
Proving results
Students learn strategies for proving trigonometric results and how to choose and apply relevant identities and formulas.
Learning intention
To be able to apply trigonometric formulas and identities to prove trigonometric results.
Success criteria
I can identify and select appropriate sum, difference or double angle formulas to solve trigonometric problems.
I can apply trigonometric identities or formulas accurately in the context of a proof or solution.
I can explain and justify my reasoning when working through trigonometric proofs.


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 in three dimensions using trigonometry and simplifies expressions, proves results and solves problems involving compound angles using trigonometric identities 
ME1-11-03
Content
Further trigonometric identities
Use sum and difference expansion formulas to solve problems and prove results
Use the double angle formulas to solve problems and prove results
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students retrieve and consolidate prior trigonometric knowledge by collaboratively listing all known identities using their HSC reference sheet as a starting point. 
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	The purpose of this activity is to activate and organise prior knowledge, ensuring students have access to a broad toolkit of identities.

	Connecting learning
	Students revisit proof strategies using a Year 11 Mathematics Advanced trigonometric identity on slide 4, before extending to proofs involving sum, difference and double angle formulas through a worked example on slides 5–6 of the PowerPoint Proving results. Through structured group rotations, students collaboratively construct and analyse proofs for the questions on slide 7.
	Pose-Pause-Pounce-Bounce
Worked example (Your turn)
Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	The focus is on developing strategic thinking in proofs, particularly choosing an efficient starting point. Teachers should emphasise that proofs are about logical progression, where each line must follow from the previous one.

	Releasing responsibility
	Students reflect on effective proof strategies and analyse incorrect examples using Appendix A to identify misconceptions and refine their reasoning by correcting the errors. Students then create notes to their future forgetful selves.
	Think-Pair-Share
Notes to future forgetful selves
	The purpose is for students to discuss effective strategies they have just used to prove results and then use these to analyse and correct incorrect examples. 

	Independent practice
	Students independently apply proof skills to past HSC questions on slides 9–12, including interpreting marking criteria and marker feedback.
	
	Teachers should emphasise precision, structure and clarity in proofs, as well as interpreting feedback to improve responses. Attention should also be given to how proofs are communicated, not just whether they are correct.
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Activity structure
Please use the associated PowerPoint Proving results to display images in this lesson.
Activating prior knowledge
Ask students to take out their Mathematics Extension 1 – HSC reference sheet (NESA 2024).
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy). 
Instruct groups to list all the formulas and identities related to trigonometry. Some of these will be copied directly from the HSC reference sheet, although others will need to be considered, such as:
the multiple versions of the Pythagorean identity
the reciprocal trigonometric functions

all the sum and difference expansion formulas
the double angle formulas, including the additional versions for .
Once groups have exhausted their own ideas, invite them to participate in a gallery walk (bit.ly/DLSgallerywalk) to review other groups’ lists and add any additional formulas or identities they may have overlooked.
Have students return to their workspaces to annotate their own reference sheet to add any additional formulas or identities.
Students have created notes using the Reference sheet in Lesson 1 – sum and difference expansion formulas and Lesson 2 – double angle formulas. They can use these notes as a guide or add additional formulas.
Students should be encouraged to recognise which formulas and identities are on the Reference sheet and whether they appear in Mathematics Extension 1 or Mathematics Advanced. 
Connecting learning
1. Display slide 4 of the PowerPoint which contains a proof question from Year 11 Mathematics Advanced content, proving further trigonometric identities.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557KB) (bit.ly/posepausepouncebounce) to check students’ understanding of proving results. Some suggested prompts may include:
What do the expressions suggest about the identities and/or formulas you might use?
What similarities or differences stand out between the 2 sides?
If you were planning your approach, what would you try first and why?
How will you know if your working is moving you closer to the required result?
If progress on one side is challenging, what could you try next?
Students should recognise that rewriting the  in terms of sine and cosine is the most direct strategy, particularly when the target expression is written in that form. We want students to articulate why beginning with the more complex-looking side is often more efficient in proof questions, as it typically offers more opportunities to apply known identities, simplify expressions and work towards the required result.
1. Have students complete the proof using the discussed strategies. They may like to discuss their solution with a partner.
1. Animate slide 4 to show the solution and have students compare this with their own solution. 
1. Explain to students that in this lesson they will be working through proofs that contain the new content of sum and difference expansion and double angle formulas. 
Use slides 5–6 to model worked examples of proving results using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
1. Explain to the class that they will now be working through further proofs, using the below activity.
Students return to their previous groups of 3 at vertical non-permanent surfaces.
Use slide 7 to display the initial proof question for each group to start.
Allow enough time for groups to begin their solution but not complete it.
When time is called, each group rotates clockwise to the next group’s solution.
Groups review the solution in front of them, compare it with their own and can ask the previous group clarifying questions.
Allow further time for groups to continue the proof at their new vertical non-permanent surface, working with the partially completed solution left by the previous group.
When time is up, groups rotate clockwise again to compare their solution with another neighbouring group. If necessary, facilitate a class discussion with a gallery walk to identify the correct solution.
Repeat the process with additional questions on slide 7 as they are animated.
This activity encourages discussion of different strategies and exposes students to alternative or more efficient methods. Reviewing another group’s solution also builds critical analysis and error-checking skills.
Solutions have been provided in the ‘Sample solutions’ section. 
Releasing responsibility
1. Have students return to their workspaces and lead a class discussion about the common and most effective strategies each group used. Encourage them to share what worked well and why. 
Students should reflect on the effectiveness of different strategies. Common insights may include simplifying the expression to a single trigonometric function first or beginning with the more complex side of the equation. 
1. Distribute Appendix A ‘Incorrect examples’, for students to work through in pairs, discussing the errors made and recording the correct solution. 
1. Initiate a class discussion to review the errors identified in Appendix A. Encourage students to explain why each error occurred and how the correct approach resolves the misconception. Emphasise that for a proof, each line of working needs to follow from the previous line. Other common errors that could be discussed include: 
not showing complete working, with large jumps between lines in the proof
simplifying fractions before factorising
concluding the proof before reaching the required final statement.
1. Students are to create notes to their future forgetful selves (bit.ly/notestofutureself) that summarise the class discussion.
1. Students may benefit from completing further practice questions on proving results from an existing resource.
Independent practice
1. Explain to students that proofs are often used in the first part of a question with later parts requiring them to apply the proven result. For example, in questions involving differentiation or solving equations.
1. Display slide 9, which contains the first part of a past HSC question.
Instruct students to work through the solution independently.
When most students near completion, animate the slide to show the HSC marker feedback. Ask students to review it and adjust their solution if necessary.
Once finished, progress to slide 10 to reveal the HSC marking criteria as well as the sample answer and allow students to refine their solution if needed.
1. Repeat this process for the past HSC question on slide 11 with the HSC marking criteria as well as the sample answer on slide 12. 

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Students may need some prompts to consider further identities and formulas. 
Connecting learning 
Students may be supported by providing hints or scaffolds for which side of the identity to start simplifying in the proof questions on slide 7. 
Challenge students to consider alternative methods of proving the results or to reverse their initial approach to the question. 
Releasing responsibility
Appendix A can be completed as a whole-class activity to support students in identifying the error. Students could then work in pairs to complete the correct proof. 
Independent practice
Provide a partially solved problem or step-by-step scaffolding for students who struggle with applying proven results.
Students could be challenged to create their own trigonometric proof question. 


Suggested opportunities for assessment
Activating prior knowledge 
Observe group discussions and contributions to check students’ recall and understanding of required identities and formulas. 
Connecting learning 
Observe group discussions to see if students can articulate reasoning behind each step.
Review partially completed proofs during group rotations to identify misconceptions.
Releasing responsibility
Review corrected proofs in Appendix A for accuracy and logical progression.
Independent practice
Collect and review final solutions to check for logical progression and correct use of identities and formulas.



[bookmark: _Appendix_A]Appendix A 
Incorrect examples
	Incorrect solution
	Explain the error made
	Correct solution

	Prove that 

	
	

	Prove that 



	
	




[bookmark: _Appendix_B]Sample solutions
Connecting learning activity 
1. Prove 

Prove 

 Prove 
 


Prove 




Appendix A – incorrect examples
	Incorrect solution
	Explain the error made
	Correct solution

	Prove that 

	They have moved a term from the RHS to the LHS. They have also manipulated both sides at the same time rather than starting with one side and rearranging to become the other side. 
Applied correct formulas and showed all intermediate steps. Algebraic manipulation is correct after line one. 
	

	Prove that 




	The student has used the incorrect formula for  and they have incorrectly stated that .
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