
Combinations with restrictions
Combinations with restrictions are introduced through selecting Oztag teams and then explored using groups of men, women and children. Students develop skills and use these to answer an HSC-style question in multiple ways. 
Learning intentions and success criteria should be shared with students later in the learning episode.
Learning intention
To understand how to solve problems involving combinations with restrictions. 
Success criteria
I can identify the restrictions placed on combinations.
I can separate combinations into groups based on restrictions.
I can solve probability problems based on combinations with restrictions.


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
uses permutations and combinations to solve problems involving counting, ordering and probability ME1-11-04
Content
Permutations and combinations
Solve problems involving combinations with or without restrictions on the selection of one or more objects
Solve probability problems involving permutations and combinations
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Introduce Oztag and explain team composition (8 players from 14). Have students decide if selecting players is a combination or permutation and calculate the possible groups. Then, explain that mixed games require 4 men and 4 women, changing the combinations. Use slides 3–4 to show the solution and learning goals.
	Think-Pair-Share
	This section develops the need to calculate combinations with restrictions. 

	Connecting learning
	Display slide 6 to show a mixed Oztag team of 14 players (6 women, 8 men). Students calculate the number of combinations for selecting 4 women and 4 men, with the answer revealed on slide 7. They then explore combinations where no more than 4 men can be on the field, identifying possible gender mixes. In groups, students determine which mix allows the greatest variety of team combinations and compare their reasoning using vertical surfaces.
	Pose-Pause-Pounce-Bounce 
Vertical non-permanent surfaces
Visibly random groups of 3
	Identifies the need to calculate the combinations for restrictions, separately. 

	Releasing responsibility 
	Use slides 9–10 for the explicit teaching of calculating the number of groups given restrictions. 
Students practice from an existing resource, then complete Appendix A to make notes.
	Worked examples (Your turn)
Four quadrant notes
Visibly random groups of 3
	This section formalises learning by demonstrating how to communicate mathematically. 

	Independent practice
	Use slides 12–16 for students to practise answering HSC style questions, finding 2 alternate methods for the same question. 
	Approaching questions scaffold
	This section aims to develop student’s approach to answering HSC style questions and encourages students to recognise that there are multiple approaches to the one problem. 



Activity structure
Please use the associated PowerPoint Combinations with restrictions to display images in this lesson.
Activating prior knowledge
Gather information by asking students if anyone has played Oztag and get them to share some of the rules and the type of competition they played in. 
If no one has played, tell the class that Oztag is a game similar to rugby league, but instead of tackling the opposition, the players strip the opposition of a tag. There are women's, men's and mixed competitions. 
Tell students there are 8 players from each team on the field at once and substitutions are allowed. 
Activate prior knowledge by asking students if selecting 8 players from a bigger team is a combination or permutation and why.
Allow students time to calculate how many different groups of 8 players could be on the field if there are 14 players on the team.
Display slide 3 of the PowerPoint to provide a visual for students and animate the slide to display the solution.
Inform students that in a mixed game, there must be 4 women and 4 men on the field. 
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy) deepen student thinking by asking them to discuss if this changes the number of combinations and, if so, how. 
Students should recognise that this will change the number of groups on the field and that a group of 8 men or 8 women on the field, for example, would no longer be an option.
Reveal the learning intention and success criteria for this lesson using slide 4. 
Connecting learning
This activity could also be completed by acting it out with students rather than using the slides of the PowerPoint. 
1. Display slide 6 of the PowerPoint showing a team consisting of 14 players, 6 women (green) and 8 men (orange).
1. In a Think-Pair-Share, deepen student thinking by having students answer the self-explanation prompts on the slide. 
1. Display slide 7 to reveal the answer. 
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to check for understanding. Possible prompting questions could be:
Why wasn’t used to calculate the number of ways of choosing the women or men required?
Why did we group men and women separately?
Why are the results multiplied to achieve the final answer?
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
Tell students that if a team is short on players, the rule can be adjusted so that no more than 4 males are allowed on the field at any time.
Deepen student thinking by having them explore the different possible team makeups involving men and women, given this new restriction.
Possible make ups of teams are 8 women, 7 women and 1 man, 6 women and 2 men, 5 women and 3 men and 4 women and 4 men. 
Tell students that on a given night 8 women and 4 men arrive to play Oztag. Have students determine which make up of men and women allows the team to have the greatest number of team combinations.
Encourage students to view other group’s vertical non-permanent surfaces to mobilise knowledge and help them to progress when working on the problem.
Releasing responsibility
1. Use slides 9–10 of the PowerPoint to model calculating the number of groups using the Worked examples (Your turn) method (bit.ly/supportingstrategies). Animate to reveal self-explanation prompts and solutions.
Allow students time to practise questions from an existing resource on combinations involving restrictions.
Back in their groups at vertical non-permanent surfaces, ask students to complete Four quadrant notes to their future forgetful self (bit.ly/supportingstrategies) from Appendix A ‘Four quadrant notes’.
Independent practice
1. Display slide 12 of the PowerPoint to review the ‘Approaching questions scaffold’.
The ‘Approaching questions scaffold’ offers students a structured framework to tackle all questions. Each stage is accompanied by an icon that corresponds to different aspects of the solution process.
2. Display slide 13 and ask students to answer the following HSC style question.
A team of 11 students is to be chosen from a group of 18 students to form a cricket team. Four students are left-handed. What is the probability that at least one student chosen is left-handed? 
3. Have students work in pairs to find 2 ways of answering the question.
Slides 14–16 of the PowerPoint contain worked solutions for 2 methods. 
Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge
This activity could be adapted to any sport where mixed teams play. 
Connecting learning
If the class size does not allow for groups of 3, it is recommended to form random pairs, ensuring students continue working on vertical non-permanent surfaces. In the case of very small classes, the teacher should participate as a student, using their own vertical non-permanent surfaces to contribute responses that would typically emerge in larger classes.
Releasing responsibility 
Encourage students to include an ‘at least’ problem as part of their four quadrant notes. 
Independent practice
Students may benefit from the question being scaffolded into parts.
Students may benefit from only finding the number of combinations rather than the probability.


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Activating prior knowledge 
Finding the number of different teams could be collected as formative assessment for this unit, checking students' understanding of finding combinations. 
Releasing responsibility 
Monitor students’ responses in the Worked examples (Your turn) process to check for understanding of combinations with restrictions and probability.
Review students' four-quadrant notes to check for understanding of finding combinations with restrictions.
Independent practice
Check students’ solutions for multiple approaches to assess students' ability to work mathematically. 
[bookmark: _Appendix_A]

Appendix A 
Four quadrant notes
	Example 1

A committee of 6 is to be chosen from 12 men and 8 women. How many different ways can this be done if there must be equal men and women? 


	Example 2

A committee of 7 people is to be chosen from 12 men and 8 women. What is the probability that there are 5 men and 2 women? 
Total combinations
Combinations of 5 men and 2 women
Probability 


	Notes to future self
	Example 3




Sample solutions
Appendix A – Four quadrant notes
	Example 1

A committee of 6 is to be chosen from 12 men and 8 women. How many different ways can this be done if there must be equal men and women? 



	Example 2

A committee of 7 people is to be chosen from 12 men and 8 women. What is the probability that there are 5 men and 2 women? 

Total combinations
 
Combinations of 5 men and 2 women

Probability 
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