
Sets, subsets and probability
By analysing the notes on a piano and the cards in a deck, students explore the concepts of sets, subsets and probability. 
Learning intentions
To know how to represent sets and subsets.
To understand how to calculate simple probabilities.
Success criteria
I can define a ‘set’ and ‘subset’ using relevant notation.
I can justify if a group of elements is a subset of a set.
I can use correct set notation to show how many elements are in a set.
I can define and compare simple probabilities.


Outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01
solves problems involving probability in a variety of contexts MAV-11-09
Content
Sets and set notation
Define a set as a collection of objects, called the elements of the set, and represent a set using notation such as  and 
Define  to be a subset of  if all the elements of  are elements of 
Use the notation  or  to represent the number of elements in a finite set 
Probability
Define an experiment or a trial to be any procedure that can be infinitely repeated and has a well-defined set of possible outcomes known as the sample space, denoted 
Identify an event  as a subset  of the sample space 
Define the probability of each outcome to be  when all outcomes are equally likely and the probability of the event  to be 
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Using slide 4 of the PowerPoint Sets, subsets and probability, students determine the sample space of simple experiments and create a formal definition of ‘sample space’ and ‘experiment’.
Use slide 5 to define sample space and experiment.
	Think-Pair-Share
	Students should recall writing sample spaces from Stage 4, so that they can apply them to determine sets and subsets in the later part of the learning episode. Students will discuss if elements are repeated in a sample space.

	Connecting learning 
	Students use slide 7 to analyse a piano keyboard and, with the support of slide 8, define sets, universal sets, and subsets, as well as apply the appropriate notation to represent the number of elements in each.
Continuing with the context of notes on a piano, students identify if a group of elements is a subset of a set using Appendix A.
	Notice and wonder
Think-Pair-Share
	This activity supports students in identifying sets and subsets using correct notation, while linking the mathematical concept of a sample space to a real-world context, such as piano notes. It is designed to help students formalise their understanding of sets and subsets through this meaningful example.

	Releasing responsibility 
	Students complete Appendix B, determining if the set and subset listed is an example or a non-example. 
Students formally define probability and look at a Worked example (Your turn) using slides 10–12, making links to sets and subsets in relation to the piano.
	Examples and non-examples
Worked examples (Your turn)
	This section introduces students to the formal definition of probability. Building on the context of piano notes, it includes teacher modelling of basic probability problems to support student understanding.

	Independent practice 
	Students review their understanding of a deck of cards and use this to create subsets, using slide 14. 
Using the formula for probability, students work backward to create questions for a given solution using slide 15.
	Think-Pair-Share
Two truths and a lie
	The purpose of this section is to deepen students’ understanding of sets, subsets, and basic probability by applying these concepts to the context of a standard deck of cards.



Activity structure
Please use the associated PowerPoint Sets, subsets and probability to display images in this lesson.
Activating prior knowledge
1. Display slide 4 of the PowerPoint and have students consider the sample space for each of the scenarios in a Think-Pair-Share (bit.ly/thinkpairsharestrategy). The solution can be animated.
The solution for question 3 on slide 4 has deliberately been left blank and is designed to promote discussion about repeated elements within a sample space. The teacher can prompt students to consider: What are the possible outcomes — is it just ‘boy’ and ‘girl’? Or does the order matter, such as older child first and younger child second? Is having a boy then a girl the same as having a girl then a boy?
2. Display slide 5 and have students consider the definitions of sample space and experiment.
3. In a Think-Pair-Share, prompt students to create their own example of an experiment to see if their partner can determine the sample space.
The purpose of this activity is for students to activate their prior knowledge of sample space and experiment, which they have previously looked at in the Stage 4 Probability outcome 
MA4-PRO-C-01.

Connecting learning
1. Display slide 7 of the PowerPoint and ask students to consider what they notice and wonder (bit.ly/noticewonderstrategy).
Students should notice that the image shows piano keys. They may notice the repeating pattern of white and black keys, and that each black key has 2 note names. Students may wonder why the black keys have 2 names or what the purpose of the repeating pattern is.
1. Explain to students that the letters on the keys are called ‘notes’. Using the Think-Pair-Share strategy, ask students to consider what the sample space for the piano would be.
During the sharing part of the activity, direct students to slide 5, which states that a sample space is the set of all possible outcomes. 
Discuss with students: Should we list all 36 notes (elements) in the diagram, or just one group of 12? Do we need to include both note names for the black keys, or is one sufficient? 
1. In a Think-Pair-Share, students are to complete the following question: ‘In what ways could you group the notes together?’
Students with musical knowledge may share that they can group the notes by notes in chords, octaves or scales. Students with limited musical knowledge may suggest grouping the notes by colour.
4. At this point, explain to students that there is a problem with the terminology we are using. The term ‘sample space’ should only be used when describing the set of possible outcomes from a random experiment. Therefore, when we are listing outcomes or objects that are not linked to a random experiment, we need a different definition to describe that collection. 
5. Display slide 8 to model the formal definitions of a universal set, set, and subset along with examples. 
6. In a Think-Pair-Share, have students write down their responses to the following: 
Identify the universal set represented by the piano on slide 7. 
Describe a subset of the notes from the piano.
State the number of elements in both the universal set and the selected subset. 
The universal set for the piano is .
A subset could be all the white keys .
The number of elements in the universal set would be 12 and the subset would be 7.
8. Distribute Appendix A ‘Sets, subsets and the piano’ for students to complete as individual practice. The activity has students using a website muted.io/piano-chords/, to view chords being played on a piano. Students then list each chord as a set before determining if the set is a subset of the listed universal set. 
Releasing responsibility
1. Distribute Appendix B ’Examples and non-examples of subsets’ (bit.ly/nonexamplesstrategy), for students to complete as individual practice. This activity aims to provide students with an opportunity to demonstrate their knowledge of sets and subsets in other contexts. 
2. Use slide 10 from the PowerPoint to model definitions and examples for the terminology experiment, sample space, event and probability.
3. Use slides 11–12 for the Worked examples (Your turn) method (bit.ly/supportingstrategies) to model how to solve probability questions in the context of the piano. Student’s will also need to refer to the website muted.io/piano-chords/ which was used when completing Appendix A.
Independent practice
1. Display slide 14 of the PowerPoint. To check for understanding, have the students engage in a Think-Pair-Share to create 3 subsets based on the deck of cards with the limitation that 2 subsets must be true and the other must be false. This is the ‘2 truths and one lie’ strategy (bit.ly/twotruthsoneliestrategy).
Two truths could be: the red cards are a subset of the full deck, and the face cards are a subset of the full deck. A lie could be that the prime numbers {1, 3, 5, 7, 11} are a subset of the full deck.
2. Have students join with another pair to see if they can detect the lie. 
3. Progress to slide 15. Students are to engage in a Think-Pair-Share, where they are required to determine a possible event, given a probability.
Samples of possible events are:
a) the probability of drawing an Ace from a standard deck of 52 cards?
b) the probability of drawing a red card from a standard deck of 52 cards?
c) the probability of drawing a face card (Jack, Queen, or King) from a standard deck of 52 cards?
d) the probability of drawing a Queen from a standard deck of 52 cards?
Students may benefit from completing practice questions to consolidate their understanding of sets, subsets and calculating probabilities of simple events. 
· 

Assessment and differentiation
Suggested opportunities for differentiation
Activate prior knowledge
Students may need to be reminded of what a sample space is and the correct notation for writing a sample space.
Connecting learning
Students may need support in reading the notes from the piano key diagram.
All students should be able to contribute to the notice and wonder activity but may provide varying responses based on their musical theory knowledge. 
Independent practice
Depending on students’ familiarity with a deck of cards, they may need explicit instruction on its structure and components. Students could be given a physical deck of cards to separate out the subsets.
The teacher can provide a past HSC question on calculating probability for students to model or improve their own questions. 


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Connecting learning
Students have opportunities to contribute to and hear from their partner and class discussions; these act as opportunities for self and peer reflection.
Monitor responses in class discussions to check for student understanding of sets and subsets.
Releasing responsibility
Student responses to the provided prompts could be collected as a work sample for assessment.
Independent practice
Students will demonstrate their Working mathematically skills in discussions and justifications.
[bookmark: _Appendix_A]

Appendix A 
Sets, subsets and the piano
Access the website, muted.io/piano-chords/ and scroll down until you can see the piano keys and ‘major piano chords.’
By playing the chord on the website, complete the following table to determine if the following chords are subsets of the listed universal set, . 

	Chord
	Subset
	
	Is it a subset?

	Cmaj
	 
	3
	YES

	Ebmaj
	
	
	

	Emaj
	
	
	

	Fmaj
	
	
	

	F#maj
	
	
	

	Gmaj
	
	
	

	Abmaj
	
	
	

	Bbmaj
	
	
	

	Bmaj
	
	
	




[bookmark: _Appendix_B]Appendix B 
Examples and non-examples of subsets
Complete the table below and mark ü if it is a subset and x if it is not a subset. 
	Scenario
	Sample space (S)
	Event (B)
	Is B a subset of S? (ü OR x)

	Rolling a die
	
	
	

	Rolling a die
	
	
	

	Flipping a coin
	
	
	

	Flipping a coin
	
	
	

	Drawing a card
	
	
	

	Drawing a card
	
	
	

	Selecting a student
	
	
	

	Selecting a student
	
	
	

	Rolling a die
	
	
	

	Drawing a card
	
	
	




Sample solutions
Appendix A – sets, subsets and the piano
	Chord 
	Subset 
	
	Is it a subset?

	Cmaj
	 
	3
	YES

	Ebmaj
	 or {
	3
	NO

	Emaj
	 or 
	3
	NO

	Fmaj
	 
	3
	YES

	F#maj
	 or 
	3
	NO

	Gmaj
	 
	3
	YES

	Abmaj
	 or 
	3
	No

	Bbmaj
	 or 
	3
	No

	Bmaj
	 or 
	3
	No




Appendix B – examples and non-examples of subsets
	Scenario
	Sample space (S)
	Event (A)
	Is B a subset of S? ( OR x)

	Rolling a die
	
	
	

	Rolling a die
	
	
	x

	Flipping a coin
	
	
	

	Flipping a coin
	
	
	x

	Drawing a card
	
	
	x

	Drawing a card
	
	
	

	Selecting a student
	
	
	

	Selecting a student
	
	 
	x

	Rolling a die
	
	
	x

	Drawing a card
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