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BASIC MATHEMATICS


An Introduction


Alan Graham




Meet the author


Welcome to Basic Mathematics!


If you found that maths was something of a closed book at school, please don’t feel intimidated or frightened by the prospect of opening up and reading through this book now. Having spent most of my adult life teaching adults at the Open University, I have come to realize that 90% of people’s problems with the subject stem from fear – fear of failure, fear of showing yourself up in front of others, fear of feeling lost and confused. All of these negative feelings combine to bring the shutters down on your learning to the point where you are no longer able to listen or even think.


You may be wondering what has changed to enable you to succeed now where you didn’t before. The answer is, everything! You may not fully realize it, but as a functioning adult who has survived in the world beyond school, you have actually picked up a lot of useful skills on the way:


•  You have a much better understanding of how the world works – something that will be invaluable when it comes to understanding, selecting and using mathematical skills.


•  You have greatly developed your thinking skills in the course of tackling the many decisions and problems of your everyday life.


•  Most importantly, you almost certainly now have a confidence and a desire to learn that you didn’t possess at the age of 15.


All of these factors will combine to raise the shutters of your mind, so that it is truly open to the clear thinking needed to understand and master mathematical skills.


And finally, remember that there is nothing that succeeds like success. The more you find yourself getting the exercises right, the more you’ll want to tackle the next one, and gradually you will really start to believe that, yes, I’m becoming a mathematician!
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Introduction


Mathematics is about numbers. But, more than that, it is about describing and explaining patterns – that includes number patterns (arithmetic) but also patterns in shape and space (geometry). Increasingly, our ‘digital’ world bombards us with numerical information and an essential life skill is being able to generate, collect, observe and explain patterns when handling data (statistics). Finally, mathematics is about responding to an inner human need to pose and solve problems, be they everyday problems or those of the inventively curious mind.


There are four main strands of basic mathematics:
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In the main part of the book you will cover these four themes; you will also learn what algebra is about and discover how to use a spreadsheet.


You will have the chance to try a variety of puzzles such as the one below:


[image: image]


What are the next two letters in this sequence:


O, T, T, F, F, S, S, E,…,…?
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Finally, at the end of this book, you will find 14 case studies showing you how mathematics can help to solve everyday problems and provide insights that would not otherwise have been obvious.


The next two letters in this sequence are N and T (the letters are the initials of ‘One’, ‘Two’, ‘Three’,…


Numbers and calculations


For most people, the topics numbers and calculations represent the core of the mathematics that they learnt at school; some basic ideas about numbers are explained in Chapters 2 and 3. Clearly a sound understanding of basic maths is useful, not just for our own personal needs, but also to be able to help others (your child, for example). So, these two chapters will help you to present ideas about numbers to others and to clarify them for yourself. Chapter 2 will also help you to become more familiar with a simple four-function calculator.


Fractions, decimals and percentages


Moving beyond whole numbers raises the question of what lies in-between them. These ‘broken bits’ of numbers can be written using fractions, decimals and percentages. These each require their own special notation and include numbers like ‘three point seven’, ‘four and three quarters’, ‘twenty-five per cent’, and so on. In Chapters 4, 5 and 6, you will get a straightforward explanation of what fractions, decimals and percentages are, how they are written (e.g. 3.7, 4[image: image] and 25%, respectively), why they are written that way and how to perform calculations with them.


Measuring


How many times would you say you perform some measurement task during the course of an average day? The answer is probably much more often than you think. Sometimes the measurement you do is formal – perhaps reading the time on a watch or clock, checking the temperature on a thermostat, reading the dial (in litres or in money) as you fill the car up with petrol, checking your weight on the bathroom scales and so on.


There may be even more occasions where you are engaging in informal measurement and this often involves making judgements based on using estimation skills – like working out whether the armchair will fit into the gap between the sideboard and the door, or choosing how many potatoes to cook for a family of four. Informal measurement often involves the use of some everyday template or benchmark against which to make comparisons. For example, when estimating, say, 100 metres, I tend to think about the length of a football pitch or when estimating weights I think of a bag of sugar (1 kilo).


It is worth remembering that numbers which arise in the everyday world have had to come from somewhere and the chances are that they are the result of some measuring process. But in order to handle these numbers sensibly and with understanding, you need to know how they were measured and in which measuring units. These are some of the issues explored in Chapter 7.


Statistical graphs and charts


It is claimed that about 80% of all the data in the world today has been created in the past two years. According to computer company IBM, 2.5 exabytes – that is 2.5 billion gigabytes – of data was generated every day in 2012. This is not a static figure – estimates suggest that it is growing by roughly 30% each year. It is hard to avoid the conclusion that we are drowning in statistical data. And unfortunately, for most people, the sight of a page full of figures gives them the heeby-jeebies.


There are two main ways of seeking out helpful patterns in data. One is to use summaries, like reducing the many numbers to a simple average. The other is to depict the data visually, using a statistical chart. It is the second approach that is explored here. A number of such charts are explained in Chapter 8, including barcharts, piecharts, scattergraphs and line graphs. You will also learn some of the tricks and dodges used by advertisers and others to deliberately mislead the gullible public. You have been warned!


Algebra


And then there’s algebra. I have often heard students observe when thinking back to their school days, that, just when they were getting to grips with doing calculations involving numbers, along came letters like x and y, and a and b to really fox them. So, what is the point of doing calculations with letters? For most of us, school algebra was just about learning the rules of handling expressions and equations involving letters, but we never actually got to discover why that might be a useful thing to do. This is a bit like a musician practising scales and arpeggios but never actually getting to play a tune. It is a question that you should get a proper answer to in Chapter 9.


Modelling with mathematics


Mathematics is usually defined in terms of the sets of skills it uses – arithmetic, algebra, geometry, and so on. If your mathematics is to be useful to you in the real world, knowing how to perform these skills is clearly important. But just as important is the ability to know what skills to use in any given situation, and also being able to translate your mathematical answer back into the real world situation where the problem originated.


For your mathematical skills to be useful in solving everyday problems, there are three stages involved: deciding what ‘sum’ to do, doing the ‘sum’ and interpreting the result. This is often referred to as mathematical modelling. In the Appendices, at the end of the book, you are presented with 14 everyday scenarios: a question is posed, and you are taken through the solutions step by step. Remember that successfully tackling these sorts of real problems is just as much about using thinking skills and strategies, as it is about being able to perform the calculations.


How to succeed at maths


Finally, here are four useful tips to help you to make your maths journey an exciting and successful experience:


•  Go at your own speed and be prepared to re-read sections if necessary.


•  Where possible, relate the ideas to your own personal experiences.


•  Try to learn actively (this means actually doing the exercises, rather than saying vaguely, ‘Oh yes, I’m sure I can do that’).


•  Be prepared to explore and experiment with ideas, particularly by taking every opportunity to exploit technologies like the calculator and computer.
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Reasons to be cheerful about mathematics
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In this chapter you will learn:


•  why you can succeed at learning maths, even if you have failed in the past


•  why a calculator will help


•  how to develop a positive attitude to maths.
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Is this book really for me?


I wonder what made you decide to buy this book! No doubt each individual has his or her own special reason. As author, I clearly can’t meet everyone’s exact needs, so I tried to write this book with two particular types of reader in mind. I will call them Marti and Mel.


MARTI


Marti was neither particularly good nor particularly bad at mathematics, but was able to get by. She could usually work out the sums set by her teacher at school, but never really understood why they worked. She had a vague sense that there was, potentially, an exciting mental world of mathematical ideas to be explored, but somehow it never happened for her. She now has two children aged ten and six. She is aware that her own attitudes to mathematics are being passed on all the time to her children, and she wants to be able to encourage and help them more effectively. The crunch for Marti came when her daughter asked her about the difference between odd and even numbers. Marti knew which numbers were odd and which were even, but she couldn’t really explain why. She might have bought this book to understand some of the basic ‘whys’ in mathematics.


MEL


Mel never got on with mathematics in school. He lost confidence with it at an early stage and constantly had the feeling of ‘if only the teacher and the other pupils knew how little I know, they’d be shocked’. As the years went on, he learned to cover up his problems, and as a result he always had a bad feeling whenever mathematics cropped up – a combination of fear of being caught out and guilt at not properly facing up to it. He has a good job, but his fear of mathematics regularly causes him problems. He might have bought this book in order to lay to rest the ghost of his mathematical failure once and for all.


While your name is unlikely to be Mel or Marti, maybe there is an aspect of their experiences of, and hopes for, mathematics learning that you can identify with?


SHOULD I START AT CHAPTER 1 AND READ RIGHT THROUGH THE BOOK?


The honest answer to this question is, ‘It all depends…’. If your mathematics is reasonably sound, you might like to skip Chapters 1 to 3, which deal with basic ideas of what a number is (hundreds, tens and units), how to add, subtract, multiply and divide and how to make a start with a simple four-function calculator. However, even if you do have a basic understanding of these things, you could always skim-read these chapters, if only to boost your confidence.


If, like Marti, you have an interest in helping someone else, say a child, then read these three chapters with a teacher’s hat on. They should provide you with some ideas about how you can help someone else to grasp these ideas of basic arithmetic.


Can I succeed now if I failed at school?


There are a number of reasons that school mathematics may have been dull and hard to grasp. Here are some resources that you may have now which weren’t available to you when you were aged 15.


RELEVANCE


There were undoubtedly many more important things going on in most people’s lives at the age of 8, 12 or 15 than learning about adding fractions or solving equations. Mathematics just doesn’t seem to be particularly important or relevant at school. But as you get older, you are better able to appreciate some of the practical applications of mathematics, and how various mathematical ideas relate to the world of home and work. Even a willingness to entertain abstract ideas for their curiosity value alone may seem more attractive out of a school context. One student commented:
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Yes, I think you can associate more with it. When you get to our age, when you’ve a family and a home, I think you can associate more if you do put it to more practical things. You can see it better in your mind’s eye.
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CONFIDENCE


As an adult learner, you can take a mature approach to your study of mathematics and be honest in admitting when you don’t understand. As one adult learner said, after an unexpectedly exciting and successful mathematics lesson conducted in a small informal setting:
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I felt I could ask the sort of question that I wouldn’t have dared ask at school – like ‘What is a decimal?’
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Spotlight








For many years I have been lucky enough to work for the Open University – sometimes referred to as the ‘second chance’ university. Many of our students, through no fault of their own, got off to a bad start learning maths at school and disliked the subject. How different it is now. Watching these students at summer school I see excitement, enthusiasm, confidence and – for the first time for many of them – the experience of success in a subject they thought they couldn’t do!
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MOTIVATION


A third factor in your favour now is motivation. Children are required to attend school and to turn up to their mathematics lessons, whether they want to or not. In contrast, you have made a conscious choice to study this book, and the difference in motivation is crucial. Perhaps you have chosen to read the book because you need a better grasp of mathematics in order to be more effective at work. Or maybe you are a mathephobic parent who wants a better outlook for your own child. Or it is possible that you have always regretted that your mathematical understanding got lost somewhere, and it is simply time to lay that ghost to rest.


MATURITY AND EXPERIENCE


You are a very different person from when you were 8 or 15 years old. You now have a richer vocabulary and a wide experience of life, both of which will help you to grasp concepts you never understood before.


Hasn’t maths changed since I was at school?


Mathematics has changed a bit since you were at school, but not by as much as you think. The changes have occurred more in the language of mathematics than in the topics covered. Basic arithmetic is still central to primary mathematics, and today’s 12-year-olds are still having the same sorts of problems with decimals and fractions as you did.
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Spotlight








Visiting schools is a part of my job. In an infants’ classroom I was enjoying watching these six- and seven-year-olds excitedly using calculators for the first time. ‘What’s this little dash, Miss?’ asked one girl. She had just tried subtracting a bigger number from a smaller number on her calculator and had discovered the world of negative numbers all by herself.
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Will it help to use a calculator?


Yes. Most adults have a calculator, but perhaps many rarely use them. This book should help you overcome any anxiety you may feel. As one student explains:
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It’s only a thing with buttons, isn’t it? All right, it takes you a while to know what each button is, but it’s like driving a car. Once you’ve learnt which key to go to, you do it and that’s it. It’s just a case of learning. No, it didn’t frighten me.
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You will need to get a calculator before reading the following chapters. You won’t need anything more sophisticated (or more expensive) than a simple ‘four function’ calculator (i.e. one which does the four functions of add, subtract, multiply and divide).


There are a number of reasons why this book has been written assuming a calculator is to hand, and some of these are spelled out in more detail at the start of the next chapter. Two reasons are as follows. Firstly, the calculator is more than simply a calculating device. As you work through this book, you will see how the calculator can be used as a means of learning and exploring mathematics. As one student commented:
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That was something that I enjoyed; knowing that you can divide and get larger numbers. I mean, that was a thing that, without the calculator, I would have been,…would never have believed, but because it was instant, it was something I could see straightaway.
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Secondly, being competent with mathematics isn’t just some abstract skill that divides those who can from those who can’t. Mathematical skills should be useful and insightful to you in your real world and in the real world that most of us inhabit.


This chapter ends with a section on children’s mathematics. This theme will recur throughout the book, and I hope that even if you are not yourself a parent, you will find it interesting. My experience of working with adults has been that looking at children’s errors and experiences in mathematics can be a fascinating ‘way in’ for the adults, giving a better understanding of the key ideas of mathematics.


Can I help my child?


Many parents who were unsuccessful at mathematics themselves have the depressing experience of watching their children follow in mother’s or father’s footsteps. Being hopeless at mathematics seems to run in families – or does it? While it certainly seems likely that confidence in mathematics passes from parent to child, it is less certain that ‘mathematical ability’ is inherited in this way. So, if you consider yourself to be a duffer at mathematics, there is no reason to condemn your child to the same fate. Indeed, there is much that you can do to build your child’s confidence and stimulate his or her interest in the subject.


Try to stimulate your child’s thinking and curiosity about mathematical ideas. The ideal setting for these conversations might be in the kitchen, in a supermarket or on a long journey. How, then, can parents encourage in their children a curiosity and excitement about mathematical ideas? Below are a few general pointers to indicate the sort of things you might say and do with your child to achieve this aim, by creating what we professionals helpfully call a ‘mathematically stimulating environment’:


•  Where possible try to respond to your child’s questions positively.


•  Encourage the desire to have a go at an answer, even if the answer is wrong. Wrong answers should be opportunities for learning, not occasions for punishment or humiliation.


•  Try to think about what makes children tick and the sort of things they might be curious about.


•  Resist providing easy adult answers to your child’s questions, but rather try to draw further questions and theories from her/him.


•  If a child gives a wrong answer it is probably for a good reason. Try to discover the cause of the problem – it could be, for example, that your question was not clearly expressed, or that the child is simply not ready for the concept.


•  There may be specific educational toys and apparatus which are helpful to have around. Having said that, a four-year-old will learn to count as effectively or ineffectively with pebbles or bottle tops, as with ‘proper’ counting bricks!


•  Finally, remember that ‘how’ and ‘why’ questions are at a higher level of curiosity than ‘what’ questions, and these should be encouraged. (For example, ‘why does 2 × 3 = 3 × 2?’ is a more stimulating question than ‘what is 2 × 3?’)


The biggest barrier to learning mathematics is fear: the fear of being shown up as not understanding something which seems to be patently obvious to the rest of humanity. The best way of helping your child is to start by trying to overcome that fear in yourself. It doesn’t matter if you don’t know a simple fraction from a compound fracture; your competence at mathematics is less important than your willingness to be honest about what you don’t understand yourself.


Just as with cooking, carpentry or playing the piano, learning mathematics doesn’t happen just by reading a book about it. Although explanations can lead to understanding, practice is necessary if you are to achieve mastery.
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Spotlight








I once asked my son if his mathematical understanding benefited from having a maths teacher as a dad. He said, ‘Yes, but not to get long detailed explanations of things. I just wanted short answers to simple things where I was stuck. Then I could go away and work the rest out for myself.’
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The magic number machine
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In this chapter you will learn:


•  how to say ‘hello’ to your calculator


•  about numbers and how they are represented


•  how children first find out about numbers.
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Note: In this and all subsequent chapters, comments on exercises are given at the end of the chapter.


Numbers, numbers everywhere


Everywhere you look, numbers seem to leap out. They lie hidden in recipe books, are stamped onto coins and printed onto stamps, flash up on supermarket check-outs, provide us with breakfast reading on cornflakes packets, are displayed on buses, spin round on petrol pump dials…It seems that, whatever task we want to perform, numbers have some role to play. Here are a few more examples.


•  A farmer will check that all the cows are in by counting them as they go through the gate.


•  At church, the vicar reads out the hymn number. Members of the congregation are able to find the hymn in their hymn books only if they know how numbers are organized in sequence.


•  The recipe book says ‘pour into a 9-inch square tin and bake at 180°C for 45–50 minutes’. For this to make sense, we need to know about measurement of size in inches, temperature in degrees Celsius and time in minutes.


•  Competitive sport is totally based on numbers, usually in the form of scoring – half-time scores, number of runs, highest break, winning times…


You can probably think of lots more examples of your own. It’s hard to imagine a world with no numbers. How would we survive without them? What alternative ways might we think up to organize human activity if we couldn’t count on numbers to control them?


Exercise 2.1 is designed to help you to be more aware of the role that numbers play in your life.
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Exercise 2.1 How long can you last without numbers?








Take a waking period of, say, 30 minutes of your life, and see how many situations require some use and understanding of numbers. Then read on.


I tried the exercise while writing this chapter on my computer. Within a few seconds I found that I was increasing the viewing Zoom on the document to 150%.


Minutes later the phone rang and I was aware that the person on the other end had just pressed a series of numbers.


The phone call was to fix a meeting, so I had to confirm the date and time in my diary.


Shortly afterwards, I went to make a cup of coffee (I don’t have a very long attention span!). This involved putting milk and water into a cup, placing it into the microwave and keying 1 45 (1 minute and 45 seconds) into the timer.


Numbers are the building blocks of mathematics. So, just like being able to read, there are certain basic mathematical skills that you need in order to live a normal life. For example, being able to:


•  read numbers and count


•  tell the time


•  handle money when shopping


•  weigh and measure


•  understand timetables and simple graphs.
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Spotlight








The word number crops up in many phrases and sayings. To ‘do a number’ on someone means to cheat them. When your ‘number is up’, then you’d better watch out because you may be about to die. If you ‘have someone’s number’, you have worked out what sort of person they are (and it’s not good!). The phrase ‘painting by numbers’ means doing something that should be creative in a mechanical and unfeeling way.
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As well as having a useful, practical side, solving problems with mathematics can also be challenging and fun. Anyone who has done dressmaking or carpentry knows that mathematics can be used in two ways. One is in the practical sense of measuring and using patterns and diagrams. The other is more abstract – ‘How can I cut out my pattern so as to use up the least material?’, ‘Can I use the symmetry of the garment to make two cuttings in one?’ The pleasure you get from solving these sorts of problems is what has kept mathematicians going for four thousand years!


Most of all, mathematics is a powerful tool for expressing and communicating ideas. Sadly, too few people ever get a sense of the ‘power to explain’ that mathematics offers.


Let us return now to these building blocks (the numbers) and see what sense your calculator makes of them.


Saying hello to your calculator


Most basic calculators look something like this:


[image: image]


Before we tackle the hard stuff, you should start by saying hello to your calculator. Usual etiquette is as follows:


•  press the ‘On’ switch (probably marked [image: image] or [image: image])


•  now key in the number 0.7734


•  turn your calculator upside down and read its response on the screen.


Good! Having now exchanged ‘hELLOs’, this is clearly the basis for a good working relationship!


As was explained in the previous chapter, this book aims to teach you basic mathematics with a calculator. There are a number of good reasons for presenting the book in this way, some of which are listed below.


•  For some types of problem, calculators take the slog out of the arithmetic and allow you to focus your attention on understanding what the problem is about.


•  Examination boards have largely designed their examinations on the assumption that all candidates have access to a calculator.


•  Most importantly, the calculator provides a powerful aid to learning mathematics. See if you are more convinced about this by the time you have finished the book.
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Spotlight








The word ‘minus’ is a source of great confusion in arithmetic, as it has two possible meanings. One meaning is ‘subtract’ (as in: 6 minus 2 equals 4) and the other is as a negative number (as in: the number that is 3 less than zero is minus 3). If your calculator has just one minus key (as does the calculator above), then you can use it for both purposes – to subtract one number from another, and to enter a negative number. More sophisticated calculators provide two different ‘minus’ keys for these two rather different functions.
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Introducing the counting numbers


Let us begin at the beginning, with the counting numbers 1, 2, 3, 4, 5…


No doubt they look familiar enough. But before you reach for pencil and paper, let’s see how they look on your calculator.
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