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Author’s Note

The author's aim has been to present a range of activities, each with a mathematical basis, which children will find fun and stimulating to use.

The programs have each been designed so that the child, through participation, will learn or develop particular mathematical skills.

The mathematical ideas which children will meet in these programs include probability, co-ordinates, logical reasoning, geometry and symmetry. Simple addition is needed for the Two Dice Race Game. All these mathematical ideas are covered in the Maths – With a Story! School Radio Series (see page 28 and back cover).

The programs have been designed to be straightforward to use, and to this end instructions (which are optional) are always included. They are supplemented by the notes in this booklet. There are no complicated ‘setting up’ procedures, so children will quickly learn to use the programs without adult supervision.

This pack is the result of the carefully co-ordinated efforts of a team which includes a mathematics adviser, teachers, designers and artists, the radio series producer, and software experts. The final trials have been undertaken by the teachers and children from six schools in the London Borough of Newham, and I myself am a former mathematics teacher of 10 years’ experience.

The aim has been to cater for children (or adults) of a wide range of abilities and experience, and to this end all the programs include a variety of options. In general, the language used has been kept as simple as possible, although in all cases the correct mathematical terms have been used.

Apart from the educational trials, these programs have also been subjected to a process known as ‘validation’. In these independent tests, the validator’s job is to try to ‘crash’ the program. These programs have survived. You can press any keys you like, in any order you like, and the programs will not fail. The only exception to this is that you must not press the BREAK key as, for technical reasons, it has not been possible to render this key harmless. If you press this key, the program will be lost and you will have to load it all over again.

Some general points
These programs have been carefully designed to be easy to use. However, there are some general points which you will find helpful to know.

· All the programs make use of sound, but you will always be given the option of turning the sound off at the beginning of each program.

· All the programs include on-screen instructions and you will often see the message <SPACE> when you are working through them. The computer will wait for you to press the space-bar before moving from one instruction to the next, so allowing you to work through the instructions at your own pace. You are always given the option of missing out the instruction part of the program.

· Some of the programs use the number keys at the top of the keyboard for a special purpose. Where this is the case, use the key strip provided. It should be folded and flued to make a three-sided prism, and placed above the number keys as shown below. The left-most box should be directly above the number key '1'.
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· Two of the programs make use of the arrow keys in the top right right corner of the keyboard to control movement around the scren. Unfortunately, on the Electron, these keys are very close to the BREAK key. An alternative set of keys has therefore been provided and these are as shown below. They are the same keys which are frequently used to control movement in 'arcade' style games.

Z – Left   X – Right   * – Up   / – Down

· These computer programs are all 'interactive'. In other words, the computer is programmed to act on the information that you give it. Often, the information that the computer needs will be a word. For example, the computer might ask you to enter a colour, which might be red, blue or yellow. All you have to do is to press the first letter of the word, so if you wanted to choose the colour 'red', you would just press the letter 'R'.

· Sometimes you will need to press more than one key to give the computer the information it needs. For example, you might want to tell the computer your name. In such cases, if you change your mind half-way through, you can use the DELETE key to correct your mistake.

· It is usually unnecessary to press the RETURN key after entering a word or number. Where you need to press RETURN, the computer will tell you.

· When you have to give the computer some information, it will only respond to key presses which make sense, so don’t worry about pressing the wrong keys. Pressing the ESCAPE key has no effect. The only key to avoid is the BREAK key. If you do press the BREAK key, you will have to reload the program.

· At intervals during each program (at the end of a game, for example), you will be asked if you want another go. If you answer 'No' (which you would do by pressing the letter N), the screen will clear and you will be given a message to 'Press RETURN to re-run the program.' 

If you want to use the same program again, press the rETURN key. Pressing any other key will end the program. (You may be able to re-reun the program at this stage by typing RUN and pressing the RETURN key.)

· When you end a program, and you want to use another program, follow the instructions on loading the programs. (BBC Micro and Electron users who have transferred the programs onto disc will need to press SHIFT and BREAK and then select the required program from the menu).

Loading the programs

The first two programs on the tape are the title and menu program.

Type: CHAIN”TITLE”

And press the RETURN key. After a while the BBC logo will appear, followed shortly by the menu. Select the program you want by pressing a number from 1 to 4.

Note: If your recorder does not have motor control stop it after each program has loaded, and restart it when you see the message ‘Searching’.

You will find, in practice, that it is quicker to locate the approximate position of the required program on the tape, and to load it directly without using the menu program. An explanation of how this is done is given below.

Each program is in two parts:

1 A short ‘loader’ program which takes less than 30 seconds to load. This will display an attractive picture which remains on the screen while the main program loads.

2 The main program. This part will take about two minutes to load. When it has loaded successfully, you should hear a ‘beep’, and after a few seconds the program will start.

If your tape recorder has a counter, you will find it helpful to make a note of where each program starts on the tape. To do this, rewind the tape completely, reset your tape counter to zero, type


*CAT

and press the RETURN key.

As the computer finds the start of each program on the tape, the program name will be displayed. The first parts of each of the four programs are called:


JIGSAW


PATTERN


TWODICE


COLOUR

As each of these names appears, note the number on your tape counter.

To load a program:

1. Turn on your computer.

2. Wind your tape to the start of the program.

3. Type CHAIN”JIGSAW” (or the name of the program you are going to use).

4. Press the RETURN key.

5. Press the PLAY button on your tape recorder.

You should see the message ‘Searching’ appear, shortly followed by the message ‘Loading’ and the program name followed by the figures ‘00’. You will see these figures change as the program loads from the tape into the computer’s memory. If you see no other messages, then all is well! If you get any other messages, such as ‘Header?’ or ‘Data?’ press the BREAK key, rewind your tape to the start of the program, and begin again from step 1.

Transfer from tape to disc

If you are a disc user, you may still use the programs from tape. However, type *TAPE and press the RETURN key before you do anything else.

The programs have been carefully designed so that it is a very simple matter to transfer them all from your tape onto disc.

To transfer the programs to disc:

1. Make sure you have a formatted disc, suitable for your disc drive.

2. Make sure that you have both your disc drive and a suitable tape recorder connected to your computer. (A tape recorder with motor control is not necessary.)

3. Type *TAPE and press the RETURN key.

4. Type *CAT and press the RETURN key.

5. Locate the program called CONVERT which you will find after the other programs on the tape.

6. Type: PAGE=&6000

and press the RETURN key.

7. Type: CHAIN”CONVERT”

and press the REUTRN key.

8. When this program has loaded, follow the on-screen instructions.

The programs will all be automatically transferred onto your disc. (This will take around 12 minutes.)

Your disc will now be ‘auto-booted’. To obtain the menu, hold down the SHIFT key, then press and release the BREAK key; now release the SHIFT key. You can now select the program you want. Loading is rapid.

1 CO-ORDINATE JIGSAW

There is no key strip for this program.

Reminder When you see the message SPACE, the computer is waiting for you to press the space-bar.

What happens when I run the program?

The first question you will be asked is:


‘Do you want sound?’

Press the letter Y to answer ‘Yes’ or N to answer ‘No’. The computer then asks you:


‘Do you want instructions?’

If this is the first time you have used the program, answer ‘Yes’. The computer will show you how the program works. You will see the computer paint a large red circle and turn it into a jigsaw! You will also find out how to sort the jigsaw out again.

The computer will show you one instruction at a time. When you are ready to go on to the next instruction, just press the space-bar.

After you have followed all the instructions you will be left with a half-finished jigsaw to try and sort out. The screen will look like this:
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If you forget what the shape looked like before it got mixed up, press the letter 'H' when the computer tells you to 'Press "H" for help'.

The computer will then sort out the pattern for you. It will only stay sorted for a moment, though, before returning to its 'mixed up' position. (If you keep your finger pressed down on the 'H' key, you can have a longer look.)

When you have completed the puzzle, you can do one of four things:

· You can try the same puzzle again

· You can let the computer design a new puzzle for you

· You can design your own jigsaw!

· You can end the program.

If this is the first time you have used the program, why not let the computer design a puzzle for you? There are three levels of difficulty to choose from. An easy picture, when jumbled up, makes a jigsaw which is easy to solve. The picture below, which was drawn by the computer, will have a hard jigsaw.
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How do I design my own jigsaw?

The computer can design hundreds of different patterns for you. However, you can get an even bigger variety of designs by building up your own picture!

When you finish with a jigsaw, the computer asks you:


'Do you want to design your own jigsaw?'

The first time you answer 'Yes', you will get new instructions for the 'design' part of the program. As before, you can go through these at your own pace. Simply press the space-bar to get the next instruction when you are ready.

After following the instructions, it will be your turn to try. You have to describe the shape that you want to paint. Use the words which appear in the box to the left of the grd. To choose a word, you only have to press the first letter. For example, to choose 'red', just press the 'R' key.

After you've placed a shape, the computer will ask you:


'Do you want to place another shape?'

If you're happy with your design as it is, and are ready for the jigsaw, press the N key. Your design will now be turned into a jigsaw and you will have to sort it out. (Don't forget that you can press 'H' for help if you get in a muddle.)

The pictures below show the four stages in designing your own jigsaw.

What happens if I make a mistake?

While you are telling the computer about the shape you want to place on your design, you can press the DELETE key to correct any mistakes. Try it and see!

After you hav placed each new shape on the grid, you will be asked if this shape is OK. If it's not right or perhaps is not in quite the right position, answer 'No' and the computer will remove the shape for you. Then you can carry on.
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* The designer has drawn a medium square with its centre at (4,4) using blue and a small circle with its centre at (2,1) using red and is about to add another small circle to her design
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* The designer is happy with the pattern
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* The computer has changed the grids and is about to jumble up the jigsaw

[image: image8.png][N—
for help

Press E
to end

Hhich two sauares do you want to suap?
<




* The designer now has to solve the jigsaw puzzle

When you get more experience

You will have noticed that when shapes overlap, the computer mixes colours in an unusual way. You muight find the table below helpful when planning your pictures:

	
	
	First colour in mix

	
	
	Red
	Yellow
	Blue

	Second

colour

in mix
	Red
	Black
	Blue
	Yellow

	
	Yellow
	Blue
	Black
	Red

	
	Blue
	Yellow
	Red
	Black


e.g. red mixed with yellow makes blue!

You can have a lot of fun trying to work out a rule for remembering how the colours mix! Have you notced which mixes make black?

If you place a shape on the screen which will not fit within the grid, the computer just ignores the part which won't fit. You can use this to make your designs more interesting. Have you tried painting a circle or a rhombus, with its centre at (8,8)?

What if I can't solve the jigsaw?

If you get completely stuck, you can press the letter 'E' to end. The computer will then ckeck that you didn't press the letter 'E' by mistake (it asks you if your really want to give up!). It will then sort out the puzzle for you. Now you can try the same puzzle again, or go on to a new one.

Notes for parents and teachers
Co-ordinates give us a powerful way of referring to a position on a surfce by using a pair of numbers. In this program, children will meet co-ordinates used in two different ways. In the first, they  use coordinates to exchange pairs of squares. The computer asks:


'Which two squares do you want to swap?'
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They might reply by entering:


(2, A) and (3, C)

In this way, then tell the computer which areas they want to move.

Although the number must be given to the computer before the letter, there would in fact by no confusion in this case if the order had been reversed.

Note In the program, children need only prss a number, followed by a letter. When they write co-ordinates, however, they will need to remember to put a comma between the number and letter, and to place brackets around them.

Later, when they build their own jigsaws they will have to place shapes on a numbered grid.
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They are asked to enter a description of the shape they want to add to their design. For example, they might choose to paint:


'A large circle with its centre at (5,3) using blue'

In this case, they will be using co-ordinates to fix the point at the centre of their chosen shape.

For most children, this will be the more difficult stage of the program. However, this 'design' stage may be avoided altogether by younger children. They can instead let the computer design endless new jigsaws for them. This allows the program to be enjoyed by children of widely differing ages and abilities.

2 SYMMETRY PATTERNS

You will need: The key strip, which must be placed above the number keys. The word 'Move' the left-most box should be above the number key '1'.

Reminder When you see the message SPACE the computer is waiting for you to press the space-bar.

What happens when I run the program?

As usual the computer will first ask you if you want sound. Then it will ask you if you want instructions. If you haven't used the program before, press the letter 'Y' to answer 'Yes'.

The computer will show you some of the things that the program can do. Simply press the space-bar each time you are ready to go on to the next instruction.

After the instructions, it will be your turn to try and design a pattern. You do this by using a single, vertical mirror.

You can change colour; draw; move without drawing; or rub out by pressing the number keys at the top of the keyboard. You can control the square cursor with the four arrow keys which are on the left of the keyboard. If you prefer, you can use the keys as shown below, instead of the arrow keys:

Z – Left   X – Right   * – Up   ? – Down

As you move the cursor on one side of the mirror, you leave a coloured trail behind you. You will also see the mirror's reflection of this trail, drawn for you by the computer.

Do not worry about the three right-hand keys (8, 9 and 0). Just try using the other number keys together with the arrow keys.

Each time you press one of the number keys, look at the left-hand side of the screen. What do you see?

What do I do if I want to draw a new pattern?

When you want to try a new design, press key 9 to 'End Pattern':

First the computer will ask you:


'Do you really want to end this pattern?'

(You might have been in the middle of a brilliant design, so the computer checks to see if you really meant to press tha key before wiping out all your hard work!)

The computer then asks:



'Do you want another go?'

If you answer 'No', the program ends. So, if you want to carry on designing, press 'Y'.

You are then asked if you want to use the same symmetry again. If you answer 'Yes', your previous design will be wiped away. Now you can continue as before, using a vertical mirror line again. If you answer 'no', the whole screen will clear and a 'menu' screen will appear.
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There are eight different types of symmetry which you can use to help you design patterns.

The first six of these use 'Reflection Symmetry'. This is often called 'Mirror Symmetry' instead.

Numbers 1, 2 and 3 each have one mirror line at various different angles.

Numbers 4 and 5 have two mirror lines.

Number 6 has four mirror lines.

The last two choices use 'Rotational Symmetry', which is sometimes known as 'Turning Symmetry'.

If you would like to try a reflection pattern using four mirror lines, press the number key '6'.
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The 'menu' screen now disappears and the design screen reappears. Before you can start, the computer gives you one more instruction:


'Press number key "0" to show the mirror or SPACE to start.'

Until you get used to different types od symmetry, it is probably best to press the number key '0'. When you do this, the positions of the mirror lines appear on the screen. Later, you may feel that your designs look more attractive without the mirror lines shown, in which case you should press the space-bar instead.

As you draw across a mirror line, the mirror gets drawn over. However, you can always get the full mirror lines back by pressing key '0'

Note: If you choose to use rotational symmetry to help you draw a pattern, pressing key '0' has no effect.
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* This pattern was drawn after choosing symmetry number 8 from the menu screen.

What is the Show/Hide key for?

The number key '8' is very special. Try pressing it. You'll see that the computer hides all new drawing except for the drawing at the cursor. Use the cursor keys to draw. You can change colour or rub out if you want to, just like you did before.

Now press key '8' again and the computer reveals the reflections (or rotations) to make your pattern symmetrical again. You can use key '8' to set yourself challenges. For example, go to the 'menu' screen and select symmetry number 1 to give you a single vertical mirror line. Press key '8' to 'hide'. Now, can you draw half of a person? Try it and then press key '8' to reveal the other half.
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Notes for parents and teachers

The symmetries of shapes and objects can be very hard to describe precisely in words, though we could give many examples of things around us which we would describe as being symmetrical. This program helps children to explore some common symmetries of relections and rotations.

There are many ways in which children might use the program. Younger children may just doodle, changing colour as they go, and producing quite reandom designs. At this stage they will probably prefer to choose the options hwihc have several mirror lines or the rotational symmetry option number, which has a four-fold order of symmetry, as these tend to give pleasing designs no matter what you do. (Suggest they try the option with four mirrors to make amazing kaleidoscopic patterns!)

With the 'hide' facility children can set themselves difficult challenges, trying to visualise what a pattern will look like after revealing it when they later press key '8' to 'show'.

By using the options with a single mirror line, children can explore the properties of shapes which are themselves symmetrical. For example, using a single horizontal line, which letters of the alphabet can be formed by drawing only one half?
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Children may notice that some of the mirror options (numbers 4, 5 anf 6) produce patterns which also have rotational symmetry.

3 THE TWO DICE RACE GAME

There is no key strip for this program.

You will need: From 2 to 4 players.

You may also need: Two dice.

Reminder: When you see the message SPACE, the computer is waiting for you to press the space-bar.

What happens when I run the program?

As with the other programs, the first question the computer asks you is whether you would like sound or not. The computer then asks if you would like to see the instructions. Answer 'Yes' by pressing the letter 'Y', and the computer will explain the game to you.

Remember that the computer lets you go through the instructions as slowly or as fast as you want. You just press the space-bar when you see the message SPACE and you are ready to move on to the next instruction.

Up to four people can play at the same time. Each player takes the part of a 'Smug' (a big-headed creature which can be red, green, yellow or white.)

At the beginning of the game, each Smug is asked to choose a lift-number between 1 and 12. This is a most important part of the game, as you will discover!

You can choose to use your own real dice, or you can let the computer 'roll' the dice.

The game takes place in the lifts of a large building. At the beginning of the game, however, there are no lifts to be seen.

Smugs take it in turn to roll the dice and to tell the computer the total of the dots on the two dice.

A lift goes down to the ground floor with this total. If one of the Smugs has chosen this total, then that Smug enteres the lift, otherwise the lift is grabbed by a 'Grum'. (Grums are small squat humourless creatures and are always light blue!)

Players take turns in rolling the dice and entering the total. Each time a new total occurs, a new lift descends. If a lift is already present, it rises one floor. The game continues until a left reaches the top floor. The Grum or Smug in the lift first reaching the top floor is the winner.

[image: image15.png]T 2SS 5B B a0

vellow Smug
Fress <SPACE> to roll the dice




At the end of each game in which the computer's dice have been used, the faces of the two dice are shown.

How can I make sure I always win?

Sorry! You can't.

Whether you use your own real dice or the computer's dice, you can't be sure how the dice will roll. However, you will notice that some totals seem to come up more often than others. Some totals don't seem to come up very often at all!

By choosing one of the totals which seem to come up most often, you will be able to give yourself a good chance of winning. You might be able to think of a good reason why some totals are more likely than others.

Loaded dice!

If you decide to use the computer's dice, the computer will normally use dice numbered from 1 to 6 just like real ones. However, you will be given the choice of changing the number of dots on either one or both of the dice. Each face may be changed to any number between 1 and 6. The computer will tell you how to change the numbers on each face.

Notes for parents and teachers
Many children will be used to dice experiments, in which perhaps they throw a single dice many times and note how many one's they get, how many two's, and so on. They might then draw a 'Bar Chart' to show their results. So if they had rolled a dice 60 times, their results might look like this:
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One might expect to get about ten of each number (60 / 6 = 10). However, you would be very surprised indeed to get exactly 10 of each number.

It is a more difficult problem to guess what is likely to happen when the total scores of two dice are recorded. However, as children play the Two Dice race Game, a bar chart appears in front of them (disguised as a series of lift shafts) showing how many of each total have been thrown.

With experience, children should come to see that some totals are more likely to occur than others, and one total not al all! The skill of the game lies in the way players choose their totals.

To make the game as fair as possible, the order in which players are asked to choose their totals is completely random.

If the computer's dice are being used, the total is checked. If a child makes a mistake when counting the dots, the computer displays the sum in numbers, like this:


4 + 3 = ?

The child then tries again. If the answer given is still wrong, the right answer is shown, like this:-


4 + 3 = 7

Older children may already know (or may soon discover) which are the most likely totals when the scores on two dice are added. For children who have reached this stage, a further dimension to the game is provided by the option to change the numbers on the dice. Children will have to work out which scores are most likely, for each new pair of renumbered dice that they decide to use.

THE COLOURING PUZZLE

You will need: The key strip, which must be placed above the number keys at the top of the keyboard. The box labelled 'Red' should be above the number '1'.

Reminder: When you see the message SPACE, the computer is waiting for you to press the space-bar.

What happens when I run the program?

First, you will be asked if you want the sound on. Press Y to answer ‘Yes’ or N to answer ‘No’. 

You will then be asked if you want to see the instructions. Answer 'Yes' and the computer will show you a simple design and will explain the rules for filling it with colour. As usual, the computer will display the message SPACE and wait for you to press the Space-bar before going on to the next instruction. The rules are really quite simple. You have to completely colour a picture, using as few different colours as you can. However, you must not use the same colour for parts (or regions) of the picture which have a touching side.

Look at the instructions as many times as you need to, until you understand what to do.

How do I choose a puzzle?

The computer will ask you how difficult you want your puzzle to be. It is a good idea to start with an easy puzzle, so press the letter 'E'. The computer will now draw dour patterns for you to choose from. Just press a number from 1 to 4 to choose the one you want.

The screen now clears and the picture you have chosen is drawn again. It is now bigger than before. To the left of the picture you will see a 'key' which tells you which number keys to press to select the different colours, or to clear a region of colour. (This same information is on the key strip.)

Before you can start colouring, there is one more thing for you to do. The computer asks you to say how many different colours you think you are going to need to completely fill the picture. Remember that you are trying to use as few different colours as you can. Press a number (not more than six) to answer.
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How do I colour the picture?

Colouring is simple. You will see a cursor in the shape of a cross (+) which 'shimmers'. You can move this cross around the picture, using the four arrow keys. Move the cursor inside the region you want to colour first, and select a colour by pressing one of the number keys (1 to 6). Carry on doing this until all the picture has been coloured.

If you prefer, you can use the keys below to move the cursor, instead of the arrow keys.

Z – Left   X – Right   : - Up   ? – Down

How do I change the colour of a region?

Easy! Just move the cursor into the region you want to change and press the number key '7'. The region will clear and you can now choose your new colour.

What if I make a mistake?

It is a rule of the game that you are not allowed to fill two touching regions with the same colour. If you do, the computer will tell you what you have done, and you will then see that message SPACE again. Look at the picture carefully. Can you see where the region you just filled in, touches another region of the same colour? When you are ready to go on, press the Space-bar and the region you just filled will be cleared for you. Now you can carry on colouring.
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When the picture is finished, you will be able to make as many changes as you want to. When you tell the computer that you don't want to make any more changes, it will tell you how well you've done.

At this stage you can choose to try either the same picture again or a new puzzle.

There are sixteen different pictures altogether and some of them are very hard indeed!

Notes for parents and teachers
How many colours do you need to colour a map completely if no two regions with a common border are allowed to be filled in the same colour?

The Colouring Puzzle allows children to investigate this problem with a number of widely differing designs.

Quite young children will sometimes find 'best' solutions, completely by chance! (By 'best' it is meant that they will manage to colour the picture using the fewest possible number of colours.)

However, in all but the very simplest of examples, the successful completion of each of these puzzles will require the child to use the mathematical ideas of logical thinking and problem solving. A particular strength of the activity is that children will have to use logical reasoning to develop their own strategies for success.

By the way, this classic mathematical problem has only been fully worked out very recently, and its proof involved the use of a very powerful computer!

Note Although the colour key is shown to the right of the screen, children will find it helpful to use the key strip provided.
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MATHS – WITH A STORY:

availability of the broadcast programmes

The first series
The BBC School Radio Radio Shop Catalogue, available at school or from:


BBC Publications


School Orders Section


144-152 Bermondsey Street


London SE1 3TH

provides details of the complete package of recorded radio programmes.

Co-ordinates: Pirate Gold
Estimating and approximating: Muddleville Olympics

Large Numbers: Max – the Muddleville Millionaire

Probability: Mrs Witchett works it out!

Growth and change: Tiddles and the time machine

Scale and enlargement: Muddleville Zoo

Minima and maxima: The fastest snail in town

Intersection of sets: Whodunnit?

Symmetry: RADIOVISION (with colour filmstrip)

Tessellation and packing: RADIOVISION (with colour filmstrip)

The second series
First broadcast in Summer 1984, the second series is repeated in Autumn 1985. After that time it is hoped that the programmes will be available in the Radio Shop Catalogue (See above).

Details of transmission times and dates can be found in the BBC Annual Programme for Schools and Colleges sent to all schools each academic year.

Note: This information applies to schools only.
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