
Developing simultaneous equations
Students learn how to develop and solve simultaneous linear equations from real-world situations in the context of organising volunteer workers at a live music concert. They identify relationships within contextual information, translate them into equations, and solve them using a method of their choice before interpreting the result.
Learning intentions
To be able to develop simultaneous linear equations from a real-world context. 
To understand how simultaneous equations can model and solve practical problems.
Success criteria
I can identify relationships in a context and represent them as linear equations. 
I can develop simultaneous equations from written information. 
I can solve simultaneous equations using a method of my choice. 
I can interpret the solution in terms of the original context.

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
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 appropriate operations with whole numbers, familiar fractions and decimals, percentages, rates and ratios to analyse and solve everyday problems N6-2.1 
chooses and applies appropriate numeracy operations and techniques to analyse and resolve everyday situations N6-2.6 
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
Develop a pair of simultaneous linear equations to model a practical situation
Solve practical problems that involve simultaneous linear equations
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 interpret phrases from a live music concert scenario on slide 4 of the PowerPoint Developing simultaneous equations and develop algebraic expressions and/or equations using the variables provided.
	Think-Pair-Share
	Emphasise the language cues that indicate mathematical operations and support students to translate contextual statements into algebraic expressions and equations.

	Connecting learning
	Students use slide 6 to form 3 equations from volunteer information, then solve assigned pairs of simultaneous linear equations and compare whether each pair produces the same solution.
	Visibly random groups of 3
Vertical non-permanent surfaces
Pose-Pause-Pounce-Bounce
	The aim is to develop an understanding that practical contexts can be represented by equivalent simultaneous linear equations, and that 2 equations are required to solve a system with 2 variables.

	Releasing responsibility
	Students discuss the meaning of the solution in context, then use slides 8–15 to work through examples of developing a pair of simultaneous linear equations to model and solve practical problems. Students complete Appendix A using the provided scaffold.
	Worked examples (Your turn)
Notes to future forgetful selves
	Reinforce the interpretation of the solution in context and the selection of appropriate methods, including graphical methods, algebraic methods and bar models, to solve simultaneous linear equations.

	Independent practice
	Students use the Approaching questions scaffold on slide 17 and their annotated notes to solve Appendix B, then review and refine their solutions using the common marker feedback on slide 18.
	
	The focus is on independently modelling practical problems with simultaneous linear equations and refining responses to meet expectations for HSC-style questions.
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Activity structure
Please use the associated PowerPoint Developing simultaneous equations to display images in this lesson.
Activating prior knowledge
Pose the following scenario verbally to the class: 
Live music concert organisers are planning the staffing for 2 volunteer groups: 
· stage crew volunteers
· ground support volunteers.
They need to balance workload across different tasks occurring during the event. 
Display slide 4, which shows phrases overheard from the live music concert organising committee meeting. 
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy) have students develop algebraic expressions and/or algebraic equations for each phrase displayed. Animate the slide to provide the variables to be used:
 represents the number of stage crew volunteers
 represents the number of ground support volunteers.
Some suggested expressions and equations that the students may share include:
· 
· 
· 
·  and .
Initiate a class discussion on what phrases or words made it easier to identify the mathematical operation and translate the statement into an algebraic expression or equation.
Connecting learning
1. Use slide 6 to explain to students that the committee meeting has provided additional information about the volunteers at the live music concert. The information is as follows:
There are 50 volunteers in total.
Each stage crew volunteer completes 10 safety checks per hour.
Each ground support volunteer completes 5 safety checks per hour.
A total of 400 safety checks are completed each hour.
Each stage crew volunteer works 2 shifts during the event.
Each ground support volunteer works 3 shifts during the event.
There are 120 total volunteer shifts worked.
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
1. Explain to students that 3 equations can be formed from the information on slide 6 and have them work collaboratively to construct these equations. The slide can be animated to group the statements, highlighting how each group of information contributes to forming one of the 3 equations. 
1. Once groups begin to finish, have them compare their responses with a neighbouring group and, if differences arise, justify their reasoning to determine the most appropriate equation or explain why multiple valid equations may exist. 
1. Animate slide 6 to display the 3 equations that could have been produced:
Volunteer numbers: 
Safety checks: 
Shifts worked: 
Using the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B), discuss and unpack each equation, ensuring students can interpret what each one represents in the context of the problem.
Students may have written these equations in rearranged forms, providing an opportunity to revise equation manipulation and reinforce that equivalent equations can be represented in multiple valid ways.
Explain that, since there are 2 variables, 2 equations are required to solve the equations. Assign each group one of the 3 different pairs of equations and have them solve their system, then consider whether all groups obtain the same solution:
1. Volunteer numbers:  and safety checks: 
1. Safety checks:  and shifts worked: 
1. Volunteer numbers:  and shifts worked: 
Students have previously been exposed to a variety of methods to solve simultaneous equations including:
· graphical methods
· algebraic methods
· using bar models. 
Students should be encouraged to use the method they are most confident using.
Each group should obtain the same solution of  and .
Releasing responsibility
1. Initiate a class discussion on what the solution represents in the context of the problem and how it relates to the original scenario. Some suggested prompts include: 
What does your solution mean in the context of the scenario? 
How do you know your answer makes sense in context? 
What were the strengths and/or limitations of the method you chose compared to other approaches (graphical, bar model and/or algebraic)?
Use slides 8–15 to model worked examples of developing a pair of simultaneous linear equations using the Worked examples (Your turn) method (bit.ly/supportingstrategies). Appendix A ‘Your turn’ should be handed out to students for the ‘Your turn’ question, as it provides scaffolding for students to follow. 
Students may benefit from completing further practice questions from an existing resource where they develop a pair of simultaneous linear equations to model and solve practical problems. 
Encourage students to annotate Appendix A ‘Your turn’ to act as notes to their future forgetful selves (bit.ly/notestofutureself). 
Independent practice
1. Use slide 17 to remind students of the Approaching questions scaffold.
1. Distribute Appendix B ‘Further problems’ and encourage students to work in pairs to solve the questions using the Approaching questions scaffold as well as their annotated notes.
Display slide 18, which outlines common marker feedback from previous HSC-style questions of a similar nature.
Teachers may need to remind students of the definition of a pronumeral.
Have students review and refine their own solutions in response to this feedback.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Provide sentence stems to support students translating words into algebra. For example, ‘The total number of volunteers is represented by ___ ’ or ‘More than ___ means ___.’
Extend students by asking them to identify whether each response is an expression or an equation and justify the difference.
Connecting learning 
Support students by prompting them to match each equation to its meaning. For example, ‘Which equation represents the total number of volunteers?’ and ‘Which equation represents safety checks per hour?’
Allow students to choose a preferred solving method, such as graphical methods, bar models or algebraic methods, to build confidence when solving the assigned system. 
Extend students by asking them to explain why different pairs of equations give the same solution and what this suggests.
Releasing responsibility
Support students to identify the 2 relationships needed by using prompts such as, ‘What are the 2 quantities being compared?’ and ‘What total or condition links the variables?’
Encourage students to check that each equation matches the context by substituting the solution back into the original scenario and explaining whether it is reasonable. 
Extend students by asking them to write an alternative pair of valid simultaneous equations for the same context and explain why the equations are equivalent.
Independent practice
Allow students to work in pairs to discuss equation formation before independently completing the solution and interpretation. 
Support students by prompting them to check whether their solution is reasonable in context. For example, ‘Can the number of volunteers be negative or decimal?’
Mathematics Standard 1 adjustments and considerations
Mathematics Standard 1 students do not need to complete any work on developing a pair of simultaneous equations to model and solve practical problems. As this is the basis of this lesson, this lesson could be removed if you have a standalone Mathematics Standard 1 class. Alternatively, if you have a combined Mathematics Standard 1 and 2 class, you could modify this lesson for Mathematics Standard 1 students by providing them with the associated equations needed to solve the problems and allowing graphical applications to be used. 


Suggested opportunities for assessment
Activating prior knowledge 
Observe student responses during Think-Pair-Share to assess whether they can translate verbal statements into algebraic expressions and equations.
Review shared examples to identify whether students can correctly distinguish between expressions (for example, ) and equations (for example, ). 
Listen for students correctly interpreting the variables  and  in the context of stage crew and ground support volunteers.
Connecting learning 
Observe group work on vertical non-permanent surfaces to assess whether students can construct equations from contextual information. 
Ask students to justify their equations to assess whether they understand what each coefficient, variable and constant represents. 
Review group solutions to assess whether students can solve a pair of simultaneous equations and obtain the contextual solution  and .
Releasing responsibility
Observe student use of the worked examples and Appendix A to assess whether they can follow a structured process for modelling and solving practical problems. 
Review annotations on Appendix A to assess whether students can identify key information, define variables and form appropriate equations. 
Ask students to compare solution methods to assess their ability to evaluate the strengths and limitations of graphical, bar model and algebraic approaches.
Independent practice
Review responses in Appendix B ‘Further problems’ to assess whether students can independently develop and solve simultaneous linear equations from practical contexts. 
Check student working to assess whether variables are clearly defined, equations are correctly formed and solutions are verified in context. 
Ask students to identify how marker feedback applies to their own work to assess their ability to refine HSC-style responses.
[bookmark: _Appendix_A]Appendix A
Your turn
A community arts festival is being organised. The organisers want to determine how many workshop tickets need to be sold to break even. Let: 
 represent the number of workshop tickets sold
 represent the total amount (in dollars).
Each workshop ticket is sold for $40. The running costs include a fixed setup fee of $500 plus $15 per ticket sold. By developing and solving a pair of simultaneous equations, find the number of tickets that need to be sold to break even. 
Solution:
1. Define variables clearly.
	


Identify 2 relationships in context. 
	


Translate each into a linear equation ensuring both describe the same situation.
	




1. Solve the pair of simultaneous equations. 
	


Interpret the solution in context to answer the question.
	




[bookmark: _Appendix_B]Appendix B
Further problems
1. At a school sports carnival, there are 2 types of participants: sprinters and long-distance runners. 
Let  be the number of sprinters and let  be the number of long-distance runners. There are 46 athletes in total. Each sprinter competes in 3 events, and each long-distance runner competes in 5 events. In total, the athletes compete in 190 events. 
1. Write 2 relevant equations from the information provided. 
	


1. Graph both equations on the grid provided. 
[image: A blank Cartesian coordinate grid filling the page. The horizontal axis is labeled x with tick marks every 5 units, running from 0 at the left to 70 at the right, ending in an arrow. The vertical axis is labeled y with tick marks every 5 units, running from 0 at the bottom to 50 at the top, also ending in an arrow. The grid is composed of evenly spaced squares, forming a standard graphing layout with no plotted points, lines, or annotations.]
1. Find the number of sprinters and the number of long-distance runners. 
1. At a music festival, tickets are sold for 2 different areas:
General Admission tickets 
VIP tickets. 
On one day, a total of 350 tickets were sold and the total revenue from tickets was $30 000.
General Admission tickets cost $60 each and VIP tickets cost $120 each.
How many of each ticket were sold?
	


A state transport authority is recording vehicle registrations for one year. 
It costs $500 to register a truck and $300 to register a van. 
Let  be the number of trucks and let  be the number of vans. 
There are 4 times as many vans as trucks. The total registration revenue collected from these vehicles is $119 000. 
Find the number of trucks and vans registered. 
	




Sample solutions
Appendix B – further problems
1. 
1. 


1.  
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[image: A Cartesian coordinate grid with the horizontal axis labeled X and the vertical axis labeled Y. Two straight lines are plotted. The red line begins high on the left at about (0, 45) and slopes downward to meet the x‑axis at about (45, 0). The blue line begins slightly lower at about (0, 40) and slopes downward more gradually, reaching the x‑axis near (65, 0). The two lines cross at roughly the point (25, 25). No other markings, labels, or annotations appear on the graph.]
1. 
There are 20 sprinters and 26 long-distance runners. 
 		(1)
 	(2)
From (1): 


There were 200 general admission tickets and 150 VIP tickets sold. 
 				(1)
		(2)
Substitute (1) into (2):

Substitute into (1):

 There are 70 trucks and 280 vans.
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