
    
      
        
          
        
      

    


Build a Mathematical Mind

-Even If You Think You Can’t Have One

––––––––

[image: ]


Become a Pattern Detective.

Boost Your Critical and Logical Thinking Skills.
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I have a gift for you...
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THANK YOU FOR CHOOSING my book, Build a Mathematical Mind! I would like to show my appreciation for the trust you gave me by giving The Art of Asking Powerful Questions – in the World of Systems to you!

In this booklet you will learn:

-what bounded rationality is,

-how to distinguish event- and behavior-level analysis,

-how to find optimal leverage points,

-and how to ask powerful questions using a systems thinking perspective.
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CLICK HERE FOR YOUR FREE GIFT: The Art of Asking Powerful Questions in the World of Systems
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CHAPTER 1: Mathematical Habits of Mind
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Ask any adult how they feel about math, and, aside from a few math enthusiasts, you’ll get a lot of lukewarm responses. People may say, “Ugh, I hated math,” or “I was never good at math! I was much better at reading [or art, or music, or writing, or sports...],” or “It was just so boring in high school. My friend and I passed notes the whole time.” We have all sorts of reasons for disliking math: maybe we were taught in a “drill and kill” method that bored us to tears; maybe we tried to fit in with a certain crowd in high school by convincing ourselves that we didn’t like math (think of Lyndsay Lohan’s character in Mean Girls). Maybe we even liked math until we got to that infamous train problem in Algebra class. Most of us probably think we aren’t very good at math and may have started to believe we weren’t “math people” sometime in grade school. 

But what is a math person? What if I told you that you could be a math person, too? In fact, anyone can be a math person. This chapter will convince you that you can and should learn to think like a mathematician. The rest of the book will show you how. 

Many of us have an idea in our heads of what a “math person” is. Maybe it was the kid in class who raised his or her hand the fastest or the one who always went up to the board to solve proofs in Geometry. Maybe it was the middle-school mathlete or the student who took college-level courses in high school. Sure, one or two of these people may have solved previously unsolved problems, amazing and stunning the world's math community. The rest of them most likely didn’t revolutionize the field of mathematics but just enjoyed math during their school years and maybe beyond. 

So why did they enjoy math? What habits of mind brought them success in mathematics?

These people knew how to think like a mathematician. Maybe they were born with a predilection towards logical thought, maybe they were trained by talented teachers, or maybe they just enjoyed mathematics enough when they were young they trained their own brains. The point is they learned how to think like a mathematician...and so can you. 

Despite what you may have thought in high school, mathematicians have a lot in common with artists, musicians, and other creative thinkers. Mathematics is a creative field that involves visualizing, finding patterns, asking “what if?” and experimenting. What you learned in school – memorizing your times tables or following steps to solve an algebra problem – has little to do with the creative thinking mathematicians do. Many mathematics educators have argued for reforming the way math is taught in school because it has so little to do with what math actually is.

In 2009, math teacher Paul Lockhart wrote A Mathematician’s Lament, a short book that has become a foundational piece for many seeking to reform mathematics education. In his Lament, Lockhart argues mathematics is an art form akin to music or painting, but it hasn’t been recognized as such. He faults the educational system, writing, “In fact, if I had to design a mechanism for the express purpose of destroying a child’s natural curiosity and love of pattern-making, I couldn’t possibly do as good a job as is currently being done— I simply wouldn’t have the imagination to come up with the senseless, soul-crushing ideas that constitute contemporary mathematics education.”​[i]

Lockhart’s Lament likens math education to learning to memorize the rules of music in school but never getting to hear music until later in life. If we think of the math we learned in grade school as a series of memorizations without getting to experience the art and creativity of doing mathematics, it makes us rethink who a math person is and who isn’t. So many of us who were turned off from math at an early age would have loved it had we seen what it truly is. How many people do you know who say “Music? Eh, it’s just so boring. I’m not a music person.”

This is the secret that mathematicians know: math is an art. They know they process mathematics as a musician processes a composition or an artist visualizes a masterpiece. Paul McCartney claims the melody for “Yesterday,” one of the Beatles’ most beautiful songs, came to him in a dream: 


‘I woke up with a lovely tune in my head,’ he told author Barry Miles for the biography Many Years From Now, which was published in 1998. ‘I thought, ‘That’s great, I wonder what that is?’ There was an upright piano next to me, to the right of the bed by the window. I got out of bed, sat at the piano, found G, found F sharp minor 7th – and that leads you through then to B to E minor, and finally back to E. It all leads forward logically. I liked the melody a lot but because I’d dreamed it. I couldn’t believe I’d written it.’​[ii]





Similarly, some mathematicians have claimed that critical mathematics discoveries have come to them while they were sleeping. Srinivasa Ramanujan, an Indian mathematician, believed equations were brought to him in his dreams by a Hindu goddess​[iii]; Rene Descartes, the French mathematician after whom the Cartesian coordinate system (our standard way of graphing on two axes) is named, allegedly had his best ideas while lounging in bed in the morning, halfway between sleeping and waking.​[iv] Something about the relaxed state of sleeping or being barely awake allowed these people’s brains to create, visualize, and dream up ideas related to what their waking minds were focused on. 

Recent neurology research has proven math is processed in different parts of the brain than language. A 2016 study by two French neurologists found that people process mathematics in the same parts of the brain where they process problem-solving, which are separate from where language is processed. This can help explain why Einstein allegedly said, “Words and language, whether written or spoken, do not seem to play any part in my thought processes.”​[v]

Most critically, Amalric and Dehaene, the two French neurologists, found these same parts of the brain are responsible for processing simple mathematics, the kind we learn in grade school. 


The results [of the study] revealed a series of brain areas (from both hemispheres) of the prefrontal cortex, the parietal cortex, and the inferior temporal lobe are activated only when mathematicians are faced with statements or problems of their specialty. And they match the circuits that come into play when anyone handles numbers, does addition and subtraction, or sees a mathematical formula written on paper.​[vi]



Mathematicians’ brains process advanced math as anyone processes addition or subtraction. This is a revolutionary discovery. It proves we can all be mathematicians or at least think like them. It proves the “innate knowledge that Homo sapiens has of space, time and numbers.”​[vii] 

So, what does this mean for us, the everyday people who are (probably) not about to make a revolutionary math discovery? It doesn’t mean we can just go to sleep and expect a discovery to dance into our sleeping minds. You’re not going to transition from your everyday life to being a renowned mathematician (or composer ) overnight. But you can train your brain to think like a mathematician’s. That’s what this book is about. 

Mathematicians’ brains are not uniquely formed to solve complex math problems while the rest of us languish amid our basic multiplication tables. When second graders learn math, they are using the same parts of their brains that Ramanujan and Descartes used. Sure, not everyone will grow up to be a Ramanujan or a Descartes, just as not every musician will become the next Paul McCartney, but we all have the necessary parts of our brain to process mathematics.  

What is it, then, that sets mathematicians apart? Along with some degree of innate capacity, mathematicians learned to think like mathematicians. They developed the skills they needed to pursue the craft – the art –they loved. Most of them also spent a great deal of time focusing on that art. They spoke with others, they read about new ideas, they tinkered with problems, and they even dreamt about solutions.

Let’s delve into that Paul McCartney anecdote a little more. Sir Paul didn’t go from learning to pick out notes on the piano to writing the tune for “Yesterday” overnight. He learned the language of music – what the notes on the staff mean, how to read and play chords, what makes a good harmony – and then he thought about it...a lot. His brain was trained to think like a musician’s, and we can assume he spent much of his time each day thinking about music.

Researchers and educators have long known training someone to think like a mathematician is possible. How to do that, though, has been a matter of debate. Attempts to reform mathematics education go back as far as your parents or even grandparents can remember (Tom Lehrer wrote the song “New Math” in 1965!). In 1996 (before Lockhart’s Lament), a seminal article on mathematical “habits of mind” argued for reforming math education to reflect more accurately what mathematicians do and how they think. The authors open their argument by stating, “Past experience tells us that today’s first graders will graduate high school most likely facing problems that do not yet exist.” This is even more true now than it was in 1996, before the technological revolution of the 21st century. The authors argue that math education has consisted of memorizing “a bag of facts.”​[viii]

The authors called for a radical shift in mathematics education, so it focused on the habits of mind mathematicians use rather than the specific facts they have deduced. They proposed teaching students to think rather than teaching them the thoughts that mathematicians have had. They wrote:


We envision a curriculum that elevates the methods by which mathematics is created and the techniques used by researchers to a status equal to that enjoyed by the results of that research. The goal is not to train large numbers of high school students to be university mathematicians. Rather, it is to help high school students learn and adopt some of the ways that mathematicians think about problems.​[ix]





The authors wanted education to focus on creating pattern sniffers, experimenters, describers, tinkerers, inventors, visualizers, conjecturers, and guessers. This was a far cry from the traditional idea of math as basic arithmetic to be memorized.

To clarify what it means to teach mathematical thinking, the Common Core State Standards for Mathematics, first published in 2010, include eight standards for mathematical practice. The SMPs, as math teachers call them, can be taught explicitly alongside math concepts that students learn in their K-12 education. Sometimes, they are written in more kid-friendly language; you may even have seen colorful posters with these practices posted on the walls of your child’s classroom. The eight practices are:
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