
Multiplication principle
The multiplication principle is modelled using robots and characters from a Pixar movie. Students then apply the multiplication principle through guided practice, using minifigures to calculate different arrangements.
Learning intention
To understand and use the multiplication principle.
Success criteria
I can identify how many outcomes there are for an event.
I can explain what it means when events are independent of each other.
I can use the multiplication principle to find the total number of outcomes for multistage events.
I can use the multiplication principle to calculate a probability.


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
Establish and use the multiplication principle: if a selection can be made in two stages, where there are  choices for the first stage and  choices for the second stage then there are  choices for the selection
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Show students the video ‘Introduction to combinatorics (1:47)’ (bit.ly/Mathswithpixar) and ask them what they notice and wonder.
	Think-Pair-Share
Notice and wonder
	The purpose of this section is to notice the power of combinatoric counting.

	Connecting learning
	Students use a scenario involving minifigures on slide 4 of the PowerPoint Multiplication principle to create a tree diagram displaying possible arrangements of the minifigures. They are shown the solution on slide 5. Students are then given the definition of the multiplication principle on slide 6 and encouraged to connect it with prior knowledge.
	Visibly random groups
Vertical non-permanent surfaces
Assessing and advancing questions
Pose-Pause-Pounce-Bounce
Think-Pair-Share
Notice and wonder
	The purpose of this section is to consider the relationship between a tree diagram and the multiplication principle.

	Releasing responsibility
	Use slides 8–9 to show a worked example of solving a probability problem using the multiplication principle before completing Appendix A. Students then write four quadrant notes on the multiplication principle using Appendix B.
	Worked examples (Your turn)
Think-Pair-Share
Pose-Pause-Pounce-Bounce
Four quadrant notes
	The purpose of this section is to distinguish between counting the ways we can arrange objects and the probability or a particular arrangement.

	Independent practice
	Students are introduced to the ‘Approaching questions scaffold’ on slide 11 and then answer an HSC style question displayed on slide 12.
	Pose-Pause-Pounce-Bounce
Exit ticket
	Students apply the Approaching questions scaffold to solve an HSC style question.



Activity structure
Please use the associated PowerPoint Multiplication principle to display images in this lesson.
Activating prior knowledge
Show students the video ‘Introduction to combinatorics (1:47)’ (bit.ly/Mathswithpixar).
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy) ask students what they noticed and wondered (bit.ly/noticewonderstrategy) about the video.
Students may notice that they used 30 different pieces to create the robots, they used jobs on a cruise ship to help understand how many they needed and that this relates to counting and combinatorics.
Students may wonder if they really could make 1000 different robots with the 30 different pieces and how many different robots were used in the movie.
Connecting learning
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy). 
1. Show slide 4 of the PowerPoint and ask students to attempt to solve the following question:
In a minifigure factory, you can build your own character. How many characters can be made from a variety of 3 faces, 2 bodies and 4 legs?
1. Ask students assessing and advancing questions (bit.ly/supportingstrategies) to check for understanding and deepen student thinking. Some suggestions are provided in the following table:
Table 2: assessing and advancing questions
	Assessing questions
	Advancing questions

	If I pick a face, does that affect the body that is selected?
	How could you show how many ways there are just for the faces and bodies?

	How have you chosen to represent the different figures?
	If I were to recreate a tree diagram, starting with the legs, would that change the number of outcomes?

	Could you use a diagram to help you represent the different outcomes?
	How would this change if there were also 5 different hair types you could select from?


1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to connect prior knowledge by asking students what other representations they could use to find how many characters there were and share their reasoning behind using them.
1. Display slide 5 to model the solution as a tree diagram for this problem. Ask students if they know how to find the number of different characters that can be made.
Animate slide to show solution as the multiplication principle.
1. In a Think-Pair-Share ask students what they notice and wonder. 
Students may notice the number of branches for each body part matches the number that is being multiplied, also that the result is the number of characters that could be created.
They might wonder if this still works if the number of body parts are changed or if it was a different event.
1. Define the multiplication principle to students using the following definition, which can be displayed using slide 6. Use the tree diagram to support the definition.
If one event has  possible outcomes and a second independent event has  possible outcomes, then there is a total of  possible outcomes for the two combined events.
1. In a Think-Pair-Share have students connect prior knowledge by asking:
What does it mean for events to be independent?
What would the events be in the problem we just completed?
Two events are independent if knowing the outcome of one event tells us nothing about the outcome of the other event. 
In the minifigure example, the events would be selecting a face, selecting a body and selecting legs. 
Knowing what independent events are is assumed knowledge from Stage 5 Probability A outcome MA5-PRO-C-01 and is also visited in Lesson 8 – Independent events of Unit 1 – probability and data in Mathematics Advanced.
Releasing responsibility
1. Use slides 8–9 from the PowerPoint for modelling the multiplication principle using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
Animate the slides to display self-explanation prompts and solutions.
Students should note that the total number of outcomes would be the number used for the denominator. This is found using the multiplication principle. They would also note that the numerator is 1 as there is only one way of achieving this arrangement.
1. Have students complete Appendix A ‘Probability’ in pairs.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to check for understanding of calculating probabilities and the multiplication principle. Some suggested prompts are provided below:
How did you select each number for the numerator and denominator of each question?
What changes were made to the calculations when the number of body parts for different parts of the minifigure were added or removed?
1. Have students return to their visibly random groups of 3 on vertical non-permanent surfaces to create four quadrant notes (bit.ly/supportingstrategies) using Appendix B ‘Four quadrant notes’.
The multiplication principle can be used to calculate the number of all possible outcomes for a sample space, which is usually used as the denominator when calculating the probability of certain events.
Independent practice
1. Use slide 11 of the PowerPoint to unpack the ‘Approaching questions scaffold’ with students.
The ‘Approaching questions scaffold’ offers students a structured scaffold to approach questions. Each stage is accompanied by an icon that corresponds to different aspects of the process.
2. Display the HSC style question from slide 12. Animate the slide to highlight key information to help students unpack the question.
3. Use the Pose-Pounce-Pounce-Bounce questioning strategy to discuss with students why this is the key information, before asking students to complete the question as an exit ticket (bit.ly/exitticketstrategy).
Animate the slide to reveal the solution.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
The context of the lesson can be changed to suit the interests of the students in the class. Some suggestions include menu choices (entrée, main and dessert) or travel routes (flight provider, hotels, day activity).
There are no correct answers during the ‘Activating prior knowledge’ section and all students should be encouraged to participate and share their thoughts and reasoning.
Connecting learning
Students should be encouraged to use concrete materials or visual representations for the initial minifigure problem.
Advancing questions have been provided for students to progress through the problem.
Releasing responsibility
Students may benefit from examples and non-examples of independent events to help with their understanding of when they can use the multiplication principle.
Extend students by using set notation for events in this learning episode.
Students may benefit from using a tree diagram to help calculate probabilities.
The pace of activities in this lesson can be adjusted to meet the needs of students.
Independent practice
Challenge students to identify other scenarios where they could use the multiplication principle and have them justify why.


Suggested opportunities for assessment
Activating prior knowledge 
Student responses to the notice and wonder can act as formative assessment of their ability to count the number of arrangements.
Connecting learning
Students will show their Working mathematically skills of decision making when approaching the problem of the number of minifigures.
Assessing questions have been provided to check for student understanding of sample spaces and using tree diagrams.
Releasing responsibility
Collect student responses to questions from Appendix A ‘Probability’ as evidence of learning the multiplication principle.
Review students’ Four quadrant notes to determine their understanding of the multiplication principle.
Independent practice
Review students’ responses to the HSC style question on slide 12 for evidence of learning the multiplication principle.


[bookmark: _Appendix_A]Appendix A 
Probability
A box contains the following parts to create a minifigure. A minifigure has a face, body and legs.
3 different faces (Happy 😊, Neutral 😐, Angry 😡) 
4 different bodies (Red 🟥, Yellow 🟨, Green 🟩, Blue 🟦) 
2 different legs (Black ⚫, White ⚪)
1. What is the probability that a minifigure has:
an angry face?
a blue body?
white legs?
a happy face and blue body?
a happy face, blue body and white legs?
13. Suppose we add 2 more face types (Surprised 😲, Winking 😉).
1. How many total minifigures can now be made?
How does this affect the probability of picking a happy face?
How does this affect the probability of each of the events in question 2?
14. Suppose we remove one body colour (Yellow) and keep the surprised and winking faces.
1. How does this change the number of possible arrangements?
What is now the probability of picking a blue body?
How does this affect the probability of each of the events in question 2?
[bookmark: _Appendix_B]Appendix B 
Four quadrant notes
	Example 1
A bakery offers 3 types of bread (white, whole wheat and rye), 4 types of spreads (butter, jam, cream cheese and peanut butter), and 2 types of drinks (coffee and tea). How many different arrangements of one type of bread, one type of spread and one type of drink can a customer choose?
[image: Fill in box multiplication principle.]
What is the probability that a jam sandwich was made?
[image: Fraction with blanks in the numerator and denominator.]
	Example 2
A restaurant offers the following options for a custom meal:
1. 4 types of appetizers: soup, salad, spring rolls or bruschetta.
5 types of main courses: steak, chicken, fish, pasta or vegetarian.
3 types of side dishes: fries, rice or vegetables.
3 types of drinks: water, soda or juice.
How many different arrangements of one appetizer, one main course, one side dish and one drink can a customer choose?
What is the probability they have fries in their meal?

	Things to remember

	Example 3


Sample solutions
Appendix A – probability
1. 
1. 




17. 
1. 
The number of faces has increased to 5. This will impact both the total number of arrangements and the count of figures that have happy faces, calculated as The fraction has decreased from  to 
With the increase in the denominator, the probability of selecting any figure with a face restriction will decrease. The probability for figures restricted by the body or legs remains the same. Parts b and c are unchanged.
18. 
1. 

With the decrease in the denominator, the probability of selecting any figure with a body restriction will increase. The probability for figures restricted by the faces or legs remains the same. 

Appendix B - Four quadrant notes
	Example 1
A bakery offers 3 types of bread (white, whole wheat and rye), 4 types of spreads (butter, jam, cream cheese and peanut butter), and 2 types of drinks (coffee and tea). How many different arrangements of one type of bread, one type of spread and one type of drink can a customer choose?

What is the probability that a jam sandwich was made?

	Example 2
A restaurant offers the following options for a custom meal:
1. 4 types of appetizers: soup, salad, spring rolls or bruschetta.
5 types of main courses: steak, chicken, fish, pasta or vegetarian.
3 types of side dishes: fries, rice or vegetables.
3 types of drinks: water, soda or juice.
How many different arrangements of one appetizer, one main course, one side dish and one drink can a customer choose?

What is the probability they have fries in their meal?
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