
Converting rates
This lesson introduces students to the concept of comparing rates with different units by comparing the speed of Usain Bolt with a wombat.
Visible learning
Learning intention
To be able to convert between units for rates.
Success criteria
I can convert rates with different metric units.
I can convert rates with different times.
I can compare rates with different units.
Syllabus outcomes
A student:
1. 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 involving ratios and rates, and analyses distance–time graphs 
MA4-RAT-C-01
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Launch
	Display images of Usain Bolt and a wombat using slide 3 of the PowerPoint Converting rates. Students discuss who is faster. Slide 4 reveals their speeds in different units. Students discuss and compare who is faster using the given speeds.
	Think-Pair-Share
	Students are introduced to the challenge of comparing rates that are measured in different units.

	Explore
	Students explore the concept of speed using double-sided bar models on slides 6 to 10, which visually represent Usain Bolt’s speed over varying distances and time periods, eventually comparing Bolt’s and the wombat’s speed when converted to consistent units. Students compare speeds in Appendix A.
	Think-Pair-Share
Pose-Pause-Pounce-Bounce
	A visual representation is used to establish speed as distance travelled over time. Students then use this understanding to convert rates to given units.

	Summarise
	Explicit teaching on converting rates is conducted using Worked examples on slides 12 to 19. Students practise conversions using slide 20 of the PowerPoint and write notes to their future forgetful selves on how to convert rates between units.
	Worked examples (Your turn)
Variation theory
	Students move from using a visual representation to using an abstract approach to converting rates to given units.

	Apply
	Students use average reaction times for experienced and inexperienced drivers to calculate stopping distances and discuss the appropriateness of the 40 km/h school zone speed limit based on their findings.
	Think-Pair-Share
	Students apply their understanding to solve a real-world problem.



Activity structure
Please use the associated PowerPoint Converting rates (CR PPT) to display images in this lesson.
Launch
Use slide 3 of the PowerPoint (CR PPT) to display images of Usain Bolt and a wombat.
Prompt students to discuss in a Think-Pair-Share (bit.ly/thinkpairsharestrategy), who is faster, Usain Bolt or an average wombat?
Use slide 4 of the PowerPoint (CR PPT) to display the top speeds of Usain Bolt and a wombat, 10 m/s and 40 km/h, respectively.
The goal of this launch is to highlight to students that it is difficult to compare rates when they are not measured in the same units.
Students Think-Pair-Share again discussing who is faster, using the revealed speeds to support their reasoning.
Students may consider the distance covered by Usain Bolt in one hour or the distance covered by the wombat in one second.
Possible misconceptions to be aware of may include students thinking the wombat is 4 times as fast because 40 is 4 times 10, that Usain Bolt’s top speed is 36 000 km/h because , or that the wombat’s top speed is 0.01 m/s because 40 divided by 60 divided by 60 = 0.01.
Explore
1. Use slide 6 of the PowerPoint (CR PPT) to display a double-sided bar model. Students discuss in a Think-Pair-Share: How does the double number line represent Usain Bolt’s speed of 10 m/s?.
Use slide 7 of the PowerPoint (CR PPT) to display the double-sided bar model, having travelled 20 metres over 2 seconds. In a Think-Pair-Share, students discuss the prompts on the slide.
Animate the slide to display the working to calculate the distance Usain Bolt would travel in a minute. In a Think-Pair-Share, ask students how this connects to the bar model.
Students will notice that the bar model displayed does not go beyond 10 seconds. Though the relationship is multiplicative, as seen by using the bar model to calculate how far he travels in 2 seconds and 10 seconds.
Use slide 8 of the PowerPoint (CR PPT) to display the double-sided bar model, translated to distance travelled (m) over time travelled (minutes). In a Think-Pair-Share, students discuss the prompt: What is Usain Bolt’s speed per minute?.
Animate the slide to display the distance travelled over 10 minutes and the discussion prompt: If Usain Bolt travels at a speed of 600 m/min, can you calculate how far he would travel in one hour?.
Use slide 9 of the PowerPoint (CR PPT) to display the double-sided bar model, zoomed out to show the distance travelled over 60 minutes. Students discuss the prompts on the slide.
Animate the slide to display the working to calculate the distance Usain Bolt would travel in an hour and the prompt What is Usain Bolt’s speed per hour?
Use slide 10 of the PowerPoint (CR PPT) to return to comparing Usain Bolt’s speed with a Wombat’s speed, this time with both speeds measured in hours, 36 000 m/h and 40 km/h, respectively. Students discuss in a Think-Pair-Share who is faster, requiring them to convert to either km/h or m/h.
Print and distribute Appendix A ‘Which is faster?’ to pairs of students. Pairs discuss which speed is faster. Students record their reasoning in the reasoning column. This could include drawing a bar model like shown in the PowerPoint (CR PPT) slides or simply stating that 10 km/s is faster than 10 m/s because 10 km is a greater distance to cover in one second.
Use a Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB] (bit.ly/posepausepouncebounce) to facilitate a class discussion, for students to share their reasoning for Appendix A.
Summarise
1. Use slides 12 to 19 of the PowerPoint (CR PPT) for explicit teaching of converting rates using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
The Worked examples use an abstract approach to converting units in rates. Students could reflect on and construct bar models like those used in the Explore section to support their reasoning.
1. Display slide 20 of the PowerPoint (CR PPT) containing variation problems (variationtheory.com/introduction). Students are to complete each conversion, checking their answers with a partner.
1. Students are to create notes to their future forgetful selves (bit.ly/notestofutureself) on how to convert rates to different units.
Apply
1. Explain to students, that when a car driver sees an incident, it takes time to react and start braking. This is called reaction time. During this time, the car continues to move at the current speed.
Share with students the average reaction times for experienced and inexperienced drivers:
experienced drivers: 0.75 seconds
inexperienced drivers: 2 seconds.
If digital devices are available, students could be directed to Washington’s ‘Red light – green light reaction time test’ (bit.ly/reactionspeed), to find their own reaction time to use for this activity.
Using this information, have students discuss in a Think-Pair-Share, whether a speed limit of 40 km/h is appropriate for school zones. Encourage students to justify their answers with calculations and reasoning.
There are now changes to speed limits within town centres – being reduced to 30 km/h for example in the town of Coota. This could be explored as it will be rolling out across the state over the next few years. For more information, you can access the article ‘“Over the top” or a life-saving move? The push for 30 km/h speed limits’ (bit.ly/30kmspeedzones).


Assessment and differentiation
Suggested opportunities for differentiation
Launch
Usain Bolt’s top speed of 10.44 m/s could be used instead of 10 m/s, if students are confident operating with decimals.
Enable students by providing sentence starters to help scaffold the discussion, for example, ‘I think Usain Bolt is faster because …’.
Explore
Allow students to work with physical manipulatives, such as number lines or blocks, to model speed and distance relationships visually.
Students could walk out distances over time to demonstrate speeds, for example, what does 10 metres in one second look like?
Challenge students to create their own bar models for different speeds or units.
Discuss that extrapolating Usain Bolt’s speed from m/s to km/hr would not be a linear conversion, as it’s unrealistic that he could maintain this speed for a longer period.
Summarise
Challenge students to generalise a strategy such as multiplying by 3.6 rather than multiplying by 60 twice and dividing by 1000.
Challenge students by having them convert rates involving square or cubic units. For example, convert 20 m²/s to km²/h.
Offer an additional challenge to explore converting between multiple units, including US customary units. For example, m/s to km/h and then to miles per hour.
Apply
Challenge students to collect data to calculate the average reaction time for a range of drivers, such as family members, school staff, and so on.
Challenge students to evaluate real-world speed limits in other areas (for example, freeway vs. school zone) and justify why these limits are appropriate or not.
Students could explore space travel distances and speeds, for example, light years.
Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
Observe student discussions about who is faster and how they are reasoning through the comparison. Take note of any misconceptions, for example, the belief that the wombat is 4 times faster due to a comparison of the numbers.
After revealing the speeds, have students write a short explanation about who is faster and why, based on the given rates. This can help assess their initial understanding of unit conversion with rates.
Explore
During the bar model discussions, observe students’ reasoning about speed comparisons and conversions. Assess that students accurately describe how the model represents the speeds.
Collect Appendix A to assess the reasoning students are using to compare speeds.
Summarise
Observe students’ responses to the ‘Your turn’ problems to assess whether they can convert units in rates.
Solutions to the variation questions from slide 20 could be collected as evidence that students can convert units in rates.
Apply
While students discuss the appropriateness of the 40 km/h speed limit, observe their ability to use calculations and reasoning to justify their answers. This will provide insight into how well they can apply conversion skills in real-world contexts.

[bookmark: _Appendix_A]Appendix A
Which is faster?
	Option A
	Option B
	Reasoning

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




[bookmark: _Appendix_B]Sample solutions
Appendix A – Which is faster?
	Option A
	Option B
	Reasoning

	
	
	10 km is further than 10 m, since both units are per second, travelling 10 km is clearly the faster speed.

	
	
	Both speeds travel the same distance but one takes 1 second and the other takes 1 hour, so clearly travelling 10 m in 1 second is faster.

	
	
	Convert 10 m/s to km/h 

So, 10 m/s is faster than 10 km/h.

	
	
	Convert 10 m/s to m/min

So, 10 km/min is faster than 10 m/s.

	
	
	In 1 minute, 10 m/s will travel 60 m. This is much greater than 10 cm.
So, 10 m/s is faster than 10 cm/min.


Summary – variation questions
1. Convert  m/s to km/h.
40 m/s × 60 × 60 ÷ 1000 = 144 km/h
2. Convert  km/h to m/s.
40 km/h × 1000 ÷ 60 ÷ 60 = 11.11 m/s (rounded to 2 decimal places)
3. Convert  cm/s to m/s.
4000 cm/s ÷ 100 = 40 m/s
4. Convert  m/s to km/min.
40 m/s ÷ 1000 × 60 = 2.4 km/min
5. Convert  mm/s to m/s.
4000 mm/s ÷ 10 ÷ 100 = 4 m/s
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