
Break-even point
Students learn how to model cost and revenue to identify the break-even point in the context of organising a black-tie charity auction.
Students will need at least one digital device per pair to interact with Microsoft Excel during this lesson.
Learning intention
To be able to model and analyse cost and revenue to identify the break-even point.
Success criteria
I can represent linear relationships using a spreadsheet. 
I can generate and interpret graphs of linear relationships. 
I can identify and interpret the break-even point.
I can describe profit and loss before and after the break-even point.


Outcomes
Mathematics Standard 2 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  
represents the relationships between quantities algebraically and graphically to solve problems and make predictions in practical contexts MST-12-S2-01
Associated Mathematics Standard 1 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  
represents and interprets the relationships between quantities in algebraic and graphical forms MST-12-S1-01
Mathematics Standard 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2024.
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 
applies numerical reasoning and mathematical thinking to clarify, efficiently solve and communicate solutions to problems N6-1.2 
determines whether an estimate or an answer is reasonable in the context of a problem, evaluates results and communicates conclusions N6-1.3 
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 
chooses and uses appropriate technology to access, organise and interpret information in a range of practical personal and community, workplace and employment, and education and training contexts N6-3.1 
chooses and uses appropriate technology to analyse and solve problems, represent information and communicate solutions in a range of practical contexts N6-3.2 
Numeracy Stage 6 (CEC) Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2021.


Content
Mathematics Standard 2
Simultaneous linear equations
Solve practical problems that involve simultaneous linear equations
Use simultaneous equations to model and analyse the break-even point where cost and revenue are represented by linear equations
Identify the break-even point and solve problems involving profit and loss using a spreadsheet
Associated Mathematics Standard 1
Simultaneous linear equations
Use simultaneous equations to model and analyse the break-even point of a problem where cost and revenue are represented by linear equations
Identify the break-even point and solve problems involving profit and loss by using a spreadsheet to model the problem
Mathematics Standard 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2024.
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students use slide 4 of the PowerPoint Break-even point to test different ticket sales for a charity auction and determine whether the event is making a profit or loss. They compare repeated calculations to identify the exact number of tickets needed before profit begins.
	Think-Pair-Share
	Emphasise that repeated testing can support estimation but becomes inefficient when determining an exact break-even point.

	Connecting learning
	Students use the Break-even point spreadsheet to generate a table of cost and revenue values for ticket sales. They create a graph showing both linear relationships, then use the graph and profit/loss column to identify the break-even point where cost and revenue are equal.
	Pose-Pause-Pounce-Bounce
	The aim is to connect repeated calculations to a more efficient spreadsheet method and graphical representation, reinforcing that the intersection of cost and revenue identifies the break-even point.

	Releasing responsibility
	Students use slide 6 to interpret simultaneous linear equations for cost and revenue, then use slides 7–8 and Appendix B to solve and represent the break-even point graphically. Students complete Appendix C through faded worked examples and annotate Appendix B as notes to their future forgetful selves.
	Think-Pair-Share
Worked examples (Your turn)
Faded examples
Notes to future forgetful selves
	Reinforce that simultaneous linear equations can model cost and revenue, and that their intersection represents the break-even point because the cost and revenue values are equal.

	Independent practice
	Students revisit the ‘Approaching questions scaffold’ on slide 10 and complete Appendix D in pairs.
	
	The focus is on applying a structured approach to analyse break-even problems and communicate solutions clearly in context.
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Activity structure
Please use the associated PowerPoint Break-even point to display images in this lesson.
Activating prior knowledge
Display slide 4 of the PowerPoint and pose the following scenario to students:
You are finalising ticket pricing for your black-tie charity auction.
You need to work out how many tickets must be sold to start making a profit.
· Fixed costs: $4800
· Additional costs of $5 per attendee
· Ticket price: $20 per ticket
You are not sure how many tickets will sell.
Using a Think-Pair-Share (), ask students to test different numbers of tickets sold and determine whether the event would make a profit or a loss.
If needed, suggest values such as 100, 200, 300 and 400 tickets sold to help students begin comparing situations where the event is making a loss or a profit.
Ask students to determine the exact number of tickets that must be sold before the event begins making a profit.
Allow students to productively struggle with the task. Students may use repeated calculations or guess-and-check strategies. Do not confirm answers immediately. Instead, surface the repetition, inefficiency and differing approaches emerging across the class.
Initiate a class discussion using prompts such as:
What strategy did your pair use to test different ticket numbers?
What happened each time you changed the number of tickets sold?
How confident are you that your answer is exact? Explain your reasoning.
What is becoming inefficient about this approach if you wanted to test many more ticket values?
Guide students to recognise that each new ticket value requires the same calculations to be repeated. 
Ask students to describe a general rule for calculating the cost and revenue for any number of tickets sold. Discuss where the fixed costs and additional cost per attendee appear in their calculations.
Through discussion, students should identify that while repeated testing may help estimate the answer, it is difficult to determine the exact point efficiently. Draw out the need for a method that allows multiple scenarios to be generated and analysed more efficiently.
Connecting learning
1. Still displaying slide 4, explain that spreadsheets can efficiently generate and organise many calculations at once.
1. Provide pairs of students with the Break-even point spreadsheet and direct students to the ‘Break-even analysis’ tab while displaying this for students. 
There are instructions on how to distribute a spreadsheet in Appendix A ‘Save a local copy of a file’. 
As a class, discuss the titles of the table and their meaning in the context. 
Students should describe ‘cost’ as the money being spent to run the event, while ‘revenue’ can be informally introduced as the money earned from ticket sales. 
Using their investigation from the ‘Activating prior knowledge’ section, ask students to enter the first 2 values they tested in the ‘Tickets sold’ column, then use the drag-down feature to continue the pattern until at least 600 tickets are sold.
Encourage students to use intervals such as 10 or 20 tickets to efficiently generate values and identify patterns in the data.
Students are to enter the cost and revenue formulas and drag each formula down the columns, using the small square (fill handle) in the bottom right corner of the selected cell to generate the remaining values.
The cost formula to be typed into  is .
The revenue formula to be typed into  is  
In pairs, ask students to create a scatter plot for the cost and revenue data using their spreadsheet. Students should ensure both sets of data are displayed on the same graph and include suitable axis titles and a chart title.
Students may need support to:
· Highlight the tickets sold, cost and revenue columns of data, including the headings in row 4.
· Select Insert, scatter plot with smooth lines and markers from the Charts section.
· Ensure both cost and revenue are displayed on the same graph.
· Select the graph and then select the + symbol to add axis titles and a chart title.
Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) to analyse the graph students produced in relation to the context. Some suggested prompts include:
Where do the 2 lines intersect? 
What does this point represent in the context of the scenario?
What do you notice about the relationship between cost and revenue before and after this point?
Guide students to recognise that the point of intersection represents the point where cost and revenue are equal. Draw out that before this point the event is operating at a loss, while after this point the event begins making a profit.
Ask students to create a formula for the ‘profit/loss’ column and use the fill handle to generate the remaining values in the table. Students should then use this column to check their answer from the graph, where cost and revenue are equal. 
Students should have a row in their table where the number of tickets sold is 320, the cost and revenue both equal $6400 and the profit/loss is 0.
Releasing responsibility
1. Display slide 6, which shows a pair of simultaneous linear equations modelling cost and revenue.
1. Animate the slide to display the self-explanation prompts, then use a Think-Pair-Share to guide a student discussion of each prompt.
Guide students to recognise that cost represents the money spent to run the event, while revenue represents the money collected from ticket sales. Draw out that the gradient represents how quickly the cost or revenue changes for each additional ticket sold. Students should recognise that the break-even point occurs at the intersection because cost and revenue are equal at this point. Highlight that the revenue graph has a -intercept of 0 because no money is collected when no tickets are sold.
Use slides 7–8 to demonstrate how simultaneous equations can be used to model and analyse the break-even point, using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
Appendix B ‘“Your turn” question’, which includes a graph, may be provided for students to draw their solutions to the question on slide 8. 
Students were introduced to solving simultaneous equations graphically in Lesson 05 – solving simultaneous equations graphically. 
Initiate a class discussion to highlight that while a table of values can help locate the break-even point, many values may need to be tested. A graph provides a more efficient way to identify where cost and revenue are equal.
Students are to complete the faded worked examples (bit.ly/fadedexamplesstrategy) in Appendix C ‘Problems’ in pairs. These gradually release responsibility and model communicating mathematically. 
Have students return to Appendix B and annotate it as notes to their future forgetful selves (bit.ly/notestofutureself). 
Independent practice
1. Display slide 10 and revisit the Approaching questions scaffold with students. 
The Approaching questions scaffold offers students a 4-step framework to work through questions. Each step is accompanied by an icon that corresponds to different aspects of the solution process.
1. Provide each student with a copy of Appendix D ‘Break-even problem’, to complete in pairs. Students will need to return to the Break-even point spreadsheet for the final question in this activity, where they are prompted to use the ‘Break-even problem’ tab to determine a more accurate break-even point.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Extend students by asking them to predict the break-even point before testing values and justify whether their answer is exact.
Connecting learning 
Provide a partially completed spreadsheet with the first few rows filled in to support students in identifying the pattern in tickets sold, cost and revenue. 
Support students by modelling the drag-down feature and prompting them to check that formulas use the correct cell references. 
Provide guiding prompts when interpreting the graph, for example, ‘Where do the lines meet?’ or ‘What does this point mean in the context?’
Extend students by asking them to compare the table and graph methods and explain which is more efficient for identifying the break-even point.
Releasing responsibility
Support students by highlighting the meaning of the gradient and y-intercept in context before solving the simultaneous equations. 
Allow students to complete faded worked examples with a partner before attempting questions independently. 
Extend students by asking them to explain why the break-even point occurs when cost equals revenue, using mathematical language.
Independent practice
Support students by prompting them to define variables before writing equations, for example, ‘Let  represent the number of tickets sold.’ 
Allow students to compare and refine their written communication before submitting their response. 
Extend students by asking them to interpret whether the break-even point is realistic in context and explain any limitations of the model.
Mathematics Standard 1 adjustments and considerations
The syllabus content in this lesson is similar for both Mathematics Standard 2 and Mathematics Standard 1. The lesson can generally be completed as written, with adjustments made where necessary to support students with the interpretation of graphs, spreadsheets and simultaneous equations in context.


Suggested opportunities for assessment
Activating prior knowledge 
Ask students to explain their strategy to assess whether they recognise the inefficiency of repeated calculations. 
Listen for students identifying that the break-even point occurs when the profit/loss is zero. 
Ask students, ‘How do you know your answer is exact?’ to assess the strength of their reasoning.
Connecting learning 
Observe students entering formulas into the spreadsheet to assess whether they can correctly model cost and revenue. 
Review student tables to assess whether they have generated appropriate values and identified the row where cost and revenue are equal. 
Check student graphs to assess whether both cost and revenue are displayed with suitable titles and labels. 
Ask students to interpret the point of intersection to assess whether they understand the break-even point in context.
Releasing responsibility
Observe student discussion of the simultaneous equations to assess whether they can connect cost and revenue equations to the graph. 
Review faded worked examples to assess whether students can solve for the point where cost equals revenue. 
Ask students to explain the gradient and y-intercept in context to assess their understanding of the linear models. 
Independent practice
Review student responses to the break-even problem to assess whether they can form and solve appropriate linear equations. 
Assess whether students correctly interpret the solution in context, including the number of tickets required to break even or make a profit.


Appendix A
Save a local copy of a file
How to save a local copy of an Excel spreadsheet.
File sharing and saving
1. Save the Excel file Comparing scatter plots using spreadsheets in a place where students can easily access the file.
This could be done through Google Classroom, by sharing a OneNote link or by emailing students a copy of the document.
7. Have students open the document on their own digital device.
8. Instruct students to select the File tab and then select Save a Copy.
[image: Save a Copy screenshot.]
9. Students can save the document in their individual OneDrive by selecting this option.
[image: Save to OneDrive.]
10. Best practice would be to keep the file name the same. Students can then select Save and a copy will be stored on their OneDrive.
[bookmark: _Appendix_B]Appendix B
‘Your turn’ question
Pete and Neil are planning to hold a fundraising event. They have fixed costs of $2400 for the venue. Food and beverages will cost them $40 per person and tickets are on sale for $100 per person. Graph the income and costs of holding the event and identify the break-even point.
Cost equation:		
Revenue equation:	
	Number of people
	Cost ($)
	Revenue ($)

	0
	
	

	20
	
	

	40
	
	

	60
	
	

	80
	
	



[image: A blank Cartesian graph titled ‘Cost and revenue of the fundraising event’, with the horizontal axis labelled ‘Number of people’ and the vertical axis labelled ‘Dollars ($)’. The x-axis runs from 0 to 100 people and the y-axis runs from 0 to $12 000, with gridlines provided for plotting or comparing cost and revenue values.]
[bookmark: _Appendix_C][bookmark: _Appendix_C_-]Appendix C 
Problems
	Question 1
	Question 2
	Question 3

	Mark designs and sells custom sneakers online for $150. His website has a set-up cost of $300, and each pair of sneakers costs $120 to make. How many sneakers need to be sold to break even?
Step 1: equations


Step 2: graph the solution
[image: A graph of y = 300 + 120x and y = 150x.]
Step 3: determine the break-even point

Step 4: put your answer in context
Mark will need to sell 10 pairs of sneakers.
	A theatre is hired for $1200 for an amateur performance. Tickets are sold for $25 each. How many tickets need to be sold to break even?
Step 1: equations


Step 2: graph the solution
[image: A graph of y = 1200 and y = 25x.]
Step 3: determine the break-even point

Step 4: put your answer in context

	It costs $3 to 3D print a phone case, and the printer costs $210. Each case is sold for $10. How many cases need to be sold to break even?
Step 1: equations


Step 2: graph the equation
[image: A blank Cartesian plane, where the vertical axis scaled from 0 to 500 and the horizontal axis is scaled from 0 to 40.]
Step 3: determine the break-even point

Step 4: put your answer in context



[bookmark: _Appendix_D]Appendix D
Break-even problem
The total cost, C, in dollars, of running the charity auction is initially modelled by: 
where n is the number of tickets sold.
Tickets are sold for $45 each, so the total revenue, R, in dollars, is modelled by: .
1. Complete the table of values:
	Tickets sold 
	Cost
	Revenue

	0
	
	

	200
	
	

	400
	
	

	600
	
	

	800
	
	



Graph 1
1. On the axes provided: 
sketch the original cost and revenue equations 
estimate the original break-even point.
[image: A blank Cartesian graph with the horizontal axis labelled ‘Number of tickets sold’ and the vertical axis labelled ‘Dollars ($)’. The x-axis runs from 0 to 1000 tickets sold and the y-axis runs from 0 to $50 000, with gridlines provided for plotting or comparing cost and revenue values.]
After 400 tickets have been sold, the organisers decide to change security companies for the auction. As a result, the total cost is now modelled by:

Complete the table of values:
	Tickets sold 
	Cost
	Revenue

	0
	
	

	200
	
	

	400
	
	

	600
	
	

	800
	
	


Graph 2
1. On the axes provided: 
1. sketch the modified cost and revenue equations
estimate the new break-even point.
[image: A blank Cartesian graph with the horizontal axis labelled ‘Number of tickets sold’ and the vertical axis labelled ‘Dollars ($)’. The x-axis runs from 0 to 1000 tickets sold and the y-axis runs from 0 to $50 000, with gridlines provided for plotting or comparing cost and revenue values.]
Using your graphs, determine approximately how many additional tickets must be sold because of the change in security costs? 
The scale of the graph makes it difficult to identify the exact break-even point after the change in security costs. Use the spreadsheet tab ‘Break-even problem’ to determine a more accurate break-even point and identify the interval where the charity auction changes from making a loss to making a profit.


Sample solutions
Appendix C – problems
	Question 1
	Question 2
	Question 3

	Mark designs and sells custom sneakers online for $150. His website has a set-up cost of $300, and each pair of sneakers costs $120 to make. How many sneakers need to be sold to break even?
Step 1: equations


Step 2: graph the solution
[image: A graph of y = 300 + 120x and y = 150x.]
Step 3: determine the break-even point

Step 4: put your answer in context
Mark will need to sell 10 sneakers.
	A theatre is hired for $1200 for an amateur performance. Tickets are sold for $25 each. How many tickets need to be sold to break even?
Step 1: equations


Step 2: graph the solution
[image: A graph of y = 1200 and y = 25x.]
Step 3: determine the break-even point

Step 4: put your answer in context
They need to sell 48 tickets to break even.
	It costs $3 to 3D print a phone case, and the printer costs $210. Each case is sold for $10. How many cases need to be sold to break even?
Step 1: equations


Step 2: graph the equation
[image: A graph of y = 210 + 3x and y = 10x.]
Step 3: determine the break-even point

Step 4: put your answer in context
30 cases need to be sold.



Appendix D – break-even problem
The total cost, C, in dollars, of running the charity auction is initially modelled by:

where n is the number of tickets sold.
Tickets are sold for $45 each, so the total revenue, R, in dollars, is modelled by:

1. Complete the table of values:
	Tickets sold 
	Cost ($)
	Revenue ($)

	0
	18 000
	0

	200
	20400
	9000

	400
	22 800
	18 000

	600
	25 200
	27 000

	800
	27 600
	36 000



Graph 1
1. On the axes provided: 
1. sketch the original cost and revenue equations
estimate the original break-even point.
[image: A graph of 2 simultaneous equations shows cost and revenue for tickets sold, with the horizontal axis labelled ‘Number of tickets sold’ and the vertical axis labelled ‘Dollars ($)’. The blue revenue line, labelled R = 45n, starts at $0 and rises more steeply than the red cost line, labelled C = 18 000 + 12n, which starts at $18 000; the two lines intersect at about 545 tickets and $24 500, showing the break-even point.]
The break-even point is approximately (546, 24 545).
After 400 tickets have been sold, the organisers decide to change security companies for the auction. As a result, the total cost is now modelled by:

Complete the table of values:
	Tickets sold 
	Cost ($)
	Revenue ($)

	0
	10 800
	0

	200
	16 800
	9000

	400
	22 800
	18 000

	600
	28 800
	27 000

	800
	34 800
	36 000


Graph 2
On the axes provided: 
1. sketch the modified cost and revenue equations
estimate the new break-even point.
[image: A graph of 2 simultaneous equations compares revenue and cost against the number of tickets sold, with dollars shown on the vertical axis. The blue revenue line, labelled R = 45n, starts at $0 and rises more steeply than the red cost line, labelled C = 10 800 + 30n; the lines intersect at about 720 tickets and $32 400, showing the break-even point.]
The break-even point is approximately (730, 32500).
From graph 1, the original break-even point is approximately (546, 24 545).
From graph 2, the new break-even point is approximately (730, 32 500).
Therefore, the additional number of tickets required:

Approximately 180 additional tickets must be sold due to the change in security costs. 
The scale of the graph makes it difficult to identify the exact break-even point after the change in security costs. Use a spreadsheet to complete a table of values, determine a more accurate break-even point, and identify the interval where the charity auction changes from making a loss to making a profit.
	Tickets sold 
	Cost ($)
	Revenue ($)

	700
	31 800
	31 500

	710
	32 100
	31 950

	720
	32 400
	32 400

	730
	32 700
	32 850

	740
	33 000
	33 300

	750
	33 300
	33 750

	760
	33 600
	34 200

	770
	33 900
	34 650

	780
	34 200
	35 100

	790
	34 500
	35 550

	800
	34 800
	36 000


[image: A graph of 2 simultaneous equations titled “Cost and revenue of charity auction” compares cost and revenue for ticket sales from about 700 to 800 tickets. The blue cost line and orange revenue line intersect at the labelled break-even point of 720 tickets and $32 400; after this point, the revenue line stays above the cost line, showing the event makes a profit.]
The exact break-even point occurs at (720, 32 400). This point is where the tickets sold are 720 and cost and revenue are both $32 400.
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