of thinking" is an important part of the "math person" stereotype, but it is far 

from the only one. 

Confounding Interpretations 

Based on the combined findings of the interviews and the survey, I assert that there is 

meaningful and robust evidence for my argument that a) the stereotype ofthe "math person" 

includes way-of-thinking components, and b) that these components are "external," i.e. do not 

arise from anything essential or inherent about mathematics. But there are a few counter

interpretations that need to be taken into consideration. 

A decidedly not-social-constructivist critic would charge that there is an essential nature 

of mathematics that determines student interest in and commitment to the subject. Even if you 

stripped away all the social structure and stereotyping, some students' interests and personalities 

would feel less at home in mathematics simply by nature of the subject. Thus survey-takers 

associated "objective" thinkers with interest and success in mathematics because objective 

thinking is what you need to do mathematics. 
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Due to the limited scope of my empirical work, this is unfortunately not a charge I can 

fully address. Theoretically, while I do think the structuring principles characterize mathematics, 

I do not think that they delimit who is or who could be successful studying and doing 

mathematics. As I noted in Chapter 5, the structuring principles characterize how mathematical 

knowledge is validated and articulated, but they do not characterize how that knowledge is found, 

used, or interpreted. The history of mathematics is full of examples of new, revolutionary 

mathematics being discovered thanks to questioning or temporarily discarding of one or another 

of the structuring principles (see Appendix 1 for more detail), and professional mathematicians 

widely report the importance of nonlinear, intuitive, creative thinking for mathematical discovery 

(Burton, 1999b; Dummett & Minio, 1977; Kline, 1982; Nagel & Newman, 2001; Schoenfeld, 

1987). Validating and defining mathematics is one thing; doing and using it is another. 

Empirically, I note that across the board, students offered different and sometimes 

contradictory interpretations of what mathematics "is" and what is required for success in the 

field. 

So ... there are rules, but then they can be applied in strange ways, and because it's not 
a thing that we can see in real life, there's this whole level of thinking, of just, maybe 
that's why I'm not good math, cause I want to see like a concrete example of 
something, when I'm looking at it, and I can't abstract stuff. I can't abstract stuff, the 
verb abstract, I can't work with abstract stuff ... I can't work with, yeah, just abstract 
things, Rules are fine, right? I can do rules all the time, but I can't do philosophy, or 
like take examples of like, things that I don't see that I can do, but then, people who 
are good at math are really good at generalizing and thinking about these rules, where 
to me they wouldn't even matter. .. (Interview 4) . 

.. . the fact that you have to, you have to solve things under a set of rules, I think, felt 
limiting to me, because I'm definitely more attracted to abstract ideas, and not 
necessarily like solving things within like a specific rule box, and I felt like, math felt 
like that to me, the higher on I went ... I would say like, for people who do think a lot 
more abstractly, it would be a lot more difficult for them ... (Interview 1). 

Ifthere is an essential character to mathematics that my work has failed to pick up on, it does not 

appear to be a well-known or meaningful factor in students' experiences. 
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Finally, even if we reject all forms of innate predisposition to mathematics, perhaps 

student interest is the primary source of differentiation/sorting into and out of mathematics, and 

students identify with or reject stereotypes based on their prior interest in the field. Interest is 

certainly a relevant factor in identification as a "math person":; several interview participants 

mentioned interest as a relevant factor either for their own identification, or as a part of what 

makes a "math person." I have to cede more ground to this factor than I did to innate ability or 

disposition, as it is true that interest does playa significant role in a student's educational 

trajectory. But interest is hardly a socially autonomous entity; research in educational 

psychology has shown how interest is a very malleable construct, sensitive to social context 

(Renninger & Hidi, 2016). Students do not just "have" interests; they develop them in response 

to external messages, including stereotypes (McGee, 2015; Spencer et aI., 2016). In any case, by 

definition stereotypes affect and influence trajectories regardless of student interest, meaning that 

understanding their effects is not opposed to accepting the role of interest in student outcomes 

(Spencer et aI., 2016). 
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Chapter 7 : Discussion, Implications, and Conclusion 

The Question is not whether our ideas are CRAZY, 
but whether they are crazy ENOUGH 

--Anonymous 

The final step of our analysis is to put the empirical findings in dialogue with the research 

and theory reported in Chapters 2 and 3, and to discuss what actions and interventions are implied 

by the general conclusions. In particular, we will consider the educational implications and ask 

how the stereotype contributes to educational inequity in general. 

Recall the major findings at this point: both survey and interview data show that "way of 

thinking" is a meaningful component of the "math person" stereotype, even when controlling for 

respondent gender and enjoyment of doing math. Students and teachers report that quick 

calculation ability, overwhelming interest in mathematics, and the ability to perfonn without 

apparent struggle or failure are also components ofthe "math person" stereotype. All of these 

components are "external" to mathematics; they do not reflect traits or abilities that are relevant 

for success in mathematics. This supports and extends prior research and theory arguing that the 

"math person" stereotype is reflective only of arbitrary societal nonns and not of anything 

internal to mathematics itself 

Mythologies of Distinction and Legitimization 

The work of Chapter 3 allows us to understand the broader nature of stereotypes like that 

of the "math person." Recall Bourdieu's conclusions on how dominant meaning is reproduced 

within a system of power relations: dominant meaning presents itself as natural, true, and worthy 

of imposition (i.e. legitimate). Dominant meaning also conceals its arbitrary nature and creates 

systems oflegitimization that inherently legitimizes that selfsame knowledge. Furthermore, it 

creates educational systems that are inherently biased towards individuals already holding the 
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dominant meaning (dominant habitus), making the education provided more accessible and 

legitimate to students who already possess that dominant habitus. In short, a dominant system of 

meaning exerts complete control over what meanings are legitimized, what meanings are not, and 

who obtains access to those meanings. In this way it reproduces power structures. 

We can understand stereotypes as being a part of these mythologies of distinction and 

legitimization. Students, based on characteristics that they possess, are labeled as "math people" 

or "not math people", and these labels are understood as natural and inherent to the nature of 

mathematics. As some characteristics are legitimized and some are delegitimized, meaningless 

distinctions between students are imbued with meaning and form the basis for legitimate sorting. 

Students are thus told that their sorting into or out of mathematics is due to their internal 

characteristics instead of arbitrary societal mythologies. Since the stereotyped characteristics are 

understood as arising from the essential nature of mathematics (presented as legitimate and 

"internal"), there are no grounds for questioning or challenging them. Finally, school practices 

come to reflect the stereotype, tying educational success to conformity with the stereotype. 

Thus the first implication of this thesis is that mathematics education, and the training of 

math educators, must be aware of the broad and multifaceted nature of the "math person" 

stereotype. While it is possibly true that the racial, class, and gender components ofthe 

stereotype have the greatest sorting effects in an absolute sense, my results show that the way-of

thinking component also has meaningful effects that need to be remedied. This is in direct 

agreement with prior findings that feelings of belonging in math classrooms a) are important for 

student perseverance in math, and b) are connected to what math people "are like" (Kim et aI., 

2018). 

The way-of-thinking parts of the stereotype are especially pernicious given that there is 

less awareness of their existence and effects, but there is strong evidence that increasing critical 
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awareness can strip the stereotype of its power (Steele, 2010). Teachers' apparent resistance to 

the gender stereotype in the survey gives us hope in this work: despite the prior documentation of 

a strong gender stereotype in mathematics, the teachers surveyed did not show a noticeable 

gender bias in their responses (even though they did show differences based on "approach to 

knowledge"). Assuming that this fact was not entirely due to social desirability bias, either the 

teachers did not possess a gender stereotype, or were able to resist it, or a combination of the two. 

This also shows that the work already done to dismantle the gender stereotype in mathematics 

have had some success, and so we have grounds to believe that similar work around the 

"approach to knowledge" component of the stereotype would have similar results. 

On top of achieving educational equity, ensuring that a diversity of thought is welcomed 

and supported in mathematics is an urgent task A positivist, rational, objective-leaning approach 

to knowledge is wonderful and powerful, but any approach to knowledge is dangerous when it is 

unbalanced and unchecked by others, especially for a discipline as privileged and powerful as 

mathematics. Ifwe want to ensure that mathematics and mathematical thinking are used for 

liberation and not oppression, we must ensure that a diversity of experiences and of 

epistemologies are present in mathematics at all levels. 

We need to mount a defense against the way-of-thinking components of the "math 

person" stereotype just as we continue to fight against the racial and gender components. The 

educational literature provides many examples of how to accomplish this; it is a doable task 

Claude Steele, the founder of stereotype threat research, and others have researched individual 

and social interventions to counteract stereotype threat, and found that comparatively-simple 

interventions to re-write narratives based on stereotypes can have significant effects on both 

increase students' feelings of belonging and improve academic performance (Steele, 2010; 

Treisman, 1992). On the educational side, the "open" classrooms described by Boaler and 
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Greeno (2000) are places where students feel welcome regardless of their way-of-thinking 

preferences, and where they come to identify as math people while still maintaining the non

stereotypical components of their identity. Not only that, but much ofBoaler's work provides 

evidence that these types of classrooms promote more effective learning and empowerment 

through mathematics in addition to being more welcoming; through these classrooms, we can 

both improve the pedagogy of mathematics and make it available to all (Boaler, 2003, 2016; 

Boaler & Selling, 2017). 

Larger school practices and discourses are also going to have to change as well; the 

interviews give us some insight into how. Educators need to think very carefully about what 

approaches to knowledge and problem-solving are valued and devalued in their schools or 

classrooms. The most frequently mentioned example in the interviews was timed testing, and the 

tendency of timed tests to favor students who can calculate quickly over those who can creatively 

problem-solve. Teachers must also constantly counteract the discourse that any failure or 

struggle in mathematics is an immediate sign of mathematical inability, as such a discourse 

clearly and directly privileges students with an earlier interest in mathematics, students with 

home exposure to mathematics, or already-privileged students with higher-quality training in 

school mathematics. 

An Internal-External Split: Stereotypes are Arbitrary 

The breadth ofthe "math person" stereotype shows the all-encompassing nature of 

mythologies of distinction and legitimization. The stereotype deals in physical traits, 

demographic identities, way-of-thinking preferences, and the ability to perform and not fail. It 

sorts students at all of these levels, and a student not meeting even one component of the 

stereotype is enough to cause a student to be labeled "not a math person." From a Bourdieusian 
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standpoint this breadth makes sense. Any legitimizing mythology, seeking to impose meaning, 

will address every possible point of resistance in order to prevent nondominant meanings from 

fighting back. 

While the "math person" stereotype appears to function in agreement with Bourdieu's 

theory, we also have evidence that it is created in a Bourdieusian fasion as well- i.e, that the 

mythology of mathematics is "external", "arbitrary," and not derived from essential 

characteristics of mathematics itself. I argued this point theoretically in Chapter 4, and the 

observations by both teachers and students of the disconnect between elements of the "math 

person" stereotype and qualities that actually influence success in mathematics provides a piece 

of direct evidence for this claim. Much of the mythology of mathematics has nothing to do with 

mathematics itself - it comes from the ways mathematics is discussed in society and taught and 

assessed in schools. It is socially constructed and performs a sorting function based totally on 

social, and not mathematical, factors. 

Given the limitations on my dataset the word "proof' is too strong, but the reported 

internal-external split is a finding that is at least consistent with my theory. If the "external" 

mythology of mathematics and its associated stereotypes were derived totally or even partially 

from the structuring principles - if the way-of-thinking components of the stereotype were indeed 

a result of the innate nature of mathematics - we would not expect teachers and students to 

comment on how the events that sorted them into and out of mathematics seemed disconnected 

from actual mathematical ability or interest. 

This preliminary evidence of an internal-external split thus also supports a Bourdieusian 

interpretation of the mythology of mathematics. But more importantly, the presence of the split 

is a finding that saves mathematics from the potential determinism of the structuring principles. 

As noted in the previous section, a mythology of mathematics that reifies quick calculation and 
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unbroken success is going to stack the deck for students with the most educational resources and 

most prior exposure to mathematics and mathematical thinking. Of course, the more students 

have these things, the more likely they are to already be privileged in some way; their success in 

mathematics then only adds to their privilege, both economic and symbolic. If the current 

mythology of mathematics and its associated stereotype were not external, we would be stuck 

with an inherently exclusionary mathematics that we would have to either throw out or learn to 

live with. Thus, the fact that the most destructive portions of the mythology of mathematics - the 

portions that filter students and that delegitimize other ways of knowing in the world - gives us 

an opening to try to save mathematics from the power relations it is ensnared in. 

This is where Freire's ideas become crucial. Alongside addressing the math person 

stereotype "on the ground," we need to engage with and re-write this larger mythology - and 

Freire gives us ideas for how to do this along with faith that it is possible. The external 

mythology is simply a set of meanings that have been attached to mathematics, and while they 

are very powerful, we, too, have power to create meaning. We must re-write the mythology of 

mathematics and assign it a set of meanings that do not exclude, do not control, do not 

delegitimize other ways of knowing. In this arena in particular, I call the mathematicians and 

math teachers of the world to battle. This is our field, these are the topics and the ideas that we 

love, and we have the power to make mathematics a realm where every student is welcome, 

where every student can be empowered. We do not need to accept - we cannot accept - the 

exclusionary meanings that have become associated with mathematics. It is us who have the 

power to make mathematics the source of empowerment 

We don't need to be afraid of a sociopolitical mathematics; while we may be letting go of 

some of our absolute legitimacy, we will gain a much greater legitimacy in return, the legitimacy 

that stems from acknowledging our weaknesses and accepting the responsibility of pushing for a 
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more equitable, more inclusive mathematics that empowers rather than oppresses. We are better 

than the current mythology, and we must wrest back control of the field that we care about so 

much. And we are not alone in this work; radical thinkers across and beyond academia have 

fought this battle many times before. From Foucault, Freire, and the sociopolitical frame in 

general, to Critical Race Theory and Queer Theory, to Nel Noddings and Caring Theory, 

inspiration is everywhere for what a truly empowering mythology of mathematics could be. 

Next Steps 

As the previous paragraph should make clear, these findings are only the beginning; a 

great deal of work remains to be done. We have found preliminary, tentative answers to my 

research questions, but in many ways these answers are simply the necessary preparation for 

further work. Most concretely, the specific questions of this project need to be re-engaged with 

sounder methodology and a more representative sample pool. Our ability to generalize from 

these results is severely limited by the sampling method and raw sample size. The questions 

would also benefit from a methodology less prone to the "attitudinal fallacy;" classroom 

observations, intensive longitudinal evaluation, or textual analysis of mathematics education 

materials and discourses could all help us to more accurately understand the functioning of the 

"math person" stereotype and the reproduction of the mythology of mathematics in situ. We also 

need to better explore the connection between "open" and "closed" pedagogy and the 

reproduction of the external mythology, in order to build concrete, practical models for what a 

way-of-thinking-inclusive classroom looks like; Jo Boaler's work is a first step but so far the only 

major work in this area. 

More broadly, and as hinted at in the introduction, the general association of mathematics 

with power beyond the "math person" stereotype needs to be better understood. Through what 
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discourses is mathematical ability associated with intelligence in general, and how is that 

association made? Can we measure or trace the history of the increasing general societal 

privileging of STEM knowledge? Is this increasing allegiance connected in some way to the 

structuring principles, or is it as external as the stereotype and better explained by more 

contingent historical factors? Perhaps mathematics is yet another field caught in the crossfire of 

power struggles. But if this association between STEM knowledge and power is more 

contingent, then why was improvement in mathematics education so heavily connected to 

political and economic goals in the 20th century? Most importantly, can we find a way to explore 

directly potential consequences of the structuring principles and test the validity of a structuring-

principles-based model of mathematics? These are all questions that can be approached 

empirically - and so can be answered. 

Above all, the conclusion of this work is we have the power to change the mythology of 

mathematics in the United States - and so we have a responsibility to do so. The mythology of 

mathematics and the "math person" stereotype are not essential, natural entities arising from the 

internal structure of mathematics that we simply have to learn to live with. They are reproduced 

by us and our educational system every day, and so it is up to us to stop this reproduction. We 

can make mathematics a place that is no longer reserved for a few privileged identities, but a 

place where all students take command ofthe power of mathematical thinking and the true 

potential of mathematics can be realized. 

We can do this. 

My optimism would consist rather in saying that so many things can be changed ... You know, to 
say that we are much more recent than we think isn't a way of taking the whole weight of history 
on our shoulders. It's rather to place at the disposal of the work that we can do on ourselves the 

greatest possible share of what is presented to us as inaccessible 
--Michel Foucault, cited in Barker, 1998. 
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Appendix 1: Toward a Social Theory of Mathematics 

Introduction 

This project began with the limit-question Why is learning mathematics important? The 

constraints of a single year of research meant that I could only explore a small subset ofthe 

research questions connected to this limit-question with any care and accuracy. I chose to focus 

on stereotypes in mathematics and explore the way-of-thinking elements of the "math person" 

stereotype for two interconnected reasons. Primarily, this topic was is a highly pertinent one for 

advancing our understanding of inequity in education. Whether or not it is important for 

everyone to learn mathematics, it is wrong for people to be sorted into and out of the discipline 

based on factors that are not related to anything actually necessary for doing mathematics. And if 

it is important for everyone to learn mathematics, then the question of "Can everyone learn 

mathematics" takes on even more weight. More work needs to be done on this question, of 

course, but my results hopefully continue the process of tearing down the "math person" 

stereotype and showing the way-of-thinking components to be arbitrary just like the racial and 

gender components. 

However, there is a secondary side effect of this work, and that is to show that "way of 

thinking" can be a relevant theoretical concept for mathematics. It has allowed us to better 

understand both the composition and functioning of the "math person" stereotype, and extend our 

knowledge of how the stereotype is reproduced in educational contexts. But finding evidence for 

the existence of the way-of-thinking component also suggests that further exploring mathematics 

through an operationalization of mathematics as a way of thinking could shed light on the larger 

interplay between mathematics, societal discourse, and power structures. 
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In this appendix, I will very briefly engage with these questions - with the potential 

connections between mathematics and society beyond the classroom. In particular I will a) 

expand on my initial theory of what mathematics is from Chapter 4, and b) sketch potential 

implications of this expanded theory for our understanding of mathematics' role in society. 

In this work I have to tread very carefully in defining the analytic categories: throughout 

the body of the thesis, I used the phrase "way of thinking" to primarily refer to a component of 

the "math person" stereotype, and I have argued at length that this component is external to 

mathematics - that the stereotyped ways-of-thinking are not connected to success in mathematics. 

I am now going to shift my definition of "way of thinking" to mean "what logical rules and 

standards for verification are implied by the structuring principles of mathematics?" I will not be 

asking what way ofthinking is necessary to do mathematics - I will be asking what ways of 

thinking are associated with, or could be created through, direct but unbalanced application of the 

structuring princip les of mathematics to the real world. 

Let me also note that this work is very speculative. This appendix is intended to spur 

thought in the reader, and suggest future research avenues for both theoreticians and 

experimentalists. It is not intended to be a definitive or complete argument about the role of 

mathematics in society. I have a suspicion that the ideas sketched here are important and worth 

pursuing, but for the time being, it is only a suspicion. 

Why Structuring Principles? 

In Chapter 4, I argued that the concept of "structuring principles" was useful for 

understanding the question "What is Mathematics?" Literature from anthropology, sociology, 

and educational studies, as well as the history of mathematics itself, showed that many aspects of 

what we call "mathematics" are culturally and historically arbitrary. There are "external" to 
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mathematics, in the sense that they do not arise from any essential nature of mathematics (if 

indeed such a nature exists). However, a fully social-constructivist interpretation could not 

account for either the isomorphism of mathematical knowledge (the fact that completely separate 

mathematical traditions can derive exactly equivalent results) or, if we're honest, the impressive 

ability of mathematics to make accurate predictions about both the physical world (and, to a 

lesser extent, the social world). "Structuring principles" are a theoretical move intended to unify 

this polarity by arguing that there is a shared logic underneath all mathematical traditions (which 

causes them to produce isomorphic knowledge), but that this shared logic says nothing about 

how, by whom, and to what objects this logic is applied (which allows for the institution of 

mathematics to take on very different forms). 

The structuring princip les were derived through a combination of mathematical and 

discourse analysis. To derive the list, I read books on the history of mathematics, the philosophy 

of mathematics, and compilations of results and proofs themselves. I searched not for specific 

rules, results, or philosophical ideas, but rules, axioms, or assumptions that a) appeared with 

regularity or in especially important proofs, or b) were so fundamental to the work being done 

that changing them would completely upend mathematics. In both of these criteria, I was able to 

draw on the work of many prominent philosophers of mathematics, who had already engaged in 

similar projects of defining the essential components of mathematical reasoning (although they 

did it with the very different goal of proving the ultimate truth of mathematics). 

Below is the bibliography that I used in this work. 

l. Benacerraf, P., & Putnam, H. (Eds.). (1983). Philosophy of mathematics: Selected 
readings. Cambridge : Cambridge University Press . 

2. Courant, R., Robbins, H., & Stewart, 1. (1996). What is Mathematics?: An elementary 
approach to ideas and methods. Oxford University Press, USA. 

3. Devlin, K. (2000). The Math Gene. New York: Basic Books. 
4. Dummett, M., & Minio, R. (1977). Elements of Intuitionism. Oxford: Clarendon Press. 
5. Ellenberg, J., (20 14). How Not to be Wrong. New York: Penguin Books 
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6. Kline, M. (1980). Mathematics: The loss of certainty. Oxford: Oxford Univers ity Press 
7. Lakatos, 1. (1976). Proofs and Refutations: the Logic of Mathematical Discovery. 

Cambridge: Cambridge University Press. 
8. Nagel, E., & Newman, J. R. (2012). Godel's proof Routledge. 
9. Paulos, J. A., (1988). Innumeracy: Mathematical Illiteracy and its Consequences. 

London: Penguin Books 
10. Penelope, M., (1990). Realism in Mathematics. Oxford: Oxford University Press 
1l. Russell, B. (2009). Introduction to mathematical philosophy. Routledge. 
12. Stillwell, J. (2002). Mathematics and its History. Springer 

Based on this work, and as recounted in Chapter 4, I articulated a list of eight structuring 

principles, which I reproduce here. 

l. The law of the excluded middle 
Meaning: This principle states that a proposition may be true or false, and there is no 
middle ground. The truth can be determined absolutely either way. 
Initial Evidence: the frequent use of "indirect" proof which relies on this law, statements 
by Courant, Hilbert, and Russell that it is necessary (Courant, 1941; Hilbert, 1983; 
Russell, 1919). Its use by Kurt G6del in his paradigm-overturning proofs (Nagel & 
Newman, 2001). 

2. The law of noncontradiction 
Meaning: This principle states that a statement and its contradiction (opposite) cannot 
both be true. 
Initial Evidence: It is a central tenet of logic. All mathematics takes it as a fundamental 
axiom (Benacerraf & Putnam, 1983). 

3. The idea of a set, class, or aggregate 
Meaning: This principle states that collections of objects can be exactly defined such 
that 1) a rule is given for determining whether an object belongs or not 2) the definition 
is precise - an object is either in or out 3) all objects in the set share properties and so any 
one can be switched for any other as a representative of the set. This is the principle of 
essentialization. 
Initial Evidence: A school of mathematical philosophy taking sets as fundamental 
objects, statements by multiple mathematicians and philosophers that it is a fundamental 
concept, the constant use of sets in proof and reasoning (Courant, 1941; Frege, 1983; 
Penelope, 1990). 

4. The idea of 1, also called unity. Perfect discreteness. 
Meaning: This principle is the idea that 1) a discrete individual thing exists, and 2) a set 
of objects (in this case, numbers) can be reduced to a single representative that embodies 
all relevant properties. This is the principle of perfect separation. 
Initial Evidence: Several schools of philosophy (Formalism, Intuitionism) take unity as 
a fundamental human intuition; the concept of "1" forms the basis for defining the 
natural number sequence (1, 2, 3, 4, .... ) and so most of the rest of mathematics. The 
idea of the perfectly discrete is also the basis for defining its opposite, the idea of 
continuity (Dummett, 1983; Frege, 1983; Hilbert, 1983). 

5. Isomorphism: the idea that deeper patterns can be found beneath surface differences 
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Meaning: This is the principle that surface appearance or meaning can hide deeper 
similarities, and that these deeper similarities are what actually define or describe the 
entity in question. This is the principle of abstraction or generalization. 
Initial Evidence: statements by Courant and Kline giving abstraction a central role in 
mathematics. This is the essence of the logicist and formalist thesis that relations 
between symbols determine their truth, not what the symbols actually say (Courant, 
1941; Kline, 1982; Kreisel, 1983; Russell, 1919). 

6. Mathematical Induction 
Meaning: This is the principle that, for some series of objects, if we can prove that a 
property holds for the first object, and that if it holds for a random object it must hold for 
the object after it, then it holds for all objects. This type of reasoning is also prevalent in 
empirical science, where on the basis of some number of observations scientific 
predictions are formulated. This is the principle of static predictability. 
Initial Evidence: fundamental use of induction in all schools as a way to define 
numbers, the use of induction in many proofs (Benacerraf & Putnam, 1983; Courant, 
1941). 

7. Modus ponens, the logical syllogism 
Meaning: This is the rule behind the classic argument form "If all men are mortal, and 
Socrates is a man, then Socrates is mortal." This is the principle of complete causality. 
Initial Evidence: an accepted inviolable logical rule in all mathematics (Russell, 1919). 

8. Infinity, infinite totality 
Meaning: The idea of logical deductions being valid in spite of one's lack of intuitive 
understanding. The ability to define something mathematically that cannot be 
understood intuitively. This is the principle that logic can take precedence over 
expenence. 
Initial Evidence: statements by Hilbert and Courant on the essentiality of infinity, its use 
throughout mathematics (Courant, 1941; Hilbert, 1983). 

I argued that, if anything can be called "essential" or "internal" to mathematics, it is the 

structuring principles and the logical moves that they imply. Changing or rejecting some or all of 

these structuring principles would result in something that looks very different from modern 

Western Academic Mathematics. Again, this is not to say that one must feel an affinity with the 

structuring principles to do mathematics - it is just to say that mathematical knowledge and 

analysis, as we have currently defined it, is defined by these principles. 

Ifwe accept this argument, then we can look at the structuring principles to make guesses 

about what the consequences of applying - or misapplying - mathematical thinking (meaning, 

one last time, thinking defined by the structuring principles and not thinking necessary for doing 

mathematics) to areas other than mathematics might be. By plumbing the deepest meanings of 
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the structuring principles, we can also ask if the knowledge and logics they imply are, in fact, 

useful for everyone to know - or not. 

Connecting Mathematics and Society 

With the structuring principles more firmly in place, I will move into the true 

hypothesizing. In this analysis I will be trying to unravel the interactions between mathematics 

and society, meaning that a theory will need to account for both the effects of society on 

mathematics, and the effects of mathematics on society. For coherency's sake I'm going to 

initially treat these two separately, but it's important to remember that they occur simultaneously. 

We will first trace the sociological activity of math in the math-to-society direction, asking what 

consequences we might expect to result from the application of mathematical thinking outside of 

the realm of numbers. We will then ask the converse question, using the sociopolitical frame to 

ask what math might have been created to do and what interests it might serves in society. Our 

hope is that the two analyses meet along the way and allow us to formulate a unified answer to 

the question of how and why mathematics has become married to power - and if there is anything 

to do about it. 

We first define exactly what it means for mathematics to interact with society. 

Def1nition. An entity is sociologically active if real or perceived characteristics ofthe entity 
affect an individual's actions or experiences in society in any way. 

The sine qua non sociologically active entities of modern sociology are gender, race and class. A 

person's gender, race, and class inevitably and massively affects their actions and interactions, 

how they are perceived by others, what experiences are and are not availab Ie to them, and how 

they interpret those experiences and lacks thereof. These effects go far beyond the 

straightforward and sometimes miniscule individual physical or material differences that form the 

basis for the categories, and in some cases are entirely social and bear no relation to any "innate" 
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difference whatsoever. Thus if math is a sociologically active entity, we would expect the 

structuring principles of mathematics to be able to affect problem-solving and decision making 

outside of purely mathematical questions. 

I argue that mathematics is indeed a sociologically active entity, and that the structuring 

principles guide exactly how it is active. 

Recall the eight structuring principles: 

1. The Law ofthe Excluded Middle 5. Isomorphism 
2. The Law of Noncontradiction 6. Induction 
3. Sets 7. Modus Ponens 
4. Unity (the number I) 8. Infinity 

I have advanced these principles as a tool for defining Western Academic Mathematics. But I 

think that their meaning is actually much deeper. 

First Hypothesis: The structuring principles of mathematics are an application of a way of 
thinking that is actually much deeper than mathematics itself It is thus possible to re-articulate 
the structuring principles in a more general language that allows the principles to guide reasoning 
in any realm - not just mathematics. Mathematics is a crystallization of these general structuring 
principles, and as such it contains precise mathematical projections of the general structuring 
principles. The structuring principles have come to define mathematics but mathematics does not 
define the structuring principles. 

To be clear, in this hypothesis I am not sweeping away the mathematical relevance of the 

structuring principles. I still think that the projections of the structuring principles onto 

mathematics do indeed define Western Academic Mathematics - I am just adding that the 

structuring principles have a deeper significance beyond their articulation within mathematics. 

Based on this hypothesis, it is possible to attempt to articulate a list of the structuring 

principles in a more general form. However, even in this general form, the principles still imply 

logical moves that one can make in processing information about the world. 

1. Polarity: it is possible to divide phenomena into opposites along an axis. 
2. Noncontradiction: we assert that two different statements about the same phenomenon 

cannot both be true. 
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3. Essentialization: it is possible to reduce groups down to finite descriptions that capture the 
most important characteristics of the group. 

4. SeparatenesslDivision: it is possible to analyze an individual, group, or idea as separate 
from the social, cultural and historical context that it is embedded in. 

5. Abstraction: it is possible to build models and theories out of fictional (in the sense of 
invented, not the sense of false ) concepts that accurately describe the world 

6. Predictability: statements that are true now will remain (or likely remain) true into the 
future. 

7. Causality: it is possible to determine with some certainty that one factor directly causes a 
change in another. 

8. Logic over experience: if a reasoned conclusion disagrees with personal experience, the 
reasoned conclusion is the right one. 

Ifwe accept that these more general principles are analogous to the mathematical ones, then it is 

immediately obvious that the general principles behind the mathematics-specific principles can 

frame our approach to, our inquiry into, our interpretation of any entity or question. It is through 

this connection between mathematics and more general logical rules that math becomes 

sociologically active. Since mathematics is a crystallization of these broad principles, when one 

learns mathematics and mathematical reasoning one is unavoidably learning to think using these 

principles - and so one becomes increasingly comfortable in doing so. 

Initial evidence for this assertion would be finding the structuring principles playing a role 

in conflicts and debates far from mathematics. And indeed, with even a cursory overview we see 

that debates about a wide variety of social questions seem to be flavored with tensions between 

one or several structuring principles and their opposites. Either the two sides draw on the 

principles to support the construction of their argument, or the validity of a principle is itself one 

of the pieces under contention. 

l. The concept of "race" argues that humans can be divided into discrete, well-defined, non
overlapping categories called "races" based on biological or geographic similarities; these 
categories to a greater or lesser extent predict an individual's physical characteristics or 
life trajectory. But modern anthropology and critical race theory argue in strong 
opposition that these categories are unfounded at best and created to oppress at worst, and 
in any case that it is impossible to completely capture or define a human being by a 
category as unidimensional as race (Boaz, 2012; Levine, 2017; Tallbear, 2013). 
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2. Most of Western medicine operates under a set of assumptions about the human body that 
lines up incredibly well with the structuring principles, treating human bodies as objects 
and dismissing patient experience as invalid when it conflicts with the doctor's opinion 
(especially when the patient is a woman or a person of color) (Gordon, 1988). 

3. Recent research in microbiology and human physiology has questioned the long-held 
assumption that the human mind is mostly autonomous from the body; not only are our 
moods emotions influenced by our gut microbiome, but that microbiome is constantly 
changing and evolving through exposure to other humans' gut flora (Yong, 2016). 

4. European research on school bullying explicitly documents a paradigm shift in the past 30 
years. The fIrst paradigm for understanding bullying, articulated in the mid-20th century, 
positioned bullies as discrete, maladjusted, likely-irredeemable individuals, placing the 
blame squarely on their sociopathy and recommending rehabilitation and/ or removal as 
the cure. The emerging counter-paradigm instead recognizes every individual as deeply 
embedded in a social context, and validates children's social worlds as every bit as 
complex and difficult to navigate as those of adults. It sees bullying as arising from fear 
of exclusion, not individual sociopathy, and recommends transforming class situations 
that cause this fear rather than punishing individual students (Schott & Dorte, 2015; 
S0ndergaard, 2012). 

5. The Western binary, heteronorrnative conception of gender and sexuality admits two 
discrete, nonoverlapping gender poles (male and female), with nothing in between, and 
assigns precisely-defIned sexualities and behaviors to each gender. One's gender depends 
essentially on one's biology. Much like with race, this stifling conception has been 
dismantled and deconstructed in favor of an alternate system that sees gender and 
sexuality as existing on a spectrum, and as fluid rather than fIxed, rejecting essentialism, 
well-defIned "straight" identities, and gender polarity (Gottlieb, 2002; Ritzer, 2011). 

6. Spurred by waves of immigration the fallout of 9/11, debates about citizenship and 
naturalization in both Europe and the United States have been reignited, challenging the 
established "liberal multicultural" zeitgeist of the 80's and 90's. In both contexts, 
conservative political movements have emerged championing an essentialist, sharply
defIned in-or-out defInition of citizenship that sorts individuals into precise categories of 
belonging. (Abu El-Haj, 2015; Gilroy, 1997; Meer & Modood, 2009; Modood & Ahmad, 
2007). 

7. At a very general level, one could argue that the structuring principles of mathematics also 
underlie a positivist, rationalist approach to social science, and their opposites (specifIcity, 
non-generalizability, context-embedded rather than autonomous, etc.) are the hallmarks of 
the postmodern/sociopolitical revolution (Gutierrez, 2013; Joas & Knobl, 2004; Martin, 
2010; Munoz, 1993). 

This is but a small sampling of the issues that could be analyzed through the lens of the 

structuring principles of mathematics; it is another project to make an argument about this 

framework's applicability in full strength. For the time being, we will note two things: fIrstly, 

that the structuring principles of mathematics do show up as combatants in a number of 
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extremely serious contemporary debates, and secondly, that the structuring principles seem to 

frequently be supporting the side of oppression or division. 

A System of Control 

With a first guess as to how the structuring principles of Western Academic Mathematics 

can influence thought outside of mathematics proper, and bearing in mind the odd correlation 

between the structuring principles and oppressive positions in contemporary debates, we turn to 

approaching math from the societal direction. 

There is widespread agreement among philosophers and sociologists of math that, 

whatever else math has become, it was initially created to solve problems that people faced 

(Benacerraf & Putnam, 1983; Devlin, 2000; Johnston & Yasukawa, 2010; Restivo, 1992). 

Modern mathematics may be far removed from simple problems of keeping track of possessions 

and measuring the length of a growing season, but mathematical methods are used intensively 

throughout society to solve (or attempt to solve) problems from the everyday to the global. When 

approaching a problem mathematically, one essentializes the problem to find the most relevant or 

important pieces. Those pieces are then abstracted and represented by numbers or other 

mathematical objects. One often makes assumptions about the separateness or noncontradiction 

of some pieces in order to make the problem simpler. Through causality and prediction, 

solutions are proposed. These solutions are then generalized to all problems that share the same 

essential characteristics, even if those solutions are counterintuitive. 

But why was this process, and not some other, chosen to solve problems? I follow an 

argument presented by Jiirgen Haberrnas in Knowledge and Human Interests, and argue that 

mathematical thinking is a process that gives the user control over the situation being analyzed. 

Haberrnas's goal in Knowledge and Human Interests is not to analyze mathematics specifically, 
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but to make larger claims about the genesis and nature of human knowledge-seeking. He divides 

human inquiry into three branches - the "empirical-analytic" sciences, the "historical-

hermeneutic" sciences, and the "critical social" sciences - and argues that each one arises from a 

specific anthropological interest (Habermas, 1971). That is, each branch of inquiry is developed 

by humans in order to achieve certain goals; human knowledge is constituted by human interests 

(Habermas, 1971). 

Mathematics, and the "empirical-analytic" sciences in general (i.e., the natural sciences, 

engineering, medicine, and information technology) were created to serve the technical-way-of 

thinking interest: the interest of "technical control over objectified processes" (Habermas, 1971, 

309). The structure, methodology, and legitimizing ideology ofthe empirical-analytic sciences 

are all constructed with this goal of control in mind, and the know ledge that the sciences produce 

is constructed so as to facilitate this control. Thus the way of thinking associated with the 

empirical-analytic sciences - and of course, with mathematics as their flagship - was created so 

as to be highly effective at giving control. 

Before we continue, we must take a moment to be careful not to "over-theorize." The 

sociopolitical frame, and Foucault especially, cautions is not to tell grandiose stories explaining 

why the world is exactly one way and not another. So I am not claiming that this explanation of 

what mathematical thinking is - a means for gaining control of the world - is definitive, or final, 

or complete. But I do argue think that the conception has explanatory worth. There is at least 

some chance that we as a civilization would not invent and rely on a system of problem-solving 

unless it was effective in some way - unless it gave some control of the world. In any case, it is 

clear that the products of mathematical thinking, from the steam engine to the computer to the 

Green Revolution - have given humanity a tremendous amount of control over the physical 

world. 
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We have so much control over commodity production and delivery that we can deliver 

any item to any place on earth within days, and often within hours. Developed countries have 

controlled so many diseases and other causes of death that we're having to come to grips with 

new causes arising simply from the fact that we live so long. We have even achieved (some) 

control over information itself, and have built the internet to deliver the information of the world 

to any computer user instantaneously. And all of this has been done with the power of 

mathematical thinking. Thus I think it is safe to accept that, at least, a fundamental outcome of 

using the structuring principles of mathematics to solve a problem is control over the situation 

that gave rise to the problem. This is my second hypothesis. 

Second Hypothesis: The structuring principles, and their crystallization in mathematics, were 
created with the goal of achieving control over the world. Their purpose is to allow us to solve 
problems or achieve goals via controlling the situation containing the problem or goal. When we 
apply the structuring principles to a situation, we achieve control over it. 

This hypothesis will allow us to close the loop between mathematics and society that we 

began to explore in the previous section. In order to again broach the question of oppression, we 

formulate a complete definition of what we mean by "control": 

Dermition. Control is an interaction between two entities wherein one entity directs, manipulates, 
limits, or defines some aspect of the other. Control requires an acting subject, either directly, or 
indirectly through an institution or aspect of culture. The mechanism of control is objectification: 
the perception or treatment of an entity as an object not possessing a subjective existence equal to 
that ofthe one controlling, and thus not possessing agency. The objectified entity is reduced to 
that which is visible, communicable, or manipulable. 

Using this definition, the fact that mathematical knowledge serves the interest of control should 

put us instantly on our guard. For while control applied to objects in the world can often be 

beneficial, control applied to other humans is deadly. When one human applies control to other 

humans, they turn their bodies, their actions, their meanings, into objects to be manipulated in 

service of solving a problem. The humanity, the rights, the subjectivity and sovereignty of the 

one-controlled is extinguished. 
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In fact, we may make a fIrst major connection to the theoretical work of Chapter 3 in the 

thesis proper to note that Bourdieu's fundamental defInition of symbolic violence - the 

imposition of meaning - may be understood as one human applying control over the meanings of 

another. When meaning is imposed on the individual, they are by defInition not in control - they 

are being controlled by whatever entity is imposing the meaning. An interpretation of physical 

violence is completely analogous. It should then not be surprising that both the theoretical and 

empirical sociological canon scream with the destructive consequences of control being applied 

to humans. From Foucault to Freire, from stereotype threat to labeling theory, in rationalistic 

social theory and the sociopolitical frame alike, control of humans is recognized for the 

destructive force that it is. 

The potential consequences of this chain of reasoning for mathematics (as the 

crystallization of the structuring principles) are dire, especially once we recall the many examples 

of the structuring principles in action given in the previous section. Indeed, in each of those 

examples, the side taken by the structuring principles - the seemingly oppressive/oversimplifIed 

side - is one of greater control in some form. Thus, at this point we have two initial pieces of 

theoretical evidence suggesting that the structure of mathematics makes it amenable to supporting 

power relations: observed behavior ofthe structuring principles outside of mathematics, and the 

theory that mathematics is designed to produce control over the objects of analysis and so is 

destructive when applied to humans. 

Bourdieu and Pythagoras Walk Into a Bar 

At this point we explored how the structuring principles might structure thought outside 

of mathematics, and have hypothesized that the principles were articulated with the fundamental 

goal of achieving control over situations. The last piece of the puzzle connecting mathematics 
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and society comes from Bourdieu, and it is his theory of the interaction of power and legitimacy 

that we will use to knit the threads together. Recall Bourdieu's conclusions on how dominant 

meaning is reproduced within a system of power relations: dominant meaning presents itself as 

natural, true, and worthy of imposition (i.e. legitimate). Dominant meaning also conceals its 

arbitrary nature and creates systems oflegitimization that inherently legitimize that selfsame 

knowledge. Furthermore, it creates educational systems that are inherently biased towards 

individuals already holding the dominant meaning (dominant habitus) but legitimize this bias as 

well, thereby restricting access to the dominant meaning while further reifying it and ensuring 

that the more dominant habitus an individual possesses, the more legitimate and understandable 

education will be for them and so the more successful they will be within the system. In short, a 

dominant system of meaning exerts complete control over what meanings are legitimated, what 

meanings are not, and who obtains access to those meanings. In this way it reproduces power 

structures. 

What is the dominant mythology of mathematics in U. S. society? Beginning with the 

pure epistemology, mathematics is a system for understanding the world that is objective and 

apolitical. Mathematics is independent of ideology. Mathematics is not socially constructed, not 

messily entangled with power and resistance, it is an independent system for finding eternal 

truths about the world. In short, mathematics is an unquestionably legitimate and unquestionable 

system for finding objective truth about the world. This confluence leads me to my third and 

fourth hypotheses. 

Third Hypothesis: Since the Structuring Principles crystallized in mathematics were designed to 
achieve control of the world, they are a natural tool of oppression, as power is achieved through 
control of both bodies and meaning. Indeed, whenever control is applied to a person rather than 
an object - whether it is applied to bodies or to meanings - it is a violent act. Since any dominant 
system of meaning legitimizes the meanings it imposes in addition to simply imposing them, the 
inevitable use of the structuring principles by power has resulted in the entities associated with 
the principles - reason, logic, rationality - acquiring a mythology consistent with the principles' 
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dominant position. Thus they have become mythologized as universal, timeless, natural, just, and 
unequestionable. This association between the structuring principles and power has also likely 
been a driver ofthe creation of strong stereotypes in mathematics. 

Fourth Hypothesis: The mythology of mathematics has led to a fundamental misrecognition of 
the objectivity and truth of knowledge derived from the structuring principles. Since the 
structuring princip les were created in order to achieve control, they only produce valid 
conclusions when they are applied to entities that can be controlled - and humans are inherently 
not entities that can be controlled. They are not universally applicable. 

Thanks to the sociopolitical frame, we of course already have plenty of reason to suspect 

the innocence of this mythology, but its confluence with Bourdieu's list of the characteristics of a 

dominant system of meaning drives the point home. The mythology of mathematics contains 

ahnost word-for-word the same language that Bourdieu's theory states a dominant system of 

meaning will employ, giving both a second reason to suspect that the way of thinking defined by 

the structuring principles can be a tool of oppression, as well as a mechanism through which this 

oppression is accomplished. The mythology of mathematics adds the symbolic force of objective 

reason to any conclusion derived from mathematical thinking - the ultimate untouchable 

justification. And this is exactly what an arbitrary system of meaning seeking to conceal its 

arbitrariness would do. Furthermore, at this point this is not even a surprising result. If a 

dominant system of meaning maintains its dominance by exerting control over the production and 

reproduction of all other meanings (and by controlling bodies directly when that fails), and if 

mathematics is a way of thinking created and honed specifically to achieve control over entities 

in the world, then mathematics and dominant meaning are natural bedfellows. Through control, 

mathematical thinking gives one power over other people. 

This hypothesis builds on but is distinct from my work in Chapter 4 on the degree to 

which mathematics and mathematical knowledge are socially relative or not. Although 

arguments for the association of power with knowledge are frequently used to question the 

validity of said knowledge, my hypotheses in this hypothesis do not directly engage with the 
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subjectivity, objectivity, or truth of knowledge derived using the structuring principles. Indeed, I 

personally probably believe that mathematical results are "true" by most definitions, because they 

result from a correct application of the structuring principles. Instead, I am arguing that whether 

the conclusions of mathematical analysis (and structuring principles-analysis more generally) are 

"true" or not, they will still reflect the interest of controlling people that is inherent to the 

principles. 

In total, I argue that the structuring principles seen in mathematics were initially 

formulated in response to problems encountered by individuals and societies to serve the interest 

of control. As a crystallization of the general Structuring Principles, mathematics thus is a way of 

analyzing and interpreting the world designed to bring control. However, this puts mathematics 

on a razor's edge, as control applied to people is inherently destructive and is the fundamental act 

through which symbolic and physical violence is perpetrated. This makes mathematics useful to 

the powerful, and just as Bourdieu's theory predicts, a mythology of mathematics has been 

constructed that legitimates the conclusions of mathematical argument and puts its dictates above 

question and resistance. In this way, the way-of-thinking derived from the general structuring 

principles becomes the right hand of power. 

Consequences 

I present this theory as a comprehensive theory of what mathematics is, how it affects the 

world, and how it interacts with power. But I do not present it as a complete or (heaven forbid) 

true one. While I suggest that Habermas' arguments on the constitution of knowledge from 

human interests gives us an explanation for why mathematics readily associates with power, I do 

not argue that mathematics could not have turned out any other way, nor that this is a definite 

description of even Western Academic mathematics. Foucault and Bourdieu both remind us that 
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systems of meaning are far more contingent than we think; I take this warning seriously and 

submit this as merely an interpretation of mathematics, as bound by my own habitus as any other. 

A major consequence of using Bourdieu's theory to tie the pieces together is that we face 

the same dire conclusions about mathematics that Bourdieu posits in general. In a totally 

Bourdieusian interpretation, it won't be possible to rescue mathematics from its association with 

power; any time we seek to understand the world through mathematical thinking 3, we are 

exerting control and so causing harm. We are well and truly trapped. But recall Freire's 

eleventh-hour intervention: meanings are always contested and can always be remade and 

reinterpreted. For mathematics, our point of entry is the distinction between the structuring 

principles and the mythology. While I would posit that the structuring principles are definite to a 

certain extent, no mythology is absolute; any mythology can be challenged. 

Thus I would argue that while applying the structuring principles of mathematics always 

leads to control of something, it is up to the user to decide what is controlled and what the 

consequences are - i.e., what the meaning of that control is. While control of humans is, I think, 

always destructive, control of other parts of the world is not necessarily so. Consider the many 

positive results of modern medicine or information technology. The application and 

implementation of these technologies and know ledges is, of course, frequently oppressive as 

well, but there is plenty of manifested (and a lot of un-manifested) positive potential. 

Furthermore, mathematical thinking does grant power to the user, and power is neutral; it can be 

used for liberation as well as oppression. Where a priori negative outcomes enter in is the 

mythology of mathematics, the legitimating system that claims neutrality and derides other forms 

of knowing. I am following Freire here to state that individuals do possess the ability to push 

31 am going to use the phrase "mathematical thinking" as shorthand for the way of thinking implied by the 
structuring principles. I do not mean that mathematics is the source of this way of thinking. I apologize for the 
ambiguity. 

135 



back against dominant, oppressive meanings. Just as with the "math person" stereotype, it is very 

much the case that, if the individual is careful and intentional with the meanings that they create, 

the tremendous power of mathematical thinking in general can be harnessed by individuals to 

help them gain control over their own lives and meanings fight back against the imposition of 

dominant meaning. 

What Mathematics Could Be 

Control is the Mathematician's Shadow. It is through control that reason turns to 

violence, and any user of mathematical thinking walks this razor's edge, and must always be on 

guard against the destructive potential of the discipline they are using. Especially in our current 

situation, where mathematics is wrapped in a mythology tailor-made to reproduce power 

relations, we have to constantly counteract the tendency of mathematical thinking to become 

controlling of people. However, I believe that this seemingly-gloomy assessment of 

mathematics' place in the world actually provides a powerful answer to my driving limit-

question: Is it important for everyone to learn mathematics, and if so, why? 

Final Hypothesis: Since mathematics is a precise crystallization of the structuring principles, 
studying mathematics is an efficient and effective way to learn how the structuring principles 
function. And it is extremely important for everyone to learn mathematical thinking (the way of 
thinking encoded by the general structuring principles), for two reasons. Firstly, since 
mathematical thinking allows individuals to gain control over situations, it is a powerful tool that 
individuals can use to structure meanings that they create and push back against meaning 
imposed on them. Secondly, understanding mathematical thinking gives individuals insight into 
how dominant meanings achieve legitimacy. This can allow them to critique and combat those 
meanings, but also recognize when their own thoughts and actions are turning to control and so 
violence. 

The first piece is that mathematical thinking as described by the structuring principles 

gives power to the user. To achieve an equitable world every person must have access to this 

power and be able to use it themselves. There are arenas where individuals need control: we 

need to be able to filter and critically analyze the information deluge of modern media, we need 
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to be able to advocate and argue for our own meanings whether on the personal or political stage, 

and we need tools to fight back when larger power structures seek to impose their own meanings 

on us. It is not mathematics per se that people need to know, the numbers and techniques and 

theorems, but the way of thinking behind it that gives true power. 

But there is a second piece because, for all of its power, we recognize that mathematical 

thinking is not the only system for understanding the world. Since mathematics is a 

crystallization, a condensation of a way ofthinking that can be found in many different areas of 

human endeavor, through studying mathematics we study ourselves. Especially when we're 

trying to understand ourselves, we need a little control. Understanding mathematical thinking is 

a segue to deep understanding of how our brains function, deep self-insight into one way we have 

for approaching the world. And since control through mathematical thinking is a preferred 

weapon of oppression, studying mathematics helps us to understand the logic behind oppressive 

patterns in our own habitus - and so find ways to change them. Primarily for those privileged on 

any axis, understanding mathematical thinking helps us to understand how the ways that we 

think, the habitus that we were given, contributes to suffering in the world. 

At the most general level, I wonder if, given that there is a fundamental connection 

between control and oppression, the moves of mathematical thinking are in fact essential to 

building systems of structural oppression. Is there a shared logic of oppressive systems of 

meaning - from patriarchy, to white supremacy, to the American myth of class meritocracy, to 

heteronormativity, to ethnonationalism - that can be understood as the application of structuring 

principles of mathematics to different sets of identities? In addition to the very tentative evidence 

given in this appendix, I am prompted to ask this question by the demonstrated confluence 

between a Bourdieusian dominant system of meaning and the dominant mythology of 

mathematics: pure, perfect, unquestionable, self-legitimating and inherently de legitimating of 
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anyone who thinks in a different way. Thus my initial instinct is yes, this is the case, but clearly 

much, much more work is needed to explore the veracity of this conjecture. 4 

This is what mathematics and mathematics education could be. Supported by open 

pedagogies and a new mythology that recognizes the sociopolitical nature of all knowledge, 

mathematics is no longer reserved for a few privileged identities, but is a place where all students 

take command of the power of mathematical thinking while understanding their own habitus and 

guarding themselves against destructive uses of control. Mathematics would finally live up to its 

potential as a discipline of empowerment, and become a steadfast ally in the fight against 

violence instead ofthe struggle for control. 

41 am aware that this thesis about a unifying logic behind systems of oppression may only be news to white, 

straight, middle-class male persons like me, or that understanding oppression through mathematical thinking is 

only relevant for someone with a similar set of identities. I accept that; we're all bound by our habitus, and if my 

theory takes on life only within that habitus, so be it. I hope that it can still retain an interest and a relevance. 
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Appendix 2: Survey Text 

The electronic form of the survey can be found here: http://bit.ly/2AuWR jS 
IRB Protocol Number: 17-18-051-SC 

QO Thank you for participating in our survey! This survey asks questions about typical academic 
subjects in the U.S. school system, about students studying these subjects, and about your own 
academic background. The purpose ofthis project is to understand teacher and student beliefs 
and attitudes around standard academic subjects. This survey is expected to take no more than 
15 minutes to complete and is completely voluntary. You may exit the survey at any time and 
no information will be recorded. Participants may elect to receive a short summary of the 
research findings after the project is completed in May 2019. Participants should note that data 
from this survey will be used in writing this summary, but absolutely no specific or potentially 
identifying information - including individual survey responses - will be included in the 

summary. 

Risk: There are no anticipated risks associated with completing this survey. 

Compensation: Participants completing the survey will be entered into a drawing for two $25-
dollar gift certificates to Amazon.com. The full survey must be completed for entry into the gift 
card drawing. We will ask for your email address to enter you in the drawing, but it will be 

collected separately from the survey data and will not be associated to your responses in any 
way. 

Confidentiality: Other than your email address and your name on this consent form, no 

identifying information will be collected. Your signature on this form will not be associated with 
your responses in any way. If you agree to be considered for an interview, your email address 
will be associated ONLY with the grade level and sUbject(s) that you teach, or ONLY your class 
year, to help the project select a balanced interview sample. Survey responses will be 
anonymized and stored on Swarthmore College's secure cloud server, as well as being 
encrypted and password-protected. 

Further Questions: If you have questions about the research during or after completing the 
survey, you should contact myself (the Principal Investigator) at gruleyl@swarthmore.edu 
or (828) 582-0265, or my advisor Professor Lisa Smulyan (Ismulyal@swarthmore.edu, (610) 
328-8343). If you are not satisfied with the response of the research team, have more 
questions, or want to talk with someone about your rights as a research participant, you should 
contact the Institutional Review Board at Swarthmore College at 610-957-6150.Again, your 

participation in the survey is completely voluntary. If you begin participation and change your 
mind you may end your participation at any time without penalty, and no data will be recorded 
Your signature below is not any kind of legal release; it simply indicates that you have read and 
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understood this consent form and voluntarily consent to participate. 

Undergraduate Thesis Research Project, Sociology/Anthropology and Educational Studies 

Principal Investigator: Garrett Ruley 
Swarthmore College IRB protocol number: 17-18-0S1-SC 

Q1.1 Are you currently a teacher or a student? 

o Teacher (1) 

o Student (2) 

Display This Question: 

If Are you currently a teacher or a student? = Teacher 

Q1.2 Are you a Swarthmore College alum? 

o Yes (1) 

o No (2) 

Display This Question: 

If Are you currently a teacher or a student? = Student 

Q1.3 Are you currently a Swarthmore student? 

o Yes (1) 

o No (2) 

Display This Question: 

If Are you currently a teacher or a student? = Teacher 

Q1.4 How many years have you been teaching? 
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Display This Question: 

If Are you currently a teacher or a student? = Student 

Q1.S What is your current college year? 

o First-year (1) 

o Sophomore (2) 

o Junior (3) 

o Senior (4) 

Display This Question: 

If Are you currently a teacher or a student? = Student 

Below is a description of a student in eleventh grade. Imagine that you are a mentor for this 
student. Please read the description of the student, then answer the questions that follow 
based on the given information. 

Display This Question: 

If Are you currently a teacher or a student? = Teacher 

Below is a description of a student in eleventh grade. Imagine that you teach this 
student. Please read the description of the student, then answer the questions that follow 
based on the given information. 

Joseph is a generally successful student in his third year of high school. He is on the quiz bowl 
team and goes to debate club when he has time. His room is usually tidy and he has separate 
notebooks for each class. He has strong opinions and defends them with reasoned 
arguments. He enjoys finding right and wrong answers to questions, and he believes that 
objectively correct answers exist in most cases. He prefers classes where the teacher spends 
most of the period lecturing, and in class he asks challenging questions that build on the 
information being presented. 

Kayla is a generally successful student in her third year of high school. She is on the quiz bowl 
team and goes to debate club when she has time. Her room is usually tidy and she has separate 
notebooks for each class. She has strong opinions and defends them with reasoned 
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arguments. She enjoys finding right and wrong answers to questions, and she believes that 

objectively correct answers exist in most cases. She prefers classes where the teacher spends 
most of the period lecturing, and in class she asks challenging questions that build on the 

information being presented. 

Joseph is a generally successful student in his third year of high school. He sings in the school 
choir and performs with the poetry club when he has time. His room is usually messy and he 
keeps all his school notes in one large binder. He has strong opinions and defends them with 
reasoned arguments. He enjoys finding right and wrong answers to questions, and he believes 

that objectively correct answers exist in most cases. He prefers classes where the teacher 
spends most ofthe period lecturing, and in class he asks challenging questions that build on the 

information being presented. 
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Kayla is a ge nerally successful student in her t hird year of hi gh school. She sin g; in t he school 
choir,.,d performs with the poetry club when she has time. Her room is usually messy,.,d she 

keeps all her school notes in one large binder. She has strong opinions and defends them with 
reason ed ,.-gum ents . Sh e enjo ys fi ndi ng ri ght and wron g answers to quest io ns, and sh e 
believes that object ively correct ,.,swers exist in most cases. She prefers classes where the 
teac her spen ds m ost of t he perio d lectu ti ng, and in cl as s she asks challen gi ng quest ion s that 
build on the inform~i o n being presented. 

Joseph is a generall y successful studen t in his third year of hi gh scho ol. He is on the qui, bo wl 
t e,"" ,.,d ~esto deb ~e club when he has time. His ro om is usually tidy and he has separate 
notebooks for each class. He has strong opinions,.,d defends them with references to his 
personal exp eri ence. He enj oy s fin di ng multi pi e ,., swers to t he s,"" e questi on, and he bel i eves 
that objectively correct answers don't exist in most cases. He prefers classes where the teacher 
spends most of the period o n independent proje ct s, ,.,d in class he asks challenging questions 
that critique the inform ati on being presented. 

Kayla is a ge nerally successful student in her t hird ye,.- of hi gfl school. She is on the qui, bo wl 
te ,"" ,.,d ~esto deb~e club when she has time. Her room is usually t idy and she has separ~e 
n oteb oak s for each cI ass. She has st ro ng 0 pi ni ons an d defend s them with referen ces t o her 
personal exp eri ence. She enj oys fi nd in g multi pi e an swers t 0 the sam e qu esti on, and she 
believes that object ively correct ,.,swers don't exist in most cases. She prefers classes where 

the teacher spends most of the period on independent projects, and in class she asks 
challen .,; ng questi ons that criti que th e info rm ati on bei ng presented. 

Joseph is a generall y successful studen t in his third year of hi gh scho ol. He s in g; in the scho ol 
choir,.,d performs with the poetry club when he has tim e. Hisroom is usuall y messy and he 
keeps all his school notes in one I,.- ge binder. He has strong opinions,.,d defends them wit h 
references t o hi s perso nal experien ceo He enjo ys fi ndi ng multi pi e ,., swers to t he sam e 
quest io n, ,., d he bel ie v es that ob jecti vel y correct answers don't exi st in m ost cases. He prefers 
classes where the teacher spends most of t he period on indeper1den t projects, ,.,d in class he 

ask schall engin g qu esti on s that criti qu e t he info rm ati on bei ng present ed. 

Kayla is a generally successful student in her third ye,.- of higfl school. She sin g; in the scho ol 
choir,.,d performs with the poetry club when she has t ime. Her room is usuall y messy,.,d she 
keeps all her school notes in one large binder. She has strong opinions and defends them with 
references to her personal exp eri ence. She enj oys fi ndi ng m u It ip Ie answers t 0 the sam e 
quest io n, ,., d she bel i eves th ~ 0 bj ect iv ely correct an swers don't exist in most cases. She 
prefers classes where the teacher spends most of the period on independent projects, ,.,d in 
cl ass she asks challen .,; ng quest ions th ~ crit iq ue the info rm ati on bei ng present ed . 
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Q2.1 Please rate how much 'I ou believe the student is interested in the following subjects; v., 
Irt erested (2) 

Somewhat A li tt le ~t at all 
interested (1) interested (3) irt erested (4) interested (5) 

Mathematics 

i'l 

Social St L.d ies 

i'l 

English 
Literat Lre (3) 

Fo reign 
Language (4) 1 r 

Natural 
Science (5) ) l 

• 
Q2.2 Please rate how successful 'Iou believe the student is in stud'lingthe followin g subjects. 

Ver'l successfLj 
Successful (2) 

Somewhat A little ~t at all 

i'l successful (3) sLC cessful (4) successful (5) 

Mathematics 

i' l 

Natural 
Science (2) 

Social StL.d ies 
(;) ) r 

English 
LiteratLre (4) 1 r 

Foreign 
Language (5) ) l 

• 
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02.3.1 Suppose this student can take advanced coursework in only ONE subject next year, and 
has expressed interest in Mathematics and English Literature. Which one would you 
recommend? 

o Mathematics (1) 

o English Literature (2) 

II 
02.3.1 Suppose this student can take advanced coursework in only ONE subject next year, and 
has expressed interest in English Literature and Mathematics. Which one would you 
recommend? 

o Mathematics (1) 

o English Literature (2) 

fnd of Block: 'iubject choice 

Background 

Display This Question: 

If Are you currently a teacher or a student? = Teacher 

Q3.1 What grades do you most often teach? 

o Pre-K/Kindergarten (1) 

o 1st - 4th (2) 

o 5th-6th (3) 

o 7th-8th (4) 

o 9th-12th (5) 

o College/Post-secondary (6) 
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Display This Questian: 

If Are you currently a teacher or a student? = Teacher 

Q3.2 Do you primarily teach one subject? 

o Yes (1) 

o No (2) 

Display This Questian: 

If Da yau primarily teach ane subject? = Yes 

Q3.3 What category BEST describes your primary subject? 

o Mathematics (1) 

o Natural Science (2) 

o Social Studies (3) 

o Foreign Language (4) 

o English Literature (5) 

o Music or Performing Arts (6) 

o Visual Arts (7) 

o Computer Science or Technology (8) 

o Other (9) 

Display This Questian: 

If Da yau primarily teach ane subject? = Na 
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Q3.4 What category BEST describes the subject that is your favorite to teach? 

o Mathematics (1) 

o Natural Science (2) 

o Social Studies (3) 

o Foreign Language (4) 

o English Literature (5) 

o Music or Performing Arts (6) 

o Visual Arts (7) 

o Computer Science or Technology (8) 

o Other (9) 

Display This Question: 

If Are you currently a teacher or a student? = Student 

Q3.5 What category BEST describes your major? If you are constructing your own major, please 
pick the category that BEST describes your major. If you are double majoring and one category 
best describes both majors, please pick that category. Otherwise, select "other." 

o Natural Science (1) 

o Social Science (2) 

o Humanities (3) 

o Other (4) 
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Q4.1 Please select the statement you agree with most: 

o A person's intelligence in a subject depends mostly on innate ability (1) 

o A person's intelligence in a subject depends on a combination of innate ability and effort 

(2) 

o A person's intelligence in a subject depends mostly on effort (3) 

.~-------------.--------------------------------------------------------------------------------_. 

Q4.2 How strongly do you agree or disagree with the following statement: "I am a math 
person"? 

o Strongly agree (1) 

o Somewhat agree (2) 

o Neither agree nor disagree (3) 

o Somewhat disagree (4) 

o Strongly disagree (5) 

Display This Question: 

If Are you currently a teacher or a student? = Teacher 

148 



Q4.3 Please rate how much you enjoy teaching mathematics, from 1 (I strongly dislike teaching 
mathematics) to 10 (I strongly like teaching mathematics): 

0 1 (1) 

0 2 (2) 

0 3 (3) 

0 4(4) 

0 5 (5) 

0 6 (6) 

0 7 (7) 

0 8 (8) 

0 9 (9) 

0 10 (10) 

Display This Question: 

If Are you currently a teacher or a student? = Student 
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Q4.4 Please rate how much you enjoy studying mathematics, from 1 (I strongly dislike studying 
mathematics) to 10 (I strongly like studying mathematics): 

0 1 (1) 

0 2 (2) 

0 3 (3) 

0 4(4) 

0 5 (5) 

0 6 (6) 

0 7 (7) 

0 8 (8) 

0 9 (9) 

0 10 (10) 
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Q4.5 Please rate how much you enjoy thinking about or doing mathematics on your own, from 1 

(I do not enjoy doing mathematics on my own at all) to 10 (I enjoy doing mathematics on my 

own very much): 

0 1 (1) 

0 2 (2) 

0 3 (3) 

0 4(4) 

0 5 (5) 

0 6 (6) 

0 7 (7) 

0 8 (8) 

0 9 (9) 

0 10 (10) 

Display This Question: 

If Are you currently a teacher or a student? = Student 
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04.6 How likel y are you t o take a math class during your time at college? 

I'm taking one now/I' ¥e already tak"" one (1) 

Very likely (2) 

Somewhot likely (3) 

Nei t her unlikely nor likel y (4) 

Somewhot unlikel y (5) 

Very unlikely (6) 

I w ill ne¥ertake a math class ot college (7) 

04.7 What is the MOST ADVANCED math class yo u have taken? 

04.8 As best as you remember, what wasthe final ~ade you received in your MOST ADVA.NCED 
m athem ati cs cl ass? 

.. 
05.1 Which c ot e~ ry BEST describes your gender identity? 

Male (1) 

Female (2) 

Agender/Non-Binary/Oher (3) 



.. 
Q5.3 What c,",e~ ry BEST represents your radal identit y? 

Nat;veA.meric,", (1) 

A,;an (2) 

Latin> (3) 

Black or Mrican-American (4) 

White (5) 

Native Hawaii,., or Pacific Islander (6) 

Mult iracial (7) 

et her (8) 

Q5.4 What c"-e~ ry BEST describes the social class of yo ur lOO1il )' grow in g up ? 

Poor (1) 

Workin g dass (2) 

Lower-middle Class (3) 

Upper-middl e Gas5 (4) 

Upp e r das5 (5) 



05.5 What cfi:e~ ry BEST describes your current social class? 

.. 

Poor (1) 

Workin g dass (2) 

Lower-middle dass (3) 

Upper-middle dass (4) 

Upper Class (5) 

05.6 What cfi:e~ ry BEST describes your political party alfiliation? 

Independent (1) 

Republican (2) 

Democrat (3) 

Ubertarian (4) 

ether (5) 

05.7 What cfi:e~ ry BEST describes 'l our poli t ical beliefs? 

Very Conservative (1) 

Somewhfi: Conservative (2) 

Neither Conservati ve nor Uberal (3) 

Somewhfi: Liberal (4) 

Very Liberal (5) 



Display This Question: 

If Are you currently a teacher or a student? = Teacher 

Q5.8 What age group do you currently belong to? 

o 20-29 years old (1) 

o 30-39 years old (2) 

0 40-49 years old (3) 

o 50-59 years old (4) 

o 60-69 years old (5) 

0 70 years old or older (6) 

Display This Question: 

If Are you currently a teacher or a student? = Teacher 

Q5.9 What is the highest level degree that you have completed? 

o Bachelors (1) 

o One-year Masters (2) 

o Two-year Masters (3) 

o Doctorate (Ph.D.) (4) 

o Professional (e.g. M.D.) (5) 

o Other (6) 

End of Block: Demographics 

Start of Block: Interview posslbl ty 
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QC1 Please enter your email address for entry into the gift card drawing (this email will NOT be 

associated with your answers): 

QC2 Would you be willing to (possibly) be interviewed about your experience of learning, 

studying, and/or teaching mathematics? Agreeing does not mean that you will be contacted, 
and does *not* oblige you to agree to an interview. 

o No (1) 

o Maybe, depending on when/if I have time (2) 

o Yes (3) 

QC3 Are you interested in receiving a short summary of the research results once the project is 

completed? 

o Yes (1) 

o No (2) 

End of Block: Interview possibility 
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Appendix 3: Interview Guides and Consent Forms 

Teacher interview guide 

1. Can you tell me some about how and why you became a teacher? 
a. What influenced that choice? 
b. How did you pick your teaching level and primary subject (if you have one)? 

What factors influenced your choice? 
c. What are your preferred teaching strategies? 
d. What habits do you try to teach your students? 

i. Probe both questions for anything subject-specific 

2. Tell me about your feelings around mathematics. 
a. Do you enjoy teaching mathematics? Studying mathematics? Doing 

Mathematics? 
i. Do you ever do mathematics solely for fun or enjoyment? 

ii. Why or why not? 
b. Do you ever use mathematics in your daily life? 

i. If so, how often or how frequently? 
ii. Can you describe such an instance? 

3. Would you describe yourself as a "math person"? 
a. Why, or why not? 

i. Can you recall when you first began to describe or identify yourself in this 
way? 

ii. Can you recall or describe any particular event, interaction, or experience 

that caused you to identify this way? 
iii. PROBE: What aspects of yourself do you consider most important in being 

a "math person" or not being a "math person" 

b. What aspects, traits, or characteristics do you think "math people" in general 
have or do not have? 

i. What has shaped this perception? Have any particular experiences, 
interactions, or events shaped this perception? 

c. If someone asked you "What is mathematics?", how would you respond? 

i. PROBE: What do you think mathematics is? 
ii. Do you think the nature of mathematics makes it easier for some people 

to do math than others? If yes, what is it about math that makes it easier 
for some people than others? Do you think this applies to you? 

iii. Do you think there is something about certain people that makes them 
enjoy or be good at math? What characteristics make it likely that 
someone will enjoy math (or be good at math)? 

iv. Do you think innate ability is important for being a "math person"? 
d. What relations are there between your "math person" identity and the rest of 

your identity? 
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i. Do you feel that any other parts of your identity reinforce or conflict with 
being a math person or not being a math person? 

i. If you feel comfortable answering, have you ever felt noticeably welcome 
or comfortable, or unwelcome or uncomfortable, in a math class or math 
situation due to any aspect of your identity? 

4. 'If they are a mathematics teacher' 
a. What strategies do you use when you teach math? 

i. Are these similar to or different from those you use to teach other 
subjects? 

b. How do you assess students in mathematics? Is this similar to or different from 
how you assess students in other subjects? 

c. Have you ever given a student advice on whether or not they should study 
mathematics? Why or why not? What did you advise and why did you give that 
advice? 

5. 'also ifthey are a math teacher' What characterizes students who do well in math in 
your classroom? What do they do that helps them do well in math? 

a. What characterizes students who don't do well in your classroom? Why is it that 
they don't do well? 

b. Are there students in your classes who are interested in math but don't do well? 
Why do you think they don't do well? 

c. What strategies do you use to help students who don't usually do well in math be 
more successful? How successful are you in doing this? 

d. What strategies do you use to meet the needs of students who do well in math? 
e. Do students ever change from being good at math to not good? Or from not 

good to good over the course of a year in your class? 
6. Would you describe your mathematics education for me? 

a. Would you describe your mathematics education as mostly high quality, mostly 
low quality, or somewhere in between? 

b. How enjoyable was your math education? 
i. Can you give an example? 

c. How interesting was your math education? 
i. Can you give an example? Do any specific events, interactions, or 

experiences come to mind? 
d. Can you describe a really good math teacher/professor? 
e. Can you describe a really bad math teacher/professor? 

i. What made them good or bad? 
ii. How much did this person influence your decision to continue in 

mathematics? How much did this person influence your identification as 
a "math person" or not? 

f. Did you study mathematics as an undergraduate? Why or why not? 
i. What did you study besides education? 
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Student interview guide 

1. How and why did you pick your major? What factors influenced your choice? 
a. What habits do you think are important for success in your major? 
b. What are your preferred study strategies for learning course material? For tests? 

For papers? 
i. Describe your favorite learning style/situation. What aspects of this 

situation help you learn? What aspects of other situations hinder your 
learning? 

c. Have you taken any mathematics courses at Swarthmore? Why or why not? Do 
you plan to? Why or why not? 

2. Tell me about your feelings around mathematics. 
a. Do you enjoy mathematics? 

i. Do you ever do mathematics solely for fun or enjoyment? 
ii. Why or why not? 

b. Do you ever use mathematics in your daily life or classwork? 
i. If so, how often or how frequently? 

ii. Can you describe such an instance? 
3. Would you describe yourself as a "math person"? 

a. Why, or why not? 

i. Can you recall when you first began to describe or identify yourself in this 
way? 

ii. Can you recall or describe any particular event, interaction, or experience 
that caused you to identify this way? 

iii. PROBE: What aspects of yourself do you consider most important in being 
a "math person" or not being a "math person" 

b. What aspects, traits, or characteristics do you think "math people" in general 

have or do not have? 
i. What has shaped this perception? Have any particular experiences, 

interactions, or events shaped this perception? 
c. If someone asked you "What is an academic discipline, and what makes them 

different from one another?", what would you answer? 
d. What relations are there between your "math person" identity and the rest of 

your identity? 
i. Do you feel that any other parts of your identity reinforce or conflict with 

being a math person or not being a math person? 
ii. If you feel comfortable answering, have you ever felt noticeably welcome 

or comfortable, or unwelcome or uncomfortable, in a math class or math 

situation due to any aspect of your identity? 
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e. If someone asked you "What is mathematics?", how would you respond? 

i. PROBE: What do you think mathematics is? 
ii. Do you think the nature of mathematics makes it easier for some people 

to do math than others? If yes, what is it about math that makes it easier 
for some people than others? Do you think this applies to you? 

iii. Do you think there is something about certain people that makes them 
enjoy or be good at math? What characteristics make it likely that 
someone will enjoy math (or be good at math)? 

iv. Do you think innate ability is important for being a "math person"? 

4. Would you describe your mathematics education for me? 
a. Would you describe your mathematics education as mostly high quality, mostly 

low quality, or somewhere in between? 
b. In general, how enjoyable was your math education? 

i. Can you give an example? 
c. In general, how interesting was your math education? 

i. Can you give an example? Do any specific events, interactions, or 
experiences come to mind? 

d. Can you describe a really good math teacher/professor? 
e. Can you describe a really bad math teacher/professor? 

i. What made them good or bad? 
ii. How much did this person influence your decision to continue in 

mathematics? How much did this person influence your identification as 
a "math person" or not? 
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Teacher recruitment email for interviews 

Dear 
---

Thank you again for taking our survey! I am writing because you indicated in your responses 
that you may be willing to grant an interview about your experiences with mathematics. I am a 
Sociology/Anthropology and Education major at Swarthmore College, and I am writing my 
senior research thesis on teacher and student beliefs and attitudes about mathematics. As a 
mathematics teacher yourself, your voice is essential to understanding mathematics education in 
the United States. 

I would like to conduct an audio-recorded interview with you, either in person or by phone. It 
would likely take about an hour. In any written work based on the interview, I will be using 
pseudonyms and will not include potentially identifying details. 

If you are interested in voluntarily participating, please let me know. I would love to hear about 
your experiences and ideas as a mathematics educator! 

Best, 

Garrett Ruley 
gruleyl@swarthmore.edu 
8285820265 
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Student recruitment email for interviews 
Dear 

---

A few weeks ago, you took a survey asking questions about student beliefs and attitudes around 
academic subjects. I am writing because you indicated in your responses that you may be willing 
to grant an interview about your experiences with mathematics. I am a Sociology/Anthropology 
and Education major at Swarthmore College, and I am writing my senior research thesis on 
teacher and student beliefs and attitudes about mathematics. As a student at Swarthmore college, 
you have significant experience with the school system in the United States and I would like to 
know more about your educational experiences in mathematics. 

I would like to conduct an audio-recorded interview with you, either in person or by phone. It 
would likely take about an hour. In any written work based on the interview, I will be using 
pseudonyms and will not include potentially identifying details. 

If you are interested in voluntarily participating, please let me know. I would love to hear about 
your experiences! 

Best, 

Garrett Ruley 
gruleyl@swarthmore.edu 
8285820265 
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Infonned Consent Fonn: Teachers 
MathematicalMythologies: Understanding teacher and student beliefs and attitudes around 

mathematics. 

Undergraduate Thesis Research Project, Sociology/Anthropology and Educational Studies 
Principal Investigator: Garrett Ruley 
Swartlunore College 
IRB protocol number: 

Description of the Research: 

You are invited to participate in a research study about beliefs, attitudes, and experiences of 
teachers and students around mathematics. You have been asked to participate because you teach 
mathematics as your primary subject and indicated a willingness to be interviewed on our survey. 

This research will involve a voice-recorded interview conducted over the phone or at a place of 
your choosing 

The recording and any transcriptions will be stored on Swartlunore's secure cloud server and will 
be encrypted and password protected. Your name will not be attached to these files. Only I will 
have access to this information, and all records will be destroyed when my paper is finished in 
Aprilof20l9. 

What will my participation involve? 

An audio-recorded interview about your own experiences learning mathematics, the pedagogy 
and teaching style you use in your classroom, and how you advise students on their best course of 
study. 

Are there any risks to me? 

There are few anticipated risks associated with this research, as the topic and interview questions 
are not upsetting or embarrassing. You are free to not answer any or all questions and to stop the 
interview at any time without repercussions. You are also free to completely withdraw your 
consent at any point up to one week after our interview, at which point all records will be 
destroyed. 

Is there any compensation? 

There will be no compensation for this stage of the research. 

How will my confidentiality be protected? 

Written work drawing on this interview will not use any real names or details that could identify 
either the participants involved or any schools, places, people, or other organizations that are 
mentioned. All my notes, recordings, and transcripts will be stored with codes rather than names 
attached, and in my writing I will change names and specific details to make identities unclear. 
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Whom should I contact if I have any questions? 

You may ask any questions about the research at any time. If you have questions about the 
research after you leave today you should contact myself - the Principal Investigator -
(gruleyl@swarthmore.edu , (828) 582-0265), or my adviser Professor Lisa Smulyan 
(Ismulyal@swarthmore.edu, (610) 328-8343). 

If you are not satisfied with the response ofthe research team, have more questions, or want to 
talk with someone about your rights as a research participant, you should contact the Institutional 
Review Board at Swarthmore College at 610-957-6150. 

Again, your participation is completely voluntary. If you begin participation and change your 
mind you may end your participation at any time without penalty, and I will destroy my 
recordings and transcriptions and not report anything that you said. 

Your signature below is not any kind of legal release; it simply indicates that you have read and 
understood this consent form, had an opportunity to ask any questions about your participation in 
this research, and voluntarily consent to participate. I am giving you a copy of this form for your 
records. 

Name of Participant (please print): _____________ _ 

Participant Signature Date 

By signing below, you give consent for this interview to be recorded and for the recordings to be 
used as data in this project. These recordings will be anonymized and protected as described 
above. You have the option of giving consent to participate while not giving consent to be 
recorded. 

Name of Participant (please print): _____________ _ 

Participant Signature Date 

Infonned Consent Fonn: Students 
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MathematicalMythologies: Understanding teacher and student beliefs and attitudes around 
mathematics. 

Undergraduate Thesis Research Project, Sociology/Anthropology and Educational Studies 
Principal Investigator: Garrett Ruley 
Swarthmore College 
IRB protocol number: 

Description of the Research: 

You are invited to participate in a research study about beliefs, attitudes, and experiences of 
teachers and students around mathematics. You have been asked to participate because you 
indicated a willingness to be interviewed on our survey. 

This research will involve a voice-recorded interview conducted over the phone or at a place of 
your choosing 

The recording and any transcriptions will be stored on Swarthmore's secure cloud server and will 
be encrypted and password protected. Your name will not be attached to these files. Only I will 
have access to this information, and all records will be destroyed when my paper is finished in 
Aprilof2019. 

What will my participation involve? 

An audio-recorded interview about your own experiences learning mathematics, whether and 
why you identify as a "math person", and how other facets of your identity have influenced your 
learning of mathematics. 

Are there any risks to me? 

There are few anticipated risks associated with this research, as the topic and interview questions 
are not upsetting or embarrassing. You are free to not answer any or all questions and to stop the 
interview at any time without repercussions. You are also free to completely withdraw your 
consent at any point up to one week after our interview, at which point all records will be 
destroyed. 

Is there any compensation? 

There will be no compensation for this stage of the research. 

How will my confidentiality be protected? 

Written work drawing on this interview will not use any real names or details that could identify 
either the participants involved or any schools, places, people, or other organizations that are 
mentioned. All my notes, recordings, and transcripts will be stored with codes rather than names 
attached, and in my writing I will change names and specific details to make identities unclear. 
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Whom should I contact if I have any questions? 

You may ask any questions about the research at any time. If you have questions about the 
research after you leave today you should contact myself - the Principal Investigator -
(gruleyl@swarthmore.edu , (828) 582-0265), or my adviser Professor Lisa Smulyan 
(Ismulyal@swarthmore.edu, (610) 328-8343). 

If you are not satisfied with the response ofthe research team, have more questions, or want to 
talk with someone about your rights as a research participant, you should contact the Institutional 
Review Board at Swarthmore College at 610-957-6150. 

Again, your participation is completely voluntary. If you begin participation and change your 
mind you may end your participation at any time without penalty, and I will destroy my 
recordings and transcriptions and not report anything that you said. 

Your signature below is not any kind of legal release; it simply indicates that you have read and 
understood this consent form, had an opportunity to ask any questions about your participation in 
this research, and voluntarily consent to participate. I am giving you a copy ofthis form for your 
records. 

Name of Participant (please print): _____________ _ 

Participant Signature Date 

By signing below, you give consent for this interview to be recorded and for the recordings to be 
used as data in this project. These recordings will be anonymized and protected as described 
above. You have the option of giving consent to participate while not giving consent to be 
recorded. 

Name of Participant (please print): _____________ _ 

Participant Signature Date 
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