PROBLEM-SOLVING EXAMPLES FOR DEVELOPING MASTERY IN LKS2

NATURE OF THE ACTIVITIES SUGGESTED HERE

With the surge of interest and sometimes confused interpretations of what is meant by Mastery in mathematics, a number of different claims have been made about
what it means and what is required. The efficacy of different approaches to implementing a Mastery approach to learning mathematics in the primary school, as
demonstrated by higher performing jurisdictions in the Far East, as measured by PISA* and TMSS* have been questioned and challenged.

However, there are some essential points which appear to be in common when examining different approaches.

Research in mathematics education, which curriculum developers and educationalists in the Far East have used, have been known for many years and including
Bloom’s* theories of Mastery, the development of deeper conceptual understanding through a progression in Concrete-Pictorial-Abstract (CPA) experiences, first
discovered by Bruner*, the realistic mathematics education of Freudenthal*, and the seminal Cockcroft Report*, particularly, its emphasis on the importance of
practical experiences and problem-solving. More recently, Lo’s* research in the subject of Variation Theory has been prominent in exploring how to plan learning for
understanding through small steps in conceptual and procedural variation when teaching.

All of these principles have informed the sample of activities presented here. Proponents of Mastery in mathematics (e.g. Drury*) also argue that teaching and learning
must focus on enabling children to develop rich connections between different facets of their mathematical experience and learning. These aims are also highlighted
in the 2014 National Curriculum Aims*. The diagram below shows how these facets are all inter-related, and how teaching to connect these is crucial to deeper
mathematical learning.

Conceptual Hence, the activities suggested here are designed to promote the following:

understanding e practical activity manipulating concrete resources where possible;

e working in pairs or groups to encourage the confident use of the language of mathematics through
explanation and reasoning with other children;

Problem

e ensuring that formal written arithmetic develops from secure experiences with concrete, visual and
-solvi ng mental understanding of the manipulation of number and the arithmetic operations;

e solving problems (or by playing games) with the potential for a useful or pleasing result;

e opportunities for finding more than one acceptable result, which children can compare and discuss
through collaboration or (guided) peer-assessment.
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There is an expectation that discussion and exploration of misconceptions or errors is a healthy and productive feature of the classroom and that children are
encouraged to explain their thinking and listen to others.

In some of the activities, it could be argued that a written sheet of exercises could be given to produce similar results. However, the use of concrete apparatus and
visual images provides a medium for discussion and helps to establish a rich conceptual understanding which is often insufficiently developed through an abstract
engagement with written exercises alone. In other cases, children are using equipment to generate the problem to be solved, so can be more engaged in its solution.

Where it is suggested pairs or groups of children work together, the groups may of course be varied to suit the teacher’s own judgement. For example, in a game
intended for pairs, an odd number of children can be accommodated by a changing combination of 2 vs 1.

To make it more accessible when reading the description of the activities, children’s names have been used to identify the sequence of interactions between learners
working in pairs or groups.

For every activity, it is paramount that the teacher teaches by modelling the activity with the class, so that children see and imitate what they need to do. Simply
providing a written instruction sheet or verbal series of instructions is insufficient for the children to understand and engage with most activities.

Each activity has suggestions for extending or simplification. The expectation is that each can be explored comprehensively within one classroom lesson of 45 minutes
or more.

For more information about improving the capacity for teaching and learning mathematics in the primary school, visit www.MathematicsMastered.org
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There is also a file of resource sheets used in some of the activities, which may be reproduced freely. However, please include any source information on each copy.

Related chapter, key learning &
rationale

Plan for teaching and learning

Crucial points & barriers to
understanding

6. Numbers and Place Value

Recognise the place-value of each
digit in a three-digit number
(hundreds, tens, and ones).

Add and subtract numbers
mentally, including a three-digit
number and tens.

The children play this game to
practise mental/informal addition
and subtraction, emphasising the
place values of the digits in a
number, through physically
exchanging between the hundreds,
tens and ones of the base-10
concrete equipment.

(The lower target number of 100 is
chosen so that the game does not
involve negative numbers.)

King of the castle Demonstrate the game, then children play in pairs. They will need:

One set of place-value (p.v. or ‘arrow’) cards representing tens and ones for each child;
Base-10 or Dienes’ apparatus (up to 3 hundreds, 19 tens and 19 ones);

Place value (p.v.) mat (for 3 digits);

Counters for scoring points.

Shelley and Rohan separate the p.v. cards into two separate, shuffled piles, face down: a tens
pile and a ones pile. Start with 200 (two hundred base-10 ‘flats’) in the hundreds column of the
p.v. mat: Shelley intends to subtract base-10 pieces to make the pile less than 100; Rohan
intends to add base-10 pieces to make the pile bigger than 300. The winner of the game is the
first to reach their target. Here is an example:

Shelley turns over the top p.v. card from each pile. She combines these to assemble a
two-digit number, in this example 37 and writes down the calculation she is going to
carryout: 200-37=

Shelley carries out the physical subtraction, by exchanging one base-10 hundred block for
10 tens, and one of those tens for 10 ones as needed. At the end of her turn, she writes
the result of the calculation which is represented on the p.v. mat:

200-37 =163.

Do the children actively
recognise that 300 is
equivalent to 3 of the hundred
pieces, and so on?

Do the children recognise that
‘10 of these is 1 of those’, and
vice versa?

Do the use the terms
exchange and regroup
correctly?

Can the children use these
pieces to add/subtract
mentally? If not, can they
model it the calculation
informally on an empty
number line?
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e Rohan watches carefully and checks that Shelley’s answer is correct.

e Rohan turns over the next two p.v. cards, and combines these to assemble a two-digit
number, say 56. He writes down the calculation he is to carry out given the present value
represented on the mat: 163 + 56 =

e He carries out the physical addition, exchanging 10 ones for 1 ten, and 10 tens for 1
hundred as needed, whenever he has more than 9 of the pieces for a particular place. At
the end of Rohan’s turn, he writes the result of the calculation, which is represented on
the p.v. mat: 163 + 56 = 217.

e Shelley watches carefully and checks that Rohan’s answer is correct.

e They continue to alternate turns, Shelley subtracting and then Rohan adding until either
Shelley arrives at a number below 100 or Rohan gets to a number greater than 300.
When this happens the winner gains an extra 5 points, and they begin again, swapping
the subtract/add roles.

e When they have used all the p.v. cards, they shuffle them and place them again to
continue the game.

e An extra point is awarded to Rohan if he shows Shelley that she made an incorrect
calculation (and vice versa).

e An extra point is awarded to Shelley if she spots that Rohan has left more than nine
pieces in one of the ones or tens column of the p.v. mat (and vice versa).

To simplify the game, work with addition and subtraction of single-digit numbers starting with a
value of, say 50, and aiming for targets of below 10 and above 90.
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7. Addition and Subtraction
Structures

Use the inverse-of-addition
structure to solve a subtraction.

Solve number and practical
problems.

In street markets, traders still use
the inverse-of-addition structure
physically to count out the correct
change to give to a customer who
tenders a larger denomination coin
or note for payment.

Market trader The teacher models the activity, then the children work together in pairs. They
will need:
e Asmall tray of coins of different denominations, up to £1;
e A number of different objects, for example: book, pencil, eraser, ruler, etc., each labelled
within a range of prices up to 99p.

Shelley is a market trader with the items for sale and the tray of coins. Rohan starts with a £1
coin. Rohan chooses something from Shelley’s stall and hands over a £1 coin. Shelley starts from
the price of the item and counts on coins to arrive at the £1 Rohan offered in payment. For
example, Rohan buys the pencil for 23p, so Shelley takes the £1, and collects the change to give
Rohan, writing it on a number line and describing it as she goes: ‘That’s 23p: Add 2p is 25p; and
5p is 30p; and 20p is 50p; and 50p makes £1, so your change is 77p’.

+2p +5p +20p +50p =77p

e

I | |
1 | | |
23p 25p 30p 50p £l

Rohan counts the change (77p) and checks it, writing down ‘£1 — 23p = 77p’. They swap roles, so
that Rohan becomes the trader and Shelley is the customer, and continue to alternate turns.

To simplify the activity, reduce the customer’s money, say to 50p. To extend it, find the change
up to a £2 coin or a £5 note or beyond, or let them buy more than one item at a time.

Do children emphasise the
term adding on as a way of
finding the difference?

Do children recognise the
connection between adding
on to find the change, and the
subtraction number sentence?

Do they add and subtract
values correctly?

www.MathematicsMastered.org




PROBLEM-SOLVING EXAMPLES FOR DEVELOPING MASTERY IN LKS2

8. Mental Strategies for Addition
and Subtraction

Mentally add and subtract
numbers with up to three digits.

Not only is this a very effective
game for practising mental addition
and subtraction, it is a great way to
introduce children to the joy of
strategic card games and a super
vehicle for mathematical thinking.

Junior Cribbage Children play in groups of 4. They will need the following resources for each
group:

e Pack of playing cards;

e Counters for scoring points.

This is activity is based on the card game cribbage, in which players take turns to choose and lay
a card, adding the face-value of the card to an accumulating total. The Jack, Queen and King each
have a value of 10. Each round, target values of 15 and 31 score points for the player whose card
completes those totals, so players need to think about which cards have already been played and
what is more helpful to them to lay when it is their turn.

For this version, in order to practise quick mental addition of one-digit and tens to three-digit
numbers, you can set a whole series of targets up to a possible maximum of 340 (the sum of all
the face values of the cards and 10 for each of the J, Q and K). For example:

15, 31, 40, 52, 63, 79, 88, 94, 106, 115, 131, 140, 152, 163, 179, 188, 194, 206,
215, 231, 240, 252, 263, 279, 288, 294, 306, 315, 331, 340 (30 target numbers per round).

Rohan shuffles the cards first and deals out the cards face down one at a time to each player,
starting with Shelley on his left, so that each player has 13 cards of unpredicted values. Players
pick up and look at their own cards, but must not show them to anyone else. On Rohan’s left,
Shelley begins by laying one of her cards face-up. She states the value of the first card and each
player lays a card in turn, always saying the accumulated total so far.

For example: Shelley first lays a queen, and states the total so far: ‘10’. Next to her, Harry lays a
5, and says the total so far: ‘That makes 15’. As this is also a target number in our list, Harry
scores a point and takes a counter. Next to him, Mia lays a 9, and calls the new total, e.g. ‘15 add

Can the children start with an
existing accumulated subtotal
and identify the correct value
of the card needed by which
they can augment/increase it
correctly for the next target
number?

Do they do this by recognising
the inverse relationship
between addition and
subtraction subtracting from
the next target to identify the
card they need to lay?

Do they add and subtract
values correctly?

What strategy do they take if
they cannot make the next
target number? Do they
choose to exceed it, so as to
reduce the points available to
other players?
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9 is equal to 24’. As the new total is not a target number, Mia does not take a counter. Rohan
lays a 7: ‘That makes 31 and a point for me’. Rohan takes a counter and Shelley’s turn arrives
again, e.g. she lays a 9: ‘and that makes 40’, so Shelley takes a counter and the next target
number is 52 when Harry lays his next card.

The children continue to play in turn, scoring points for target numbers, until 340 is reached. If at
any point a player lays a card that makes the total greater than the next target number, play
simply continues to the next target number without anyone gaining a point.

Children need to check and agree the new total is correct each time a card is played.

The activity can be simplified by reducing the number of cards (and the maximum total, for
example, take out all picture cards to limit to 220).

It can be extended by assigning higher values for the picture cards, e.g. J =11, Q =12, K=13.

It can be made more challenging by allowing each player to lay up to two cards at a time and to
add their sum to the accumulated total.
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9. Written Methods for Addition
and Subtraction

Add and subtract numbers with up
to three digits, using (formal)
written methods of vertical
addition and subtraction.

Interpret data using tables.

Solve addition and subtraction
multi-step problems in context.

Itis, of course, important to spend
some time practising some
straightforward calculations when
introducing each progressive step
in developing vertical written
methods. After that, it is more
helpful to practise a few
calculations more frequently than
to have lessons intensively
practising pages of ‘sums’. For
example, we have found it can be
much more useful setting up just a
couple of practice calculations
twice each week for ‘early day

The Cheap Coach Company The teacher explains that The Cheap Coach Company has just started
operating some routes to provide cut-price travel between cities in the UK — any journey for the
same fixed fare, no matter how many cities you need to change at during the route (see
photocopiable resource).

Display the chart showing distances between cities for which the company runs coaches:

Birmingham

Bristol 88

Carlisle

Edinburgh 127

Exeter 80

Leeds 207 | 117 | 217

Liverpool 99 221

London 118 | 118 | 308 195 | 212

Manchester 87 | 168 | 119 43 35 | 200

Newcastle 120 98 283

Portsmouth 121

Southampton 134 80 22

Swansea 84 271 | 243

5
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Do the children interpret the
table correctly, with cells
containing known distances
between two points (cities)?

Can they translate their
understanding of the data as
the shortest road distances
between those two cities on
the map?

Do they realise that a blank
cell, does not represent a
‘zero’ distance, but simply
that there is no direct coach
connection between those
two cities?

Do the children have the pre-
requisite skills to use the
appropriate written addition
and subtraction methods
where needed to calculate
partial and combined
journeys? They will need to
make more than one addition
to compare different routes
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work’ when the children arrive and
during registration, and are later
explored with the whole class.
Other than that it is helpful to
present a purpose for calculations,
so the activity requires the children
to practise their written methods in
order to do something purposeful
and meaningful.

These activities could also be used
to explore problem-solving whilst
practising more informal or
expanded methods, if desirable.

The teacher and children explore where cities are located on a map to show the relevance of this
activity to travel.

The teacher teaches the children how to interpret the distance chart, recognising that the table is
reduced because we only need to find the distance in one direction or the other. Starting on the
vertical axis, find the distance between London and Carlisle (308 miles), then between London
and Liverpool (212 miles). Then how do we find the distance between London and Newcastle
(283 miles)? In pairs, the children to look up other distances for routes directly between pairs of
cities.

Partial journeys: In pairs the children, work out the remaining distances to travel if the coach
stops at a service station: e.g.

1. From Carlisle to Manchester, stopping after 65 miles?

2. From Bristol to Leeds, stopping after 129 miles?

3. From Swansea to Liverpool, stopping after 191 miles?

Combining journeys: How could we travel between two cities when there is no direct route? For
example, between London and Portsmouth, via Southampton (80 + 22 = 102 miles). Is this the
shortest route? Then ask the children in pairs to work out the lengths of journeys between, e.g:

1. From Manchester to Exeter (248, via Bristol);

From Southampton to Liverpool (292 miles via London, but 235 miles via Birmingham);

3. From London to Aberdeen (560 miles via Liverpool and Edinburgh, but 530 miles via
Newcastle and Edinburgh).

g

for combined journeys to find
the shortest.

Can children make a
reasonable estimate of the
calculation before they
attempt each addition or
subtraction?

Can children use the inverse
operation to check their
results?

Can the children demonstrate
the steps in their calculation
to one another informally or
using base-10 place value
resources?

Where some partial
calculations are able to be
done mentally, this should be
encouraged, so that children
use the best/most appropriate
strategies wherever possible.
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10. Multiplication and
Division Structures

Recall multiplication and
division facts for
multiplication tables up
to12 x 12.

Recognise and use factor
pairs and commutativity
in mental calculations.

Practice of multiplication
facts can be limited to
chanting and it is
important that children
can recall and manipulate
these facts beyond a
memorised sequence.
This activity is designed to
require a more ‘ad hoc’
recall of multiplication
facts, without practice
calculations.

Arrayed in Splendour: The aim here is for children to explore and practise their use of
multiplication facts, which is a helpful means of memorising them.

The children are given a series of numbers. For each number, they need to draw, on squared
paper, as many rectangles, as possible that represent the number, and write the corresponding

multiplication fact.

For example, for 15:

3x5=15 5x3=15

1x15=15

HNEEERENEEEEEEEE

15x1=15

Shelley and Rohan complete this individually then compare and justify their outcomes for a range of
numbers, for example: 24, 29, 32, 36, 39, 40, 45, 49, 72. Have any possibilities been omitted? Are any

rectangles incorrect?

To simplify this, choose numbers within tables they can look up.

To extend the children challenge them with numbers that appear in multiplication tables they have not yet

learned.

Higher attainers may write the multiplication facts without drawing the rectangles, but how do they justify

their answer to their partner?

Children should understand
why some of the rectangles
are squares.

Children should recognise
why some numbers can only
be represented by just 2
complementary rectangles —
as a single row and a single
column, and see this as
visual evidence for prime
numbers.

The children should
recognise and write the
complementary division
facts for the numbers.
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11. Mental Strategies for
Multiplication and Division

Solve problems involving
multiplying and adding, using
the distributive law.

This activity provides practical
concrete experience of the
distributive law. It is
important for children to
understand how the
distributive law works when
they encounter written
methods of multiplication —
and subsequently in algebra.

The any-times table The teacher demonstrates using a multiplication table that some may find
challenging but others think they are getting to know, say, 7-times. Set out ‘counters’ in several
rows of 7 on the teacher’s ‘maths mat’ (for example, by using paper cups on a table). Write
down the number sentence for the total each time another row is added:

0000000 1x7-7

Explain that if you did not know the 7-times table you could work it out another way using tables
you do know. Partition the columns into 5s and 2s.
Then write the number sentences for the total each time another row is added like this:

1x(5+2)=7,
2x(5+2) =14,

3x(5+2)=21(and so on).

The children can arrange a
multiplicationmxnas a
rectangular array.

Children understand that
partitioning the array does not
change the total, but
restructures the array into
two smaller component
arrays.

The total can be expressed as
the sum of these arrays.

Children can adapt the
strategy of using the
distributive law to other
multiplications, and hence it is
possible to construct any
times table from
multiplication facts they
already know.
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Then discuss how the pattern here could also be written as:

(1x5)+(1x2)= 5+ 2= 7,

(2x5)+(2%x2)=10+ 4 =14,

(3x5)+(3x2)=15+ 6=21, ...

So it is possible to work out any fact for the 7-times table from knowing the 5-times and the 2-
times tables!

Shelley and Rohan now calculate, say, 9 x 7 from their knowledge of 9 x 5 and 9 x 2; and then 12
x 7 from 12 x 5 and 12 x 2. They go on to explore how to use this approach to work out other
multiplication tables, for example: 8-times, 12-times, 13-times, 14-times, 15-times, 17-times.
This activity could be simplified by starting with the illustration that the 5-times table is made up
of the 3-times and 2-times tables.

Children need to write the
distributed calculation for
each multiplication table fact,
to establish the connection
between the number
sentence and its concrete
representation.

Ensure the language is also
reinforced, for example: ‘3 x 7
is the same as 3 x 5 added to 3
x 2.

www.MathematicsMastered.org
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12. Written Methods for
Multiplication and Division

Multiply two-digit and three-
digit numbers by a one-digit
number (leading to using a
formal written layout).

Recall and use multiplication and
division facts for multiplication
tables up to 12 x 12.

It is helpful for children to see
that they can work out useful
information from food packaging.
This activity is intended to do that
and provides a vehicle for
practising written methods
multiplication of TO x O and of
HTO x O, typically the grid
method to reinforce
understanding of the distributive
law at this stage. However, the
multiplications required can be
carried out by the current written
method being practised.

Nutrition labels After demonstration, the children work in pairs to interpret the packaging. They will
need:

e Avariety of collected food packaging with portion sizes and energy values: rice, pasta,
cereals, milk, fruit juice are helpful. This can be shared by the whole class, taking and
returning different items as needed.

First display to the whole class an example of the nutrition information on one of the packets.
Identify how to find serving size and the units used for this type of food — grams, millilitres, etc.
Identify the Nutrition panel. This will usually describe the number of food calories or Calories (kcal or
Cal) per serving or say, per 100 g or 100 ml. Model working out the food calories for multiple
servings: 2, 3, 5, etc.

Then set questions for the class to explore. For example:

e Packets of rice and pasta typically suggest a 75 g (uncooked) portion per person. How much
would be required to feed 9 people?

e When itis cooked the same pasta weighs 170 g. How much cooked pasta would there be for
5 people?

e Would 4 servings of pasta contain more calories than 3 servings of rice?

e How many calories are present in 100 ml of semi-skimmed milk? (Typically about 49 kcal). If
you had one serving of 100 ml every day for a week, how many food calories would you have
had? (i.e. 7 x 49 kcal).

e Compare typical portion sizes between different foods, e.g. 500ml of milk with 250g serving
of a ready-meal. Which have more/fewer food calories than others?

e Compare the values of other nutrition components — protein, carbohydrate, fat etc.

Shelley and Rohan check each other’s reading of the packets and their calculations.
It can be simplified by restricting some pairs to working with packets displaying two-digit energy
values. Other children can be challenged to work with three-digit energy values.

Do the children partition
numbers correctly into
hundreds, tens and ones,
assigning the correct place
value to each digit?

Do the children have a secure
understanding of how to
apply the distributive law
when multiplying parts of
numbers together?

Can the children explain the
partitioning of two-digit and
three-digit numbers,
explaining how they have
arrived at the resulting values
of the partial multiplications?

Can the children explain how
the method they are using
recombines the partial results
to find the complete
multiplication?
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13. Natural Numbers: Some Key
Concepts

Recall and use multiplication facts
up to 12 x 12, recognising factors
and multiples.

Understanding and identifying
prime numbers, by elimination of
other multiples.

Solve problems involving
multiplication, and reinforce
multiplication as repeated
additions.

This activity provides practical
concrete experience of multiples
and reveals prime numbers in a
very visual way. It is an activity
known as the Sieve of
Eratosthenes, after the Greek
mathematician to whom it has
been attributed.

The Greek sieve Children work in pairs. Each pair will need:

e Paper 100-square (numbered 1-100); See photocopiable resources;
e Various coloured pencils.

Starting with the number 2 and taking each successive number in turn, Shelley and Rohan use a
coloured pencil and, skipping the 2, they circle every subsequent number that is a multiple of 2.
They use a different coloured pencil and, skipping 3, they circle every successive multiple of 3.
Where a number has already been circled as a multiple of 2, it is circled again if it is a multiple of
3. Thus, numbers that have several prime factors will be circled several times.

Shelley and Rohan then start with the next available blank number after 3 and find multiples of
this. As 4 is already circled (because it is a multiple of 2) they move on to 5, then 7, 11, 13 and so

on. For example:
N\ pr N

1 3 a) s 7 \8

11 a2/ 13 aa 19
- P
21/ %2/ 23 s o é'; 29
31 &2/ Na7(36)) 37

If children do not already
recall which numbers are
multiples of others, can they
accurately count on by their
chosen number along the
number square?

Do they recognise these
multiples from their recall of
multiplication facts (times
tables)? Do they see that
every times table is endless?

Do children recognise that
nearly half of all the natural
numbers are sieved out as
multiples of 2?

Do the children visually
recognise which numbers are
multiples of others through
the layout colour patterns
created on the number
square?
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This approach to ‘sieve’ out

multiples leaving just the prime
numbers is one of the methods
that computers use to calculate

very much larger prime numbers.

When they have done this they will see that there are several numbers that have not been
circled at all. Why is this? Apart from the number 1, It is because all of these numbers have only
two factors: the number itselfand 1, e.g. 2x 1,3 x 1, 5 x 1, etc. As the number 1 only has only 1
factor it does not fit that pattern. All the others that have not been circled, starting with the
number 2, have just two factors and are what we call prime numbers. Just like Eratosthenes,
Shelley and Rohan have just discovered all the prime numbers less than 100!

A simpler introduction would be to find multiples of each number on a separate sheet from all
the others, so that they can more easily see the visual pattern produced on the number square
for each times table.

Do they realise that the
number of times a number is
circled records how many
factors it has (other than the
number itself and 1)?
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14. Integers: Positive and Negative

Interpret negative numbers in
context.

Solve addition and subtraction
multi-step problems in contexts,
deciding which operations and
methods to use and why.

This activity is to help children
understand how negative numbers
are used to represent a debt which
is owed to someone else, the
reward for steady savings and the
potential impact that borrowing
brings.

Pocket money overdraft The teacher demonstrates to the class. Then children work individually
and compare solutions in pairs.

Model an example:

Shelley wants to download some music, which she sees is on sale at half-price just for this week
at £9.

In her piggy bank she has £4. Her parents will lend her just enough money to enable her to
download he music this week. How much would this need to be? She needs to borrow at least £9
— £4 = £5, so she will owe her parents £5. Write down her pocket money balance as — £5.
Explain that this negative value means Shelley does not have any money in her piggy bank and
that she owes a debt of £5 to her parents. She will need to repay all of the debt from her future
pocket money before she has money to spend again. Shelley receives £2 each week in pocket
money. How many weeks’ before she will have a positive amount in her piggy bank again, and
what (balance) will she have in her piggy bank then?

Add £2 in the first week: — £5 + £2 =-£3

Note that this does not actually put any money into her piggy bank, but her parents keep the
pocket money she would have received and that simply reduces the debt she owes her parents.
... in the second week: — £3 + £2 =-£f1

...in the third week: —£1+£2=+f1

Note that this has now cleared her debt and she will receive £1 actual cash to put in her piggy
bank.

Show that this could be more quickly worked out as the number of £2 amounts that will give
Shelley more than £5 she owes. Write 3 x £2 = £6; Then —£5 + £6 = +£1.

Can the children explain their
addition and subtractions
using an empty number line?

Can the children use the
vocabulary of balance and
know why we use a negative
value for a debt we owe?

Do they picture a balance of —
£2 as: ‘We have nothing, yet
we still need to pay £2°?
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Now set several more of these problems for the Rohan and Shelley to solve individually and
assess with each other. For all of these problems:

e How much do they need to borrow?
e How many weeks to repay?
e What would be the first positive balance afterwards?

For example:

1. Rohan has £2 in his piggy bank. He wants to buy a present for his brother’s birthday
which costs £9. How much would he need to borrow? He receives £3 pocket money each
week.

2. Alexi has £1, and wants to spend £6. She receives £3 per week.

3. Woljca has £5, and wants to spend £11. He receives £2 per week.

4. Danielle has £14, and wants to spend £22. She receives £4 per week.
5. Harley has £18, and wants to spend £27. He receives £3 per week.

Simplify or challenge some by reducing or increasing the amounts involved.
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15. Fractions and Ratios

Recognise and show families of
common equivalent fractions.

Understand that equivalent
fractions all express the same
constant ratio.

This activity gives children
experiences of fractions in 3D,
informally learning how to
combine fractions of different
denominations.

Creative Cuboids Children work in pairs. They will need:

e Access to a class set of (e.g. 1000) multilink cubes with a number of different colours from
which to choose.

This activity invites Shelley and Rohan to make cuboids using a given number of cubes, with various
fractions of the cubes used being in different colours. To ensure that it is possible to see all the pieces
to work out each fraction, ask the children to make their cuboids just one multilink cube deep to
begin with.

Both Shelley and Rohan construct their own cuboids then check and agree they have the correct
fractions of each colour. For example:

e 24 cubes: Y/sred, Y/4blue, 1/s green and remainder yellow: each cuboid should comprise 8 red
cubes, 6 blue, 4 green. They describe the fraction that is yellow: /4 (6 cubes).

e 36 cubes with the same fractions of each colour: */sred, /4 blue, /s green and remainder
yellow. What do they notice? They should find that the number of each colour has increased
proportionally: 12 red, 9 blue, 6 green and that the fraction that is yellow is still /4 (9 cubes).

e 48 cubes with the same fractions of each colour: /3 red, /4 blue, /s green and remainder
yellow. What do they notice this time?

e 24 cubes: Y/5red, Y/4blue, 3/s green and remainder yellow: Each cuboid should comprise 8 red
cubes, 6 blue, 9 green and yellow: /24 (1 cube).

e 32 cubes: 1/;red, Y/sblue, 3/10 green and remainder yellow: 10 red, 6 blue, 9 green; /s yellow
(5 cubes).

e 40 cubes: Y/, red, Y/sblue, 3/10 green and remainder yellow: 20 red, 8 blue, 12 green; No
yellow cubes.

Simplify, if needed, by using simpler fractions, smaller numbers of cubes and fewer colours.
Challenge children to construct cuboids that have a depth of two multilink cubes. All the cubes will be
visible, but the children will need to examine all faces of the cuboids to work out the fractions.

Do children see why 1/gof 24 =
3 and how to work out, say, 3/
of 24 by first finding /s?

In the first three examples do
they recognise that the increase
in the number of each colour
does not change the fraction of
this colour in the whole cuboid?

Do the children realise that
they do not need to arrange the
colours in contiguous blocks,
though that is likely to be their
initial inclination? The fraction
of a particular colour can be
distributed in different parts of
the cuboid, and helps the
children to realise it is the
number of cubes, not their
arrangement that determines
the fraction.
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16. Decimal Numbers and
Rounding

Estimate to check answers to
a calculation.

Round decimals to the
nearest whole number.

Estimate and calculate money
in pounds and pence.

When dealing with sums of
money combining both £s and
pence, it is very useful to be
able to estimate the final
amount in order to be sure
that a mistakes is not made.
It’s often helpful to round
amounts to the nearest
pound. This enables a
reasonably good estimate to
be made simply from adding
up a number of whole pounds.

Rounding to estimate After demonstration, children work in pairs. They will need:

e Menu of items to select in a café, for example, the Cosy Café menu (in the photocopiable
resources):

The Cosy Café
Savoury
Sandwich
Tortilla wrap

£1.95
£1.45

Baguette
Pizza slice

Sweet
Scone and jam
Shortbread

Drinks
Squash
Tea

In this activity Shelley and Rohan practise how to make suitable estimates before they add
amounts of money, and see how close the estimate was to their calculation.

First model, with the class, how to choose a helpful or ‘friendly’ number to which they can round
an amount. For example, when adding say, £1.20 and £3.65: £1.20 is nearer £1 than £2, while
£3.65 is nearer £4 than £3. Thus, a reasonable estimate would be £1 + £4 = £5. The addition of
the actual amounts would of course be £4.85.

Now Shelley and Rohan each choose two items from the menu.

Do they round up or down
individual items to the nearest
whole pound correctly?

Do children understand that
an estimate is not intended to
be exact, but should be close
enough to the amount to
enable a reliable estimate?

Do they realise that the
maximum difference between
the actual and rounded
amount in each case can be
no more than 50p? In the case
of adding two items do they
see that the final answer
should be less than £1
different (50p + 50p) to the
estimated answer?

How should they round an
amount which is, say £1.507?
Does it makes sense to round
this or not?
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e They first round the price up or down as appropriate to write their estimate of the total
in each case, then carry out the addition, using whatever informal or formal written
method they are currently practising;

e Ifthere is a difference of more than £1 between their estimate and the answer they

need to check the calculation, possibly by an inverse calculation (subtraction), and then
check their estimate again;

e They repeat this for different combinations from the menu.

The estimates and calculations can be extended by selecting three or more items from the menu.

It is also possible to round items to the nearest 50p, so that £1.65 is rounded to £1.50. This will
help make estimates more precise.
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17. Calculations with
Decimals

To multiply or divide a
number by 10, 100, 1000
using place value to shift
digits to the left or the right.

Convert between different
units of measure.

Recipes provide opportunities
for both conversion between
units and calculations for
scaling.

Cook’s cherry shortcakes Children work in pairs. They will need:

e Arecipe with ingredients for cherry shortcakes (see photocopiable resources):

Cook’s cherry shortcakes (for ten children)
250 g plain flour

65 g butter

25 g castor sugar

150 mi milk

2 eggs

140 mi whipped cream

500 g cherry pie filling

Cook has decided to make enough cherry shortcakes for dessert for 100 children. This recipe
makes enough for 10 children. How much of each ingredient is needed for the whole school?

Shelley and Rohan must calculate and convert the total amounts to kilograms and litres.

Simplify the activity by converting the units in the recipe for 10 children without scaling the
proportions for more children.

Extend the recipe by doubling for 200 children and again for 400 children.

Do children know the
equivalence of 1 kg = 1000g
and 1 litre = 1000 ml?

Do children convert as a
scaling exercise by moving
digits left or right as needed?

Can children convert quickly
between units for simpler
amounts, say, from 2500g to
2.5 kg?

Can children carry out (whole
number) calculations in the
appropriate scale prior to
conversion to larger units?
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18. Proportionality and
Percentages

Solve simple measure
problems involving fractions
and decimals.

Find the effect of dividing a
two- or three-digit number by
10.

Convert between different
units of measure [m to cm].

Round a length to the nearest
cm.

This activity reinforces the
idea of division or fractions as
a ‘scaling/ratio’ structure (see
Chapter 10), and uses this to
maintain the proportions of
room furniture within the
dimensions of a room plan.

A plan view of a room is used
by architects, designers,

Classroom Designers Groups of 4 co-operate to make one plan. Each group will need:

Metre sticks or tape measures;

1 large sheet of sugar paper e.g. 1 m?, upon which a 1:10 scale outline of the classroom
walls has been drawn. Use a smaller section of the classroom if it is too large;

Sheets of 1 cm? paper;

‘Sticky-tack’.

The children work for Classroom Designers. The company has been asked to create a new
classroom design, but first they must make a plan view of the existing room layout. The children
need to make smaller 2D shapes for the different pieces of furniture in the room, so that things
are in proportion with one another.

First show the children the 1:10 scale outline of the classroom plan view on the piece of sugar

paper.

Next model how to make a 1:10 scale plan view outline of an item of furniture, for example a
chair. N.B.

Simplify objects to rectangles, circles or other simple 2D shapes wherever possible, using
the item’s maximum width and length.

With the children, scale these measurements by a tenth and round each resulting figure
to the nearest cm.

Then using 1 cm 2 paper, to make it easier to count by squares, mark and cut out a scaled
rectangle for the chair.

Write on the shape which piece of furniture it is, and use some sticky-tack to place it in
an appropriate place within the outline of the room on the sugar paper.

Do the children see the plan
as representing a view of the
classroom from above?

Although the resulting plan
will not be exact, do the
children see the need for
proportionality in scale
drawings?

Do the children see that every
item has been ‘shrunk’
proportionally to the others?

Do the children see how this
can be applied to their own
needs: a plan of their
bedroom furniture, for
example?
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everything fits into the space.
Show some examples — for
example, plans of new homes
designs from internet estate
agents.

Cupboards

kitchen planners and others to | Rohan, Shelley, Alice and Marek identify and measure different pieces of furniture, to create and
work out how and where place different shapes to create their plan of the classroom. For example:

When the children have created their
plan of the actual classroom, they
can be challenged to plan a new
classroom design by moving those
pieces of furniture which are not
fixed items. The children will need to
be aware of the scaled
measurements needed to allow
access and movement between
items of furniture. The children’s
designs can also make for an
interesting display.
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19. Algebraic Reasoning Simple variables Children working in pairs. They will need access to: Do children understand that

. e Aclass set of multilink cubes. equation is a special form of
To understand how variables what they already know as a
may change in relationship Start with a simple demonstration. Make single column of 10 cubes. How many different ways number sentence?
with one another to maintain | could be separate this one column into two columns, side by side? How can we be sure to find
a simple equation. every possibility? At this stage, it should simply revise concrete exploration of number bonds Do children realise that a

from Y1. variable is a way of giving a

This is to help children see name for an unknown value in

practically the notion of a an equation?

variable using concrete

materials. Do they understand that the
equation has be true for
whatever values the variables

' have?
Do they realise that variables
1+ 9=

2 + 8=10 will vary in a fixed relationship
to one another to keep the
equation true?

The children should have little difficulty in completing this for you!

Now say to the children we want to generalise this so that we could describe it in one number
sentence (we call this an equation), no matter what was in the left column and what was in the
right.
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Let’s say that L is what we will call the number which could be in in the left column, and R is what
we will call the number which could be in the right column. Emphasise the terms variable and
equation. (Children enjoy using special mathematical words!)

We could write an equation for all the arrangements above as:
L+R=10 where L and R are variables.
Now ask the children the answers to some missing number questions:
e If L was replaced by 1, what would R be replaced by? Write L=1,R =
e If Lwas replaced by 4, what would R be replaced by? Write L=4,R =
e ..andsoon.

Now ask Shelley and Rohan write some pairs of values for L and R if:

e L+R=25
e L+R=36
e ..andsoon

This could be extended to explore three variables in the equation:

L+ R+ N =25, where N is the number of cubes in the next column.
Ask questions such as ‘If Lis 5, write two pairs of numbers for R and N.’
(For example, R =10 when N=10; R=17 when N =3.)

Allow/encourage children to continue to model the relationships between the variables with
columns of multilink as long as they want.
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20. Coordinates and Linear
Relationships

Understand the use of co-
ordinates to identify a point
location in the 1** quadrant
(positive values).

This is to give children
practical experience referring
to 2-dimensional co-ordinates
to locate points, rather than
squares. The children will also
begin to see how co-ordinates
can be a powerful tool when
providing accurate sequences
of instructions.

Co-ordinated shapes Children work in pairs. They will need:

e Sheets of squared paper
e A paper screen to enable them to hide their grids from one another (see below how to
make this).

On graphs and on geographers’ maps, two numbered co-ordinates identify a single point where a
(virtual) line perpendicular to a position along the horizontal axis intersects with another (virtual)
line perpendicular to a position along the vertical axis.
Project a squared grid upon which you have drawn the horizontal and vertical axes. Show how
each of the axes has been labelled from zero where the other axis crosses it, in positive whole
numbers at each regular point where a grid line crosses the axis. (Refer to the 1%t quadrant only
at this age.)
Demonstrate how we can use this to identify any point where grid lines cross — from the origin
(0, 0), showing how these co-ordinates expressed as a pair of numbers in this way represent the
numbers of the gridlines to follow perpendicular to each axis. (Remember: ‘along the hall, then
up the stairs’.)
Mark some points on your display and ask the class to tell you the co-ordinates. Explore the
values they give and write on the correct ones. Ask children to come up and mark on your display
the points identified by given pairs of co-ordinates. When this appears to be secure the children
can begin their independent activity.
Shelley and Rohan draw and number the horizontal and vertical axes on their own sheets of
squared paper.

Do the children recognise that
the co-ordinates identify the
intersection of the horizontal
and vertical gridlines?

Do the children identify and
interpret the co-ordinates
correctly, and in the correct
order to create each shape?
Do they understand and
correctly use the key
vocabulary: horizontal,
vertical, axis, axes, origin,
perpendicular, co-ordinates?
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Each hiding their sheet behind the the paper screen, they then draw a series of different,
irregular 2D shapes, whose vertices are

grid points on the squared paper: for 10

example, Shelley draws a quadrilateral, 9 T\\

a pentagon and a hexagon. The shapes 3 \>

can overlap, so the children use \\ P
different coloured pencils to see them / \ - /
more clearly. As they draw their shapes, 6 AN //

each child writes the co-ordinates for s \ /
each successive point in a list on © \

another sheet of paper. 4

When they have completed the shapes 3

and listed the co-ordinates for each one, / // / \
Shelley and Rohan exchange their lists 2 =

of co-ordinates, and attempt to recreate 1

each other’s designs. Encourage the

children to be imaginative in the design 0 1 2 3 4 5 6 7 8 9 10

of their shapes. For example, Shelley’s

design and lists of co-ordinates could be:

Quadrilateral: (1, 9), (6, 8), (4, 7) & (4, 5);

Pentagon: (1, 1), (2, 4), (6, 7), (7, 5) & (6, 3);

Hexagon: (7, 1), (8, 3), (7, 6), (10, 8), (9, 4) & (10, 1);

Afterwards they compare their reproductions with the original designs made by their partner. If
there are any mistakes, is this because of an inaccuracy in the co-ordinates given or their
interpretation?

The activity can be extended by drawing further shapes, or children could use a smaller grid and
simpler shapes, so that there are fewer co-ordinates and are easier to interpret.
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21. Concepts and Principles of
Measurement

Estimate mass by comparison
with some helpful common
references.

Children are often given
activities to estimate and then
measure items to test their
estimates. The discouraging
thing about this for many
children is that it does not
take into account how we
actually estimate in practice.
Any time we make an
estimate in real life, we do so
by comparison with our
previous experience. If we
have little previous experience
to draw upon, we have little
confidence in our estimates,
so often children will want to
measure first, in order to
make their estimates correct!

Estimating in practice Children work in groups of 3 or 4 to compare and agree estimates, and

check one another’s findings. They will need:

An ad hoc class collection of different (labelled) objects of varying masses up to about 2
kilograms. These can be ‘created’ artificially by sealing masses inside discarded packets
of different shapes and sizes, and can be one large collection to be used by the entire

class;

A prepared chart for recording the group’s findings (see photocopiable resources):

ltem Estimate Predicted order of | Actual mass when | Actual order of
increasing mass measured increasing mass

A

B

C

Helpful reference masses, such as:

o 1kg bag of sugar, or a litre bottle of water (effectively about 1 kg);

o 400 g can of baked beans (effectively about % kg including the can);

o 250 g packet of biscuits;

o 150 g bag of crisps;

o 30 g bag of crisps;

Do the children specify an
accurate range for their
estimate, even if it’s not very
precise?

Do they realise that our ability
to estimate increases with
experiences of weighing?

As they become more familiar
with reference masses, can
they estimate with increasing
precision?

When using analogue scales,
have the children had
sufficient practice in reading
the divisions and interpreting
the scale intervals accurately?

If they are using digital scales,
can the children correctly
interpret the digital reading?

If using balance scales, do
children check their additions
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e Two identical supermarket carrier bags; of the masses to ensure their

measure is accurate?
e Balance scales and masses, and/or analogue scales.

First of all Shelley, Rohan, Alice and Marek feel and become familiar with the actual masses of
the reference objects.

Next their job is to select and compare these reference masses with those labelled items in the
collection to estimate the mass of each one and write this into their recording chart. As there is
no predictable linear relationship between the shape or volume of the items and their mass, it
can be difficult to compare them by handling them directly. The children may therefore choose
to place the object and a comparison mass in each of the carrier bags so that the weight of both
is similarly distributed in the children’s hands.

To help them in their estimating, allow the children to specify a range, e.g. ‘from % kg to % kg’.

When they have done this, they should put their estimates in order from lightest to heaviest
mass.

The group compare and discuss their findings to agree a table of estimates. For example:
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Item Estimate Predicted order of | Actual mass when | Actual order of
increasing mass measured increasing mass
A 1%-2kg gth

300-400 g 5t

C 150-200 g 3rd

Discuss the findings so far as a class. Where is there agreement or difference between groups?

Now allow Shelley, Rohan, Alice and Marek access to the scales to measure the actual masses
and complete their charts. Again compare and discuss findings as a whole class.
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22. Perimeter, Area and
Volume

To understand that it is
possible to produce different
areas within the same
perimeter.

To understand that for
rectangles with the same
perimeter a square encloses
the largest area.

This is a simple activity for
children to explore the
(absence of a) direct
relationship between
perimeter and area.

Free range area Children work in pairs, to discuss and compare findings. They will need:
e Squared paper (1 cm?).

Explain that the school is considering keeping some chickens. If they do, the chickens will need to
be housed and range freely within a penned, rectangular area. A local garden centre may supply,
for free, the chicken wire to fence the pen.

Display a grid pattern for the squared paper and explain that for your planning you will work with
a scale that 1 grid square (1 cm?) represents 1 square metre (1 m long x 1 m wide). If the garden
centre provided a 12 m roll of chicken wire fencing to fence the perimeter, what different
rectangular areas could be made, if we always measure the sides in whole metres? Which would
be the largest area?

Draw these with the children: show that if the whole perimeter is a maximum of 12 m, the pen
could be 1 x 5 squares, 2 x 4 squares or 3 x 3 squares. How many squares comprise the area of
each of these rectangular pens?

Now ask Shelley and Rohan to use the squared paper draw the different rectangular pens they
could enclose with a perimeter of 20 m of chicken wire, and the area for each one. Which pen
would give the chickens the largest area to roam?

Repeat with other perimeter values, such as 24 m and 28 m. What conclusions can Shelley and
Rohan make about how to create the largest area? What would happen if the perimeter was 30
m?

Ensure that children work with lengths of sides which are in whole metres.

Compare and discuss findings as a whole class.

Do the children understand
the difference between area
and perimeter?

Do the children see that they
are drawing plan views of the
pens (i.e. views from above)?

Do they interpret the scale of 1
cm : 1 m correctly?

Do they realise that the largest
area for rectangle is when it is
a square?

Do they see that the more
equal are the lengths of all the
sides, the larger the area that
can be enclosed for the same
perimeter?
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23. Angle

To recognise acute, right,
obtuse and reflex angles.

To explore different static
angles in the context of 2-D
shapes.

A practical activity for children
to explore different angles
within shapes.

Zany angles Children work in pairs to discuss and compare findings. They will need:
e Geoboards and rubber bands or ‘Dotty’ paper (1 cm? matrix).

Introduce/revise the four different classes of angle; illustrate these with projected examples of
each. Show how we refer to these to describe the internal angles of a 2-dimensional shape.

Now ask Shelley and Rohan to use the geoboards to make different quadrilateral shapes (or draw
these on ‘dotty’ paper).

Challenge them to see if it is possible to make quadrilaterals in which the number of internal
angles that are acute is (a) 4, (b) 3, (c) 2, (d) 1, (e) O.

Then to do the same for obtuse angles.
Then do the same for reflex angles.

Discuss why the impossible ones are impossible (for example, why is 'four acute angles' not
possible? or 'two reflex angles'?).

Compare and discuss findings as a whole class.

Help the children remember terms: acute can be thought of as ‘a cute little angle’; reflex can be
remembered as the angle of a bent knee — and associated with the child testing the reflex of
their knee (tapping it just below the knee cap) when one leg is crossed over the other while
seated.

This activity could be extended by exploring the internal angles of other polygons in a similar
way.

Do children correctly identify
the internal angles of a shape
as acute, right, obtuse or

reflex angles as appropriate?

Do children see that all
quadrilaterals have internal
angles adding up to a
maximum of four right angles?

Do children see that moving
the sides of the shape to
change one angle affects the
two angles on each side of that
one?

If extending the activity, do
children realise that the
internal angles of other shapes
add up to a different amount,
e.g. for a triangleitis a
maximum of two right angles?
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24. Transformations and Find my other half Children work in pairs. Each pair will need: Do the children identify the
correct gridlines for positioning
the vertex at the end of a
reflected line?

Symmetry e A small plane mirror suitable for reflecting parts of drawings;

e Squared paper (1 cm?).
To use a line of symmetry to
complete the reflection of an
irregular shape accurately.

Model an example displayed on a grid projected onto the whiteboard/screen. For example:

To use the vocabulary:
orientation, line of symmetry, \ N
reflect and reflection.

becomes

Children often spend time X
completing reflections along \. \
lines of symmetry which are \ °\
horizontal or (more usually) N N
vertical. This activity is to help
them practise using a line of
reflective symmetry which is
at 45°.
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Now Shelley and Rohan each take a sheet of squared paper. Each draws a line of reflective
symmetry at 45°, in either direction (top-left to bottom-right or bottom-left to top-right).

Next they create an interesting ‘half’ shape which meets but does not cross the line of symmetry,
in the same way as demonstrated. To simplify the drawing, insist that all vertices on the shape
must occur at the points where gridlines cross.

Shelley and Rohan swap sheets and complete each other’s shapes. When they have done this
they test them with a mirror along the line of symmetry.

Extend the challenge by asking children to create and complete more complex half-shapes to
challenge their partner.

Do they realise that the
distances to reflected points
need to be the same on both
sides when measured
perpendicularly to the line of
symmetry, wherever this line is
drawn?
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25. Classifying Shapes

To understand how a 3-
dimensional polyhedron is
constructed from a net of 2-
dimensional faces.

To use the vocabulary of 2-
and 3-dimensional shape, e.g.
face, vertex, polyhedron,
pyramid, prism, net, etc.

This activity enables children
to freely explore the creation
and properties of 3-
dimensional shapes from
different nets.

Constructing nets In pairs. They will need:

e A 3D shape construction kit, based on assembling 2D shapes, for example, Polydron
Frameworks ©;
e Plain paper (A3) for tracing the net of the faces.

Begin with a display of different configurations of the net for a simple cube. For example:

Ask the class if all of these nets would fold to make a cube, and ask them to explain their
thinking. Experiment with the construction kit to test which of these nets work and understand
why some do not.

Now set some challenges to use the construction kit to create specific 3-dimensional shapes and
open up the nets for these. When the net is opened out and flattened, the children should draw
around the (inside of Polydron Frameworks) faces in order to record the net which was used and
name the polyhedron which they created. For example:

Do the children see that every
3D form comprising plane
faces can be disassembled into
a net?

Do they realise that not every
net will produce a 3D form?
Can they begin to describe the
conditions where a net will not
do so?

Do they realise that not all
regular 2D shapes will produce
regular polyhedra?

e.g. hexagons.

Do they realise that some 3D
forms are created by a specific
combination of two or more
types of plane shape? For
example, a football is typically
3D form comprising regular
pentagons and regular
hexagons in a repeated
pattern:
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Make a cuboid which is not a cube;

Make a polyhedron with 4 faces. What is it?

Make two different polyhedra with 5 faces. What are they? (square-based pyramid and
triangular prism);

Make a pentagonal prism. Can you draw at least 3 different nets for it?

...and so on.

Extend the challenge for children to create one of the more complex platonic solids, for example,
an octahedron, or even a dodecahedron.

‘32 panel or
Telstar’ — 12
Pentagons
and 20
Hexagons
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26. Handling Data

To interpret and use and
compare data from different
bar charts and line graphs.

The time children spend
collecting data and
constructing bar charts and line
graphs can be disproportionate
with respect to the time they
need to spend in learning to
read, interpret and use data in
graphical form to draw
conclusions.

This activity is a problem-
solving exercise that requires
the children to interpret and
compare data from similar
graphs.

Dream holiday Children work in pairs with:

e PC/tablet for internet access to, or pre-printed, graphs/charts of temperature and
rainfall for different locations around the world.

You will need to research a range of potential holiday destinations with a variety of distributions
of average daily temperature and rainfall patterns by month. You can find this information in
travel or holiday guides for different places around the world. Most of this information is now
available online, rather than having to acquire printed brochures, but sometimes for extracting
suitable data the latter can be easier to manage. Travel websites are always changing, so it is not
possible here to advise on any specific sites to use.

Show an example of the distribution of average monthly temperature and rainfall for a particular
holiday destination. Ask the children questions about this. For example: What is the average
temperature in August? When is it hottest and what is the temperature? When is it coolest and
what is the temperature? Which month has the most rain? And so on ...

Explain that you want to take your grandmother on a dream holiday. Then set some conditions.
For example: She likes sunny places and hates wet weather, but she does not like it to be too hot
—no more than 24°C, nor too cold — not below 15°C. You can only go during the Easter or
Summer school holidays — give dates.

Suggest some destinations to be investigated and ask the class to identify say, five, possible
holiday locations and when it would be best to go there.

Shelley and Rohan work together to make recommendations, ranking their solutions according
to the key conditions.

Do the children interpret the
graphs correctly?

Commercial publications often
show both temperature and
rainfall graphs on the same
outline. Since the graphs show
average daily temperature and
rainfall over time (a continuous
variable) the data should be
displayed in line graphs, but
sometimes one will be
represented as a bar chart.
This is to help distinguish
between the two charts when
one is overlaid on the other.
However it is a misuse of a
format intended to represent
data in a frequency table.
Nonetheless, it is useful for the
children to experience such
‘real world’ diagrams. You will,
of course, need to help
children find and focus upon
the graphs and ignore
unnecessary text presented to
them.
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27. Comparing Sets of Data This chapter is mostly focused on the professional needs of teachers, rather than the learning
needs of children. However, it is important that by the end of Key Stage 2 children understand
and use the terms range, minimum, maximum and the mean as a measures of average. So an

activity is suggested here on these ideas, but only for children in upper Key Stage 2.
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28. Probability

To estimate a fraction based
on probability.

Although Probability does not
presently appear in the English
Primary curriculum, it is a
worthwhile and interesting
area of mathematics for
children, and it is included here
as it is still featured in other
international curricula.
Probability is one of the most
important areas for using and
applying mathematics in real
life. It is a key part of our
mathematical skills to respond
to life’s chance events with
intelligent strategies based on
our understanding of
probability.

This activity will tie in with the
children’s developing
understanding of fractions of a
set.

Probable proportions Children work in groups of 3 or 4. They will need:

e A prepared tally chart for the group. (See photocopiable resources);
e Abag containing 12 counters in specific proportions of different colours.

To begin with, the bag contains 4 colours, with 3 counters of each colour. Shelley, Rohan, Alice
and Marek are told that there are 12 counters, but not how many colours or the numbers of
each colour there are. The children take turns to draw a counter from the bag and tally it in the

chart, then return it to the bag Colour Tally Total
before the next child’s turn. After

a number of draws, the tally chart red b LAt I 13
may appear like this: yellow W T 1T 15
Ask the children to discuss green U Lt 12
between them what they would

estimate to be the proportions of blue il 9
counters of each colour in each

bag. Then let them draw a counter

in turn without replacing it to see

the actual proportions of the different colours.

Next provide different bags with a known total number of counters and known proportions but
not revealing which colour is which fraction. For example:

There may be 5 red counters, 5 blue counters and 10 green counters. Tell the children there are
20 counters in total, and that the proportions of different colours are %, % and .

Shelley, Rohan, Alice and Marek draw and replace counters in turn, tallying their findings and
then agree which colour has been assigned each proportion.

Do the children use the
language of probability in
discussing strategy: more
likely, less likely, certain,
impossible, and so on?

Can the children identify the
colours assigned to each
proportion without knowing
the total number of counters?
Does it make any difference
know this?

Do the children realise they
need to collect a lot of data
before they can be sure of a
reasonable level of accuracy?
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Common equipment recommended
Notes about some of the common equipment recommended for use with the activities.

100 square
It is helpful to have available class sets of paper 100 squares of size about the width of a
piece of A5. Two sets are useful in different arrangements: 1-100 and 0-99.

Counters
A large box of 500—1000 counters in many colours, of about 1.2cm diameter.

Cuisenaire Rods

different descriptions.
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78

79
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80
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90

91

92

93

94

95

96

97

98

99

These coloured rods of different lengths are great for helping children to develop a practical sense of ratio and of
algebra from an early age. The rods were invented by a Belgian primary school teacher, Georges Cuisenaire. The right
to use the name ‘Cuisenaire’ is now owned by a specific company, but other manufacturers supply this resource by
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Fraction Wall

A rectangular tray containing plastic or wooden strips, each strip sub-divided into equal fractions of
a different denominator, enabling the pieces to be moved and recombined in different ways to make
1. It is a physical model of the fraction chart pictured here.

Children can be encouraged to create their own Fraction Wall with identical paper strips which they
fold into /2, /3, Y/a, 1/s, */e, and /s and paste to a backing sheets.
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GEObOGI’dS eceooscccc000000000O0D0
eSO OOOOEOEOOOOECOEEOPEO®TOODO
Typically plastic or wooden boards with raised pins or points in a square matrix formation around which elastic bands can be seoreeeseereeensen e
looped to create 2-dimensional shapes of various shapes and sizes. ececscssscooos eveo
.- . & e
Maths mat .. . Yoo
Simply a sheet of A4 or A3 paper, on which children arrange counters or other concrete apparatus they actually use ina 3 D s
calculation. This helps children to identify the counters which form the calculation, separately from the ‘spare’/unused counters 2 * e
on the table. oo o AR
LN L] L BN B B B N
[ N L ] LB BN B B N BN
LN L] CC BN B B N
Money s ceeecsecss
Plenty of coins of all denominations. It is more realistic and better for learning about money, if these can be real coins. However, Geoboard

plastic money will suffice if it is a reasonable representation of actual coins in size and appearance. It is also surprising how easy
it is to come across out-of-date coins in sets when the Royal Mint has changed them.

Multilink ©

Plastic, interlocking cubes (edges about 1.8 cm in length) of different colours, which can be connected to one another in —
different ways to construct an endless variety of solid 3D creations. The name ‘multi-link’ is the trademark of a particular

manufacturer, and other variants of interconnecting cubes are available, though we have found multilink to be the most —
reliable.
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Number lines

In the early years and Y1 it is helpful to have a number line which is scaled to
fit the multilink pieces, so children learn to match the edge of a piece of —
multilink with a complete whole number:

I D D B
0 1 2 3 4 5 6 7 8 9 10 11 12 ..

After that in KS1 it is helpful to have wipe-clean laminated number lines up to 20 or 30 which children can use individually at their desks, and a longer number
line from 0 to 100 along a wall at a comfortable height for a child to point and touch individual numbers. It is important also to display vertically arranged
number lines, and certainly from KS2 if not earlier, to show negative numbers to -10 on number lines.
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Numicon templates ©

These are another commercially produced resource for exploring number and
calculation. We have not seen an alternative provider of a similar resource of the same

n m quality. It is especially helpful in reinforcing odd/even numbers, and for overlaying

numbers upon others, for example, when exploring multiplication and division as

repeated groups.
Paper/plastic cups

When demonstrating/modelling the use of counters in calculations to the whole class, it is helpful for the class teacher to use a larger and more visible resource to
represent the counters, such as paper cups.
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Paper screens

This is a simple and useful device for enabling a pair of children to hide something from one another for the purposes of a game. It can be
made simply from a sheet of A3 (or larger) sugar paper with a series of vertical ‘concertina’ folds and one small ‘turn-up’ folded horizontally
along the bottom. See the example pictured left.

Place value base-10 blocks or Dienes’ apparatus
These are described in Chapter 6, ‘Numbers and Place Value’. Invented by Zoltan Dienes, base-
10 apparatus is a set of scaled manipulative blocks, in 1s, 10s, 100s and 1000s which are used

Hundreds Tens Ones to make scaled concrete representations of place value in number, e.g. the number 136 is

represented concretely by the arrangement pictured left.

N

N

= Place value (p.v.) mat

H When using base-10 apparatus, it is helpful for the child to have a simple A4 or A3 mat upon

= which Hundred, Tens and Ones columns have been created in which to place the different

= denominations of the base-10 apparatus.
A free photocopiable resource for this is supplied in the appendix below.
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Place value (p.v. or ‘arrow’) cards

These are described in Chapter 6. Place value cards are often called ‘arrow’ cards because of their shape, and
are number cards which can be assembled to represent a number so that the number can also be partitioned 2 O
into hundreds, tens and ones, to show the actual place value of each digit, e.g. for 20 + 4 = 24

]
N

There are many variations of this resource freely available on the internet, and sets which can be purchased >
ready-made for schools to provide for pupils.

Place value (p.v.) counters

Hundreds

Tens

Ones

Playing cards

e

These are an abstraction from base-10 apparatus, so that equal-sized labelled counters are used to
represent place value on a place value mat, rather than having items which are scaled in size. The counters
usually represent each place value with a different colour, as for the number 136 in the example here. The
significant learning developments are that the value of an item is not proportional to its size compared
with other items and that one counter unitises or has a 1: many relationship with other counters which
may be of equivalent size or even larger. A similar experience which children will encounter before using
this resource is when exchanging coins of different values.

Playing cards are a very cheap, reusable and shared resource, so it is not expensive to buy sufficient packs to equip a class. Even quite young children enjoy learning
to shuffle cards properly, but as long as they can make sure the cards are ‘mixed up’ to some extent, that is sufficient!
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Polydron frameworks ©

We are not paid to advertise Polydron, and you may find a cheaper alternative, but this really is the most effective resource we have come across for helping children
to easily construct their own 3-dimensional shapes from pre-formed 2-dimensional shapes that click together. The skeletal faces in the Frameworks also have the
benefit of being able to open into one flat open net, allowing children to draw around the inside of each face to create an approximate representation of the whole

net. For example, a net for a triangular prism could look like any of the ‘opened’ shapes below:
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