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Teaching Number with a 
focus on using concrete 

and visual tools when 
problem solving. 

Learning 
Intentions

Consider the research that informs 
Working Mathematically 

Identify strategies that can be used 
to teach these problems solving 

Explore the different ways of 
incorporating these strategies into 
classroom teaching

National Research Council (2001)

Adaptive
Reasoning

Strategic
Competence

Procedural Fluency

Conceptual Understanding

Productive Disposition

“The most important observation we 
make…is that the five strands are 

interwoven and interdependent in the 
development of proficiency in 

Mathematics.”

Adding it up, National Research Council (2001)

Mathematical 
Proficiencies Working Mathematically

Adaptive reasoning relates to reasoning and communicating, as students 
develop their mathematical thinking and share this with 
others

Strategic competence relates to problem solving as students develop their skills in 
formulating mathematical problems and solving them

Procedural fluency relates to fluency as students develop their skills and ability to 
choose efficient strategies.

Conceptual understanding relates to understanding, as the students build strong 
mathematical connections

Productive disposition can occur as students develop skills across the working 
mathematically components. 

Working Mathematically

Reasoning

Problem Solving Understanding

Communicating Fluency

Misconceptions about Problem Solving 

 No instruction is needed for students to be successful

 Problems always need to involve words

 Struggle is productive 

 Problem solving is the domain of successful students 
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Closed or Routine Problems

Have one solution 
which can always be 
determined in some 
fixed way from the 
information given

May require multi-
step processes

Generally content 
specific

Use one or more 
operations

Closed or Routine Problems

There are 10 cows in 
one paddock and 20 

cows in another 
paddock. How many 

cows altogether?

I bought a game for 
$57, a book for $16 
and LEGO for $45. 
How much money 

did I spend? 

There are 5 rows of 
apple trees in the 

orchard with 7 trees in 
each row. How many 

apple trees altogether?

10

20

$57

$16

$45

Open or Non-Routine Problems

No fixed method 
or solution

Many possible 
solutions

Accessible at 
mixed ability levels

May require students 
to draw on knowledge 
or skills from multiple 
strands

Open to students’ 
creativity and 
imagination

Develop reasoning 
and communicating 
skills

Open or Non –Routine Problems

My answer is 20. 
What could my 

question have been?

A farmer had 24 sheep. How 
many ways could he group 

them?

This is a jigsaw piece from a 
hundreds chart. If the shape 
covers the number 43, what 

other numbers does it cover?

20 24

Low floor, high ceiling problems Enabling and Extending Prompts

Enabling prompt 1: For those children having trouble imagining or drawing, you could 
provide a page with pre-drawn animals or provide students with plastic animals to work 
with.

Enabling prompt 2: Reduce the number of legs initially and build up to 12 legs
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Enabling and Extending Prompts

Extending prompt 1: Now what might Noah have 
seen if there were 20 legs? Or 28?

Turn and Talk 
Extending prompt 2: what prompt can you think 
of?

Understanding: what prior knowledge will 
students need to be able to fully engage with this 
problem?  

Open or Non-Routine Problems
Require deliberate and intentional planning:

• What mathematics do you want your students to learn with this 
task?

• What prerequisite knowledge do they need? 
• How are you going to monitor students during the learning?
• When and who might need extending or enabling prompts?
• What responses do you anticipate your students will give?
• How will you support student learning during this task?
• When will you draw them together and how will you ensure 

learning has taken place?
• What questions will guide class discussions and ensure students 

make connections to prior learning? 

Smith and Stein at al. (2018)

Problem solving skills should be explicitly taught

( G e r s t e n e t  a l . )( S a u n d e r s  e t  a l . ,  
2 0 1 2 )

“As students work towards 
building their mathematical 
proficiency their problem-
solving skills need to be taught
using explicit and systematic 
strategies.”

“Mathematical exploration can 
exert a heavy cognitive load, 
which may interfere with 
efficient learning. 

Teachers need to scaffold 
learning and teach using small 
steps”. 

Polya’s
Principles

Problem Solving attack strategies 
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5 Steps to Problem Solving

1Read the problem and 

decide what it is asking

3Select the most appropriate 
strategy to solve the problem

5Answer the problem and 
check

4

2
Underline the key information 

and circle the question

Solve the problem, showing 
your working

5 Steps to Problem Solving

1Read the problem and 

decide what it is asking

3Select the most appropriate 
strategy to solve the problem

5Answer the problem and 
check

4

2
Underline the key information 

and circle the question

Solve the problem, showing 
your working

Three Read Protocol

The teacher reads the 
problem to the students 
without numbers. This 
allows students to get the 
gist of the story.  

1. Read the problem 
aloud without numbers Students read the 

problem as a class 
with the numbers. 
The question is still 
not revealed. 

2. Read the problem 
with numbers

The students and 
teacher read the whole 
problem together. The 
question is revealed in 
this read. 

3. Read the whole problem 
including the question 

Demonstration
Read the problem and decide what it is asking. 

There were 5000 people at the Australian 
Open tennis match seated in 4 sections. 1435 
were seated in Section A, 1262 in Section B and 
1023 in Section C. How many people were 
seated in Section D?

This Photo by Unknown Author is licensed under CC BY-SA

Demonstration
Read the problem and decide what it is asking. 

There were ___ people at the Australian Open 
tennis match seated in _____ sections. _____ 
were seated in Section A, _____in Section B and 
____in Section C. 

This Photo by Unknown Author is licensed under CC BY-SA

Read 1 Demonstration
Read the problem and decide what it is asking. 

There were 5000 people at the Australian 
Open tennis match seated in 4 sections. 1435 
were seated in Section A, 1262 in Section B and 
1023 in Section C. 

This Photo by Unknown Author is licensed under CC BY-SA

Read 2
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Demonstration
Read the problem and decide what it is asking. 

There were 5000 people at the Australian 
Open tennis match seated in 4 sections. 1435 
were seated in Section A, 1262 in Section B and 
1023 in Section C. How many people were 
seated in Section D?

This Photo by Unknown Author is licensed under CC BY-SA

Read 3 5 Steps to Problem Solving

1Read the problem and 

decide what it is asking

3Select the most appropriate 
strategy to solve the problem

5Answer the problem and 
check

4

2
Underline the key information 

and circle the question

Solve the problem, showing 
your working

Key information in a problem can include

OPTION 3

OPTION 1

OPTION 2 Colours and shapes

Clue words for 
operations

Numbers

Translating clue words to symbols

► less
► left
► loses
► gives away
► eats 
► breaks
► sells
► How many are 

left?

►more
► ends up with
► buys
► finds
►makes
► altogether
► total
► How many?

Gets more

+ -

Gets less

The problem with clue words

Sam had 18 fewer pencils that 
John. If John had 20 pencils, how 
many pencils did Sam have?

Sam had 18 fewer pencils that John. 
If Sam had 20 pencils, how many 
pencils did John have?

Julie left $6 on the table. Jack left 
$5 on the table. How much money 
was left on the table?  

Max gave away 8 baseball cards on 
Monday. He gave away 6 baseball 
cards on Tuesday. How many 
baseball cards did he give away?

Distractors and unnecessary information

A distractor in a problem 
is information that is not 
needed to find the 
solution

Teachers need to model 
how to decide whether 
information is needed by 
asking questions such as 
“Does this information help 
me solve the problem?”

Students need to be taught to 
eliminate the distractors and 
unnecessary information from 
a problem 

Students need significant, 
distributed practice to 
identify unnecessary 
information

Carnine et al 
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Demonstration
Read the problem and decide what it is asking. 

There were 5000 people at the Australian 
Open tennis match seated in 4 sections. 1435
were seated in Section A, 1262 in Section B and 
1023 in Section C.
How many people were seated in Section D?

This Photo by Unknown Author is licensed under CC BY-SA

5 Steps to Problem 
Solving

1Read the problem and 

decide what it is asking

3Select the most appropriate 
strategy to solve the problem

5Answer the problem and 
check

4

2
Underline the key information 

and circle the question

Solve the problem, showing 
your working

Students need a toolbox of problem solving 
strategies

Draw a diagram

► One of the most effective ways to 
visualise a problem

► Helps reveal parts of the problem 
that may not have been 
immediately obvious

► Helps to keep track of different 
stages of a problem 

3
Vanilla

+ 2        = 5
Chocolate   

2
Chocolate   

+ 3        = 5
Vanilla   

I did buy chocolate and vanilla.

Act it out

► Uses concrete materials to act out 
the problem

► Helps turn abstract concept into 
something ‘doable’

► Can use students themselves to act 
out the problem or objects such as 
counters

Total sweets = 20

Sarah’s sweets = 5

Tom’s sweets = ?

Calculation 20 – 5 = ?

$2

Look for a pattern

► One of the most common 
strategies

► Helps students predict what 
comes next by continuing or 
extending the pattern

► Links closely to draw a table and 
make an organised list

Marcus ran a lemonade stand for five days. 
On the first day he made $5. Every day 
after that he made $2 more than the 
previous day. How much money did 
Marcus make, in all, after 5 days?

$2 $2

Days
$ Made

1 2 3 4 5
$5 $7 $9

31 32

33 34

35 36
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Draw a table

► Information is presented as a 
table

► Helps to organise information

► Allows students to see 
patterns or solutions more 
easily

Apples Picked Pears Picked Total
8 3 11
16 6 22
24 9 33
32 12 44
40 15 55
48 18 66
56 21 77
64 24 88

Create an organised list

► Similar to draw a table

► Helps students set out their work in 
a systematic way

► Keep one thing the same and 
change the others 

► Allows them to ensure no 
combinations are overlooked

For her work uniform, Missy has a choice of three colours 
of pants – black, khaki or navy. She has four choice for 
shirt colours – red, white, green, and yellow. How many 
different uniforms can Missy wear?

Black 
pants

khaki 
pants

navy 
pants

red shirt       black pants and red shirt

white shirt black pants and white shirt

green shirt      black pants and white shirt

yellow shirt      black pants and white shirt

red shirt       khaki pants and red shirt

white shirt khaki pants and white shirt

green shirt      khaki pants and white shirt

yellow shirt     khaki pants and white shirt

red shirt       navy pants and red shirt

white shirt navy pants and white shirt

green shirt      navy pants and white shirt

yellow shirt      navy pants and white shirt

Sunshine School in Sydney has 82 students 

in total. There are 4 more boys than girls in 

the school.

How many boys and girls are in the school?

Guess and check

► Makes educated guesses

► Also known as trial and error

► Helps students see what sensible 
estimates might be based on the 
information they have

I will start with 41 + 41 = 82

This isn’t right… there are 4 more boys.

So 43 + 39 = 81?
4 more boys, it adds to 82.

Work backwards

► Useful for solving problems that 
involve a sequence of events 
where some of the information is 
missing

► Solves the problem by starting 
with the solution and stepping 
backwards to find the missing 
information

Problem Solving Strategy: Working 

Backwards

I think of a number, double it then subtract 8. I 

am left with 22. What was the original number?

Addition–subtraction   multiplication/division

22 + 8 = 30 ÷ 2 = 15

15  30 – 8   

Use logical reasoning

► Connects information together in a 
sequence of steps

► Helps visualise the problem

► Can be used with other strategies

Solve

Answer: So, Mora owns the purple notebook, 
Sam owns the red notebook, Aisha owns the 
green notebook, and Jamal owns the blue 
notebook.

Blue Red Purple Green

Mora X X Yes X

Sam X Yes X X

Aisha X X X Yes

Jamal Yes X X X

Bar Modelling

- Bar modelling helps students to identify 
which operation is needed to answer the 
problem. 

- Bar modelling supports students in the 
concrete–visual-abstract process by 
helping them visualise the problem

- Rectangles are used in bar modelling to 
represent known and unknown amounts

37 38
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Types of Bar Modelling

Comparison

Part/Whole 

?
43 78

Bar model 
representing the 
addition equation 43 + 
78 = 

150
? 50

Bar model 
representing the 
subtraction equation 
150 – 50 = 

36
? ? ? ?

Bar model representing the 
division equation 36 ÷ 4 = or 
the multiplication equation 
4 x ? = 36 

5
3 ?

Sandy has 12 football cards and 
Umar has 3. How many more does 
Sandy have than Umar?

12

3 ?

When to use bar modelling

?
7 9

Missing number 
problems

Bar model to represent 
the problem 7 = ? – 9 

30

? Bar model representing 
the equation: What is 3/5 
of 30?

Money problems

$3
55c 60c ?

A boy has $3. He buys some lollies 
for 55c and some chips for 60c. 
How much change does he get?

?
? 10 ?

A film starts at 7:35 pm and ends at 8: 
55 pm. There is an ice-cream break of 
10 minutes, half way through. How 
long is the movie? 

Time problems

Fraction problems

Bar modelling 
in the new 
Mathematics 
Syllabus

Demonstration
Read the problem and decide what it is asking. 

There were 5000 people at the Australian 
Open tennis match seated in 4 sections. 1435
were seated in Section A, 1262 in Section B and 
1023 in Section C.
How many people were seated in Section D?

This Photo by Unknown Author is licensed under CC BY-SA

5 Steps to Problem Solving

1Read the problem and 

decide what it is asking

3Select the most appropriate 
strategy to solve the problem

5Answer the problem and 
check

4

2
Underline the key information 

and circle the question

Solve the problem, showing 
your working

There were 5000 people at the 
Australian Open tennis match seated in 
4 sections. 1435 were seated in Section A, 
1262 in Section B and 1023 in Section C.

Demonstration
Solve the problem, showing your 
working

5000

1435 1262 1023 ?
Bar model

43 44

45 46

47 48
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Demonstration
Solve the problem, showing your working

1435 + 1262 = 
1000 + 1000 + 400 + 200 + 30 + 60 + 5 + 2 = 2697

2697+ 1023 = 
2000 + 1000 + 600 + 90 + 20 + 7 + 3= 3720

5000 – 3720 = 1280

5000
1435 1262 1023 ?

5 Steps to Problem Solving

1Read the problem and 

decide what it is asking

3Select the most appropriate 
strategy to solve the problem

5Answer the problem and 
check

4

2
Underline the key information 

and circle the question

Solve the problem, showing 
your working

Checking 
strategies

Use a different 
strategy for 
the operations

Students can use 
a different 
strategy for the 
same operation

Inverse 
operation
Students can use 
the opposite 
operation to 
check their 
answer.

Choose a 
different 
problem-
solving 
strategy

Students choose 
a different 
strategy to solve 
the problem 

Redo the 
maths

Students can do 
the same sum 

again and check 
they have the 

same answer. This 
could be done 

with a calculator.

Demonstration
Read the problem and decide what it is asking. 

There were 5000 people at the 
Australian Open tennis match seated in 
4 sections. 1435 were seated in Section 
A, 1262 in Section B and 1023 in Section 
C. How many people were seated in 
Section D?

This Photo by Unknown Author is licensed under CC BY-SA

Answer: There were 1280 people seated in Section 
D 
Check using the inverse operation strategy: 3720 + 1280 = 5000

Reflection – Key take away

What is working well in your current 
teaching of problem solving?

What could you implement to enhance 
your current practice?

Readings and Resources: 
Articles

Three read 
protocol 
handout

https://thirdspacelearning.
com/resources/resource-
ultimate-guide-maths-
problem-solving-
techniques/

https://thirdspacelearning.com
/resources/resource-ultimate-
guide-bar-modelling/ http://www.sfus

dmath.org/3-
read-
protocol.html
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Readings and Resources: Articles

https://bstockus.wordpress.com/2016/02/04/writing-numberless-
word-problems/

https://educationendowmentfoundation.org
.uk/tools/guidance-reports/

Readings and Resources: Books

Websites 

Contact Info:

Teaching and Learning
Level 9
99 York Street Sydney NSW 2000 
AUSTRALIA

The Association of Independent Schools of NSW 
Limited 

+61 2 9299 2845

www.aisnsw.edu.au

Contact Information

Education Consultant: Teaching and Learning

Henrietta Miller hmiller@aisnsw.edu.au 
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