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The full ebook Exploring Numbers Through Dot Patterns (which can be bought from the Apple iBook Store or from www.ronitbird.com) contains 117 pages, many illustrations and more than 100 minutes worth of embedded video.]
The following pages are provided as a free sample from Ronit Bird's Exploring Numbers Through Dot Patterns.  The 
whole of Chapter 2 is shown: 11 pages that include many illustrations and 3 demonstration videos.
The full ebook Exploring Numbers Through Dot Patterns (which can be bought from the Apple iBook Store or from 
www.ronitbird.com) contains 117 pages, many illustrations and more than 100 minutes worth of embedded video.
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[image: An important concept for children to grasp is the idea that any quantity has smaller quantities contained within it. Later, they will need to know how larger numbers can be built by combining smaller numbers, so this is an early foundation for future work about number components. At this early stage, we explore individual numbers to see what other number patterns can be found inside them, as well as identifying which smaller numbers contribute to the patterns of larger numbers.]
An important concept for children to grasp is the idea that any quantity has smaller quantities 
contained within it. Later, they will need to know how larger numbers can be built by combining 
smaller numbers, so this is an early foundation for future work about number components. At this 
early stage, we explore individual numbers to see what other number patterns can be found inside 
them, as well as identifying which smaller numbers contribute to the patterns of larger numbers.
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Chapter 2 Contents
 
•Analyse each dot pattern 
for 1 - 6
•Quiz
•Search for each smaller 
number inside the larger 
number
•Demonstration video 2A
•Demonstration video 2B
•Numbers Inside Game
•Demonstration video 2C

[image: Analyse each dot pattern for 1 – 6
Taking each of the dot patterns from 1 to 6, one at a time, we’ll use concrete materials to explore which other patterns can be found inside.
The first thing your child should begin to notice is that the numbers inside cannot be larger than the whole number we are looking at. In other words, inside a 3, it will be possible to find a 1, a 2 and a 3, but not a 4, a 5 or a 6. This may seem obvious but, rather than point this fact out to your child, allow him to discover and express it for himself, with the help of a few prompting questions if necessary.
Draw patterns, like the ones on the previous page, in which the dots forming the pattern are shown as empty circles that are of the right size to accommodate ]
Analyse each dot pattern for 1 – 6
Taking each of the dot patterns from 1 to 
6, one at a time, we’ll use concrete 
materials to explore which other patterns 
can be found inside.
The first thing your child should begin to 
notice is that the numbers inside cannot 
be larger than the whole number we are 
looking at. In other words, inside a 3, it 
will be possible to find a 1, a 2 and a 3, 
but not a 4, a 5 or a 6. This may seem 
obvious but, rather than point this fact 
out to your child, allow him to discover 
and express it for himself, with the help 
of a few prompting questions if 
necessary.
Draw patterns, like the ones on the 
previous page, in which the dots forming 
the pattern are shown as empty circles 
that are of the right size to accommodate 
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[image: whatever discrete materials you are using. You could use counters, beads, shells, buttons, or whatever else you think is suitable. In the videos, you will see me using glass nuggets. 
Make sure the items you choose are roughly the same size and colour as each other so that the overall dot pattern stands out clearly.
During the whole of this exercise, the child has to look carefully at every pattern so as to notice every small detail and should be encouraged to put into words what he sees.]
whatever discrete materials you are using. 
You could use counters, beads, shells, 
buttons, or whatever else you think is 
suitable. In the videos, you will see me using 
glass nuggets. 
Make sure the items you choose are roughly 
the same size and colour as each other so that 
the overall dot pattern stands out clearly.
During the whole of this exercise, the child 
has to look carefully at every pattern so as to 
notice every small detail and should be 
encouraged to put into words what he sees.

[image: Inside the pattern for 1 there is no other pattern. 1 is just 1.]
Inside the pattern for 1 there is no other 
pattern. 1 is just 1.
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[image: Inside the pattern for 2, we can find a 1 (in either one of two possible positions) and also a 2.    
]
Inside the pattern for 2, we can find a 1 (in either one of two 
possible positions) and also a 2.    

[image: Inside the pattern for 3, we can find a 1 (in more than one position), a 2 (in more than one position) and a 3. Can you find all the positions? You will see them all in video 2A at the end of this section.]
Inside the pattern for 3, we can find a 1 (in more than one 
position), a 2 (in more than one position) and a 3. Can you 
find all the positions? You will see them all in video 2A at 
the end of this section.

[image: Inside the pattern for 4, we can find a 1 (in more than one position), a 2 (in more than one position) and a 4. 
We cannot find a dice pattern for 3. Of course, it is possible to see 3 discrete items inside the pattern for 4 but in this activity we are focusing on patterns and are therefore looking for the traditional dice pattern of 3 spots all in a row.]
Inside the pattern for 4, we can find a 1 (in more than one 
position), a 2 (in more than one position) and a 4. 
We cannot find a dice pattern for 3. Of course, it is possible 
to see 3 discrete items inside the pattern for 4 but in this 
activity we are focusing on patterns and are therefore 
looking for the traditional dice pattern of 3 spots all in a row.
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[image: Inside the pattern for 5, we can find patterns for all the numbers up to and including 5. The patterns for 1, 2 and 3 can all be found in more than one position. The patterns for 4 and 5 can each be found in one position only.]
Inside the pattern for 5, we can find patterns for all the 
numbers up to and including 5. The patterns for 1, 2 and 3 
can all be found in more than one position. The patterns for 
4 and 5 can each be found in one position only.

[image: Inside the pattern for 6, we can find all the patterns for all the numbers 1, 2, 3, 4 and 6 itself. The patterns for 1, 2, 3 and 4 can all be found in more than one position. The pattern for 6 can be found in one position only.
We cannot find a dice pattern for 5 inside the traditional dice pattern for 6. We could point to 5 discrete items within the pattern for 6 but, whichever 5 items we choose, they would be arranged as a pattern of 4 plus 1 more. We cannot see the traditional X-shaped dice pattern for 5 inside the dice pattern for 6.]
Inside the pattern for 6, we can find all the patterns for all 
the numbers 1, 2, 3, 4 and 6 itself. The patterns for 1, 2, 3 
and 4 can all be found in more than one position. The 
pattern for 6 can be found in one position only.
We cannot find a dice pattern for 5 inside the traditional 
dice pattern for 6. We could point to 5 discrete items 
within the pattern for 6 but, whichever 5 items we choose, 
they would be arranged as a pattern of 4 plus 1 more. We 
cannot see the traditional X-shaped dice pattern for 5 
inside the dice pattern for 6.
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[image: Quiz 
Here are some dice patterns, in no particular order. Ask your child to look at them in turn and identify which smaller numbers are inside the patterns on each die face. 




     
After watching the videos in this chapter and playing the game Numbers Inside, do return to this Quiz again. Random numbers up to 6 can be generated by throwing an ordinary die. Children learn to focus on the essence of each pattern by having to recognise the patterns in any orientation, as the die falls at a different angle on each occasion. Once this becomes easy, use a digit die (with numbers rather than dots) so that the dot patterns have to be visualised and mentally searched in order to locate the patterns for the smaller numbers within the larger number patterns. ]
Quiz 
Here are some dice patterns, in no particular order. Ask your 
child to look at them in turn and identify which smaller 
numbers are inside the patterns on each die face. 
 
 
 
 
     
After watching 
the videos in 
this chapter 
and playing the game Numbers Inside, do return to this 
Quiz again. Random numbers up to 6 can be generated by 
throwing an ordinary die. Children learn to focus on the 
essence of each pattern by having to recognise the patterns 
in any orientation, as the die falls at a different angle on each 
occasion. Once this becomes easy, use a digit die (with 
numbers rather than dots) so that the dot patterns have to be 
visualised and mentally searched in order to locate the 
patterns for the smaller numbers within the larger number 
patterns. 
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[image: Search for each smaller number inside the larger numbers
This next exercise looks at the same details as the previous exercise, but now from the opposite point of view. 
Whereas before we were looking at the whole pattern to see what building blocks could be found inside, now we are looking at the components themselves to see what larger numbers they might contribute to.
This switch of focus, examining a part-to-whole relationship and then the inverse whole-to-parts relationship, is very similar to the kind of thinking that connects the inverse operations of addition and subtraction.]
Search for each smaller number inside the larger numbers
This next exercise looks at the same details as the previous 
exercise, but now from the opposite point of view. 
Whereas before we were looking at the whole pattern to 
see what building blocks could be found inside, now we 
are looking at the components themselves to see what 
larger numbers they might contribute to.
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[image: The pattern for 1 can be found in every other number pattern. 
It is worth telling children that this would be true of every whole number, no matter what size that number might be.]
The pattern for 1 can be found in every other number 
pattern. 
It is worth telling children that this would be true of every 
whole number, no matter what size that number might be.

[image: The  answers can  be 
checked by looking up the facts set out on the previous pages. ]
The  answers can  be 
checked by looking 
up the facts set out 
on the previous 
pages. 
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[image: The pattern for 2 can be found in every number greater than 1. That’s because the pattern for 2 is just two dots, in any orientation. ]
The pattern for 2 can be found in every number greater than 
1. That’s because the pattern for 2 is just two dots, in any 
orientation. 

[image: The pattern for 3 can be found in the number 3, 5 and 6. It cannot be found in the numbers 1 and 2 (because they are smaller than 3), nor can it be found in the dice pattern for the number 4.
If we define the pattern for 3 as three dots in a row, in any orientation – as opposed to a triangular shape or an L-shape – there should be no difficulty in seeing the two patterns for 3 inside the pattern for 6 even though the rows of dots are not arranged diagonally. Nor should there be any difficulty in recognising that there is no pattern of 3 dots in a row inside the 4 (which does, nevertheless, contain 3 dots in an L-shape and 1 more). This is the kind of distinction that forces us to notice detail and to differentiate between the composition and arrangement of each number pattern.]
The pattern for 3 can be found in the number 3, 5 and 6. It 
cannot be found in the numbers 1 and 2 (because they are 
smaller than 3), nor can it be found in the dice pattern for 
the number 4.
If we define the pattern for 3 as three dots in a row, in any 
orientation – as opposed to a triangular shape or an L-shape 
– there should be no difficulty in seeing the two patterns for 
3 inside the pattern for 6 even though the rows of dots are 
not arranged diagonally. Nor should there be any difficulty 
in recognising that there is no pattern of 3 dots in a row 
inside the 4 (which does, nevertheless, contain 3 dots in an 
L-shape and 1 more). This is the kind of distinction that 
forces us to notice detail and to differentiate between the 
composition and arrangement of each number pattern.
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[image: The pattern for 4 can be found in the numbers 4, 5 and 6. It cannot be found in 1, 2 or 3 because they are less than 4.]
The pattern for 4 can be found in the numbers 4, 5 and 6. It 
cannot be found in 1, 2 or 3 because they are less than 4.

[image: The pattern for 5 can be found only in itself. It cannot be found in any of the numbers smaller than 5, nor can it be found in the dice pattern for the number 6.]
The pattern for 5 can be found only in itself. It cannot be 
found in any of the numbers smaller than 5, nor can it be 
found in the dice pattern for the number 6.

[image: The pattern for 6 can be found only in itself. ]
The pattern for 6 can be found only in itself. 
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[image: Demonstration videos 2A and 2B            Numbers inside
The two videos that follow show reconstructions of practical activities that I might set up for exploring dot patterns in order to help a child identify smaller numbers contained inside larger numbers.
The activity on the first video takes a whole-to-parts approach in which we explore each number in turn to see what patterns lie inside. The second video shows a part-to-whole approach in which we look at each component in turn to see which larger patterns contain it. The two activities can follow on from each other or can be undertaken separately. 
When my hand appears on the screen during the video it is a cue for your child to join in with the activity and move counters into dot patterns, just as I do. However, please note that in these particular activities there is often more than one right answer and the order in which I point out the various patterns on the video has no significance. Any order will do. Your child also need not worry about finding every single possible position for the various patterns; they are shown on the videos for the sake of completeness.
During the videos, speech bubbles appear from time to time at the lower right of the screen to indicate at what point you]
Demonstration videos 2A and 2B            Numbers inside
The two videos that follow show reconstructions of practical 
activities that I might set up for exploring dot patterns in 
order to help a child identify smaller numbers contained 
inside larger numbers.
The activity on the first video takes a whole-to-parts 
approach in which we explore each number in turn to see 
what patterns lie inside. The second video shows a part-to-
whole approach in which we look at each component in turn 
to see which larger patterns contain it. The two activities can 
follow on from each other or can be undertaken separately. 
When my hand appears on the screen during the video it is 
a cue for your child to join in with the activity and move 
counters into dot patterns, just as I do. However, please note 
that in these particular activities there is often more than one 
right answer and the order in which I point out the various 
patterns on the video has no significance. Any order will do. 
Your child also need not worry about finding every single 
possible position for the various patterns; they are shown on 
the videos for the sake of completeness.
During the videos, speech bubbles appear from time to time 
at the lower right of the screen to indicate at what point you

[image: should pause in order to give your child the opportunity to find answers without help. The pauses are important if you want your child to engage with the problem rather than simply copy what I do on the video. 
The speech bubbles that appear at the top right of the screen indicate the sorts of things I might say to a child, or try to elicit from a child, while we work. The idea is that you can use this as a guide while you are learning how to carry out the activity for yourself. Once you see all the steps and understand the purpose of the activity you will be able to carry out similar activities at whatever pace best suits your child, using your own words.
Please do not expect your child to read the text from the speech bubbles at the same time as trying to take note of the movements of the objects on the screen. Following the activity while watching the video is designed as a two-man operation: it is your job to read out the text and your child’s job to think about the problem being posed and to manipulate the counters as a way of exploring questions or demonstrating the answers. Reading out the speech bubbles yourself is important as a way of directing the activity, while leaving your child free to concentrate on the mathematical content of the activity. ]
should pause in order to give your child the opportunity to 
find answers without help. The pauses are important if you 
want your child to engage with the problem rather than 
simply copy what I do on the video. 
The speech bubbles that appear at the top right of the 
screen indicate the sorts of things I might say to a child, or 
try to elicit from a child, while we work. The idea is that 
you can use this as a guide while you are learning how to 
carry out the activity for yourself. Once you see all the steps 
and understand the purpose of the activity you will be able 
to carry out similar activities at whatever pace best suits 
your child, using your own words.
Please do not expect your child to read the text from the 
speech bubbles at the same time as trying to take note of 
the movements of the objects on the screen. Following the 
activity while watching the video is designed as a two-man 
operation: it is your job to read out the text and your child’s 
job to think about the problem being posed and to 
manipulate the counters as a way of exploring questions or 
demonstrating the answers. Reading out the speech 
bubbles yourself is important as a way of directing the 
activity, while leaving your child free to concentrate on the 
mathematical content of the activity. 
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[image: In order to follow the activity in the following two videos, you will need:
The six dot patterns from 1 – 6 drawn so that the dots appear as large empty circles, as in the illustration at the start of this chapter or the game board for Numbers Inside, or drawn on six separate cards.
Nuggets, or counters, of a size to fit the drawn circles.]
In order to follow the activity in the following two videos, you will need:
•The six dot patterns from 1 – 6 drawn so that the dots appear as large empty circles, as in the illustration at the start of 
this chapter or the game board for Numbers Inside, or drawn on six separate cards.
•Nuggets, or counters, of a size to fit the drawn circles.

[image: Video 2A			                      Numbers inside: whole to parts]
Video 2A			                      Numbers inside: whole to parts

[image: Video 2B			                        Numbers inside: part to whole]
Video 2B			                        Numbers inside: part to whole

2B_numbers_inside_part_to_whole.m4v
2B_activ_part_to_whole_activ-2.m4v
[image: As explained in the Introduction, none of the videos in the ebook have a sound track.]
As explained in the Introduction, none of the videos in the ebook have a sound track.
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[image: Game			                                     Numbers Inside]
Game			                                     Numbers Inside

[image: Preparation
This game is played on a board that shows all the dot patterns from 1 to 6 in two columns. When you sketch out game boards for yourself, be sure to draw each dot or circle large enough to accommodate the size of your counters. 
The game is played with a 1-2-3 spot die. A 6-sided die with only the numbers 1, 2 and 3 (each number appearing on two faces of the die) can be bought from specialist games shops, but you can easily adapt an ordinary die by putting blank stickers on three of the faces on which you can draw spot patterns or write digits for 1, 2 and 3. 
What is this game about?
The game targets the idea of looking for smaller numbers inside larger numbers from both the points of view described earlier in this chapter: a whole-to-parts approach and a part-to-whole approach. During the game, players have to look at each pattern as a whole to see what building blocks can be found inside, and also look at the numbers 1, 2 and 3 as component parts to see which larger numbers they can help to build.
A simplified version of this game first appeared on my website www.ronitbird.com .]
Preparation
This game is played on a board that shows all the dot patterns 
from 1 to 6 in two columns. When you sketch out game boards 
for yourself, be sure to draw each dot or circle large enough to 
accommodate the size of your counters. 
The game is played with a 1-2-3 spot die. A 6-sided die with 
only the numbers 1, 2 and 3 (each number appearing on two 
faces of the die) can be bought from specialist games shops, 
but you can easily adapt an ordinary die by putting blank 
stickers on three of the faces on which you can draw spot 
patterns or write digits for 1, 2 and 3. 
What is this game about?
The game targets the idea of looking for smaller numbers 
inside larger numbers from both the points of view described 
earlier in this chapter: a whole-to-parts approach and a part-to-
whole approach. During the game, players have to look at each 
pattern as a whole to see what building blocks can be found 
inside, and also look at the numbers 1, 2 and 3 as component 
parts to see which larger numbers they can help to build.
A simplified version of this game first appeared on my website 
www.ronitbird.com .
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[image: Equipment needed
A game board for each player.
Counters to fit the circles on the board.
A 1-2-3 spot die.]
Equipment needed
•A game board for each player.
•Counters to fit the circles on the board.
•A 1-2-3 spot die.
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[image: Rules                                                                 Numbers Inside
Two or more players take turns to throw the die and to take as many counters as match the throw. On your turn, use the counters to cover the exact pattern you see on the die in any place on your board. The counters taken on each turn can only be placed on a single number pattern: the amount cannot be split between two numbers. So, for example, if you throw a 3, you can cover 3 circles in a row on the number 3, or on the number 5 or on the number 6, but nowhere else. 
No circle may be covered by more than one counter and once a counter has been placed it cannot be moved on a subsequent turn. 
The winner is the first player to cover all the circles in the three numbers that comprise either one of the two columns on the player’s board.

Variation 1
Use a digit die. This means the dice patterns cannot be simply copied from the die but must be remembered by the players who have to recreate them on the game board during play.]
Rules                                                                 Numbers Inside
Two or more players take turns to throw the die and to take 
as many counters as match the throw. On your turn, use the 
counters to cover the exact pattern you see on the die in 
any place on your board. The counters taken on each turn 
can only be placed on a single number pattern: the amount 
cannot be split between two numbers. So, for example, if 
you throw a 3, you can cover 3 circles in a row on the 
number 3, or on the number 5 or on the number 6, but 
nowhere else. 
No circle may be covered by more than one counter and 
once a counter has been placed it cannot be moved on a 
subsequent turn. 
The winner is the first player to cover all the circles in the 
three numbers that comprise either one of the two columns 
on the player’s board.
 
Variation 1
Use a digit die. This means the dice patterns cannot be 
simply copied from the die but must be remembered by the 
players who have to recreate them on the game board 
during play.
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[image: Variation 2
Instead of the game board shown previously in which all the odd numbers are in one column and the even numbers in the other, each player can create their own game board out of six separate dot pattern cards that have been randomly shuffled before being laid out in two columns. This adds variety by making each game different from the previous game and also serves to stop one player copying the strategy of the other, because they are (more than likely) playing on different boards. ]
Variation 2
Instead of the game board shown previously in which all the 
odd numbers are in one column and the even numbers in the 
other, each player can create their own game board out of six 
separate dot pattern cards that have been randomly shuffled 
before being laid out in two columns. This adds variety by 
making each game different from the previous game and also 
serves to stop one player copying the strategy of the other, 
because they are (more than likely) playing on different 
boards. 
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[image: Demonstration video 2C                     			        Game
In the video that follows, you can see a reconstruction of a game of Numbers Inside. The game is about dice patterns for the numbers 1 to 6 and specifically about finding the smaller numbers within the larger numbers. 
The idea of the video is that you can watch it along with your child in order to learn how to play the game yourselves. 
During the video, speech bubbles indicate what I might say during play. When you play the game with your child, encourage a lot of talk about everything that goes on throughout the game. Make sure that on your own turns you model the kind of observations you want your child to copy, just as I do in the video. Do feel free to paraphrase my words and to leave out some comments, especially after you have played the game several times.
You will see only my side of the game, so you can either imagine what might be happening for my opponent or have your child play against me by pausing the video every time you see the words ‘Your turn’. 
]
Demonstration video 2C                     			        Game
In the video that follows, you can see a reconstruction of a 
game of Numbers Inside. The game is about dice patterns 
for the numbers 1 to 6 and specifically about finding the 
smaller numbers within the larger numbers. 
The idea of the video is that you can watch it along with 
your child in order to learn how to play the game 
yourselves. 
During the video, speech bubbles indicate what I might say 
during play. When you play the game with your child, 
encourage a lot of talk about everything that goes on 
throughout the game. Make sure that on your own turns you 
model the kind of observations you want your child to copy, 
just as I do in the video. Do feel free to paraphrase my words 
and to leave out some comments, especially after you have 
played the game several times.
You will see only my side of the game, so you can either 
imagine what might be happening for my opponent or have 
your child play against me by pausing the video every time 
you see the words ‘Your turn’. 
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[image: The video shows two rounds of the Numbers Inside game. In the first, in which I use a spot die, all the thinking and the strategy is spelled out at every step in order to give you an insight into what teaching points the game is designed to address. The second round of the game is played with a digit die, and shells rather than counters, and has far less in the way of commentary or explanation.
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A 6-sided die with the numbers 1, 2 and 3 only (each number appears twice)
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In order to follow the activity in the video, you will need:
•A 6-sided die with the numbers 1, 2 and 3 only (each 
number appears twice)
•A board for the Numbers Inside Game
•Nuggets, or counters, of a size to fit your game board.
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