Sequenced Teaching of Problem Solving

HOME LEARNING MATERIAL




Introduction

The modern maths curriculum in schools places a great focus
on children’s ability to solve problems and reason
mathematically. When learning maths, children must be able
to apply the core skills they have learned to a variety of
problems and challenges.

At STOPS, we have devised 8 key problem-solving strategies
that will help children approach problems with confidence.
For each strategy, we have a range of problems that increase
in difficulty so that children learn to tackle any tough maths
problems with confidence.

Your child uses the STOPS problems in school and this book is
designed to support and supplement the work that they are
doing in school.

The problems and guidance in this book are designed to run in
parallel to the work that your child is doing in school, enabling
you to support them to become great mathematicians and
successful problem-solvers - ensuring them success all the way
to the end of primary school.
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The STOPS Problem Solving Strategies:

A great way to start solving problems. Act out, make or
draw what the problem shows and you will be well on
the way to solving it.

A strategy every child must have - simply make some
guesses and see how they go. Much better than not
knowing how to start.

C. Trial By Improvement

The next step. Make an estimate, get a solution. Is it
correct? Why not? How can we change our estimate to
improve it? Children become more systematic.

Many problems can be tackled by making a list of
potential solutions. This can go hand-in-hand with
strategies B and C to give children serious mental tools
with which to solve tricky problems. Later, turn your
list into organised tables and you can solve anything.
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Many problems can be solved by identifying a repeating
pattern in shapes or numbers and using it to predict
what may happen in other situations.

Some problems can be intimidating for children, but by
making it more simple, it becomes more accessible.

Start at the end and work back. Children will refine
their skills of reasoning and ‘inverse operations’ to
work their way through maths problems with ease.

H. Solve algebraically

It sounds more difficult than is, especially to children.
When broken down into manageable steps of learning

using shapes, symbols and eventually letters, children
will become confident and experts in using algebra to

solve problems
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Using this booklet and how to best help your child

Each strategy has a one main problem to work through with
your child and one other supporting problem. There are
different steps within each strategy that make sure the
problems are age-appropriate for your child. Remember that
problem solving skills are very different to maths skills and
children can develop at very different rates.

Each problem has notes afterwards that will give you guidance
and examples of questions or modifications to support them if
they are not sure or questions that could extend them if they
are finding it easy.

Each problem is based on the STOPS problem-solving grid,
where each strategy has 7 steps of difficulty for each of the 8
strategies. At the top of each problem in this book is the
‘step’ that the problem comes from, so that you can pick up
on the next step of the strategy in every school year.

Some general tips:

® Encourage your child to make mistakes and feel positive
about them, this is the only way to learn.

® Encourage children to record their thoughts in writing, on
paper or in a special ‘problem solving’ notebook.

® Allow children time to think through for themselves, do not
be tempted to do too much for them.
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How do ‘steps’ and year groups work?

The STOPS problem solving skills are based on our famous
grid, where each of the strategies has 7 steps within it that
must be completed to be an expert problem-solver.

Each strategy is different, so ‘step 1’ does not always mean
‘year 1°.

Below is our grid, with the recommended year 3 problems
highlighted. This book will provide support and companion
problems to the year 3 set of problems that your child is
studying at school.
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STRATEGY A -
ACT IT OUT/MAKE
A MODEL



STET & - Count The Coins

Put the coins in the right order using the clues,
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The first coin is double the value of the Last coin.,
The total of the first three coins is 27p.
The total of the Last three coins is 13p.

.099’0
botetobolaled

Bebween the bkwo $P coins there is 1 coin,
Bebween the kwo 1F» coins there are 2 coins,
Bebween the btwo ZF’ coins there are 3 coins.
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How to help

e Even at year 3, children will enjoy setting this activity up with coins,
either real or toy versions.

e Encourage children to draw on their knowledge of Trial and
Improvement strategies to find a few solutions

e For the addition in the first part, children could use either mental or
written strategies.

e Inpart 1, use the first clue to establish that it must be 1p/2p, 5p/ 10p,
or 10p/20p and fit the other coins in afterwards.

Solutions:

e For the first part, the solution is:

20p, 5p, 2p, 1p, 10p

For the second part, one solution is:

1p, 2p, 5p, 1p, 5p, 2p
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STE? 4 - Bulton Numbers

You have 21 bubtowns.
You have to make a 3 digit number using the
bubkons.

You must use all 21 buttons for each number,

Can you make § different numbers using the 21
buttons?

What is the largest number you can make?

What is the smallest number you can malkee?
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How to help:

e Set up a 3-column place value grid with the headings: hundreds, tens,
ones/units.

e Find 21 buttons or counters.

e For the first part, allow children plenty of time to explore. 3 digit
numbers are a fairly new concept at year 3 so allow children to make
some numbers and say them.

e If you have a whiteboard or workbook, encourage children to write
numbers in words, helping them to say and spell them correctly.

e Begin to compare numbers by saying which is bigger and smaller.

e For the second part, children may use reasoning or trial and error
strategies. They must put the largest number in the hundreds column, so
this would be a 9. They will have 12 buttons left so should put 9 in the
tens column, leaving 3 in the ones/units.

e For the final part, children will want to put the smallest number in the
tens. However, if you put 1 button in the hundreds column, you are left
with 20 buttons. You cannot put 10 in a column, so 1 cannot be the
number in the hundreds column. It will be a useful teaching point if
children try to put 10 buttons in one column, explain that we ‘re-group’
these 10 into 1 in the next column.

e To make it harder, use fewer buttons. Ask children to make 5 different
numbers and write them in order.

e To make it easier, use more buttons up to 27 or reduce to 2 digit
numbers.

Solutions:

e Part 1 has a large number of solutions. Check that all 21 have been used
and that no columns have more than 10 buttons.

e Part 2: 993

e Part 3: 399
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STRATEGY B -
TRIAL AND ERKOK



Step 4 - Piles of qgold coins!

Dalton has 25 gold coins,

He puts them in four piles.

The first pile has two more coins than the second
pile.

The second F»E.Le has bwo wore coins than bhe Ehird,

The fourth pile has double the amount of coins as
the second pile.

How Mmaiy coins did Dalkown pu,?: i each FE,L@.;?
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How to help:

e This strategy focuses on ‘Trial and Error, so allowing children to make
mistakes is a key element of the strategy. Explain this to children and
encourage them not to give up.

e Use counters or buttons to help model the problem if needed - and for
fun! Children can just use pencil and paper to model the problem if
they are confident.

e Children can pick a starting number and work through the clues, e.g.
pick 10 as the start, therefore the second pile must be 12 and so on.

e Encourage children to check all the clues when they think they have
found a solution.

e If children find it hard, give them the number for the first pile or use
fewer coins in 3 piles, e.g. 10 coins in three piles.

e If children find it easy, increase the number of coins and piles, e.g. 32
coins in 6 piles.

Solutions:

There are 7 coins in the first pile.
There are 5 coins in the second pile.
There are 3 coins in the third pile.
There are 10 coins in the fourth pile.
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”.

§ Step 4 - Baseball

' Josh, Roman, Luca and Lisa play for a baseball

¥

E bteam,

g

i In ohe game, Josh scored 40
¥ points, which was as many as
Roman, Luca and Lisa

*’ together.

Roman scored 11 more than
Lisa and 15 more than Luca,
‘l"i‘

: What were Romans, Luca’s and
Lisa’s scores?

¢ Challenge:

- At the end of the game, the team had scored 2
- more than last week'’s score and § more than the

/

‘ previous week, The total of the 3 weeks scores was
¥ 35. What were bhe scores each week?

]
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How to help:

e Once again, children should approach this with a ‘Trial and Error’
strategy. They should be used to using this now and remind them of
times when they have used it before.

e Setting out information in a table is very useful if children are
confident enough, e.g. below. If not, use jottings to keep track of
unsuccessful trials.

Josh Roman Luca Lisa

e Pick a number that could be a trial for Lisa, e.g. 5. Josh has scored 11
more than her, so he must have scored 16. This means that he has scored
15 more than Luca, so Luca must have 1. The total of these is 22, which
is not enough.

e Ask children how to change their trial if they got an answer that was too
big or too small.

e For the challenge, help children to see that three numbers must add to
make 35, for example:

+ + =35

e Pick a starting number for this week’s score. Last week’s score was 2
below this and the previous week was below. An example trial using 10
as this week;’s score would be:

5+48+10=23

23 is too low so children can try again with a higher first trial.

Solutions
Roman scored 22. Luca scored 7. Lisa scored 11.

Challenge: 14, 12 and 9 points. 9 + 12 + 14 = 35
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SE&F 5 - Crlass Window

Colour the skapes i this glass window bj
following the clues.

Red is not by the side of yellow but is by the side of blue
Grreen is bebween red and pinle

Pink is not a square

Browi is underneath yellow

Red is on the left side
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How to help:

e This strategy focuses on a Trial-and-error strategy, so children can be
encouraged just to make a trial,eg guess where red could be, then
testing other colour locations against the clues.

e The problem can be solved by ‘working backwards’ to solve the clues in
a systematic way.

e If children find it hard, give them a starting colour position, e.g. red.

e If children find it easy, ask them to design their own colour pattern and
set clues for you to solve it.

Solution:

YELLOW
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Step § - Pick some penguins!
Penguin A + B together weigh 13kq,
Penqguin A + C together weigh 14kq.

Penguin B + C together weigh 17kq.

What is the weight of each penguing




How to help:

e Encourage children to guess at some values first, in line with the trial-
and-error strategy.

e Children should spot that the trials for penguins A and C should total
14kg.

e Children should use jottings to record trials, or even a systematic table
if they are confident.

e Children could pick an initial trial, e.g. A= 10 and B = 3, they can then
use the other clues to derive C. In this example, if A= 10, C must be
equal to 4 if A+ C = 14. In this case, B + C must be 3 + 4 = 7. This cannot
be correct because the clue tells us that B + C = 14, so we must start
with another trial.

e If children find it hard, give them a number range for A, e.q. it is
between 4 and 7, or give them the value of A.

e If children find it easy, substitute higher number values for A, B and C
and adjust the clues accordingly.

Solution:

O >
oo
O Co U1
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STRATEGY C -
TRIAL BY
IMPROVEMENT



S%ep 4 - Number snale

Place the digits 1 - 9 in the circles once each,

The numbers in the two circles must add up to
the number in the square that Links the two
circles,
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How to help:

e This strategy is focus on trial-by-improvement, so children can make
trials and then adjust them as they go based on estimation and
reasoning, rather than just ‘guessing.’

e Identify where the totals in the squares are larger and ask children what
that might tell them about where to put the digits 1-9.

e Children will use inverse operations to establish what is needed to go
next to a number in a circle to give the correct difference.

e At some point, the trial will not work and children will have to adjust by
swapping numbers, or even starting again

e If children find it difficult, give them one or two starting numbers

e If children find it easy, ask them to create one for you to solve.

Solutions:
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SE@F 4 - Number detective

This is Detective Oswald
Mod.i.orj.

He has found a two-

digit number less than

§0. The sum of its digits is .
The difference between the digiks
s 2.

What number did he find?

Next, he found a two-digit even number.
One of its digits was double the other.
The number was greater than §0 but less than 100,

What number did he find?
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How to help:

e Ensure that children know about odd and even numbers. Ask them to
explain the difference and give examples.

e Children will also need to know about sum and difference, as well as
doubles.

e Children can begin by guessing numbers and testing against the clues.

e To work more systematically, ask children to make a list of all the
numbers whose digits could total 8. You can then use this list to test
each number against the clues.

e The same would work in part 2, make list of possible numbers where
one digit is double the other.

e If children find it hard, create the list of possible numbers for them,
explaining how you are doing so and how you know.

e If children find it easy, ask them to make clues for a number that you
have to find. They have to make sure that the clues only describe one
number and not several.

Solutions:

Part 1 - 35
Part 2 - 84
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STRATEGY D -
MAKE A LIST OK
TABLE



SE@.[@ 3 - AF:F'L@.S on the Tree

A appte. tree has wmore
thawn 30 and less thawn
s0 apptes.

Aisha counts them in
threes and has 1 left
over.

She counts them in
fives and has 2 left
over,

How many apptes were o the btree?
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How to help:

e This strategy requires children to find a systematic way of recording
their work in a list or table.

e Ask children what we can make a list of that might help us with this.

e Children may suggest that we could use trial and error to guess at
numbers and divide by 3 and 5. This is a valid strategy - praise them -
but we are going to try to use lists and tables to help us with this
problem.

e Write out the multiples of 3 together. Ask children what numbers would
have 1 left over when divided by 3. An example would be 7 - you could
count 2 groups of 3 and have1 left over - show this with counters if
needed.

o Write together the multiples of 5 and ask what number would have 2
left over if we divided by 5. An example would be 17.

e Ask children to look at the two lists and find a number that is 1 more
than a multiple of 3 and 2 more than a multiple of 5. Children should
work through the list systematically until they can find this number.

e It may be useful to also record two more lists of numbers that are 1
more than multiples of 3 and 2 more than multiples of 5, if children are
confident enough.

e If children find it hard, model drawing the lists for them and simple
examples until they are ready to move on.

e If children find it easy, ask for another number of apples greater than
50 that would also work

Solutions:

There are 37 apples.

If there were more than 50 apples, 67 would also be a solution.
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‘Pu,rpie aliens have 9 spof:s.

Blue aliens have 4 SPOES.

Altogether, a group of purple and blue aliens have
65 spots.

How many of each bype could there be?
Is there more than one solution?

Challenge:

How many of each type of alien if there are 90
spots?

< - T S - L~ - _T A B s < - ~
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How to help:

e Ask children if they have used lists or tables before and if we could
make lists to help us solve this problem.

e Children should make lists of multiples of 9 and multiples of 4. The
solution must be from these lists. Note that the 9 times table may be
tricky so support them to list the multiples of 9.

e Then, they can try to randomly pick pairs of numbers from each list to
see if they can make a total of 65. Ask children how they will record
their trials so that they don't do a repeat.

e At year 3, children can use mental or written methods for addition.

e If children find it easy, encourage them to find more than one solution
or move on to the challenge.

e If children find it hard, tell them how many purple aliens there are in
the solution as a start.

Solutions:

There would be 5 purple aliens (45 spots) and 5 blue aliens (20 spots).
A second solution would be 1 purple alien (9 spots) and 14 blue aliens (56
spots)

Challenge:

Several solutions are possible:

10 purple aliens (90 spots) and no blue aliens.

6 purple aliens (54 spots) and 9 blue aliens (36 spots)
2 purple aliens (18 spots) and 18 blue aliens (72 spots)
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STRATEGY £ -
FIND THE
PATTERN



Step 3 - Baskebball tournament

In a basketball tournament, there are three teams.
Each team must Ptaj all the other teams ownce c:vv\bj;?

How many matches will be Foia\jed?

How many matches will be played if there are 4
teams?

How many matches will be played if there are §
teams?
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How to help:

e Ask children how making a list or modelling the problem might help
with this strategy.
e Explain that we might be able to find a pattern that will help us solve
the problem.
e Encourage children to make up three teams - A, B and C (or whatever
team names they want!)
o Write out that:
A must play B
A must play C
B must play C
e Check that there are no more teams to play each other and decide that
there are 3 matches.
e Repeat for the examples of 4 and 5 teams.
e Show children how to be systematic, i.e. write all of A’s matches, then B
etc.
e If children find it easy, extend to 6 or 7 teams.

Solutions:

For 3 teams, there are 3 matches.
For 4 teams, there are 6 matches.
For 5 teams, there are 10 matches.

If you extend to 6 teams, there would be 15 matches.
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SE@.P 3 - To the lighthouse!

There are 99 steps that lead to the top of the
Lighthouse.

R tarks o bh d ~— =
oman starts at the groun / —

and jum[ps 5 s&e[ps ab a kime,

Aisha skarts on kEhe 21st sEe_P
and ju,mps 3 s&eps ab a kime,

Josh starts on the &4-Eh s&ep
and ju,mps 2 s&eps ab a bime,

Who reaches the top of the Lighthouse first?
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How to help:

e Discuss how to solve the problem with the child, what could their
strategy be?

e Explain that each child jumps at the same time.

e Writing out the multiples of 5 from 0 is a good starting point, it shows us
that Roman reaches the top after 20 jumps.

e Next to this, count up in 3’s from 21. We then see that Aisha has reached
the top after 27 jumps.

e Finally, count up in 2’s from 64 and we can see that Josh reaches the top
in 18 jumps.

e If children find it hard, reduce the steps to 30 and adjust the clues
accordingly, e.g. Aisha starts at 6 and Josh starts at 10.

e If children find it easy, repeat with different multiples, e.g. of 6 and 7.

Solutions:

Josh wins, he gets to the top in 18 jumps, just beating Roman who gets
there in 20 jumps.

© STOPSPROBLEMSOLVING UK 2020



STRATEGY + -
SIMPLIFY THE
PROBLEM



i
¥

John Lisa Luca

John, Lisa and Luca have all brought a different Lunch.

Sandwiches:
They have ham, cheese or chicken sandwiches,
John does not Like chicken. Luca always brings ham.

Drindkes:

They have orange juice, milk or water.
 Lisa cannot drink milk or juice,

¢! Luca does not have juice,

T Fruik

They have a banana, an apple and a pear.
- Jokn brings an apple every day,

f Lisa never eats bananas,

I  What does each person bring for Lunch?

< - ) S 2 o~ - ) ) = a ~ - . ~
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How to help:

e The point of this strategy is to take a problem with lots of parts and simplify.
Ask children how we can break this problem down into smaller parts.

e First, look at the sandwiches. Children should make jottings to record, for
example making a heading of ‘sandwiches’ and writing the three names.

e We can see that John does not like chicken - ask children what this tells us? It
means that he must have ham or cheese.

e We can also see that Luca always brings ham, so we can write ham next to his
name.

e If John does not like chicken, he must have the cheese, so we can write
cheese next to his name and ham next to Luca.

e Repeat for the rest of the parts of the lunch.

e If children find it easy, allow them to complete independently.

e Ifitis too difficult, use pictures or actual food and drink to model the
problem in real life. You could use a trial and error strategy to guess at foods
and see if they satisfy the clues.

Solutions:

John has a cheese sandwich, orange juice and an apple.
Lisa has a chicken sandwich, water and a peatr.
Luca has a ham sandwich, milk and a banana.
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Step 3 - Our favourite toys
Josh, Aisha and Luca are friends,
They each have favourite toys: a teddy, a car and a

boak.

Josh said, “Each of us likes only
two of the toys.”

Aisha said, “Each of the toys is
Liked bj only two of us!

=662

Luca said, “Josh Likes the car and
I don't Llike the Eeddj.

Which two toys do each of the children Like?



How to help:

e This is a really interesting logic problem and children will most likely
need a table to record the solutions.

e Check children understand the clues: each toy has two children that
likes it and each chid likes two toys.

e Re-read the clues. If Luca does not like the teddy, which two toys does
he like? He must like the car and the boat.

e If Josh likes the car, and Luca likes the car, Aisha must be the one that
does not like the car.

e Show children how to use a simple logic table, if they are confident:

Teddy Car Boat
Josh v
Aisha
Luca X v v

e The table can be used to record that Josh likes the car, Luca does not
like the teddy, therefore likes the car and boat. Now we can see that
Aisha does not like the car, so she must like the teddy and boat.

e If children find it too difficult, use a trial and error strategy to find
solutions and test against the clues.

Solutions:

Aisha likes the teddy and the boat.
Luca likes the car and the boat.

Josh likes the teddy and the car.
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STRATEGY & -
WORKK BACKWAKDS



Step 4 - Donlt be Late for school!

Josh'’s sleepy cousin was trying to decide when to
get out of bed.

¢ He needs 35 minutes to wash and shower,

® It will take him 18 minutes to eat his breakfast.
® He needs 20 minutes ko walk to school,

® He needs to be at school by %:00am,

What time should he get out of bed?

Challenge: if it takes him 25 minutes to walk home
from school and he gets home at 4:10, what time

did school finish?



How to help:

As adults, we might add up all of the smaller time intervals and count
that back from 8:00am. If children are confident enough to see this
strategy, by all means let them continue.

There is a lot of value to be gained by working backwards from each
clue, both in terms of problem solving skills and skills with calculating
time.

This is a good opportunity to check on children’s understanding of
telling the time and calculating intervals of time, e.g. how long is it
between 7:50 and 8:05am?

Start with 8:00am and count back 20 minutes. Children will need to
know that we start counting at 60 because there are 60 minutes in the
hour.

Continue working backwards with the clues until you have the solution.
If children find it difficult, replace the times with 15 and 30 minute
intervals.

If children are confident, change times to multiples of 1 minute, e.g. it
takes him 17 minutes to walk to school.

Solutions:

He should wake up at 6:50am.

Challenge - he left school at 3:45pm.
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Step 3 - Missing numbers...

Josh is doing some calculations but some numbers
are missing! Can you find the missing digits to

malkee these calculations correck?

4 2 5 2
+ 3 + 5 2 7
5 7 9
4 8 5 0
- 4 - 3
3 1 3 9



How to help:

Ensure that children are confident with basic column addition and
subtraction by practising a few examples.

Identify that the top two are are addition, the bottom two are
subtraction.

Ask children to explain their thoughts and reasoning as they work
through the problems.

If children are not sure, model one yourself, explaining what you are
doing as you go.

If children are finding it easy, create some examples with greater
numbers or with column multiplication.

Solutions:
4 2 5 2 6 3
+ 3 2 + 5 7
5 5 7 7 9 0
4 3 8 5 0
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STRATECY H -
SOLVE WITH
ALGERRA



S&ep 5 - ?3mmic&s

In these pyramids, each number is equal to the sum
of the two numbers below ik,

Find the missing numbers in each pyramid.

65
17 a
103
a 59
19 25 D
C
39 b

24 a 18




How to help:

Children will make the jump here from using pictures or shapes to
represent missing numbers to using letters, so take time to explain this.
Children will also need to be confident at knowing about the inverse
relationship between addition and subtraction. Test theme with
examples such as 25 + ? = 42.

Ask children where the missing numbers are and how to begin the
problem.

If children are not sure, write the expressions away from the pyramid,
using a blank space or question mark for the missing number. For
example: 17 + ___ = 65. Show how we can re-write this as a subtraction
to find the solution, e.g. 65 - 17 = ____

Solutions:

65

17 48
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A burger and chips costs
£1.60

A burger and two boxes of chips costs £2.10.

What does a box of chips cost?

What does a burger cost?



How to help:

e [t is certainly possible to express this problem as two equations, for
example:
b+c=£1.60

b+2c=£2.10 (orb+c+c=£2.10)

This is a useful exercise for children to model real-life situations using
algebra. However, rearranging these equations to find the solution is way
beyond the year 3 curriculum.

e When these formula are established, you can easily use trial and error,
along with recording in a table to establish what the correct values may
be.

e Ask children what the difference is in the equations - an extra box of
chips. Establish that this has cost 50p in the total, so the chips must cost
50p.

e If the chips cost 50p, subtracting this from £1.60 shows that the burger
must cost £1.10.

e If children find it hard, stick with a trial and error strategy and use
pictures to represent the burger and chips in your recording table.

e If children are confident, give some different expressions with the same
values for b and c. For example, 2b + 2c = ? or 10c + 2b = ?. Ask children
to write in words what each expression is showing, for example 2b + 2c is
the cost of two burgers and two portions of chips.

Solutions:

The chips cost 50p.
The burger costs £1.10.
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Well done - you have solved all of
the year 3 logic and reasoning
prabt&ms i this booklet and you
are an expert problem-solver’

Head over to
mwm“sﬁoFsyrobt&msotviv\g‘ca.uw and
check oub the COVIDIO zone for
more games and problems.

© STOPSPROBLEMSOLVING UK 2020


http://www.stopsproblemsolving.co.uk

