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A bi-directional approach to building mathematical thinking: inside-out, 

outside-in 

 

So you want to be a mathematical thinker, Part 1 (Inside-out) 

If you’ve decided you want to think mathematically, the first and most important step is 

to realize that you are already doing it. You might have said in the past, “I’m just not a math 

person”. This writing is here to challenge you - to make you consider that maybe there is no way 

to even escape thinking mathematically, and you’ve been doing it all along (for better or for 

worse). See Figure 1, and consider: how far can mathematical thinking extend? And yes, today I 

am addressing you - the youth. When I hear that kids as young as 10 years old are intimidated by 

math, or don’t believe in their own ability to use their brains in a mathematical way, it’s 

incredibly limiting. What if, instead, students could confidently view almost any problem in the 

world through the lens of mathematical thinking? What would that look like, especially if you’re 

someone who (like me!) may have thought at some point, I’m just not good at math? 

To understand or even accept this idea, we have to talk about what is mathematical 

thinking. Even after studying this for a few months, I’m not certain I have a Webster-worthy 

definition, but I’ll offer up three key pillars that I think define mathematical thinking: 

● Mathematical thinking is systematic and logical. Can you organize and order 

information? Do you see patterns that have meaning? The skills of connecting ideas into 

logical sequences is a major part of this way of thinking. 

● Mathematical thinking is abstract. This isn’t to say that it can’t be concrete, working 

with a physical problem that can be manipulated - but a lot of mathematical thinking 

involves thinking about ideas from different angles, and having patience with that  
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Figure 1: A model of mathematical thinking. In this model, the individual (centre) is surrounded 
by increasingly larger and more complex groups: from their immediate surroundings (families 
and/or home environment, peer groups, and teachers) to the environment of their school and/or 
community, followed by a larger context of the individual’s city or local society and finally a 
much more complex global context of larger society. Within all of these realms, there exists a 
dichotomy (indicated by the horizontal dotted lines) of face-to-face interactions as well as online 
interactions that exist exclusively in the digital world. Because today’s youth may face different 
influences in these two domains, they are indicated separately on this diagram. As a final 
consideration, one must ask how far mathematical thinking (indicated by the wedge piece) can 
extend. Is there any type of thought or any area of life that can not be considered an opportunity 
for mathematical thinking?  
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process. It’s thinking about a concept and separating it into layers - which may need to be 

reassembled in developing a solution. 

● Mathematical thinking is critical - it is asking why. Numbers only tell part of the story, 

and this is essential to mathematical thinking, because so many people believe they’re not 

good at thinking this way because they don’t like computations. But a great mathematical 

thinker won’t just work with the quantitative data, they’ll ask themselves questions about 

it. How were these numbers arrived at? What story might this tell? Are there multiple 

different ways of explaining this? Being curious is essential to being a mathematical 

thinker. 

The diagram in Figure 1 asks you to consider if there is any part of life that can not be 

considered through the lens of mathematical thinking. I believe that there are some parts of 

existence that we can’t - or shouldn’t - try and analyze with this systematic, logical and orderly 

construct. The ethereal, spiritual and artistic realms can not always be mathematically explained. 

However, in many ways math is everywhere. We see it in the patterns that emerge, from 

snowflakes to musical refrains to literary archetypes that repeat over decades and genres of work. 

We see mathematical thinking in the calculations of life, whether they are the measurements for 

construction or sewing or cooking. Figure 1 also asks you to consider how you can deliberately 

use your own “wedge” of mathematical thinking in these scenarios, but also how these 

mathematical situations exist in society and are ever-expanding, placing demands on individuals 

to rise to the (mathematical) occasion. Particularly when considering the implications and 

applications of technology, which is becoming increasingly embedded in our world and is 

evidenced by the dual nature of both face-to-face and online engagement in society, we see that 

mathematical thinking and technology are frequently coupled together. For kids, understanding 

logic and commands to interact with digital games and apps is a huge part of mathematical 

thinking. 

So, if you can accept that mathematical thinking is everywhere, the question is not how to 

become a mathematical thinker, but rather how to refine or improve your mathematical thinking. 

Just like sports or music, there should be exercises that could help you to work on this. In Julia 

Cameron’s The Artist’s Way, she lists six things to stop doing in order to open up oneself to 
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being more creative. Here, I suggest the same - but for mathematical thinking. If you can 

embrace these, I think you’re well on your way to becoming a stronger mathematical thinker: 

 

● Stop telling yourself, “I’m just not good at math.” 

● Stop believing gender stereotypes that tell you girls are any better or worse than boys at 

anything. Those biases will only stand in the way of you achieving your goals. 

● Stop being afraid of making mistakes. Thinking mathematically doesn’t mean thinking 

perfectly. Sometimes finding patterns, sequences, or logic in a maze of data is hard. 

Don’t let it stop you. Also remember that mathematical thinking may not have a “right 

answer” as computations sometimes do, and that is okay. The process of analyzing 

information is just as important (and sometimes more important) than having a 

black-and-white, right-or-wrong end point. 

● Stop waiting for math class to practice mathematical thinking. There’s no math class in 

adult life, but you’ll still need to think mathematically. 

● Stop turning to the answer on a calculator to tell you if you’re right or wrong. Stop 

believing that getting right answers define whether you’re “good” at thinking 

mathematically. The definition of mathematical thinking doesn’t have any component 

about arriving at correct answers. 

● Stop telling yourself that math is hard. Any problem worth exploring takes time and 

patience; that doesn’t mean it can’t be tackled.  

 

And how do you know if you’re being successful? How do you know if you’re becoming 

the great mathematical thinker that you want to be? Maybe you stop these things, one by one, or 

at least diminish the amount of mental energy they occupy in your brain. This, of course, is 

easier said than done - just because I say to stop doing something, doesn’t mean it vanishes from 

your brain! But one idea that I will come back to in the conclusion is that for each of these 

statements, there can be alternate belief statements to offer up for consideration. For example, 

instead of saying “math is hard”, any time that floats into your brain you could tell yourself 

“even though this problem is hard, I will be patient with myself and I will grow from trying”. Or 
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instead of just stopping being afraid, more realistically someone might say “even though I don’t 

like making mistakes, no one is going to judge me for it and I might learn something along the 

way.” These more balanced statements might even begin to reduce some of the anxiety that often 

surrounds practicing math. Applying them may help you start to see mathematical thinking as 

more than just applying formulas and solving equations you learn in math class at school. 

Consider mathematical thinking as an ever-growing chunk of your framework for seeing the 

world. The more you get comfortable with that lens, the easier it will be to view things in that 

way. 

 
So you want to be a mathematical thinker, Part 2 (Outside-in) 

Now, I’ll offer up an alternative way of looking at becoming a mathematical thinker - one 

where the focus shifts away from you, as the individual (which was addressed in Part 1) and now 

towards a much larger context. In Figure 1, you (as the individual) are surrounded by 

increasingly bigger and more complex circles of influence. Probably your peers, teachers, and 

families (the first circle) have the biggest influence on you. But what if we had the power to 

impact the largest circle - the global society - and foster our collective mathematical thinking? 

How could a society of mathematical thinkers trickle down to create communities that support 

every individual in thinking mathematically? 

Here I’ll ask you to consider: how do we create a mathematically thinking society? The 

argument now is that the focus shouldn’t be on what you need do to improve your mathematical 

thinking. That puts the onus on you - that perhaps something is lacking in you or wrong with 

you. Particularly when it comes to girls in STEM (science, technology, engineering, and math), 

there can be concerns about what is lacking or missing in girls’ engagement that they are not 

pursuing these fields. However, societal shifts in how we collectively view mathematics and 

think mathematically have far more potential to create meaningful, large-scale change. If we 

focus our lens here, at that broadest and most populated circle of influence, we can create an 

impactful difference.  

The “stop” statements from Part 1 equally apply here, and we need to help everyone in 

the circles surrounding that smallest, individual circle of “you” to embrace them too. What 

would it look like if parents, guidance counselors and teachers believed that math wasn’t hard, 
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that failure was not only okay but an important part of learning, and that marks aren’t everything 

when it comes to thinking mathematically? What would it look like if our culture actively 

rejected gender stereotypes and broke down barriers preventing people from pursuing STEM? Of 

course, if everyone on earth started putting into practice the “stop” statements, we would likely 

be further along a path to collective mathematical thinking. 

However, the other important societal shift that needs to happen is that large groups with 

influence - the universities, multinational corporations, governments, and so on - need to take 

active steps to create a world that’s more welcoming and inclusive to diverse mathematical 

thinkers. Here, you can help by lobbying for change and supporting those groups moving in the 

right direction. Things like promoting funding and resources for math education, both in 

informal and formal environments, or providing equal opportunity for work and compensation in 

STEM fields are concrete steps that can help create a society of mathematical thinkers. 

We need to recognize and seek out opportunities to foster mathematical thinking both in 

ourselves and others. How I will put this into practice (and the advice I pass on to you) is 

two-fold. One, I want to deliberately embrace and practice the “stop” statements presented in 

Part 1. Already the first statement - “stop telling yourself I’m just not good at math” - is 

something that I have been conscious of shifting over the last several months of this course, 

Mathematical Thinking. The changes that I see in myself by deliberately stopping myself from 

saying these words, or challenging myself when I think them with alternate statements (for 

example, “while I may not like mental calculations, I have tools at my disposal that I can 

leverage to support my mathematical thinking”), have helped me to believe in myself. The power 

of self-identity and how that positively influences us to shape others’ in their self-identities is 

immense. I know that if I continue to work my way through those statements, challenging each 

one with alternate believe statements, I will be a better educator and have a higher chance of 

helping young people foster their own mathematical thinking. 

The second way I will put this into practice is from this second, “outside-in” perspective 

of shifting society. Here is where I plan to do everything I can to support those groups who are 

actively working to foster societal mathematical thinking. It’s sharing the successes of others - 

especially females - in mathematics research and innovation. It is helping my kids and my 
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students to learn coding, to think critically about data in the news, and engaging them in dialogue 

about what it means. It’s finding programming (whether for kids or for adults) that continues the 

conversation about what it means to think mathematically, and maybe even puts it into practice 

(this can be everything from TED Talks to logic and puzzle games).  

The major limitation of these approaches is that both require self-awareness and a 

deliberate practice that can be hard to maintain in isolation. Surrounding oneself with 

like-minded individuals who are also focused on developing mathematical thinking in 

themselves and in society would be the ideal state, but perhaps not likely to be a reality outside 

the realm of a math course or program. I have also greatly benefitted from the different 

perspectives of peers and teachers (within this course and beyond) who have challenged me to 

define and practice mathematical thinking in different ways (even getting me to see how there 

may be space for mathematical thinking in areas I previously thought untouchable by it, such as 

spirituality). And so, keeping that limitation in mind, I would urge others, including myself, to 

seek out those people who can challenge, inspire, and promote mathematical thinking. Stop 

thinking it’s not a priority; start believing that change will improve our ability to solve problems 

and create a better world.  
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