
Converting rates
Students learn how to compare and use rates in the context of managing a large city running event. They convert rates involving both quantity and time, compare different options and use rates to solve practical problems by converting one or both units within a rate to equivalent units before making comparisons.
Learning intention
To be able to compare rates expressed in different units.
Success criteria
I can convert one or both units within a rate to equivalent units.
I can compare rates by selecting an appropriate conversion.
I can use rates to solve problems and justify decisions in 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 
solves practical problems involving ratios and rates MST-12-S2-05
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 
interprets ratios and rates to solve problems in practical contexts MST-12-S1-05
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
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 efficient strategies to analyse and solve everyday problems involving metric relationships, distance and length, area, volume, time, mass, capacity and temperature N6-2.2
chooses and applies efficient strategies to analyse and solve everyday problems involving money and finance N6-2.4
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
Rates
Convert between rates
Make comparisons between rates in a variety of practical contexts
Use rates to solve problems in a variety of practical contexts
Associated Mathematics Standard 1
Rates
Convert between rates
Make comparisons between rates in a variety of practical contexts
Use rates to solve problems in a variety of practical contexts
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students compare 2 participant check-in systems on slide 4 of the PowerPoint Converting rates by converting rates into comparable units and justifying which system processes runners more efficiently.
	Think-Pair-Share
	Emphasise converting rates to equivalent units or unit rates to make valid comparisons, building on prior learning and connecting rates to the gradient of a linear graph.

	Connecting learning
	Students compare cooling misting systems on slide 6, then compare vehicle options on slide 7 and discuss different strategies.
	Visibly random groups
Vertical non-permanent surfaces
Gallery walk
	Develop students’ capacity to recognise when one or both units within a rate must be converted in practical contexts, justify decisions using relevant criteria and recognise that open-ended problems may have more than one valid response.

	Releasing responsibility
	Students use slides 9–10 to examine worked examples for converting between rates, then complete Appendix A, annotating their work to create notes.
	Worked examples (Your turn)
Notes to future forgetful selves
	Reinforce the flexibility of rate conversion strategies, highlighting that students may convert one rate to match the other or convert both rates into equivalent units before comparing.

	Independent practice
	Students complete Appendix B by identifying the error, explaining the misconception and writing the correct solution.
	Incorrect examples
	Address common misconceptions when converting and comparing rates, with students justifying corrections through clear mathematical reasoning.
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Activity structure
Please use the associated PowerPoint Converting rates to display images in this lesson.
Activating prior knowledge
Verbally pose the following scenario:
As part of a large city running event, thousands of people are expected to participate throughout the day. The event requires careful coordination of entry points, checkpoints and support stations to ensure everything runs smoothly.
Students may benefit from watching a video of the City2Surf event to help visualise the scale and organisation of a large city running event (youtube.com/c/City2SurfSydney/videos).
Use slide 4 to display the following information:
Event organisers are testing 2 participant check-in systems for the city running event:
System A checks in 900 runners per hour.
System B checks in 140 runners every 10 minutes.
Use a Think-Pair-Share (bit.ly/thinkpairsharestrategy) for students to discuss the question: ‘Which system processes runners more efficiently?’
When students are sharing their answers and reasoning, prompt them to explain the strategy they used to solve the problem. Some students may have converted System B to an hourly rate or converted System A to a rate for every 10 minutes or converted both systems to a per minute rate.
Students first encountered this concept in the Stage 4 Ratios and rates outcome MA4-RAT-C-01.
Animate slide 4 to demonstrate how a graph can be used to compare the 2 systems and discuss how it supports students’ answers.
Connecting learning
Students reviewed converting between rates from the Year 11 Applications of measurement outcome MST-11-05 in Lesson 1 – best buys. Depending on your students, this concept may need further revision.
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
1. Explain the following scenario and use slide 6 to display the relevant information.
To help runners stay cool during the event, misting stations will be set up on the course. These systems spray a fine water mist for short periods to help reduce body temperature and minimise the risk of overheating in hot conditions. The goal is to provide effective cooling while using water efficiently.
System A: 850 mL of water dispersed per minute.
System B: 54 L per hour.
System C: 12 L every 15 minutes.
Animate slide 6 to show the question that groups will work on, discussing strategies to solve the problem and justify their solution.
The cooling misting system will operate for the hottest 2-hour period of the event. Which system would you select and why?
Before groups compare the systems, initiate a class discussion about what factors could influence the choice of a cooling misting system. Suggested prompts may include:
What information would we need to consider factors such as cost, water usage or environmental impact?
What information do we have available to help us compare the systems?
Discuss that in real-world decisions, factors such as cost, environmental impact and effectiveness may need to be considered. In this activity, students will use the given rates to mathematically compare water usage and output, then justify their decision based on the available information.
This question is intentionally open-ended and does not have a single correct answer, with students expected to justify their choice using mathematical evidence, such as comparing equivalent rates of water usage and output. Factors such as cost efficiency and environmental impact may also be used in their reasoning. System A uses 0.85 L/min, System B has the highest water output rate at 0.9 L/min, and System C uses the least water at 0.8 L/min.
Have students complete a gallery walk (bit.ly/DLSgallerywalk) to compare the different strategies groups used to convert and compare the rates. Ask students to identify similarities and differences between approaches, focusing on how each group selected equivalent units to make a valid comparison.
Following the gallery walk, choose a few groups’ solutions to discuss as a class. Some prompts could include:
Which strategy did this group use to compare the systems?
What units did this group choose to convert to, and why were these appropriate for comparison?
How did different groups represent the same rates in different ways?
What assumptions or criteria led different groups to reach different conclusions?
Verbally pose a second scenario and question, using slide 7 to display the relevant information. Ask students to work through this in their groups.
Officials, medical staff and equipment are moved around the course, and the event team are determining which vehicle to hire for the event.
· Vehicle A: course buggy with an average speed of 4 m/s.
· Vehicle B: support van with an average speed of 25 km/h.
Which vehicle would you recommend and why?
Students converted speed in Year 11 Formulas and equations outcome MST-11-01 when calculating the stopping distance of vehicles.
Once some groups start to complete their solution, animate slide 7 to show additional information and a question for groups to work through. Discuss how the additional information may change the decision-making process. Prompt students to consider which factors are important when selecting a vehicle for the event, such as travel time, route distance and carrying capacity.
Course buggy can travel along the closed running course, taking a shorter 1. 2 km route between checkpoints, transporting 2 people.
Support van must use external roads, resulting in a 3 km route to the same destination, transporting up to 8 people.
Which option is most effective for supporting the event overall? Consider the vehicle speed, route distance and carrying capacity when justifying your decision.
Have students complete a gallery walk to compare the strategies groups used to determine the most effective vehicle option, focusing on how groups used speed, distance and carrying capacity to justify their decisions.
Initiate a class discussion about the different strategies and reasoning used, highlighting how groups selected relevant information and justified their decisions using mathematical evidence. Move the class to different groups’ vertical non-permanent surfaces to showcase these.
The vehicle hire question is intentionally open-ended and does not have a single correct answer. Even though the support van is faster (25 km/h ≈ 6.94 m/s), the course buggy (4 m/s) is more effective overall because it travels a much shorter, direct route on the closed course. The course buggy would take approximately 5 minutes compared to the van taking approximately 7 minutes. However, students may justify selecting the van as the most effective option because its greater carrying capacity makes it better suited to transporting people and equipment.
Releasing responsibility
1. Use slides 9–10 to model how to identify whether the quantity, the time or both units within a rate require conversion before comparing rates using the Worked examples (Your turn) strategy (bit.ly/supportingstrategies).
In pairs, have students complete Appendix A ‘Converting between rates to compare’, annotating as they go to create notes to their future forgetful selves (bit.ly/notestofutureself). Students will revisit 2 questions they have previously explored, solving each using 2 different strategies: converting one rate to match the other, then converting the other rate instead. This reinforces that different rate conversion approaches can be used to make valid comparisons. 
Students may benefit from completing additional questions from an existing resource, focusing on converting between rates to make comparisons in a variety of practical contexts.
Independent practice
1. Distribute Appendix B ‘Incorrect examples’ to all students. Ask students to work in pairs to:
identify the error in the incorrect solution
explain the error
write out the correct solution.
The purpose of this activity is to address common errors and misconceptions when converting and comparing rates. 


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge
Provide a table with headings such as ‘per hour’, ‘per 10 minutes’ and ‘per minute’ to support students in comparing the 2 check-in systems.
Extend students by asking them to compare both systems using more than one equivalent rate and explain which method is most efficient.
Connecting learning
Provide guiding questions to support groups when comparing cooling misting systems, for example, ‘What units need to be the same?’, ‘What assumptions are you making?’ and ‘What does efficient mean in this context?’.
Extend students by asking them to consider multiple criteria, such as time, water usage, distance, environmental impact and suitability for the event context.
Releasing responsibility
Provide scaffolding in Appendix A to support students in selecting strategies.
Extend students by asking them to create an alternative practical context where 2 rates must be converted and compared.
Independent practice
Support students by highlighting common conversion errors, such as mixing units of time or comparing rates before converting to equivalent units.
Encourage students to check their corrected solutions using estimation or an alternative method.
Extend students by asking them to write a second incorrect solution that shows a different misconception, then explain how to correct it.
Mathematics Standard 1 adjustments and considerations
The syllabus content for both Mathematics Standard 2 and Mathematics Standard 1 is the same in this lesson. The lesson can be completed as is and adjustments made if necessary.


Suggested opportunities for assessment
Activating prior knowledge 
Observe student responses during the Think-Pair-Share to assess whether they can convert rates into comparable units.
Ask students to explain the strategy they used to compare the check-in systems to assess their understanding of unit rates.
Listen for students using appropriate mathematical language, such as ‘per hour’, ‘per minute’, ‘equivalent rate’ and ‘more efficient’.
Connecting learning 
Observe group work at vertical non-permanent surfaces to assess whether students can select and apply appropriate rate conversions in practical contexts.
Ask groups to justify their cooling misting system recommendation to assess whether they can use mathematical evidence to support a decision.
During the gallery walk, listen for students identifying assumptions and criteria that influence different valid conclusions.
Releasing responsibility
Review student annotations in Appendix A to assess whether they can identify key information and record methods clearly.
Ask students to explain why rates must be converted before comparison to assess conceptual understanding.
Check paired responses for accurate calculations, correct units and clear conclusions in context.
Independent practice
Review Appendix B responses to assess whether students can identify, explain and correct errors in rate conversions.
Ask students to justify their corrected solution to assess whether they understand the misconception, not just the procedure.
Observe partner discussions to assess whether students can use mathematical reasoning to critique and improve solutions.
Use student error explanations to identify common misconceptions for future revision, such as incorrect time conversions or comparing non-equivalent rates.


[bookmark: _Appendix_A]Appendix A
Converting between rates to compare
Determine the more efficient option for each item using 2 different methods.
	Question
	Method 1
	Method 2

	Water misting output for recovery zone:
System A: 850 mL per minute.
System B: 54 L per hour.
	
	

	Course support vehicles:
Vehicle A: 4 m/s.
Vehicle B: 25 km/h.
	
	





[bookmark: _Appendix_B]Appendix B 
Incorrect examples
Work in pairs to:
identify the error in the incorrect solution
explain the error
write out the correct solution.
	Question
	Incorrect solution
	Explain the error and correct it

	A runner travels 240 m in 30 seconds. Another runner travels 26 km/h. Which is faster?
	

The second runner is faster.
	

	A pump delivers 1.5 L per minute. Another delivers 90 L per hour. Which is faster?
	L/min
The second pump is faster.
	

	A machine produces 360 kg in 12 minutes. Another produces 25 kg per minute. Which is faster?
	kg/min
The first machine is faster.
	

	A cyclist travels 900 m every 45 seconds. Another travels 1.2 km in 1minute. Which is faster?
	
km m
m/s
The second cyclist is faster.
	



Sample solutions
Appendix A – converting between rates to compare
Determine the more efficient option for each item using 2 different strategies.
	Question
	Strategy 1
	Strategy 2

	Water misting output for recovery zone:
System A: 850 mL per min.
System B: 54 L per hour.
	Convert to L/min
System A:
850 mL = 0.85 L
0.85 L/min
System B:
[image: A two‑column table compares water volume and time.
First row — Water: 54 L. Time: 1 hr.
Second row — Water: 0.9 L. Time: 1 min.
Between the rows, red arrows point downward in both columns. Beside each arrow is a blue box labelled ÷ 60, showing that both the water amount and the time have been divided by 60 when moving from the first row to the second.]
System B is more efficient as it delivers more water at 0.9 L/min compared to 0.85 L/min.
	Convert to L/h
System A:
[image: A two‑column table compares water volume and time.
First row — Water: 850 mL. Time: 1 min.
Second row — Water: 51 000 mL. Time: 1 hr.]
51 000 mL = 51 L
51 L/h
System B is more efficient at 
54 L/h compared to 51 L/h. 

	Course support vehicles:
Vehicle A: 4 m/s.
Vehicle B: 25 km/h.
	Convert to m/s
Vehicle B:

Vehicle B would travel at a faster speed at 6.9 m/s compared to 4 m/s. 
	Convert to km/h
Vehicle A:

Vehicle B would travel faster at 25 km/h compared to 14.4 km/h.




Appendix B – incorrect examples
	Question
	Incorrect solution
	Explain the error and correct it

	A runner travels 240 m in 30 seconds. Another runner travels 26 km/h. Which is faster?
	

The second runner is faster.
	The error is incorrect time conversion. Hours were converted to minutes only.
Correct conversion: 26 km/h 
m/s
Therefore, the first runner is faster.

	A pump delivers 1.5 L per minute. Another delivers 90 L per hour. Which is faster?
	L/min
The second pump is faster.
	The error is multiplying instead of dividing when converting hours to minutes.
Correct conversion: L/min
Therefore, they are equal.

	A machine produces 360 kg in 12 minutes. Another produces 25 kg per minute. Which is faster?
	kg/min
The first machine is faster.
	The error is multiplying total quantity by time instead of dividing to find a rate.
Correct conversion: kg/min
Therefore, the first machine is faster.

	A cyclist travels 900 m every 45 seconds. Another travels 1.2 km in 1 minute. Which is faster?
	 m/s
km  m
m/s
The second cyclist is faster.
	The error is a calculation or transcription error:  was incorrectly evaluated as 30 instead of 20.
Correct conversion: m/s
1.2 km/min m/s
Therefore, they are equal.
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