
Finding and using the constant of variation
Students connect their understanding of wage problems to the concept of direct variation. They develop skills in identifying the constant of variation and use it to solve unknown values.
Students will need at least one digital device per group to interact with EduChat. 
Learning intentions
To understand how to write an equation from a worded problem.
To be able to solve a direct variation equation and apply it to find an unknown. 
Success criteria
I can interpret a direct variation-style problem and write it in the form .
I can explain how to calculate the constant of variation, .
I can use to calculate other values in a direct variation problem. 


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 
selects and applies algebraic techniques to solve problems involving equations and formulas MST-11-01
models and interprets linear relationships to solve problems and make predictions in practical contexts MST-11-02
Associated numeracy outcomes
A student:
recognises and applies functional numeracy concepts in practical situations, including personal and community, workplace and employment, and education and training contexts N6-1.1
chooses and applies efficient strategies to analyse and solve everyday problems involving data, graphs, tables, statistics and probability N6-2.3
chooses and applies efficient strategies to analyse and solve everyday problems involving money and finance N6-2.4
chooses and applies appropriate numeracy operations and techniques to analyse and resolve everyday situations N6-2.6


Content
Formulas and equations
Represent a word problem as a linear equation, solve the equation and interpret the solution in the context of the problem
Linear relationships
Direct variation
Identify and represent direct variation of the form  from descriptions of situations in which one quantity varies directly with another quantity
Evaluate  in equations of the form , given one pair of values for the variables, and use the resulting formula to find other values of the variables to solve problems in a variety of contexts
Graph and analyse equations of the form to solve problems in a variety of contexts
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Table 1: lesson summary 
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Using slides 4–5 of the PowerPoint Finding and using the constant of variation, students complete questions on earning money. Students conclude the commonalities in solving these questions. 
	Mini whiteboards
Pose-Pause-Pounce-Bounce
Notice and wonder
	Help students make connections between the current topic and real-world contexts by identifying rates and linking them to the concept of direct variation.

	Connecting learning
	Using knowledge from previous lessons, students describe direct variation and link this to the questions from the ‘Activating prior knowledge’ activity. Display slide 7 to show a description. Using slide 8, students determine if equations are in the form  and find the value of  with solutions on slide 9.
	Think-Pair-Share
Mini whiteboards
	Students should consolidate their understanding of direct variation and the related formula. In addition, students build their skills in identifying direct variation equations and solving these equations.

	Releasing responsibility
	Students break down the components of an HSC-style question using slides 11–15. Students complete Appendix A and construct a set of generic steps for attaining a solution. 
	Faded examples
Mini whiteboards
Turn and talk
Worked examples (Your turn)
	This activity aims to consolidate students’ knowledge, skills and understanding when solving direct variation-style questions while observing the commonalities in HSC questions.

	Independent practice
	With AI, students create direct variation questions, worked solutions and marking guidelines to share. Students’ complete questions and provide feedback. 
	Visibly random groups of 3
Mini whiteboards
Peer feedback
Pose-Pause-Pounce-Bounce
Notice and wonder
	This activity provides students with an opportunity to have peer reflection on the solutions and become assessment insiders regarding marking criteria. 



Activity structure
Please use the associated PowerPoint Finding and using the constant of variation to display images in this lesson.  
Activating prior knowledge
1. Display slide 4 of the PowerPoint and have students individually complete each question, showing working on their mini whiteboards (bit.ly/miniwhiteboards). 
Click to animate to reveal each new question. There are 3 in total. Students can use their calculator to aid in their working.
1. Ask non-volunteer students to explain their method for solving the problems. A visual representation through bar models has been provided as support for the first 2 questions.
1. Using the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce), ask students what they notice and wonder (bit.ly/noticewonderstrategy) about each of the questions.
Students may notice that these questions related specifically to earning money in some form, but all required the same steps to calculate the answer. They may wonder if this happens for any more concepts.
1. Repeat steps 1–3 for slide 5. 
Students may notice that the questions on slide 5 are from unrelated contexts to the topic they are currently studying, however, the method of solution was the same as the questions from slide 4.


Connecting learning
1. Have students use their notes from previous lessons to describe ‘direct variation’. Ask randomly selected students to share their understanding of the concept with the class.
A description has been provided on slide 7 of the PowerPoint. When students are sharing, emphasise the algebraic terms  and and what they represent.
1. Using a Think-Pair-Share (bit.ly/thinkpairsharestrategy), have students consider what the connection is between direct variation and the questions they completed in the ‘Activating prior learning’ section of the lesson. Challenge them to find another real-life example of direct variation. 
Students should realise that each of the questions represented a direct variation problem. In addition, the solution to each of the questions was in the form .
If students have difficulty making connections to the relationship between the ‘Activating prior knowledge’ questions and the form , the teacher can redisplay slides 4 or 5 and use the following prompts to draw out the relationship between the questions and the direct variation equation.
· What are the 2 quantities in each problem?
· How are they related? If one doubles, what happens to the other?
· Can you describe the relationship using the formula ?
· What does  represent in this situation?
· How could we use this formula to solve similar problems?
1. Display slide 8 and ask students to write ‘yes’ or ‘no’ on their mini whiteboards to indicate whether each equation is in the form  Animate the slides to reveal the solution and each new question.
1. Using slide 9 and their mini whiteboards, instruct students to determine the value for for the equations that are of the form 
Slide 9 only has the questions from slide 8, which are in the form  for students to solve. Animate the slide to reveal each solution. 
Releasing responsibility
1. Display slide 11 of the PowerPoint and use the ‘Approaching questions scaffold’ to remind students how to examine questions and determine a method to use.
1. Display slide 12 and allow students time to read the question. Animate the slide to reveal question prompts that students should be considering when approaching a direct variation question. Students can provide their answers to the prompts on mini whiteboards.
The prompts require students to identify the key phrases or information within the question, write the equation in the form  find the value of the constant of variation and write an equation to represent the relationship.
1. Display slide 13 to demonstrate to students how the written question is translated into a solvable equation and consider the question prompts on the slide. 
1. Use a Think-Pair-Share for students to answer the question prompts on the slide. 
1. Reinforce to students what the constant of variation represents in terms of this scenario. That is,  is the rate of change or the ‘per unit’ amount. In this case, it tells us the car travels 60 km for every hour, so  is the speed. 
1. Distribute Appendix A ‘Finding k scaffold’ for students to complete independently. The appendix uses faded examples (bit.ly/fadedexamplesstrategy). 
1. Use slides 14–15 from the PowerPoint for modelling worked examples of finding and using the constant of variation to solve a problem using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
Animate the slides to reveal the self-explanation prompts and solution. The teacher is encouraged to reinforce to students what  represents in the scenarios considered in slides 14–15. 
1. In pairs, have students use Appendix A to create a set of steps they would follow to find and use the constant of variation ( to solve problems. They should write these steps as a note to their future forgetful selves (bit.ly/notestofutureself)
1. Have pairs turn and talk (bit.ly/classroomtalkmoves) with another pair to compare and provide peer feedback on their notes. 
Independent practice
1. Place students into visibly random groups of 3 (bit.ly/visiblegroups) and distribute one device and 3 mini whiteboards to each group.
1. Instruct students to open EduChat (chat.education.nsw.gov.au). 
1. Copy in the following prompt, which includes a past HSC question.
We are 3 Year 11 Mathematics Standard students wanting to practise more direct variation questions.
Can you provide each of us with our own alternative question with a similar structure to this one?
‘The weight of a bundle of A4 paper (w kg) varies directly with the number of sheets (N) of A4 paper that the bundle contains. This relationship is modelled by the formula  , where  is a constant. The weight of a bundle containing 500 sheets of A4 paper is 2.5 kilograms.
Show that the value of  is 0.005.
A bundle of A4 paper has a weight of 1.2 kilograms. Calculate the number of sheets of A4 paper in the bundle.’
Format the question in the same way using an examination-style tone.
For efficiency, the teacher can upload the text of this question to the class digital learning platform to allow students to copy from. 
1. Instruct students to each solve one of the 3 alternative questions.
1. Instruct students to check each other's solutions and provide feedback. Students can provide feedback on 2 things they like about the solution and one thing they would like to see improved (bit.ly/DLSpeerfeedback). 
1. Instruct students to prompt EduChat to provide them with a worked solution for each question by typing in the prompt ‘provide a worked solution for each of the questions’.
1. Students review the solutions for reasonableness and correctness.
1. Instruct students to design a marking criteria for these questions.
1. Instruct students to prompt EduChat for a marking criteria by typing the prompt ‘Provide me with a marking criteria for these 3 questions’.
1. Using the Pose-Pause-Pounce-Bounce questioning strategy, pose the following question ‘How would you evaluate EduChat’s marking criteria?’. Further prompting questions could include:
Do they think this marking criteria is fair?
How does it compare with their marking criteria?
How does it compare with other HSC style questions they have seen?
EduChat may suggest a marking criteria worth 8–10 marks, which students may think is too generous for one examination question. Students may wish to prompt EduChat to adjust the marking criteria to reflect theirs and further compare.
Students could upload their questions to a shared class folder as a resource for further practice. 
Ask students to compare their steps from the ‘Releasing responsibility’ section to solve these types of problems and the marking criteria provided by EduChat and discuss what they notice and wonder.
Students should notice the amount of work or the number of steps needed for mark allocation and wonder how this applies to other types of questions.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Students can be prompted to refer to their notes on how to solve the different earning money problems.
Students may benefit from revising skills on representing a worded problem as a linear equation from the Stage 5 Equations A outcome MA5-EQU-C-01.
Use visual aids such as the bar model to assist students in visualising the problems.
Challenge students by providing them with a follow-up question that uses the answer from the previous part.
Connecting learning 
Use a selected student’s notes to define direct variation or to provide an opportunity to discuss what is missing from their notes. 
When required to provide a real-life example of direct variation, the teacher can display the slides from the ‘Activating prior knowledge’ section of the lesson for examples. 
Use targeted questioning to probe deeper understanding. For example, ‘What makes a relationship a direct variation?’
Releasing responsibility
The teacher could provide those students who are from non-English speaking backgrounds more time to consider the provided worded questions or have them translate them into their first language. 
Encourage students to explore other methods to solve problems involving direct variation, such as using graphical methods.
Independent practice
Students can request that EduChat provide the first line of the solution or provide the bald answer to the problem it has generated for direction. 
Suggested opportunities for assessment
Activating prior knowledge 
Monitor student responses to check for understanding of finding a rate.
Students have opportunities to contribute to and hear from their partner and class discussions, these act as opportunities for self and peer reflection.
Connecting learning 
Monitor student responses during sharing activities to determine if their real-life examples demonstrate an understanding of direct variation.
Use responses on mini whiteboards to gauge student proficiency with calculating using  or identifying  from the given values.
Releasing responsibility
Observe students as they identify key phrases, write equations in the form  and solve for the unknown using mini whiteboards. 
Use questioning during the demonstration to check for understanding. For example, ‘Why is this the correct form of the equation?’ or ‘What does each variable represent here?’
Collect and review students’ completed steps to assess their ability to apply the method without prompting.
Listen to pairs as they compare their methods. Use probing questions to challenge students to explain why their steps work.
Independent practice
Observe how students interpret and solve questions written by EduChat. Use this to assess their ability to transfer skills to structurally similar problems.
[bookmark: _Appendix_A]Appendix A 
[bookmark: _Hlk197681519]Finding scaffold
	Question
	Dependent variable
	Independent variable
	Equation
	Constant of variation ()

	The cost  dollars of printing a number of posters varies directly with the number of posters  printed. 
The cost of printing 200 posters is $160.
Find the constant of variation  and write an equation to represent this relationship.
	
	
	
	


	The cost of petrol  in dollars varies directly with the volume  in litres. 
12 litres of petrol cost $21.60.
Find the constant of variation and write an equation to represent this relationship.
	
	
	
	


	The distance  travelled by train varies directly with the time  it travels. A train travelling for 3 hours covers 270 km.
Find the constant of variation and write an equation to represent this relationship.
	
	
	
	

	The mass  of a metal rod varies directly with its length  A rod of length 1.6 m has a mass of 12 kg.
Find the constant of variation.
	
	
	
	



Sample solutions
Appendix A – finding  scaffold
	Question
	Dependent variable
	Independent variable
	Equation
	Constant of variation ()

	The cost  dollars of printing a number of posters varies directly with the number of posters  printed. 
The cost of printing 200 posters $160.
Find the constant of variation .
	
	
	
	


	The cost of petrol,  in dollars varies directly with the volume  in litres. 
12 litres of petrol cost $21.60.
Find the constant of variation. 
	
	
	
	



	The distance  travelled by train varies directly with the time  it travels. A train travelling for 3 hours covers 270 km.
Find the constant of variation. 
	
	
	
	


	The mass  of a metal rod varies directly with its length  A rod of length 1.6 m has a mass of 12 kg.
Find the constant of variation.
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