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Year 6 Problems and Investigations 
Spring 

Week 1 
 

Title: Noughts and negatives Skill practised: 
• Subtracting single-digit numbers to give 

zero or negative answers 
Children play an adapted game of noughts and 
crosses, aiming to get negative number answers. 
Conjecture: It is possible to produce a noughts and negatives grid which makes it easier to win. 
What to do: 
Children work individually or in pairs. 

1. Play this game with a partner. 
2. Each person needs to draw the following noughts and crosses grid. 

   
   
   

3. Choose where to put three ‘noughts’ or zeros. Fill the other six spaces with any numbers 
between 0 and -10, e.g. 

0 -1 -3 

-6 0 -2 
-8 0 -5 

4. Take it in turns to roll two 1-6 dice. Subtract one number from the other and ring the answer 
on your grid if you have it. You can use the dice in either order. 

5. Keep taking turns to do this until one person has three rings in a line in any direction, 
horizontally, vertically or diagonally. 
 

Now that you have played the game, spend some time thinking about how you could improve your 
grid to make it easier to win. 
 

HINT: Investigate which negative numbers answers it is possible to make when rolling the two dice. 
Then find out how many different ways there are of making each negative number answer and also 
zero. How does this help? 

 

6. Play at least three more games. 
• Player A’s old grid v Player B’s new grid 
• Player A’s new grid v Player B’s old grid 
• And the final big test: Player A’s new grid v Player B’s new grid! 
 

How did you get on with your new grids? 
You could play this game against someone who has not done the research and impress them with your 
skills! 
  

CHALLENGE: Play the game with 0 to 9 dice instead of 1 to 6 dice. How might you change your grid? 
 
Aims: 

– To carry out an investigation with the aim of increasing their 
chances of scoring their numbers 

– To find possible negative answers when subtracting the larger 
from the smaller number on pairs of 1 to 6 dice 

– To find how many ways there are of making each possible 
negative answer and zero 

Minimum number of 
calculations expected 

20 
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Week 2 
 

Title: All at 6s and 7s Skill practised: 
• Using knowledge of the order of operations 

and brackets to carry out calculations 
Children try to make every number to at 
least 10 using 6s, 7s and sometimes 2 and 
3, and any operations. 
Conjecture: It is possible make all the numbers from 1 to 10 using 2, 3, 6 and 7 and any operations 
and brackets. 
What to do: 
Children work individually or in pairs. 

1. Use the numbers 2, 3, 6 and 7 and any operations to make every number from 1 to at least 
10. 
 

But there are some rules! 
 

a) You don’t have to use 2 or 3 each time but you must use both 6 and 7 in each 
calculation! So to give 5 = 7 – 2 is not OK, but 5 = 7 – (6 ÷ 3) is OK. 

b) You can use 6 and 7 as many times as you like in each calculation but can only use 2 
or 3 once. So 2 = 2 × (7 – 6) is OK, but 2 = 6 – 2 – 2 is not. 

c) Remember to follow the rules about the order of operations and using brackets. 
 

2. Keep a record of each answer: 
1 = 7 – 6 
2 = 2 × (7 – 6) 
3 = 

 
See how far you can get! 
 
Aims: 

– To use knowledge of order of operations and brackets 
– To use earlier answers to find later ones 

Minimum number of 
calculations expected 

10 
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Week 3 
 

Title: Decimal pyramids Skills practised: 
• Adding numbers with 1, 2 and 

3 decimal places 
• Using knowledge of numbers 

bonds to add decimals 

Children add numbers with three decimal places to give a 
number with two decimal places, then add numbers with two 
decimal places to give a number with one decimal before 
finally adding numbers with one decimal place to give a whole 
number. 
Conjecture: It is possible to produce an addition pyramid such that the top number has no decimal 
places, the numbers in the second row have one decimal place, the numbers in the third row have two 
decimal places and the numbers in the fourth row have three decimal places. 
What to do: 
Children work individually or in pairs. 

1. Copy the pyramid below onto a whiteboard. 

 
2. Choose a whole number less than 10 to go in the top square. The numbers in the two squares 

below must add together to make this number, BUT each of these two numbers must have one 
decimal place, e.g. if you choose 5, these two numbers could be 3.7 and 1.3. Easy so far! 

 
3. Numbers in the next row must all have two decimal places. Adjacent numbers must add to give 

the number above, e.g. what would you put next to 2.46 to make 3.7 above? 
4. Now it’s going to get a little tougher! The numbers in the bottom row must have all have three 

decimal places. Once again, adjacent numbers must add to the number above. 
5. Once you have a solution, copy it into your book. 

 
What strategies have you found? Is it easier if you fill in boxes on the outside of the pyramid first or 
the inside? 
Use what you have learnt to build another addition pyramid as above. 
 
CHALLENGE: Use the same rules to produce an addition pyramid with a multiple of 10 at the top. 
 
Aims: 

– To use knowledge of number bonds and decimal place 
– To use reasoning and trial and improvement to complete an 

addition pyramid 

Minimum number of 
calculations expected 

12 



© Hamilton Trust  Year 6 Spring All Investigations  

Week 4 
 

Title: Cycling co-ordinates Skills practised: 
• Using co-ordinates 
• Recognising different types of quadrilaterals 

Children use a sequence of co-
ordinates to create quadrilaterals. 
Conjecture: It is possible to predict whether a sequence of co-ordinates will produce a square or a 
kite or irregular quadrilateral. 
What to do: 
Children work individually or in pairs. 

1. Write down four single-digit numbers, e.g. 2, 3, 6, 7. 
 

2. Use these to produce four pairs of co-ordinates. Take the first two numbers to produce the 
first pair (2, 3), the second and third number to give the second pair of co-ordinates (3, 6), 
the third and fourth number to give the third pair of co-ordinates (6, 7) and then cycle 
round using the last and first numbers to give the  last pair of co-ordinates (7, 2). 
 

3. Plot the four points, then join them together. What shape have you drawn? 

 
 

4. Now try 2, 6, 5, 1. What shape do they form this time? 
5. Now try groups of your own four numbers. See what different types of quadrilateral you 

can produce? 
 
Can you write a rule for producing kites? Can you write a rule for producing squares? 
 
CHALLENGE: Do your rules work in all four quadrants? 
 
Aims: 

– To look for patterns and so make generalisations 
– To test conjectures 

Minimum number of 
calculations expected 

N/A 
  



© Hamilton Trust  Year 6 Spring All Investigations  

Week 5 
 

Title: Riveting reversals Skills practised: 
• Using long multiplication or the grid method 

to multiply three-digit then four-digit 
numbers by numbers between 10 and 35 

• Find the difference between four-, five- and 
six-digit numbers 

Multiply three-digit numbers with 
consecutive digits by a two-digit number; 
reverse the three-digit number and repeat. 
Find the difference between the two 
answers. 
Conjecture: If a number with consecutive digits is reversed and both numbers multiplied by a two-
digit number, there is something special about the difference between the two answers. 
What to do: 
Children work individually or in pairs. 

1. Think of a three-digit number with consecutive digits, e.g. 123. Multiply this by 13 and 
write down your answer. 

2. Now reverse the digits in the three-digit number, e.g. 321 and multiply by 13 again. Write 
down your answer. 

3. Find the difference between the two answers and write it down. 
4. Repeat with a new different three-digit number with consecutive digits, e.g. 234 or 456. 

Make sure you write down the difference between the two answers. 
5. Repeat with several other three-digit numbers with consecutive digits. 

 
What happens? Can you think why this is the case? 
 
HINT: Find the difference between your two three-digit numbers and multiply by 13. 
 

6. Choose a three-digit number with consecutive digits, but this time multiply by a two-digit 
number of your choice. Reverse the digits of the three-digit consecutive number and 
repeat. 

 
What happens this time? 
 
Pursue your own line of enquiry. What else could you try? How about four-digit numbers with 
consecutive digits? Or keep the three-digit number the same and reverse the digits of the two-
digit number? Explore and see what else you can find out. 
 
Aims: 

– To make and test predictions 
– To begin to explain reasons behind repeated answers 
– To pursue own line of enquiry 

Minimum number of 
calculations 

expected 
10 
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Week 6 
 

Title: Mean score Skills practised: 
• Finding the mean of a set of numbers 
• Adding six numbers and dividing by 6 

Children design a dice such that the 
mean score is 5. 
Conjecture: It is possible to design a dice with different numbers of faces such that the mean score 
is always 5. 
What to do: 
Children work individually or in pairs. 

1. Here is a standard 1 to 6 dice. 

 
2. If you rolled this dice six times and each number came up once, what would be the mean 

(average) score? 
 

HINT: It’s not a whole number  
 
3. A games manufacturer wants to make a dice which has a mean score of 5. If this dice was 

used for a game with a 1 to 100 track, on average how many rolls of the dice would it take 
a child to reach or pass the end of the track to finish the game? 

4. Your task is to design such a dice!  Here are the conditions: 
a. It has six faces. 
b. The manufacturer wants to put numerals not spots on the sides. 
c. It can only fit single-digit numbers. 
d. You can choose one number to use twice. 

 
HINT: What must be the total of the six numbers? 
 

5. Make your dice and roll it to see if you do get a mean score of 5. How many times do you 
think you should roll it? What happens if you roll it 10 times? 20 times? 
Can you use what you have found to design a different dice with a mean score of 5? 

 
6. The manufacturer thinks it might be more fun for the children to have a dice with ten faces 

(decahedron). Use what you have learnt about designing a dice with six faces to design a 
dice with ten faces which has a mean score of 5. 
 

CHALLENGE: What other whole number means are possible for a dice with six faces, all numbers 
less than 10? 
 
Aims: 

– To find a set of numbers which meet two criteria, e.g. six 
numbers with a total of 30 and a mean of 5 

– To see how individual values affect an average 
– To use one answer to help find others 

Minimum number of 
calculations expected 

12+ 
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Week 7 
 

Title: Stars and crosses Skills practised: 
• Making generalisations and writing 

formulae 
• Finding totals of 3, 4, 5 or more two-digit 

numbers 

Children find totals of the numbers in shapes on a 1-
100 grid, make generalisations and then write a 
formula to find the total of any similar shape on the 
grid. 
Conjecture: It is possible to find the total of the five numbers in a cross or star on the 1-100 grid using a 
formula rather than adding up all the numbers in the shape. 
What to do: 
Children work individually or in pairs. 

1. Ring a number on the 1-100 grid that is not in a row or column on the edge of the square. 
2. Ring the number below, the number above, the number to the left and the number to the right to 

form a cross, e.g. 

13 14 15 

23 24 25 

33 34 35 

3. Find the total of the five numbers and make a record of this along with the central number of the 
cross. 

4. Repeat elsewhere on the grid. Can you see a relationship between the central number and the sum 
of the five numbers in the cross? 

 
Why do you think that this relationship holds? Write a formula for finding the total of the five numbers in 
any cross laid out like this. 
 
HINT: Use algebra to help. Sketch a cross as on the grid, and write n in the middle and think how we can 
write each number in relation to n.  

 ?  

n - 1 n ? 

 n + 10  

5. Now ring numbers in a bigger cross with nine, thirteen or even more numbers! See if you can 
predict the total. You may want to use a calculator to speed up the process if your cross is really 
big. 

13 14 15 16 17 

23 24 25 26 27 

33 34 35 36 37 

43 44 45 46 47 

53 54 55 56 57 

 
Can you write formula for finding the total of ANY cross that will fit on the grid? 
What if this was not a 1-100 grid, but a 1-81 grid, arranged in nine rows of 9? 
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Now choose one of the following shapes and try and find a way of finding the total of numbers in that 
shape anyway or anywhere on the grid. Or make up your own shape! 
  

12 13 14 15 16 17 18 19 20 

22 23 24 25 26 27 28 29 30 

32 33 34 35 36 37 38 39 40 

42 43 44 45 46 47 48 49 50 

52 53 54 55 56 57 58 59 60 

   
Aims: 

– To identify relationships between pairs of numbers, make 
generalisations and so write formulae 

– To use n to represent any number 
– To pursue own line of enquiry 

Minimum number of 
calculations expected 

10 

  



© Hamilton Trust  Year 6 Spring All Investigations  

Week 8 
 

Title: Mixed up fractions Skills practised: 
• Adding, multiplying and subtracting pairs of 

fractions 
 

Children add a pair of fractions, multiply 
the same pair, then find the difference 
between the two answers, looking for 
patterns. 
Conjecture: We can find a pattern which will help us to predict the difference between the 
product and the sum of a pair of fractions with the same numerator. 
What to do: 
Children work individually or in pairs. 

1. Write two unit fractions with neighbouring denominators, e.g. ½ and 1/3. 
2. Find the total of the two fractions. This is answer (a) 
3. Find the product of the two fractions. This is answer (b) 
4. Now find the difference between the two answers. Make a record of the original pair of 

fractions and the difference between the two answers. 
5. Repeat with other pairs of neighbouring unit fractions. Do at least 3 more. 

 
Can you find any patterns? Can you see any relationship between the difference and either of the 
original pair of fractions? If so, test out your conjecture with another pair of unit fractions. 
 
HINT: Write your final answer so that it has the same denominator as the smaller of your original 
fractions. 
 

6. Try a pair of unit fractions with denominators which are not neighbouring, e.g. 1/3 and 1/5. 
7. Repeat the above process several times with different non-neighbouring pairs. 
8. See if you can spot any relationship between your final answer and the numerator of either 

of your original fractions. 
 

HINT: Add the denominators. Can you see a relationship between this number and the numerator 
in your final answer? 
 
CHALLENGE: Try 2 as a numerator and only use proper fractions in their simplest form, e.g. 2/3 and 
2/5. Can you see a relationship? You will need to add the denominators and play around. 
 
Aims:  

– To spot and identify patterns 
– To find relationships and use these to predict answers 

Minimum number of 
calculations expected 

12 
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Week 9 
 

Title:  Queued cubes Skills practised: 
• Applying knowledge of 3D shape: nets of cubes 
• Calculating area of rectilinear shapes and 

volume of cuboids 
• Generalising relationships between numbers 

Children apply a combination of 
knowledge of 3D shape, area and volume 
to solve a problem that introduces 
surface area. 
Conjecture: Doubling the length of the sides of a cube increases the surface area by a factor of 4 
and the volume by a factor of 8 
What to do: 
Children work individually or in pairs. 

 
1. Imagine covering a 1x1x1cm cube in wrapping paper (with no tabs or overlaps). Now visualise 

peeling off the paper to leave the net of this shape. 
a. What is the area of this net?  This is the surface area of the cube.  We’ll call it ‘area 1’. 
b. What is the volume of this shape?  We’ll call it ‘volume 1’. 

2. Now imagine a 2x2x2cm cube. 
a. What would be the surface area of this shape? Let’s call this ‘area 2’. 
b. What is the volume of this shape? We’ll call it ‘volume 2’. 
c. What fraction of area 2 is area 1? 
d. What fraction of volume 2 is volume 1? 

3. Go through the same process with a 3x3x3cm cube. 
a. Can you predict the surface area of this shape: ‘area 3’? Now calculate it to find out if 

you were right. 
b. Can you predict the volume of this shape? Calculate it to find out if you were right. 
c. What fraction of area 3 is area 1? What fraction of volume 3 is volume 1? 

4. Repeat this for a 4x4 cube. What fraction of area 4 is area 1? What fraction of volume 4 is 
volume 1?  

5. You’ll be spotting some patterns and relationships between the numbers by now. Can you 
write about any patterns you’ve noticed? 

6. If you were given a cube with 10cm sides, would you be able to quickly calculate its surface 
area? What about a cube with sides of any length: n cm? 

 
HINT: Organising your results in some way will be really helpful. Think about what you do to specific 
numbers when beginning to make generalisations for any numbers in a sequence. 
 
Aims: 

– To apply knowledge of area and volume 
– To begin to generalise a term in a sequence using n to stand for the 

number of the term in a sequence 

Minimum number of 
calculations 

expected 
15 
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Week 10 
 

Title: Geometry genius Skills practised: 
• Finding areas of parallelograms and 

triangles 
• Writing formulae 

Children use what they know about how to find 
the areas of triangles and parallelograms to find 
the areas of rhombi, kites and trapezia. 
Conjecture: We can use what we know about finding the area of a triangle and of a parallelogram 
to come up with formulae for finding the area of a rhombus, kite and trapezium. 
What to do: 
Children work individually or in pairs. 

1. Draw a vertical line 9cm long on cm2 squared paper. 3cm down this line, draw a 
perpendicular line 8cm long so that the first line bisects the second, like this: 

 
2. Join the ends with straight lines to form a kite. 

 
3. Use what you know about the finding the area of triangles to find the area of this kite. 
4. Now draw your own kite, by first drawing the lines as shown, but choosing your own whole 

number of centimetres for each one. Find the area of this new kite. 
 

Can you see a relationship between the lengths of the diagonals and the area of the kite? If so, use 
this relationship to write your own formulae for finding the area of a kite! 

 
5. A rhombus is a special kite in that all four sides are equal in length, and the diagonals are 

also equal in length. Draw a rhombus, beginning by drawing diagonals as above and find its 
area. 

6. Repeat until you have enough information to write a formula for finding the area of any 
rhombus. 

7. Draw a trapezium making sure that the pair of parallel sides are each a whole number of 
centimetres. Draw an identical one upside down alongside it like this: 

 
8. What is this new shape? Find the area of the new shape. 
9. Now use what you have found to write a formula for finding the area of trapezium. 

 
It’s amazing how much new maths you can work out now that you are in Year 6! You are a 
geometry genius! 
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CHALLENGE: Write a formula for finding the area of an inverted kite or a regular hexagon, or even 
a symmetrical but irregular one like this! 
 
                                         Inverted kite                Symmetrical irregular inverted hexagon 

 
Aims:  

– To spot relationships between numbers, make generalisations 
and so write formulae 

– To use known mathematical formulae to find new 
mathematical formulae 

Minimum number of 
calculations expected 

8-25 depending on 
methods used 
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Week 11 
 

Title: Why is it so? Skills practised: 
• Adding towers of two-digit numbers 
• Performing long and short division 

Children identify a pattern in the division of a 
total of six numbers created using the same 3 
digits. They then use algebra to explain why it is 
so. 
Conjecture: Algebra enables us to demonstrate a general pattern. 
What to do: 
Children work individually or in pairs. 
 

1. Write down any three numbers less than 10, not including 0. 
2. Use the numbers as digits to create 6 different two-digit numbers. 
3. Add the six numbers. Write the total. 
4. Add the original three numbers. 
5. Divide your answer in step 3 by your answer in step 4. Circle your answer. 
6. Now choose three different numbers less than 10 and repeat steps 2 to 5. 
7. Do this at least five times. 

 
Discuss what you notice. 
 

8. Use algebra to find out why this works. 
9. Give each number a letter, e.g. a is your first number, b is your second number and c is 

your third number. 
10. Now do steps 2 to 5 using letters instead of numbers. Remember that the first two-digit 

number will be 10a + b, the second might be 10a + c, etc. 
11. Go slowly and carefully – can you prove why it is so? 

 
HINT: The total of the six numbers is: 

10a + b + 10a + c + 10b + a + … 
= ?a + ?b + ?c 

 
Aims: 

– To spot patterns, make and test predictions 
– To begin to use algebra to prove that the answer will always be the 

same 

Minimum number of 
calculations 

expected 
12-20 

 

 


