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Plan for this session

• Definitions & Main Ideas
- Computational Thinking

- Problem-Solving
- Mathematical Investigation

• VCE Study Design
• Example Activities
• More Resources



Algorithmic Thinking
 Algorithmic processes are a natural part of mathematics.

 Algorithmic Thinking is the kind of ‘thinking’ that a computer could execute.

 A human needs to be creative in algorithmic thinking, whereas a computer is 

mindlessly mechanical in its execution of a coded algorithm.

 Algorithm: Well defined set of sequential instructions designed to perform a 

particular task or solve a problem.

 Coding: A set of instructions (particular to a defined language or set of rules) by 

which algorithms are represented and implemented.

Key Points
 The focus is on helping students develop their thinking, NOT on having them 

memorise computational algorithms.

 Algorithmic Thinking is NOT the same as Coding.



A challenge for you:

You have a set of cards numbered 1 to 10.
Shuffle the cards into a random order.
Now design an algorithmic process by which you 
could instruct another person (or a robot) to place the 
cards in order from lowest to highest.
Is your algorithm absolutely foolproof?
Could your algorithm be represented on a flowchart 
or coded for a computer to execute?
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Some definitions of Computational Thinking

https://www.vcaa.vic.edu.au/curriculum/foundation-10/resources/digital-technologies/Pages/ComputationalThinkingintheVictorianCurriculum.aspx
Maths-CompThink-Level10.docx


Some definitions of Computational Thinking



Some definitions of Problem-Solving

https://asq.org/quality-resources/problem-solving#:~:text=Problem%20solving%20is%20the%20act,Problem%20solving%20resources


Some definitions of Problem-Solving



Some definitions of Problem-Solving



George Polya – 4 Step Process
The 4 stages of problem solving (Polya)

- Find Out what the problem is asking for
~ identify relevant data
~ look for the question or verb in the problem

- Select a strategy
- Apply the strategy
- Look Back ~ Does your solution make sense?

~ Reread the original question
~ Should your solution include units?



So what constitutes a Mathematical Investigation? 

Ways to Think About Mathematics,  
Benson et al, 2005 Corwin Press USA

Mathematics: Shaping Australia,  
Southwell, 2001 AAMT Conference 



Some of the main ideas from these:
• Investigations involve rich problems that invite exploration and the posing of new 

questions.
• Sometimes called open-ended tasks and this could be taken to imply that investigations 

cover a range of openness and levels. This suggests that investigations will vary in 
methodology according to the learners’ interest and background.

• When students are asked to investigate, the ideas and difficulties that arise are 
inevitably less predictable than when the course is all laid out for them in advance. 
Some problems they pose lead to unanticipated treasures. Others seem likely to take 
time without giving the students much in return.

• While problem solving is only problem solving and has a fairly static feel about it, 
investigations are problem posing and problem solving and have a much more dynamic 
feel. The goal of a problem is given in the problem itself and once the solver has 
reached an answer (or more than one answer, depending on the problem), the problem 
is finished. In an investigation, however, the learner sets his or her own goal and the 
conclusion of the investigation is limited only by the creativity of the learner.
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Some of the main ideas from these:
• One of the fundamental processes used in a mathematical investigation is conjecturing. 

Conjecturing is an essential process in mathematics. It is certainly the process that links 
mathematics most closely to the scientific method of inquiry from which investigations 
no doubt derive.

• A most important aspect of the problem-solving process is proof. Often the rationale 
given for the necessity of proof is that you don’t really know that your solution (or 
conjecture) is correct until you’ve proven it. 

• One of the benefits of a mathematical investigational approach to teaching 
mathematics is its capability of encouraging students to think and take responsibility for 
their own learning. It causes students to reflect on what they are doing and learning.

• Presenting a mathematical investigation can also be extremely valuable to your 
students. It is one contributor to the development of their ability to communicate.



Some of the main ideas from these:
• One of the fundamental processes used in a mathematical investigation is conjecturing. 

Conjecturing is an essential process in mathematics. It is certainly the process that links 
mathematics most closely to the scientific method of inquiry from which investigations 
no doubt derive.

• A most important aspect of the problem-solving process is proof. Often the rationale 
given for the necessity of proof is that you don’t really know that your solution (or 
conjecture) is correct until you’ve proven it. 

• One of the benefits of a mathematical investigational approach to teaching 
mathematics is its capability of encouraging students to think and take responsibility for 
their own learning. It causes students to reflect on what they are doing and learning.

• Presenting a mathematical investigation can also be extremely valuable to your 
students. It is one contributor to the development of their ability to communicate.



Activities                 highlighted pedagogy

• Crazy Animals

• Handshakes

• Birth Month Match

• Left/Right Game

Computational Thinking

Problem Solving

Simulation

Investigation



Resources for Computational Thinking

https://www.vcaa.vic.edu.au/curriculum/foundation-10/resources/mathematics/Pages/TeachingResources.aspx


Problem Solving unit from Tom Reardon

Reardon.pdf
http://treardon.people.ysu.edu/PSS%20Teaching%20Problem%20Solving%20Strategies.pdf




Resources from Mathematics Task Centre

http://www.mathematicscentre.com/taskcentre/

http://www.mathematicscentre.com/taskcentre/


Resources from Maths 300

https://www.maths300.com/

https://www.maths300.com/about


Resources from Texas Instruments

https://education.ti.com/en-au
Paving Problem


Resources from Texas Instruments

Tower of Hanoi/Towering_Mathematics_Teacher_Answers.pdf
Leap Frog/Leap Frog Answers.pdf


Resources for Investigations:
• MAV SACS - Suggested Starting Points

www.mav.vic.edu.au/Resources/VCE-Resources

• VCAA Support Material
VCE Mathematics School-assessed Coursework (SAC) Resource (2000)

- Advice For Teachers – Assessment Tasks, Resources

• Assessment task exemplars - Mathematical Methods – SACE
• Chance & Data Investigations, Lovitt & Lowe, 1993
• www.maths300.com
• www.itute.com free maths assessment tasks
• www.Plus.maths.org
• International Mathematical Modelling Challenge
• www.education.ti.com/en-au

http://www.mav.vic.edu.au/Resources/VCE-Resources
https://www.cambridge.edu.au/go/titles/Mathematical-Methods-VCE-Units-34:Cambridge-Senior-Mathematics-Australian-Curriculum---VCE/
https://www.sace.sa.edu.au/web/mathematical-methods/stage-2-in-2017/support-materials/assessment-task-exemplars
http://www.maths300.com/
http://www.itute.com/
http://www.plus.maths.org/
https://www.immchallenge.org.au/
http://www.education.ti.com/en-au


Just a few more interesting links:

https://www.mathsisfun.com/data/quincunx.html

https://www.mathsisfun.com/data/quincunx-explained.html

https://galtonboard.com/

https://www.mathsisfun.com/data/quincunx.html
https://www.mathsisfun.com/data/quincunx-explained.html
https://galtonboard.com/
galton-board-large_1_mobile_1.mp4


Crazy Animals
Computational Thinking

How many different animals can you 

make with the picture book?

What are their names?

Maths 300 Crazy Animals.pdf
animals.tns


A challenge for you:

You have a set of cards numbered 1 to 10.
Shuffle the cards into a random order.
Now design an algorithmic process by which you 
could instruct another person (or a robot) to place the 
cards in order from lowest to highest.
Is your algorithm absolutely foolproof?
Could your algorithm be represented on a flowchart 
or coded for a computer to execute?

numbersort.tns


 Polya 4 steps

 Handshake problem

 The richness of moving from closed 

questions to open problems

Strategies list
- Experiment
- Role play
- Diagram
- Make an organised list
- Solve a simpler problem
- Look for a pattern
- Develop a formula
- Work backwards
- Construct a table
- Sketch a graph
- …….

Four Steps
- Find Out
- Select Strategy
- Apply Strategy
- Look Back

If there are 12 people at a 
party and each person 
shakes hands with each 
other person, then how 
many handshakes are there 
in total?

Handshakes
Problem Solving

handshakes.tns


Strategies List – The handshake problem
people handshakes

1

2 1

3 3

4 6

5 10

: :

12 ?

+2

+3

+4

ℎ =
𝑝 𝑝 − 1

2
ℎ 12 =

12 12 − 1

2
= 66



Strategies List – The handshake problem



Birth Month Match
In a randomly selected group of 5 people, what is the 
probability that there will be at least one match in birth 
months?



Birth Month Match

• Collect data from real samples
• Simulate data (e.g. by drawing number cards, 

dodecahedral dice, table of random numbers) 
• Collect data from electronic simulation

Further Investigation:
• What if the group was bigger or smaller?

• Is there a relationship between sample size 
and probability of a match?

• What is the likelihood of a birth week match, 
or a birth day match?



Theoretical solution



Mathematical investigation

Is the process of using mathematical constructs, structures, 

concepts, processes and skills to represent and explore aspects of 

a situation or context in a way that enables one to investigate 

characteristics, features and behaviour of systems and objects  

related to the context. 

This includes the use of data, sets, dependent and independent 

variables, constants and parameters, relations and functions, 

graphs, tables, charts and diagrams, equations and inequalities, 

variation, generalization, specialisation, experiment, computation 

and proof.  



Mathematical investigation schema

A simple representation for the mathematical investigation process 

is shown below:

Identify context for investigation  Represent mathematically

Interpret and communicate results Systematically explore and analyse



Problem-solving schema



Modelling schema

A simple and well known diagrammatic representation of the mathematical modelling process is 

shown below. 

Real world context Formulate the model

Interpret and refine the model Apply the model 

 



An investigation for you to start on:
• What mathematical questions can arise from 

this situation?
• Can you identify possible links between this 

activity and the current study design?
• What extensions to this activity might a student 

investigate?
• How might this situation be modified such that 

new questions and problems may be posed?

0 1 2 4 63 5



Simulation & Analysis with technology:



Results from a simulator:
Quincunx (Galton Board) (mathsisfun.com)

https://www.mathsisfun.com/data/quincunx.html

