
Areas for expansion
Students explore the area model to expand binomial products.
Visible learning
This lesson incorporates Path content.
Learning intention
To be able to expand binomial products.
Success criteria
I can identify a binomial expression.
I can explain the difference between monic and non-monic binomial expressions.
I can use the area model to expand binomial products.
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I can explain patterns between the binomial products and their expanded form.
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Launch
	Display slide 3 of the PowerPoint Areas for expansion and ask students to find as many strategies for finding the area of a 14 × 19 rectangle.
Use slides 4 and 5 to show 2 different methods.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	Students should understand that they can divide the rectangle into smaller rectangles which make the multiplication easier.

	Explore
	Use slide 7 to show the expansion of  using an area model. Students complete Question set 1 from Appendix A which uses Variation Theory. 
Use slide 8 to show algebraic methods of expanding binomial products.
	Think-Pair-Share
Gallery walk
Notice and wonder
Pose-Pause-Pounce-Bounce
	Students practise expanding binomial products.

	Summarise
	Students learn the terminology of binomial, and monic before completing the four quadrant notes in Appendix B.
	Pose-Pause-Pounce-Bounce
Visibly random groups of 3
Four quadrant notes
	Students write notes and should include their own example of expanding binomial products where  has a coefficient.

	Apply
	Core – measurement applications 
In groups, students complete Appendix C before discussing their approach to finding the solutions.
Path – perfect squares 
Students explore the patterns that arise from expanding perfect squares in Appendix D using variation theory and discuss how we might identify if an expression may be a perfect square.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
Notes to future forgetful selves
Visibly random groups of 3
Vertical non-permanent surfaces
	Students explore the patterns formed from perfect squares.
Students apply their knowledge to measurement problems.



Syllabus 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 
simplifies algebraic fractions with numerical denominators and expands algebraic expressions MA5-ALG-C-01
simplifies algebraic fractions involving indices, and expands and factorises algebraic expressions MA5-ALG-P-01 (Path)
selects and applies appropriate algebraic techniques to operate with algebraic fractions, and expands, factorises and simplifies algebraic expressions 
MA5-ALG-P-02 (Path)
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Activity structure
Please use the associated PowerPoint Areas for expansion (AFE PPT) to display images in this lesson.
Launch
1. Display slide 3 from the PowerPoint (AFE PPT), which shows 14 × 19 visually as an area calculation. 
2. Using a Think-Pair-Share (bit.ly/thinkpairsharestrategy) ask students how many different ways they could calculate the area of the rectangle, without using their calculator.
Students may express the area as  or .
3. Using the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce), ask students to share the strategies they used.
4. Display slides 4 and 5 to show what 2 strategies may look like.
5. Ask students what the benefits to performing the calculation in this way might be.
Students should be able to recognise that this simplifies the numbers that students need to multiply.
Students have been exposed to area models in Stage 4 Unit 12 – further multiplicative thinking and Stage 5 Unit 10 – expressions and equations. 
Explore
1. Display slide 7 from the PowerPoint (AFE PPT), which shows a completed area model for .
2. Using a Think-Pair-Share have students explain the area model and associated calculation to each other.
3. Continuing in their pairs, give students Appendix A ‘Variation’ which uses Variation Theory (variationtheory.com/introduction/) to build the concept of using the area model to expand binomial products with variables. They should only complete Question set 1 at this point.
4. Using the Pose-Pause-Pounce-Bounce questioning strategy, ask students:
What did you notice and wonder (bit.ly/noticewonderstrategy) as you completed the activity?
What pattern did you notice?
Could you expand the brackets without having to draw the area model first?
Students should notice that each term in the first bracket is multiplied by each term in the second bracket.
Students can be asked to verify their solution by substituting in the values of 10 and 20 to the expanded and non-expanded forms to see if they get the same solution.
5. Display slide 8 from the PowerPoint (AFE PPT), which shows the area model alongside another strategy used to expand binomial products. 
6. Use a Think-Pair-Share to have students explain the strategies to each other and to make connections with the area model.
· [bookmark: _Hlk178342220]FOIL stands for the first, outside, inside, last, which refers to the position of the terms in the binomial product. 
· Drawing arrows helps to ensure that all necessary multiplications have taken place. As opposed to FOIL, this strategy can be used regardless of the number of terms in each bracket. 
· Colours have been used to show the connection between each of the strategies.
7. Continuing in their pairs, ask students to expand the expressions under the heading ‘Question set 2’ from Appendix A ‘Variation’ to build students' ability to recognise patterns between each expression.
8. Using the Pose-Pause-Pounce-Bounce questioning strategy, ask students:
What did you notice and wonder as you completed the activity?
What differed from when the variables of each binomial did not have a coefficient?
Some students may find a pattern between the coefficients and variables, but all students should be able to solve each question using abstract methods or using the area model.
Summarise
Revisit the learning intentions and success criteria for the lesson and state that the aim of the lesson was to learn how to expand binomial products.
Display slide 10 from the PowerPoint Areas for expansion, which shows  and define a binomial expression to students as: 
A binomial expression is an algebraic expression with only 2 terms. For example,  is a binomial expression, where  and 2 are 2 separate terms and together they form an expression.
Teachers could use etymology to break down language for students. The prefix ‘bi’ means 2 and a bicycle has 2 wheels.
State to students that  is a monic binomial expression.
Display slide 11 from the PowerPoint (AFE PPT), which shows a list of expressions that are monic and non-monic. 
In a Think-Pair-Share, ask students what they think monic means, justifying their thoughts by using the examples and non-examples provided (bit.ly/nonexamplesstrategy).
Students should note that all the monic expressions have 1 as the coefficient of , where the non-monic expressions have coefficients not equal to 1, including negative numbers and .
This also provides the opportunity to improve the mathematical communication of students by exploring the conventions used when writing expressions; that we put terms in order of the powers of the variable.
The glossary of the syllabus defines monic as ‘A polynomial in which the coefficient of the leading term is 1’.
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) and ask them to complete four quadrant notes to their future forgetful selves (bit.ly/supportingstrategies) from Appendix B ‘Four quadrant notes’ on a vertical non-permanent surface (bit.ly/VNPSstrategy).
Apply
Core – measurement applications
1. Continuing in their visibly random groups of 3 at vertical non-permanent surfaces, distribute Appendix C ‘Measurement applications’ to each group and ask students to attempt the questions.
1. As students work through Appendix C, walk around the room noting what work you would like to showcase to highlight the methods students used to find the solutions.
1. Bring the class together and walk them around the room, stopping in front of the work you selected to showcase. Ask students from the groups who completed the work to explain their methods and approaches to solving the problem. 
1. Students return to their vertical non-permanent surfaces to see if they can now complete any of the problems they may have had difficulty with.
Path – perfect squares
1. Display slide 13 from the PowerPoint (AFE PPT), which shows an example of a perfect square.
1. In a Think-Pair-Share ask students:
Why do you think this is called a perfect square?
What kind of patterns might we expect when we expand perfect squares?
Students may benefit from relating this to the area model and what shape this makes, compared to other expressions such as .
1. Distribute Appendix D ‘Perfect squares’, to each pair of students. This activity uses Variation Theory to expand the expressions.
1. Using the Pose-Pause-Pounce-Bounce questioning strategy, ask students:
What did you notice and wonder?
How are these different from the previous binomial products we have expanded?
What do you expect the result to be when we expand ? Why?
How does the solution change if we are adding or subtracting the second term in the brackets?
How could you identify if an expanded expression may be a perfect square?
1. Ask students to write notes to their future forgetful selves (bit.ly/notestofutureself) about perfect squares.
1. 

Assessment and differentiation
Suggested opportunities for differentiation
Launch
Encourage students to find as many methods of multiplying the 2 numbers as they can. They can be discuss the advantages and disadvantages of each method.
Explore
Students can be challenged to compare the methods to expand binomial products and their limitations. For example, FOIL only works when expanding binomial products, but not when multiplying by trinomial products.
Students should be challenged to explain why the pattern they found works in relation to their area model.
Summarise
Students may benefit from exploring the etymology of the word binomial, where ‘bi’ means ‘two’. 
Apply
Challenge students to create their own rectangle or square, similar to the one supplied in Appendix C ‘Measurement applications’ to break up into smaller pieces to find expressions for the area.
Enable students by chunking the activity in Appendix C ‘Measurement applications’, into finding expressions for the sides before, then finding an expression for the areas.
Challenge students to find the volume of the rectangular prism supplied in Appendix C ‘Measurement applications’.
Students may benefit from organising the questions in the spider diagram in Appendix D into ascending numbers, or matching expressions such as  and  to explore patterns.
Students can explore perfect squares made from non-monic binomial expressions and connect how that changes the pattern they found.
Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
Students will demonstrate their ability to multiply large numbers using an area model or other strategies.
Explore
Students will show their ability to identify patterns in binomial expansions through their responses to class discussions.
Collect Appendix A ‘Variation’ as evidence of learning for expanding binomial products using the area model. 
Summarise
Students can review the four quadrant notes of their peers to check their understanding of what a binomial expression is and how to expand them, relating to the success criteria for the lesson.
Apply
Teachers should ask students to explain and justify their strategy when showcasing student work.
Collect students’ notes to their future forgetful selves as an exit ticket to assess their understanding of perfect squares.
[bookmark: _Appendix_A]Appendix A
Variation
	Question set 1
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
	Question set 2
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 




[bookmark: _Appendix_B_1][bookmark: _Appendix_B]Appendix B
Four quadrant notes
	Example 1
Expand and simplify .
[image: Area model of (x+4)(x-3).]
	Example 2
Expand and simplify .

	Things to remember
	Example 3


[bookmark: _Appendix_C][bookmark: _Appendix_D][bookmark: _Appendix_D_1]Appendix C
Measurement applications
1. The following square is made up of rectangles and compound shapes. Write a simplified expression for each area that makes up the area of the whole square. 
[image: A square broken up into rectangles with a composite shape left over, each with expressions for the lengths on each side where the cuts were made.]
1. A rectangular prism has lengths of ,  and  as shown.
[image: A rectangular prism with dimensions (2x+5), (x-2) and (x+3).]
Show that the surface area can be written as .


[bookmark: _Appendix_E_1]Appendix D
[bookmark: _Appendix_E]Perfect squares
[image: Spider diagram with questions of (x+1 to 5)^2 and (x-1 to 5)^2.]
Sample solutions
Appendix A – variation
	Question set 1
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
	Question set 2
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 




Appendix B – four quadrant notes
	Example 1
Expand and simplify 
[image: Area model of (x+4)(x-3).]

	Example 2
Expand and simplify .



	Things to remember
When expanding monic binomial expressions, the coefficient of is found by adding the 2 constants in the binomial product.
When expanded the constant term is the 2 constant terms in the original binomial product multiplied together.
The area model is a good tool to use to ensure we don’t make mistakes.
Make sure the negative goes with the number if it is a subtraction.
	Example 3
Expand and simplify .






Appendix C – measurement applications
1. Simplified expressions
1. 
1. 
1. 
1. 
1. 
1. 
[bookmark: _Appendix_D_-]Appendix D – perfect squares
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
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