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About This Book

I
’m thinking that many of you are sitting back, looking at this book, and 

wondering why in the world I’m writing it. Sure, it’s diffi cult to understand 

lots of science concepts, but everyone understands mathematics, right? You 

add, subtract, multiply, divide, mess around with fractions, solve equations 

and all that, and just about everyone who has to teach maths knows all the rules. 

Well yes, just about everyone who teaches maths does understand the rules, 

but there’s more to maths than the rules. Here’s one of my favourite examples:

When you add two fractions, you have to get a common denominator. 

Then in order to add these fractions, you add the numerators of the fractions 

but don’t add the denominators. The denominator of the result is the same as 

the denominator of the two fractions you’re adding. When you multiply two 

fractions together, however, you don’t need to get a common denominator. You 

simply multiply the numerators together, and then you multiply the denomi-

nators together. 

Yep, those are the rules for adding and multiplying fractions. Now. . .do those 

rules make sense? Why do you need a common denominator when adding frac-

tions, but not when multiplying them? Why is it that when adding fractions you 

add the numerators but not the denominators, yet when multiplying fractions 

you multiply both the numerators and the denominators?

If the questions above bother you a bit, or if you have never even thought 

about them, then perhaps this book is for you. There are great reasons behind 

the rules for adding and multiplying fractions, just as there are great reasons 

for just about everything you do in maths. Many people learn maths, however, 

without ever learning the reasoning behind the rules. 

So what’s wrong with just knowing the rules? Well, without understanding 

the reasoning behind the rules of maths, chances are you are simply memorising 

procedures. If you’re memorising procedures, then chances are you are teaching 

your students to memorise procedures. There’s a big difference between mem-

orising maths and really understanding it. In my humble opinion, when you 

really understand what’s going on in maths (or science, or anything else), then 

you are more comfortable teaching it and might just do a better job of teaching it.

Which brings us to the next point – the broad scope of this book. I begin with 

adding numbers in Base 10, and end up with calculus. Why does a Foundation 

or Year 2 teacher need to know how to solve algebraic equations, fi gure out 

geometric formulas and be able to do calculus? The short answer is that you 
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don’t need to know how to do these maths calculations, but that you just might 

benefi t from understanding these maths calculations. When you know more than 

your students are likely to ask about, you feel more comfortable. On the occasion 

that your students do ask complicated questions, wouldn’t it be nice to at least 

have a basic understanding from which to answer the questions? Answer: yes.

Which brings us to another point. The purpose of this book is to help you gain 

a deep understanding of the meaning behind the rules and operations of maths. 

The purpose is not to ensure that you will be able to do the various calculations 

with profi ciency. You won’t become an expert at solving algebraic equations, 

solving geometry problems, or solving calculus problems by going through this 

book. To become profi cient, you need more than understanding; you need lots 

and lots of practice. Any maths course or textbook in the appropriate subject 

area can guide you through that practice. What I’m trying to do is make that 

process less painful, should you decide to pursue it. 

And another point. Because this maths book is part of a science book series, 

I will usually take the scientist’s point of view rather than the mathematician’s 

point of view whenever there is a confl ict. As a rule, scientists tend to be just a 

wee bit less formal in their use of maths than are mathematicians. Makes sense, 

because for the most part maths is a tool for scientists. Scientists bend the strict 

rules of maths when it makes sense to do so. For example, division by zero is 

absolutely undefi ned in the rules of maths, but scientists tend to think in terms 

of dividing by things so close to zero that those things are essentially equal 

to zero. So, when they see division by zero, they don’t always think that’s a 

terrible thing. That said, many scientifi c theories have grown from pure math-

ematics. I don’t want to give the impression that maths is somehow secondary 

to science; it isn’t. It’s just that scientists and mathematicians sometimes view 

maths differently. 

I hope that whatever level of science or maths you teach, you fi nd this book 

useful. If some of the early chapters are second nature to you, by all means ig-

nore them. If some of the later chapters seem like something you’ll never use, 

by all means put them away and maybe revisit them at another time. All I’m 

trying to do is provide a perspective on maths that, all too often, doesn’t fi nd 

its way to our students. 

Finally, as you go through this book, you will notice a number of text boxes 

that are labelled Guidepost. My most valuable reviewer, my wife, complained 

that as she went through the text she sometimes got lost as to the purpose of a 

given section. To make things clearer, I added these Guideposts. They are there 

to remind you of the purpose of an activity or what exactly I’m explaining at 

a given point. Think of them as a tool for helping you stay on the same road 

I’m travelling. 
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I
’m going to begin this book with what might seem to you to be maths 

that’s so basic it’s trivial. We’re going to start with addition, subtraction, 

multiplication, division, fractions and a few other things. So, your fi rst 

thought might be, “I learned this by Year 2 – what’s to understand?” Well, 

maybe you do have a solid understanding of these topics. If so, just breeze on 

through this chapter. Before you do that, though, realise that in this chapter I 

will be demonstrating the basic difference between memorising rules and really 

understanding the process. Therefore, you might want to read this chapter for 

that reason alone. As I try to demonstrate this difference, know that I am fully 

aware of the many excellent maths resources that do teach understanding, at 

least in the early year levels. For those of you teaching Years F–2, many of the 

hands-on activities designed to help with understanding in this book will look 

familiar. 

What’s Behind the 
Rules?

“Folks, it doesn’t have to be like this!”
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Figure 1.1

Things to do before you read the explanation
Gather together about 35 blocks, marbles, peanuts, pinecones, small plastic 

counting bears, rocks, coins or just about any other item that you can count 

easily. For simplicity, I’ll assume from here on out that you have blocks. Make 

a group of 13 blocks and a separate group of 19 blocks. Then push the blocks 

together in one large group and count them (I told you this was basic! Bear 

with me). See Figure 1.1.
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Chapter 1

Okay, now return the blocks to their original groups of 13 and 19, with the 

following rule. Whenever you have a group of blocks that is larger than 10, you 

have to create separate stacks of 10 and a fi nal group of what’s left over. So now 

your groups of blocks should look like Figure 1.2.

Figure 1.2
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Next combine all those blocks, still following the above rule for grouping 

in tens. You should get something like Figure 1.3. Yes, this does look like the 

drawings in the maths workbooks you used back in Year 1.

Figure 1.3
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Chapter 1

The explanation
No big surprise that what we’re doing here is adding things. The simplest way 

to add is to put two separate groups of things together and count them. It’s 

more complicated to separate the items into groups of 10 and groups of less-

than-10, but we have a shorthand way of doing that. We represent the number 

of items in a group with place value numbers, as in 13 and 19. The number 13 

means we have one group of 10 and one group of 3 and the number 19 means 

we have one group of 10 and one group of 9. That representation uses what we 

call the Base 10 number system. In that system, the numbers you write represent 

how much of each place value you have. Figure 1.4 shows the place values in 

the Base 10 system, along with the representations for the numbers 13 and 19.

Guidepost The Base 10 counting system and why you “carry” numbers when 
adding.

Figure 1.4
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We also have a shorthand way of adding these numbers. We write the num-

bers above each other. Then we add the groups of single items, represented by 

the numbers 3 and 9 in our example. That gives us more than 10, so we add an 

extra 1 in the tens place and put what’s left over in our fi nal group of ones. It 

looks like Figure 1.5

Simple. So what’s the point? Why am I spending time on adding two num-

bers? To illustrate how we often move too quickly to the maths shorthand nota-

tion and forget about the underlying process. Ask any Year 6 student to add 13 

and 19, and they will have little trouble. The next time you do this, however, 

you might ask that student why they “carried the one” when adding. Chances 

are, not all Year 6 students will know why they did that. In fact, average adults 

might not know why that’s the thing to do – it’s just the thing to do. So, even 

though we teach addition in early year levels, by explicitly showing what place 

value is and why we group things in tens, hundreds and thousands when add-

ing in Base 10, people have a tendency to forget the process when doing simple 

addition. This illustrates the difference between simply following maths rules 

Figure 1.5
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