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A note on how to read this document

In reading this document, it is presumed that the well-documented issues in math education are
understood by the reader. It is also presumed that the reader possesses a basic understanding of
the Greek classical foundations of the academic model and the interdisciplinary structure of the
trivium (grammar, logic and rhetoric) and quadrivium (geometry, music, arithmetic and
astronomy) which make up the seven original liberal arts. It should be understood that this model

is based on the intersection of these disciplines.

It is also presumed that the reader is familiar with the basic arc of history in math and science
and understands the salient points within the chronology of that history. The identity of math as
the practice of measurement and the relationship between math and science are implicit as these
practices are inextricably linked. The reader should also have a basic understanding of language
and the basic functions of language and communication. There should also be at least a cursory
understanding of Aristotelian and Platonic philosophy and definitions which provided the

foundational architecture of modern thought.

Understanding the terms and the value systems at work

The author will make several points that illustrate the implied diametric relationship between
math (numbers and science) and creativity (art and language) with the latter including a focus on

rhetoric, communication, and linguistics as practices within the humanities.

Representative terminology for math and science may include: number, numeracy, measurement,
operation, computation, engineering, metrics, materialism, physical, empirical, scientific method,

quantity, positivist and natural sciences. The central principles associated with these disciplines
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may be expressed as observations of the physical world confined to what can be measured, and
the empirical constraints of the observable world as the boundary for consideration by math and
science. These disciplines are generally concerned with measuring what is observable in the

physical world.

Representative terminology for the rhetoric and the humanities may include: arts,
communication, rhetoric, creativity, literature, aesthetics, quality, language/linguistics and social
sciences. The central principles associated with these disciplines may be expressed as the ability
to use language to inform, educate, discuss and reason in context; building, decontextualizing
and abstracting definitions and meanings to develop creative and innovative lines of thinking
related to the relevance of empirical data within a contextual scheme. The non-exclusive
consideration of all data, including what is or may not be observable, is essential to this process

of understanding. These disciplines are often concerned with contemplating what is possible.

Logic will be discussed as a nodal point between its classical definition within the trivium, and

the modern appropriated definition within mathematics.

The focus of the paper is to define these diametric concepts in order to illustrate the value of the
intersections between them. Of particular interest is the author’s bias toward the arts and the
virtues of the trivium — grammar, logic and rhetoric, and the diagnostic role of rhetoric in the
discovery and development of a new methodology for teaching and learning math. The
secondary effects on the practices and education of science and engineering are discussed here as
a matter by proxy. The author speaks with inexorable candor on her own struggles with

mathematics, and discusses with sobering frankness the findings of her research and related
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premises, and the culture and causalities that appear to be related to the difficulties so many

students encounter in math classrooms.

In the interest of efficiency, where necessary, definitions of terms are included within the text.
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Chapter One

The Student Who Teaches: Experience and Perspectives in Education and Learning

I have been a professional musician for most of my adult life, performing, writing, recording and
managing a music career spanning more than 20 years. | have been playing guitar since the age
of five, and I’ve garnered a good following based on my ability to do so with exceptional

proficiency.

I am, by definition, self-taught, which is to say, outside of seven or eight private lessons scattered
over many years, | received no real formal training or education in music. | learned to read
traditional music notation in the fourth grade playing trumpet for a short time in the school band.
But, being already proficient on another instrument, | found the music reading process clunky
and counter-intuitive for actually making the kind of music I was interested in. | learned much
faster by ear, and under my father’s informal tutelage 1 became immersed in a variety of 20th
century American music and well-versed in the techniques of the instrument and the

philosophies of thoughtful musicianship.
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Figure 1. Georgia Music Hall of Fame feature article and Liz Melendez CD and video releases, a

graphic collage by Liz Melendez.

The result was | became a notable musician, and 1I’m very proud of my accomplishments as a

guitarist, vocalist, songwriter, producer and bandleader. For nearly a decade of my career |
supported myself almost exclusively as a musician. Living modestly, my creativity paid my rent
and then my mortgage during that time. Once the recession made it clear that my years of

supporting myself as an artist were over, | had to entertain other options like teaching music.

The Teaching Path

I found that teaching music came very naturally to me, and in many ways | enjoyed it more than
performing. The opportunity to pass on what was so richly given to me in order to help students
foster their own relationships and experiences with music has led to some of the most rewarding

experiences of my life,


http://www.lizmelendezband.com/LizGMM_Jan_2010sm.pdf
https://itunes.apple.com/us/artist/liz-melendez-band/id167826497
http://www.imdb.com/title/tt1956692/
https://www.youtube.com/user/lizmelendezmusic
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Almost immediately, | found that demystifying the music material and empowering the student
revealed a new artistic path to them. Many people I’ve spoken to on this subject are under the
misapprehension that music requires formal training and is exclusively a product of reading and
reciting music notation. My experience and the experience of countless other professional
musicians I’ve worked with over the past two decades certainly contradicts this myth. Yet, scores
of people are systematically dissuaded from ever learning to play an instrument. They are
frightened away by the cryptic and confusing notation taught by instructors, most of whom were
taught the same way, hammering home the mythos that music is an exclusive experience
reserved for the a select few who read music. As a musician, and as an artist, | have always

found this myth utterly elitist, and | take every opportunity to debunk it.

Resetting Possibilities and Empowering Students

As a music instructor, much of my work often involves eradicating, as much as possible, the past
damage in potential students caused by their previous experiences with instructors. In my studio,
students are relieved to learn, that reading music is absolutely not a requirement, nor is it a
“gate” through which one must pass before being permitted to learn to play an instrument. I use
books for some exercises and | teach students the basics of note reading so they never have to
fear encountering it. | then assure them it is not likely they ever will encounter it, often referring
to traditional music notation as the “algebra of music.” It is merely one written form of music
language. As a written language it is limited, cryptic and unnecessarily confusing. In this way,
music notation can be compared to the confusing math notation found in algebra. Like math
notation, traditional music notation is not written in the language of the people — a mechanism

which seems designed to keep the aspiring beholden to the music papacy for access.
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Like algebra, note reading has its uses. It is necessary in certain settings such as but not

limited to:

e academia - if you’re going to teach music in an institution, you have to know how to
read traditional notation

e playing piano — nearly all piano music is written in traditional notation

e playing in a symphony — classical music is written in and requires reading of traditional
notation

e performing with a jazz group — jazz and jazz standards are nearly always written in
traditional notation

e professional/studio work — if you plan to be a musician-for-hire or hope to work in a
recording studio, the work you will be given will often require you to read traditional

notation

Traditional music notation is almost never encountered in any useable way outside of these
situations. | find that most people who want to learn to play an instrument have much more
informal aspirations. A few have more serious aims, and, in those cases, we set goals appropriate
for that musical path. But most, nearly all, just want to play for their own creativity or
enjoyment, or they want to participate in their community groups, churches or with friends or
family who play together. And they have been given great anxiety about taking up an instrument
by elitist myths and past experiences. | assure these students that in 20 years of performing,
touring and recording, | have achieved master-level proficiency and, although I am musically
literate, | have never found reading traditional music notation necessary. Most of them are so
thrilled to learn this that they approach the instrument with a fresh sense of freedom, confidence

and optimism. Obviously, most will not become the next Jimi Hendrix or Eric Clapton. Not all



MATH AS TEXT, RHETORIC AS REASON 10

will be willing to invest the necessary time to learn and grow. But whatever course a student
chooses, they are free learn without some oppressive or spirit-crushing mythology unnecessarily
placed on them. If they do not become the next Hendrix or Clapton, it should be on their terms,
based on how much they commit to practicing and learning. A student should never be blocked

by the myth that reading music notation is the only pathway to the music experience.

When debating this issue | often ask people who they feel was the most influential music outfit
of the 20th century. Nearly all of them give the same answer: The Beatles. And | agree. A more
influential contemporary music group one cannot find. The most iconic, prolific and inventive
musical geniuses of the last century, who shaped our culture in ways that transcend music and

art, universally recognized as musicians and artists of the highest order — did not read music.

» ('Y 49-1 046 /1211

Figure 2. Paul McCartney interview, Source: https://youtu.be/ca_GCvApODg



https://youtu.be/ca_GCvApODg
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Universality in Holistic Teaching Philosophies

Someone recently mentioned the Suzuki Method of music instruction to me so | looked it up.

According to the suzukiassociation.com (2016) website:

More than fifty years ago, Japanese violinist Shinichi Suzuki realized the implications of
the fact that children the world over learn to speak their native language with ease. He
began to apply the basic principles of language acquisition to the learning of music, and

called his method the mother-tongue approach (About the Suzuki Method, 2016).

Suzuki correlates the linguistic effectiveness of children learning to speak before learning to
read, with building some basic mechanical facility to produce tones (speaking) on the instrument

before learning to read music notation:

Children learn to read after their ability to talk has been well established. In the same
way, children should develop basic technical competence on their instruments before

being taught to read music (About the Suzuki Method, 2016).

The Suzuki Method, sometimes criticized by those who are invested in the rigors of the music
myth, remains a highly regarded and widely instituted method for teaching music and many who
have learned by this method report very positive and effective results (About the Suzuki Method,

2016).

The similarity between the holistic model of my teaching method and a method founded decades
earlier and half a world away points to the universality of this organic taxonomical structure for
teaching language-based concepts. The kinesthetic experience of producing relatable tones and

phrases often inspires and promotes the desire to continue on the instrument. A student discovers
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music within the development of the mechanics and the residual experience of producing
relatable tones and phrases, not by mindless direction to read and recite notation. In discussing
the possible correlations between command of spoken language and written language, Harvard
cognitive scientist and linguist Steven Pinker (1997) says in his foreword to Diane McGuiness’s
book Why Our Children Can't Read and What We Can Do About It: A Scientific Revolution in
Reading, “Children are wired for sound, but print is an optional accessory that must be
painstakingly bolted on” (Pinker, as cited in McGuiness, ix). This idea could point to a linguistic,
cognitive and scientific foundation that may be at the heart of these successful approaches to

teaching music.

The Myth of the Performer

Nearly all of my students with previous experience on another instrument, violin for example,
can read music notation but have no idea what any of the notation actually means beyond “this
symbol means | put my finger here.” When | asked one of them if any of the music theory we
talk about in my studio was ever taught to her previously on the first instrument, she looked
puzzled and a little nervous, saying, “Not really.” I have had similar conversations with other
students. They are taught to recite and to memorize movements. They are taught nothing about
how music actually works or the aesthetics behind why we choose the notes and chords we do on
our instrument as a part of a musical language in concert with other instruments. They are taught
nothing about the art of music. In my teaching studio | often note the difference between a
phonetic understanding of a language, similar to those found in travel booklets people use to
sound out basic phrases when visiting a foreign country, and true fluency of a language. Travel

books teach the user to sound out sentences without any understanding whatsoever about what
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the sounds represent, the relationship to the written form of the language or how meanings are

attached to the sounds they are making.

Using the phonetic example, it could be asserted that recitation of notes on a page without the
associated linguistic comprehension is not actual music any more than the sounding out of
syllables from a travel book is actual Italian. This would likely be a heretical statement in some
elitist musical circles within which such limited demonstrations have been overly accredited.
But, in reality, recitation of notes on a page is nothing more than a technical demonstration of the
ability to read notes and recite them on an instrument. Performances based on reading notation
are called “recitals.” People who take the traditional path to learning an instrument, are often
only able to play notes if they are written on a page. They are never instilled with the linguistic
features that make music fluency possible. For them, the music lives only in the written form, or
in the memorization of what is written. One can imagine this is tantamount to not being able to
speak unless what you want to say is written on a sheet in front of you. My professional
experience with this as a musician and a band leader has been unfortunate, as the limitations of a
recitation-dependent performer renders them unemployable in any situation where genuine
musical fluency is required. It is my expert opinion that one can only really call himself a
musician if he is able to compose, that is, to construct, deconstruct and reconstruct musical
pieces, ideally in an extemporaneous or improvisational context. Ideally, a musician should be
fluent enough in the language of music to speak, adapt, compose, and transpose, in real-time, the
way one uses words. Anything less is to relegate oneself to the role of rote technician, which is

unfortunately the litmus used by many in the music community.

For many of us with an informal background, music becomes a form of speaking. Playing an

instrument is an expression, using technical ability to communicate musically with an audience
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and with your peers presenting the music with you. We learn about keys and chords and scales
and harmony and melody and tempo from the examples of these concepts in our favorite music.
The immersion of hearing and learning builds a holistic and narrative understanding of musical
structure. The affection for songs and artists we love drives a passion to understand the language
they are speaking — the language of music. We recognize that, like speaking, there is a lexicon to
each genre and many genres share forms and phrases on common. These syllogistic connections
facilitate the recursive heuristics of our experience which builds our fluency quickly and
intuitively. Much in the way Suzuki (2016) describes the way humans learn to speak fluently
before learning to read, through immersion and imitation, associating inflections and contexts
with meanings, we develop the musical equivalent (About the Suzuki Method, 2016). In that
scheme, traditional notation becomes merely a basic and, many times, limited documentation of

a piece of music.

This is Not a Pipe

Semanticist Alfred Korzybski (2010) famously states in his seminal work Science and Sanity,
which has mercifully been condensed into the volume Selections from Science and Sanity, “The
map is not the territory,” which quite literally frames the idea that a representation of something
is distinct from that which is being represented (Korzybski, 2010, p.80). For example, in René
Magritte’s painting, “The Treachery of Images,” the words Ceci n’est pas une pipe, “This is not a
pipe,” provoke the consideration of Korzybski’s assertion. This is not a pipe, this is a painting of
a pipe, which is distinct from the actual object and its experiential relevance. More accurately in
this representation, this is an imprint on paper of a digital image, of a painting of a pipe.
Understanding the sophisticated layers of such medial abstractions gives intellectual depth and

dimension to information, symbols, meanings and objects.
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Leci nest nas une fufe.

Figure 3. “The Treachery of Images” by René Magritte. Source: Wikipedia

As Alfred Korzybski (2010), and Shinichi Suzuki (2016), could attest, music as it is expressed on
the instrument is as distinct from the representation of music in written notation as the object of
the pipe is from the painting of the pipe or as speaking is from the notation of the written word.
These concepts can and do exist independently, and one should not be mistaken for the other
(Korzybski, 2010, p.80)(About the Suzuki Method, 2016). So the myth of the performer isn’t so
much about how well but what he or she is actually demonstrating. Often a good performance
can include a demonstration of reading and reciting. This may be rewarded in any number of
ways, and it should be. It is difficult and can take years of practice to master. But for the
hierarchies within the music world that set standards and definitions, traditional music notation
and the reading of it have also come to appropriate the identity of the musical art form. They
have made the map the territory, and the reading of the map has supplanted the physical reality
and experience of the territory itself. Consequently, a great deal of myth and confusion has
formed about what music actually is. As an accomplished professional in this field, I define

music as an artistic expression of the tonally spoken language called music, which is distinct


https://en.wikipedia.org/wiki/File:MagrittePipe.jpg
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from and only conditionally associated with the technical ability to read traditional music

notation.

The Argument for Reading and Recitation

“Reading and writing in language is important” is the argument often presented in this debate. It
is only, however, when what will or can be written becomes infused with meaning, allowing the
reader (and writer) to develop a fluent comprehension of the language, that reading becomes
useful and relevant. In this context, the notation of a language makes sense for what it is:
documentation. Conversely, the argument that “a student can get by in life without learning to
read and write, but it limits their possibilities in life” appears to be where the literacy metaphor
and the music metaphor diverge. As a matter of necessity and function for a human being, it is
absolutely essential to the success and survival of the individual to master spoken and written
language. In this regard, music is more like sports. Jordan Ellenberg (2014) makes an
interestingly similar comparison between sports and mathematics in his book How to Never be

Wrong: The Power of Mathematical Thinking:

If you want to play soccer for a living, or even make the varsity team, you’re going to be
spending lots of boring weekends on the practice field. There’s no other way. But here’s
the good news. If the drills are too much for you, you can still play for fun, with friends.
You can enjoy the thrill of making a slick pass between defenders or scoring from a

distance just as much as a pro athlete does (Ellenberg, 2014, p. 5).

Most people who pick up an instrument are not trying to make it to the “varsity team”.
Unfortunately, however, whether it is for self-fulfillment or some higher goal, all students are

beat up with the rigors of an elitist “one true path” mantra that dictates note reading as the skill
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required for entrée into the sacred and mysterious realm of music. Some of them, like myself,
may learn to read traditional notation, but find it highly impractical for applications outside of
specific areas, like academia or symphony orchestra. Even if at some point a student would like
to take their musical pursuit more seriously, one would be hard pressed to find a pedagogical
justification for employing an unnecessarily dispiriting model for teaching music. I believe
everyone who becomes great at something makes their beginning by establishing a relationship
of true affection with the pursuit, and then has that affection nurtured, refined and directed not by
mindless and arbitrary rigor, but by a conscious and discerning cultivation based on bolstering
that individual’s strengths and addressing their weaknesses. Helping people achieve their goals
in @ manner commensurate with the requirements related to those goals serves a better purpose
than beating all students down with the same antiquated and draconian standards that will apply

to almost none of them and does nothing to evolve the art form.

The Math Issue: A Parallel Experience for a New Future

Around the time | began teaching music, I made the decision to go back to school. My past
struggles with math would come back to life and | would eventually register and either fail,
switch instructors or withdraw from college algebra five times. As | will talk about more in a
future chapter, | discovered the cause of my troubles with math and developed my own method

for learning the subject, finally passing it with confidence on my sixth attempt with a B.

In the post mortem, as | am analyzing the process | used to conquer math and researching how
math is taught and the measures educators are taking to improve it, | recognize a very significant
parallel between the musical experience and the math experience. In each | see opposing

perspectives, elitism, and hegemonic wrangling, and | believe that has had everything to do with
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my ability to recognize the problems that arise for so many in the math education experience.

Some key parallel factors | have observed are:

e Overemphasis on notation and rigorous notation-oriented exercises which are not
contextualized in any way

e Dogmatic adherence to the belief that notation is music/math and reciting notation off the
page is the only path to musical/mathematical experience

e The myth of the performer

e My own holistic mastery of the instrument and success with math outside the bounds of

these widely accepted fallacies

The development of my own musical abilities is my first proof that traditional misconceptions of
what a subject is and how it must be taught can be completely false, and that those

misconceptions can lead to unnecessary confusion for a student.

Mathematician Paul Lockhart (2009) addresses similar misconceptions in his well-known book A
Mathematician’s Lament. “Technique in mathematics, as in any art, should be learned in
context” (p. 41). Much the way Suzuki advocates mechanical interaction with the instrument to
build tonal facility before notation is introduced, Lockhart (2009) advocates students’
mathematical forays of invention and creativity prior to engaging in the notation and operational
language (Lockhart, 2009). Throughout Lament Lockhart (2009) emphasizes the unimportance
of memorizing notation and formulas in learning of true mathematics (Lockhart, 2009). His
scathing analysis illuminates what he refers to as the “soul-crushing” effects of overemphasis on
notation and technical performance on the imagination and creativity involved in true

mathematics (Lockhart, 2009, p. 21).
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What | call the myth of the performer in music is represented in A Mathematician’s Lament as
Lockhart (2009) condemns the erroneous intellectual hierarchies created by the myth of the

performer in the math educational system:

Those who have become adept [at math] derive a great deal of self-esteem from their
success. The last thing they want to hear is that math is really about raw creativity and
aesthetic sensitivity. Many a graduate student has come to grief when they discover, after
a decade of being told they were “good at math,” that in fact they have no real
mathematical talent and are just very good at following directions (Lockhart, 2009, p.

31).

Forty years of musical learning and experience in a number of other fields are the wells from
which the fundamental wisdom of my discovery in math education has sprung. The perspective
of one as a syllogistic parallel to the other is actually a concept that, if necessary, could probably
be expressed mathematically in a future thesis. However, the math and math education
communities are not the target audience for the methodology that will result from this work. The
message associated with my project is directed at people, like me, who have suffered
unnecessarily with the subject of mathematics, and, for whom, this message will be validation
for the intelligence and reasoning at the heart of their effectively non-mathematical ways of

knowing and learning.

Going forward, this parallel between music and math education would prove very illuminating,

as math was about to become a very important part of my creative and academic life.
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Chapter Two

Conversion vs. Convergence: Dogmatic Limitations in Math Education

I spent the last 30 years believing | was bad at math. | was good at almost everything else I’ve
ever tried to do, but struggled hopelessly with this subject. If memory serves I failed high school
algebra at least twice, finally passing it in an after-school program. Ultimately, | dumped my
college track and asked my counselor to give me a schedule that would get me through high
school without having to take any more math. I have heard similar stories from people who have

also had negative, life-changing experiences with this subject.

After the recession in 2008 made it much too difficult to remain strictly an artist, | took the
opportunity to finish my education. | reentered school, now decades after my previous math
traumas, but I knew the key master, algebra, would be there waiting for me. I would have to pass
college algebra if | wanted my degree. But before they would even let me near a college algebra
class I had to take two remedial pre-algebra courses. | had my share of trauma with these and
ultimately ended up with a D in college algebra. Twice. | was completely resigned to the fact that
the problem must dwell within me somehow. | could tell the material was not difficult. |
understood very complex mathematical concepts and could discuss them in a variety of contexts,
but I couldn’t perform well in math classes. After countless tutors, videos and visits to the

school’s math lab it seemed that nothing worked.
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Math as Text: Introduction

Il ¢ 13453 E L w2

Figure 4. Math as Text introduction, My Story, a video by Liz Melendez. This is s screenshot for
a modal video piece | produced to introduce the subject of my research.

https://www.youtube.com/watch?v=Ugs9embHXG4

It was particularly disconcerting that | was basically a straight-A student, on the Dean’s List, but
just could not get past the math part of my course requirement. It was as if there were some
invisible veil between me and the material that obscured the information and the disconnected
numbers and symbols, swirling the operations into convoluted spirals of confusion. I’m a smart

person, but for some reason this subject as it was presented just didn’t make sense to me.

A Chance Meeting

In the summer of 2014 | had the good fortune to meet Dr. Dottie Whitlow when she and her
husband Ed appeared in my teaching studio for ukulele lessons. When, during the introductions,
Dr. Whitlow said she was a retired math teacher, my face could not hide my disdain for the

subject. She revealed that nearly everyone one she talks to has the same story | have. Then she


https://www.youtube.com/watch?v=Ugs9embHXG4
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said the five words that would change my life: “It’s not you. It’s them” (personal

communication, August 4, 2014).

It turned out, intentionally or not, the game was rigged. The failure did not reside within the
students, but within a fundamental dysfunction and misunderstanding of how to best teach
mathematics. Dr. Whitlow shared countless stories of her work as a professional educator,
reformist and teacher trainer who had dedicated most of her career to meeting this problem head-
on. She explained that the problem is systemic. It is prolific. And, according to her, efforts to
remediate the problem are met with resistance and outright hostility within the math education

community (personal communication, August 4, 2014).

No wonder this subject seems difficult to so many! So what now, I thought to myself.

I was studying rhetoric at Southern Polytechnic State University at the time. As an English and
Professional Communication major | was able to view the educational process | was
experiencing from a communicative and rhetorical perspective. This illuminated the entire
problem as a rhetorical failure: a fundamental failure in communication and a widespread
misunderstanding of the subject itself which had propagated a breakdown in math education.
Once the problem had been located and identified, I realized | happened to have the unique blend

of life skills and experience to know how to deal with it.

This rhetorical diagnostic experience would eventually become the topic of this honors capstone
thesis. It will be discussed in more detail in future chapters, but rhetoric and the rules and

principles of effective communication played a key role in this process. The focus of this chapter
will be the illuminations and elucidations on the dynamics at work in the area of math education

and the people who struggle with the subject like I did. I want to debunk the myths and expose
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Xx<3 and x>-4

Figure 17. lllustrations of professor, a digital graphic by Liz Melendez.

The representations on separate number lines made it difficult to see the relationships between
the number sets. With trepidation, several students asked questions. Judging by the tension in the
room it seemed the class was having difficulty understanding. Having taken the class several
times before, | was familiar with intervals, unions and intersections. It was something | did
understand because in a previous experience with a different instructor, the illustrations done on
the board were much clearer. | asked the professor if he could please redraw the two
representations with both number sets on a single line. He did not understand my request so |
called out the illustration step-by-step and he redrew them on the board. With every step he

seemed to get more irritated, angrily scratching each mark with degenerating detail.
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x<3 and x>-4 X =

Figure 18. Illustration that worked, a digital graphic by Liz Melendez.
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When he was finished, the entire room shuffled back in their chairs, and a collective “Oh!”

sighed from a smattering of relieved voices.

This is an early and very rudimentary example of the type of process | would eventually use in a
macro scale to conquer the entire subject rhetorically. However, it is not as simple as a change in
a diagram. A communicator is trained and skilled in every nuance of every rhetorical choice.
Each decision is part of a thoughtful and crafted endeavor and should not be taken too much for
granted as the simple implementation of graphics and word choices. Years later, when | was
trying to explain rhetoric, particularly visual rhetoric, to my tutor, she directed me to a website
where she found a graphic of functions represented using different colors. Because | had
mentioned the importance of color choices she felt that this website was proof that what | was
saying was nothing new. Her comment was something like “See there, that color thing you were
talking about is already being done.” However, she was not aware of the affect a barrage of
primary colors, indiscriminately chosen, has on the eye. Nor was she aware of what an assault on

the senses that can be when one is trying to communicate a message.

As an example, | can’t just pick up an instrument I’ve never played and start banging on it, and,
in hearing a sound say to a practiced and skilled musician, “See there, I’m doing the thing you’re
doing and making sounds. I’m a musician.” Rhetoric is an art, and the communications involved
in the practice of this art are guided by principles understood by those who are proficient in high
levels of effective and thoughtful discourse. Anyone can learn to use rhetoric. But it takes a

conscious practice and study of how language functions to become fluent in the craft.

The ineffectiveness of the professor’s visual rhetorical choice from the example, was

compounded by his additional rhetorical choices: a harsh response to my request for an



MATH AS TEXT, RHETORIC AS REASON 75

additional graphic example, an irritated vocal tone, using abrupt body language as he drew the
new diagram, the hasty and degenerating quality of the drawing. However, this rhetorical
breakdown, which | had become accustomed to experiencing in the math classroom, was
remedied by my request to create another common visual representation that was clearer. His
rhetoric in turn conveyed a message about what a student might expect if they asked questions.
But my pressing forward, largely attributable to the fact that | am an adult and more inclined to
assert myself where an 18-year-old student might not, forced the instructor to engage in a new
and more effective rhetorical situation. And, like my tutor would demonstrate years later, it
seemed clear that he did not welcome this kind of communication in his classroom. The
exchange with this instructor was arduous and this one small example of successful rhetoric took
a considerable amount of energy for me to implement. Hopefully, this gives some indication of
how much work it took for me to implement this process continuously across the entire subject
over the course of several weeks to develop a new and working model of math education for
myself. Which is why the adaptation of it, for me, is so crucial in making it useful on a larger
scale. | have done all the heavy lifting. My focus now is on further research and developing a

fully-functioning and accessible methodology.
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Techne, Linguistics and Math Education

In Aristotelian logic, techne involves the technical skill or craft of a practice. In mathematics,
this would be the ability to thoughtfully perform operations and computations. On a musical

instrument, this is the ability to produce the correct tones effectively with the correct timing.

Linguist Noam Chomsky (2007), who has published notable works on mathematical
intersections in linguistics, advises in his book On Language that one should mind the overlap of
contingencies in engaging topics of the humanities and social sciences versus topics such as
mathematics, where some technically specific computational fluency (techne) is integral to sound
practice (Chomsky, 2007, pp.124-126). It appears, then, that it is important to consider how
much precision and computation is actually required to discuss and gain understanding about
mathematical ideas and to understand the distinction between the discussion of those ideas and
the technical engagement of mathematical text. According to Lockhart (2009), the non-numeric,
non-computational space is where pure mathematics begins — with ideas and abstract creativity
that can lead to more substantive engagement with the techne — the operations and symbols of
the language (Lockhart, 2009). By sensing where the creative and the technical overlaps occur,
one can determine the role of technical aptitude and then apply it only when it is integral to the
process. More importantly, however, one can also recognize how learning is undermined when
the technical contingencies are misplaced and unnecessarily imposed upon the humanistic

features of the practice.

Invariably, engaging in a pure mathematical text, while benefitting greatly by the virtues of
Lockhart’s creative inspiration, will eventually require a degree of technical aptitude at the

operational and computational level. But teaching math concepts is the delivery of information to
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human students, which requires humanistic fluency distinct from the technical aptitude found in
the mathematical text itself. Similarly, music, which benefits greatly by a genuine artistic fluency
of the musical language, will involve the practical and effective application of mechanical
aptitude on an instrument. Just as technical recitations on an instrument do not demonstrate
musical fluency, simply being inspired to play beautifully isn’t enough, practicing and mastering

the mechanics of musical technique is essential.

Reversing the Flow

Chomsky’s work on the mathematical features in linguistics has established him as a respected
authority in the mathematics community on the formulaic nature of how languages are formed.

In David Pimm’s (1987) Speaking Mathematically: Communication in Mathematics Classrooms,
the interdisciplinary question also seems to only flow one way, as Pimm suggests that teachers of
English could benefit greatly in what they could learn from teachers of math (Pimm, 1987).
While he mentions a possibility of some reciprocity, the notion is immediately marginalized by
the author’s admitted inability to see how language could engage mathematics except for the
possible use of metaphor in descriptions (Pimm, 1987, p.7). In Developing a Mathematical
Vision, Mathematics as a Discursive and Embodied Practice, chapter two of the research volume
Language and Mathematics Education: Multiple Perspectives and Directions for Research, a
citation attributed to Pimm (2010) concedes to the idea of linguistic attributes in mathematics *“as
a language register that carries ‘a set of meanings that is appropriate to a particular function of
language” but, again, the terms seem very measured and provisional (Pimm as cited by
Gutierrez, Sengupta-lIrving, Dieckmann, 2010, p.38). This is consistent with the tone of many

works related to language and mathematics | found in my research.
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It is common to find references to the influence and value of “mathematical logic” on the critical
thinking that occurs in the liberal arts disciplines. It is as if the concession that the relationship
exists between the disciplines is only in the value flowing from science and math to the liberal
arts and humanities for the latter’s benefit. However there are articles to be found from the math
perspective that espouse the virtues of the humanities and the arts in math, science and
engineering education. One such article from December 2014, titled “Full STEAM Ahead: A
Manifesto for Integrating Arts Pedagogics into STEM Education,” (2014) cites the inability of
the engineering world to recognize the value of the arts and humanities as the “disciplinary
egocentrism of [engineering educators]... a failure to see connections between a given discipline
and an interdisciplinary subject or problem, which limits the ability to incorporate new ideas and
practices.” (Connor, Karmokar, et al., 2014, p.7) Connor, Karmokar, et al., cite this as a possible
factor in the breakdown of interdisciplinary applications. The title, “A Manifesto...” seems to
imply the outlier positioning of this topic, and the date indicates that professionals are still
talking about the concept of the application of the arts and humanities into science and
mathematics in terms of theory to be argued. While some schools may be adopting the STEAM
(science, technology, engineering, arts, mathematics) moniker as a replacement of the former
STEM, which excluded the arts, it appears that the traditional STEM fields are having difficulty
adapting to this evolving pedagogy. Jo Boaler (2015) found in her extensive research that "math
was the STEM subject whose professors were found to hold the most fixed ideas about who

could learn” (Boaler, 2015, p.95).

Several articles can also be found acknowledging the possible need for a revolutionary change in
science and math education, however the language is still very measured. The term

“interdisciplinarity” appears to be a salve for the irritation caused by being forced to consider the
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arts and humanities in the study of science and math. And while the door is cracked open, there

is no mention of modern rhetorical practice in any of the articles I’ve found on the subject. There
is only very broad reference to the possibility of taking more seriously the data that has shown
positive results for interdisciplinarity in educational practices. Of the studies and articles that do
exist, almost none of them seem to come from the United States where, according to an article by
Robert DeHaan (2005), the demand in science and engineering fields is “growing at the rate of
almost 5% while the rest of the labor force is growing at just over 1%,” as our failure rates in

math and science continue to escalate (DeHaan, 2005, p.254) (NSB, 2004).

It was by reversing the flow that my discovery was made. The original description of the
experience | shared with Dr. Haimes-Korn was that | felt as though | was crawling backward
through the failed rhetorical model and doing everything in reverse. My taxonomical process was
basically upside down. | had nothing to guide me through the development of this method except
my experience, my creativity, my communication skills, my intuition and my absolute
unwillingness to give up. Dr. Whitlow said she and her contemporaries in the math education
field had never heard of anyone who had tried as long and as hard as | had to succeed at math. In
finally working out a solution | was not encumbered by the ideological constraints of math or
math education culture that brings fear to the math community and brought anxiety to my tutor.
Once the blinders of the student experience with mathematics were removed by my original
conversation with Dr. Whitlow, it cleared the way for an unobscured view of the issue. Such a
perspective was perhaps unique to someone like me at that time. Someone with the skills and
willingness to make the best use of this revelation. Someone who would not hesitate to reverse

the flow. Someone who had the emotional maturity and persistence to push the investigation
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forward, and someone with the mentorship of a respected agent from the opposite discourse

community with a like mind for seeking real solutions to the math education problem.

Aims in Discourse: “Doing” math vs. “teaching” math

If one considers the differences between the aims of discourse in mathematical practice and
mathematics education, it may be easier to view the intersection of these with clarity. To do this,
it is important to consider how language is used as it relates to the intended purpose, or aim of
the discourse. James Kinneavy (1969) offers a very useful definition of language distinctions by
Avistotle, who called science “language directed to things” and rhetoric “language directed to
persons” (Aristotle as cited by Kinneavy, 1969, p.301). While it is my proposition that the
principles of rhetoric can be applied to the relationships of affect between things, ideas and
people, it is important to recognize that, as a commonplace, even the classical definitions set
rhetoric apart from the material practices of science, and, by proxy, mathematics. We are,
therefore conditioned to accept the difference between how language functions in mathematical
practice as operations between numbers and how language functions in rhetoric as
communication between people. This distinction gives us an important clue to possible solutions

to the math education problem.

One of my first personal discoveries during this math education and rhetoric experience was the
realization that math teachers are rarely, if ever, mathematicians. Learning this came as a shock
to me, and it bears similarities, once again, to the music world. Many music teachers have no
actual musical experience beyond a number of demonstrations of rote recitation. So, the
deviations between mathematics and mathematics education could perhaps be directly

attributable to the projection of technical expectations onto teachers trained in rote memory
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operations as if they were mathematicians possessing genuine mathematical fluency. These

expectations are then unjustifiably projected onto students.

These differences point to a breakdown between two discourse communities, mathematicians
and math educators, with each possessing unique linguistic codes and registers, and who actually
share very little in common. The mathematics world has its own rhetorical and narrative
structures and aims. However, the math education world is really more accurately characterized
as a communicative endeavor, and thus rooted in the rhetorical realm of the social sciences and
in the classical traditions of academia. If we follow the classical Aristotelian definitions, then
mathematics is a dialogue with things (science), and mathematics education is a dialogue with
people (rhetoric) about things (science) and this distinction demands its own unique set of

methods and expectations (Kinneavy, 1969, p.301).

Taxonomical Considerations

In order for me to make best use of Dr. Whitlow’s insights, | had to dispose of all previously
accepted models for learning math. The parallel between mathematics education and music
education was apparent, and while I could not model my musical experience completely by
going back in time to be reared by a mathematician like Paul Lockhart who could teach me the
intrinsic value of pure mathematical theory the way my father taught me about music, I could at
least be free of all that had been flatly ineffective in the traditional math education process. For
this, 1 actually rearranged a taxonomical model that worked in an extemporaneous and organic
sense of order for the unusual situation in which I found myself. Which is to say, I did what

made most sense for the most immediate task and followed that sequence to a successful end.
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AN AN

DESIGN REMEMBER
/——\
EVALUATE UNDERSTAND

/  ANALYZE APPLY
/ APPLY \ / DESIGN \

/ UNDERSTAND EVALUATE \

/ REMEMBER \ / ANALYZE \

Figure 19. Taxonomy comparison, left, Bloom’s taxonomy, right, my taxonomy, graphic

illustrations by Liz Melendez.

This new taxonomical order evolved loosely in the following sequence:

Analyze: In the arrangement up to that time, the math material and text had been disconnected,
irrelevant, and highly resistant to useful analysis beyond transient application. In my taxonomical
model, 1 used the adjusted perspective gained from Dr. Whitlow’s affirmation to analyze the

rhetorical situation, the material and the text and contrast it against previous experience.

Evaluate: Through an evaluation and rhetorical examination | determined, among other things,
that the material lacked context and was not founded in the rhetorical framework necessary for it
to be effectively conveyed to a student audience. In this case | was the audience, but I considered
the rhetorical situation for an ideal audience — students who struggle in the math classroom. By
realigning the entire subject based on effective rhetorical principles, | was able to extract the
actual mathematical content from the tangled mess created by what | later determined was a
failed or non-existent communication model typically used in teaching math. | was able to
separate what was supposed to be communicated from the “confused heap of destructive

disinformation” that was actually being delivered (Lockhart, 2009, p.55). This
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compartmentalization allowed me to interact directly with the text, the math, and begin to
interact with the concepts in terms of the semiotics, narratives and contexts. With this separation
I could now look at the math and then begin to decipher what needed to be communicated. From

there | was able to build a recursive cognitive structure upon which I could finally, truly depend.

Design: During this process, the interactions with the texts compelled me to create (design) an
entirely new communication environment, a new, working rhetorical situation into which I could
feed the mathematical text, and, by playing both the part of the speaker and the audience, I could
insure the rhetorical integrity of the process. This was the point at which my tutor seemed to
experience the most anxiety, as her role in this new model had shifted from that of the “knowing
other” to that of a translator. It made her visibly uncomfortable to have to try and demonstrate
knowledge beyond the rote operational understanding. Although my method was
incomprehensible to her, she was helpful with the operations and with checking my answers

which at this point was all | needed.

The design process then became a literal endeavor, as | began to use my graphic design skills to
create my own materials for documentation and study. This highly kinesthetic interaction with
the text was also important to how | was able to effectively internalize the material so quickly. At
times it was infuriating to discover how simple a concept actually was after reviewing the

convoluted representation of it as it had been taught to me previously.

Apply: By using my communication and graphics skills to design new and effective material for
myself based on the math concepts, | was able to apply the concepts effectively and demonstrate
a higher measure of fluency than ever before in the mathematics classroom, on homework and on

tests.
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Understand: Engaging in a rhetorical dialogue with my tutor and fellow students, designing
materials, working on problems and homework examples, brought about fluency in application.
My exam results reflected this shift, and | entered into each math exam with a growing
confidence | had never experienced before. | truly understood the material for the first time, and
was, from that time forward, finally free to engage the subject of mathematics to any degree |

wished.

Remember: For years previous the small droplets of understanding I could divine by working
with tutors, doing myriad practice problems or looking at videos resulted only in transient
moments of comprehension. These droplets quickly evaporated without the context of
interdependent rhetorical concepts that could have created meaning and helped with retention.
While some memorization techniques worked for limited comprehension in the short-term, |
could never retain the information long enough to perform on exams. However, with this new
model, I could catch the droplets, or knowledge, in a bucket of my own construction and could
comprehend and retain that knowledge within a contextualized taxonomical structure using a
rhetorical process. | could then deposit these into whatever type of application | needed:
homework, tests and dialogue. Since | was no longer dependent on a teacher or tutor to deliver
the material one hard-fought drop at a time, | was free to refill my bucket with a pure
understanding of the subject which facilitated further taxonomical development. Fluency became
the font from which | would at last be able to draw any mathematical knowledge | needed. |
would never have to be struck with the fear described by Julian in Dr. Molina’s book, a fear
borne of the insecurity in the limitations of what one actually understands versus the rote
performance and parroting of formulas and operations. | could use contextualized memorization

techniques and remember the mathematical concepts, because they were animated and kept alive
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in the logos (data) of a working rhetorical framework that demands communicative efficacy. I
supplanted the entire math education model with one of my own invention, based on the classical
model of education and reason, and built with modern skills to effectively communicate

mathematical text.

Presentation for the GCTM

After the success of my project, | was invited to share my story with the Georgia Council on the
Teachers of Mathematics (GCTM) at their annual conference in October 2015. Dr. Whitlow and
organizers of the conference felt it was important to feature a story like mine, an experience from
the student perspective, and as an effective communicator, | was uniquely equipped to deliver

this message.

| prepared a presentation for the conference — a retrospective of my process based on my thesis,
for the purposes of providing a brief description of my experience. Dr. Whitlow suggested the
use of some interactive elements that could engage the audience and leave the educators with
some useful take away concepts. | created a thoughtful and compelling visual presentation and

designed a companion booklet the audience could use to make notes and take with them.

Student to teacher

Figure 20. GCTM presentation materials, graphics by Liz Melendez.
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My ethos (credibility) was established by Dr. Whitlow’s introduction of me as her music
instructor, the momentum of which I used to propel the beginning of my presentation. |
discussed the parallels between music and mathematics and the fallacies that drive the confusion
of both in the educational setting. Using succinct examples and visual elements, | introduced a
small but engaged crowd of about 15 math educators to the principles of rhetoric and illustrated
the role it played in my success. | found this group curious and they readily participated in the
dialectic style of my demonstrations. It was important to me, that, while educating this audience,
| effectively demonstrate in my presentation the principles of rhetoric in education described in
this thesis. This made the GCTM presentation itself a real-time, real-life exhibition of my

theories.

At the close of my presentation, my tutor, who was in the audience offered a message of advice
to her fellow educators. Having come through this process and witnessing it first-hand she urged

others not to make the mistake of disregarding the variety of ways in which students learn.

Math Education Culture

Exposure to this population of math educators at the GCTM, in addition to my many classroom
experiences, has been very informative. From a rhetorical perspective, an analysis of the
speakers is essential to understanding, at least in part, how the breakdown in communication
occurs in the classroom. | learned that there are many educators and administrators who
recognize a problem and would like very much to find and implement a solution. Some are
hindered by the misapprehension of where the deficiencies lie, but seem earnest and amenable to

learning about how to be more effective.
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My understanding of reformist efforts in math education is that such overtures are hindered by
deeply entrenched systemic resistance. The desire of math educators to improve math education
appears to be almost a hushed and tempered movement against ineffective and draconian
inflexibility. The culture, according to David Pimm (1969) seems to suffer from a resistance to
communication for fear of “...involving, and hence, exposing the self,” in the interest of
preserving the impersonal objectivity of mathematical practice (Pimm, 1987, p.70). This
resistance to communication was certainly evident in observing the behavior of my instructors
and the reactions of my tutor. However, as Dr. Concepcion Molina’s shares in the story of Julian
as himself, the instructors may in many ways be aware of their limitations and, consequently,

may be terrified of feeling exposed.

Because of this fear, math reformists seem to operate informally, in small, quiet factions of like-
minded instructors and administrators. For some, Jo Boaler’s experience with Drs. James
Milgram and Wayne Bishop at Stanford, which | will discuss in the next section, may serve as a
cautionary tale, discouraging math teachers from pursuing an outright censure of their
professional community. In Mathematical Mindsets: Unleashing Students’ Potential through
Creative Math, Inspiring Messages and Innovative Teaching Boaler (2015) mentions a culture of
math teachers who “...think they are superior to teachers of other subjects in their schools, and
who think their job is to find the few math students who are special like they are” (Boaler, 2015
p.95). Dr. Whitlow has shared numerous accounts of resistance from peers who resented the
effectiveness of her unconventional teaching methods (personal communication, August 4,
2014). Such effectiveness is likely a threat to those whose entire identity is tied to the erroneous

hierarchies of their profession. Meanwhile, the corrosive status quo of attitudes and curriculums
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Judging from the struggles Dr. Jo Boaler initially suffered in the so-called “math wars,” it may
be that the level of disruption necessary for the most change should not come from within the
oppressive mathematics community, but from well outside of it. Such free disruption is the
luxury of those who do not bear contingent associations or professional affiliations that might
hinder the process and obscure the view to a better path. Reformists may do well to form
unlikely and powerful alliances as they may find that those who understand the math education

problem best are those from other disciplines who have actually suffered from it.

The Right Wrong Way: When the Path is Not Always Obvious

Thirteenth century Portuguese sailors, wishing to expand their expeditions southward to the west
coast of Africa, encountered extreme difficulty returning home upwind. “Forcing their way
against the trade winds” they found was “a slow and perilous business” which dramatically
limited the expansion of their enterprises (Bentley, Ziegler, 2011, p.469). Those who had
succeeded continued this extremely difficult and labor-intensive upwind journey until the
discovery of a return route that involved sailing in the opposite direction of their home port,
heading into the open sea. The “volta do mar” (return through the sea) was a course that took
sailors farther out into the Atlantic ocean where they discovered the prevailing westerly winds
that sailed them easily back to their home port (Bentley, Ziegler 2011, p.469). It was counter-
intuitive, but it led to a discovery that would ultimately make it possible for navigators like

Christopher Columbus to sail to and return from the New World (Bentley, Ziegler, 2011, p.469).

Malcom Gladwell, in an interview with Jill Krasny says, "Successful disrupters are people who
are capable of an active imagination”. He continues, "They begin reimagining their world by

reframing the problem in a way no one had framed it before™ (Gladwell as cited by Krasny,
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Figure 21. Temple Grandin Ted Talk screenshot. Source: Ted.com

How many Einsteins or Teslas are having their intellectual curiosity and confidence crushed
every day in math classrooms all over the world? If math is set up as an erroneous gateway to
higher education, how many unwitting victims are having their spirits unnecessarily broken,
abandoning college or dropping out of high school? In Speaking Mathematically:
Communication in Mathematics Classrooms, David Pimm (1987) cites the “increasing use of
mathematics qualifications as a “critical filter’ for many jobs in our society, despite evidence that
little of the content nature is actually required by many such positions” (Pimm, 1987, p.153). The
sociological and cultural ramifications of this “filtering” seem apparent as Pimm (1987) notes
some in the math and science education communities “...have feared for the exclusion of certain
groups (ethnic minorities, girls) from the knowledge of “high culture’ (be it Shakespeare or

Euclid) which gives access to power” (Pimm, 1987, p.155).

Research mathematician, educator and author Paul Lockhart (2009) comes as close as anyone

I’ve read in my research to truly understanding the problem in math education, and he makes no
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bones about its destructive influence on humanity. “The mathematics curriculum doesn’t need to
be reformed, it needs to be scrapped” (Lockhart, 2009, p.37). He writes beautifully and
expressively, extolling the virtues of true mathematics as distinct from the monstrosity that has
become the math curriculum. His belief is that what is taught and how it is presented is as far
from true mathematics as anything could be. He goes on to say that pure math is *...wondering,
playing, amusing yourself with your imagination” and that the subject is “...really about raw
creativity and aesthetic sensitivity” (Lockhart, 2009, pp. 24, 30). He marvels at the possibilities
of being creative and maintains that creativity is where math derives its real power. From my
experience, math, as an art form among other art forms and methods of examination, inquiry and
discussion would be far more interesting and infinitely more relevant in an evolving and

changing intellectual world.

Educational Disaster and Recovery

The Dust Bowl of the late 1930s was a man-made environmental disaster brought about by
misguided and over-zealous agricultural practices. And while the banks saw to their interests, it
was ultimately the farmers and those who relied on the agricultural system who suffered. Today
we find ourselves in an educational dust bowl of sorts. The current state of math education could
be called a man-made intellectual disaster perhaps brought about by misguided and zealous
educational practices in this subject. While it appears that some may be seeing to their interests,

it may be the students and the teachers who want to be effective who are suffering.

Regardless of which side of this issue a reader finds himself, it is a mathematical certainty that to
continue on a tack that strips a situation of substance while expecting substantive results is a

fallacious path of ever-diminishing returns. It was the thoughtful re-seeding of the soil over time
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that brought our nation back from the brink of environmental annihilation. Similarly, it will
require an equally thoughtful re-seeding of our intellectuality to bring us back from the brink of

educational annihilation in the subject of math.

Our parting sentiments...

When I called my tutor at the end of that first successful semester to talk about my triumphant
final exam grade and finally passing my required college algebra class, a peculiar conversation
ensued. While she was pleased with the results, it seemed she could not get comfortable with
accepting the process by which the success came about. She said she just couldn’t believe how
quickly I grasped the math concepts, to the point that in the early weeks she believed my
difficulties had all been a lie. She said in those early weeks she felt that she had been duped,
because it couldn’t be possible that my non-mathematical approach was actually working. She
said the answer had to be that | had to have been good at math all along and that my problems
with math had been nothing but a ploy intended to fool her. | was astonished. When | reminded
her that from the beginning I told her | understood advanced math concepts and that I only had
difficulty with the language her response was, “Well, when you said that | thought “Yeah, right,

well then why can’t you do the math?’”

Her comments were hurtful to hear and it has taken many months for me to truly grasp the nature
of her response. Even today it is still very difficult for me to understand how far outside of all
logic and reasonable judgement one would have to venture to believe that my life-long math
struggle had all been nothing more than a 30-year ruse constructed to deceive a woman | had
never met for the purposes of making her feel uncomfortable and foolish. It was incredible to me

that it was easier for her to believe something so absurd rather than to accept that my method, a
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method based well outside of mathematics in the creative and rhetorical realm, was actually
working. She admitted that she eventually realized this was not the case. But the fact that her
apparent resistance to interdisciplinary approaches was so pronounced it would bring her to such
a ludicrous conclusion rather than accepting the successful results of a creative method for
learning math was both telling and disturbingly consistent with the narrow attitudes of power and
absolutism | have found in my experience and in my research of many mathematicians and math

educators.

As Dr. Jo Boaler (2015) described, my tutor may have long enjoyed a notion of intellectual
superiority as a math “star,” as "...some teachers, have built their identity on the idea they could
do well in math because they were special, genetically superior to others” (Boaler, 2015, pp.94-
95). For my tutor, the myth of intellectual exceptionalism and math star superiority may have
been quashed by the experience of witnessing my process which must have been uncomfortable
for her. Perhaps this is how it was possible for her to become so irrational in her initial reaction,
and perhaps why it might be reasonable to expect other math educators to react similarly to new

and disruptively effective solutions to the math education problem.

We did work together some the following semester, meeting for few sessions before exams,
using the same rhetorical process. | went on to pass precalculus handily on the first try with a B.
My math requirement satisfied, we parted ways with new understanding and with some enduring
tensions and residual frustrations left by the power struggles and conflicting worldviews. But |
remain appreciative of her help and the role she played in assailing my methods early. Her
challenges to my new approach throughout the process were important to the rhetorical

structures of effective and demonstrable argumentation within which | was operating.
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Rebuilding Trust

Educators may find that after years or even decades of suffering with the subject of math,
students may not readily welcome new approaches. As Jo Boaler (2015) points out, “many
people have been traumatized by math” (Boaler, 2015, p.x). Students may appreciate reforms,
but will probably not come running to instructors with open arms. It may take a very long time to
establish a level of trust upon which students feel they can depend long enough to engage new
methodologies. In my experience teaching math to adult students who have a lot of trepidation
about the subject, telling them my story seems to establish a level of trust only one who has
struggled the way they have could probably enjoy. They may trust me because they know | am
one of them and they do not sense that | am trying to trick them or crush their efforts. They seem
to be encouraged by my testimony of success and may feel validated by my irreverent candor on
the subject. Whatever the case, the students responded well and in the classes I taught and some
students told me for the first time ever they found themselves actually looking forward to coming

to math class.

Educators who are sensitive to this dynamic may find it helpful to engage honestly and take the
time to consider the validity of how their students process and reason. For educators interested in
new and effective methods for teaching math, it may be prudent to allow for some time to re-
introduce the subject to students who are anxious and hesitant. Dr. Whitlow says, the most
important thing she trains math teachers to say is “I don’t know” when a student asks a question
for which they do not have an answer (personal communication, October 15, 2014). Rather than
becoming irritated or threatened, instructors may find it much more valuable to give students an
opportunity to engage and challenge what teachers and textbooks present with possibly fresh and

illuminating perspectives so inherent in pure math practice.
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Conclusion

What do we have as a civilization when creative thinkers engage in scientific exploration and
challenge the scientific paradigms of their times? We have Isaac Newton. We have Albert
Einstein. We have Galileo Galilei. The most invaluable scientific discoveries of humankind were
not a result of the mindless mastication of paradigm thinking, but were instead the result of bold
and creative ideas that stretched beyond the bounds of such paradigms. Often these advances
occur in spite of harsh criticism and resistance by those whose investitures lie in the existing
paradigms. Sometimes we find such agents cloaked disingenuously in the axioms of seeking to
preserve the integrity of sound practice. But where would we be if we had allowed the great
discoverers to be dismissed as “pseudo-scientists” based on the agents and paradigms of their
times? Would it have been more scientifically sound to go on believing the world is flat, or that
the atom is the smallest particle in the universe? For science to survive, we must push new ideas
forward despite the opposition that threatens to move us into an intellectual dark age. Every
advancement in human history occurred under these conditions of innovation and resistance. We
stand at the precipice of a new age of investigation and discovery. Math would find a welcome
place among the other disciplines, not as an erroneously overarching and dominant intellectual
meta-structure, but as one of many investigative tools in reasoning. The humanities can provide
the wide berth such investigation demands, where math is free to adhere to the rules and laws of
measurement within the scheme of application, invention and ideas. Rather than cloistering the
math subject with exclusivity in the cold and somber halls of the math world, mathematical
concepts can and should be engaged as a dialectic thread that runs through the arts and
humanities as one of the core disciplines. | am loathe to suggest imposing creative teaching

techniques on math educators for which many might be profoundly ill-suited. Instead I will



