
Bears and balloons
Students explore using the unitary method to solve problems involving ratios, including how many balloons it would take for a bear to escape a zoo.
Visible learning
Learning intentions and success criteria should be shared with students later in the learning episode.
Learning intention
To know how to use the unitary method to solve problems involving ratios.
Success criteria
I can find the value of one part.
I can identify how many parts are in the ratio.
I can calculate unknown values, given a value and a ratio.
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Table 1: lesson summary 
	Section
	Summary of activity
	Teaching strategy
	Teaching points

	Launch
	Use slide 3 of the PowerPoint Bears and balloons to display a picture of bears and balloons. State ‘The bear wants to escape the zoo and sees a teddy bear floating with balloons. He imagines himself floating away with a balloon’. Ask students what information they need to know to calculate the number of balloons needed for the bear to float.
	Think-Pair-Share
	Students think about what information is needed to solve the problem.

	Explore
	In groups, students are told that 9 balloons are needed to lift the teddy bear, the weight of the teddy bear is 130 grams, and the bear is 588 kilograms and asked to find the number of balloons needed to lift the bear. 
Use slides 5 to 6 of the PowerPoint to show how to use the unitary method to divide an amount in a given ratio.
Students then complete Appendix A.
	Visibly random groups of 3
Vertical non-permanent surfaces
Pose-Pause-Pounce-Bounce
Think-Pair-Share
Catch tasks
	Students discover a need for the unitary method.

	Summarise
	Use slides 8 to 11 for worked examples before distributing Appendix B. Students then complete Four quadrant notes in Appendix C.
	Worked examples (Your turn)
Variation theory
Visibly random groups of 3
Vertical non-permanent surfaces
	Students explicitly learn how to use the unitary method before practising.

	Apply
	Students complete Appendix D in groups.
Students compare methods using slide 13 of the PowerPoint.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	Students complete a harder problem and/or compare the methods explored in this lesson and Lesson 3 – Dividing into a ratio



Syllabus 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 problems involving ratios and rates, and analyses distance–time graphs 
MA4-RAT-C-01
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Activity structure
Please use the associated PowerPoint Bears and balloons (BB PPT) to display images in this lesson.
Launch
1. Display slide 3 of the PowerPoint (BB PPT) Bears and balloons, which shows a teddy bear being held up by a bunch of balloons and a real bear.
1. State to students:
The bear wants to escape the zoo and sees this teddy bear floating with balloons. He imagines himself floating away with a balloon.
1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy) ask students the following questions:
How many balloons do you think the bear will need to escape the zoo?
What information would we need to know to figure this out?
Students may say we need to know the weight of the bear and teddy bear, and the amount of weight one balloon can hold. 
Explore
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) on vertical non-permanent surfaces (bit.ly/VNPSstrategy).
1. Reveal that 9 balloons are needed to lift the teddy bear, the weight of the teddy bear is 130 grams, and the bear is 588 kilograms. Ask students to find the number of balloons the bear needs to escape.
This activity aims to focus on the value of one unit. Most students will first find the amount of weight one balloon can carry to lead into the unitary method for ratios, though this is not the best method. Students will return to this problem later in the lesson.
Students may note that the teddy bear may be floating and not being lifted so the number of balloons would have to exceed the number needed to hover. A sample solution has been provided.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to ask students what each group did first to try and solve the problem.
1. Have students return to their desks and reveal the learning intentions and the success criteria.
1. In a Think-Pair-Share, ask students what the unitary method is.
Students should recognise that the unitary method is finding the value of one unit to find the value of others. If not, explain this to students and have them restate your answer or the answers of others in the class.
1. Display slide 5 of the PowerPoint (BB PPT), which shows an example of dividing an amount in a given ratio from Lesson 3 – Dividing into a ratio.
1. In a Think-Pair-Share, ask students what they think one unit would be in this scenario and how they would calculate the value of one unit.
Students should recognise that one part of the ratio, as seen in the bar model, would represent one unit. Students may note that dividing the whole amount by the parts in the ratio would give us the value of one part.
1. Display slide 6 of the PowerPoint (BB PPT), which shows the value of one part represented in the bar model. In another Think-Pair-Share, ask students to verify the amount of paint needed for each colour.
Students will note that we can find the amount of blue paint by multiplying one part by 2 () and the amount of pink paint by multiplying one part by 3 ().
1. Distribute Appendix A ‘Bears and balloons’ to each pair of students and ask them to complete the provided questions. This Appendix has a catch task (bit.ly/catchtasks) embedded to use as a stimulus for the following discussion.
1. Once most students get to the first catch task at question 2b, use the Pose-Pause-Pounce-Bounce questioning strategy to ask students:
How was question 2b different from the previous questions?
Can you explain what the bar model would look like for this ratio?
How did you find the value for one part? How did you know to do that?
Summarise
1. Use slides 8 to 11 from the PowerPoint (BB PPT) for explicit teaching of solving problems with the unitary method using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
1. Distribute Appendix B ‘Unitary method’ to each student which uses variation theory (variationtheory.com/introduction). Ask students to complete the questions.
1. Have students return to their visibly random groups of 3 and ask them to complete four quadrant notes to their forgetful future selves (bit.ly/supportingstrategies) from Appendix C ‘Four quadrant notes’ on a vertical non-permanent surface.
Apply
Escaping bears
1. Assign students to new visibly random groups of 3 on vertical non-permanent surfaces and distribute Appendix D ‘Bears, bears and more bears’.
1. Ask students to complete the questions provided in the Appendix.
1. Ask students to explain to another group how they got each answer, for questions 1 to 3.
Use the assessing and advancing questions in Table 2 to further student thinking for question 4 of Appendix D.
Table 2: assessing and advancing questions
	Assessing questions
	Advancing questions

	How do we simplify ratios?
	What time should the bear have at each point to come second?

	How could we confirm that the ratio we have shows that the bear would come second at each point?
	If the bear also came second overall, would that affect the ratio you created? Justify why.

	Consider how you changed the overall time for the bear coming second. How would that change your ratio?
	If the new bear were to come third, would it be easier to adjust the ratio or the time or both from the bear that came second?


1. Have students complete a gallery walk (bit.ly/DLSgallerywalk), noting the variety of solutions and methods used.
Comparing methods
1. Students should return to their visibly random groups of 3.
1. Display slide 13 of the PowerPoint (BB PPT), which has the worked examples for solving the paint problem in step 6 of the Explore using the unitary method and using fractions. 
1. Ask students to discuss the following questions in their groups:
What are the similarities and differences between the 2 methods?
Explain how both of these methods are the same. Justify your response using mathematical reasoning.
Would both methods work if we were given the value that represented just one part of the ratio? Why or why not?


The methods are the same. Method 2 is finding one-fifth or dividing by 5 which represents one part, before multiplying by how many parts are represented in the ratio, or how many fifths make up that part.
The fractional method used in Method 1 will not work if only given the value for one part of the ratio as it is not representative of the whole. Due to this, you cannot use the ratio in its fractional form to find the other part of the ratio. 
1. Have students compare their answers to the questions with another group.

Assessment and differentiation
Suggested opportunities for differentiation
Explore
Provide scaffolding to enable students to access the questions. This may include writing the ratio down in words and then matching the numerical ratio, so students refer to the parts of the ratio correctly when solving problems.
Challenge students to draw connections between the fractional method for dividing a quantity into a given ratio from Lesson 3 – Dividing into a ratio. Students explain their similarities and differences.
Enable students by asking them to first find the value of one part in Appendix B.
Enable students by supplying counters or asking them to draw bar models for the questions in Appendix B.
Challenge students to identify the catch tasks in Appendix B, and why they are catch tasks.
Summarise
Students may benefit from another example where they use the unitary method to calculate the whole value of the ratio.
Enable students by supplying counters or asking them to draw bar models for the questions in Appendix C.
Extend students by asking them to create their own questions to swap and solve.
Apply
Students still developing their understanding of multiple-part ratios can be provided with only 2 methods of escape in Appendix E.
Students could be asked to return to Appendix B or C to see if they can use the method explored in Lesson 3 – dividing into a ratio to solve all the problems.
Suggested opportunities for assessment
Launch
Students have opportunities to contribute to and hear from pair and class discussions, these act as opportunities for self and peer reflection.
Explore
Students working at vertical non-permanent surfaces allow the teacher to assess student progress and provide support where appropriate, such as their ability to identify the value of one unit.
Collect Appendix B as evidence of identifying how many parts are equivalent to a whole in a ratio and finding the value of one part.
Summarise
Monitor student responses in the ‘Your turn’ section to check for understanding.
Collect Appendix C as evidence of learning using the unitary method to calculate unknown values, given a value and a ratio.
Review students’ notes to future forgetful selves for the understanding of using the unitary method to solve problems involving ratios.
Apply
When placed in groups of 3, students provide and receive peer feedback on their understanding.
Students will demonstrate their working mathematically skills in discussions and justifications to Appendix E.
Student responses to the provided prompts when reflecting on the 2 methods could be collected as a work sample for assessment towards understanding the relationships between mathematical concepts.


[bookmark: _Appendix_A][bookmark: _Appendix_B]Appendix A
Bears and balloons
1. The ratio of the weight of a polar bear to a panda is .
Find the weight of a polar bear, given the combined weight of the bears is 
612 kilograms.
Find the weight of a panda, given the combined weight of the bears is 640 kilograms.
1. The ratio of balloons needed to lift a teddy bear compared to the number of balloons needed to lift a gummy bear is .
1. Given both bears can be lifted by 30 balloons, find the number of balloons needed to lift the teddy bear.
1. Given a gummy bear can be lifted by 4 balloons, find the number of balloons needed to lift both bears.
1. The ratio of the weight of a polar bear to a grizzly bear is .
1. Given the combined weight of the bears is 2250 kilograms, find the weight of the grizzly bear.
1. Given the combined weight of the bears is 2290 kilograms, find the weight of the polar bear.
1. The weight of a teddy bear to a polar bear to a grizzly bear is .
1. Find the weight of a polar bear, given the combined weight of the 3 bears is 2600 kilograms.
1. Find the weight of a teddy bear, given the weight of a grizzly bear is 460 kilograms.
1. Find the weight of a grizzly bear, given the combined weight of the bears is 1900 kilograms.


Appendix B
Unitary method
1. To make purple paint, blue and pink paint is used in the ratio . There are 12 litres of pink paint. How much blue paint is needed to make the purple?
1. To make purple paint, blue and pink paint is used in the ratio . There are 20 litres of pink paint. How much blue paint is needed to make the purple?
1. To make purple paint, blue and pink paint is used in the ratio . There are 20 litres of pink paint. How much blue paint is needed to make the purple?
1. To make purple paint, blue and pink paint is used in the ratio . There are 20 litres of pink paint. How much blue paint is needed to make the purple?
1. To make purple paint, blue and pink paint is used in the ratio . There are 20 litres of blue paint. How much pink paint is needed to make the purple?
1. To make purple paint, blue and pink paint is used in the ratio  How much purple paint can be made with 20 litres of blue paint?
1. To make purple paint, blue and pink paint is used in the ratio . How much purple paint can be made with 20 litres of pink paint?
1. To make 20 L of purple paint, blue and pink paint is used in the ratio . How much blue paint is needed to make the purple?
1. To make 24 L of purple paint, blue and pink paint is used in the ratio . How much blue paint is needed to make the purple?
1. To make 24 L of purple paint, blue and pink paint is used in the ratio . How much pink paint is needed to make the purple?


Challenge
1. To make purple paint, blue and pink paint is used in the ratio . There are 12 litres more blue paint than pink paint. How much pink paint was used?
1. To make purple paint, blue and pink paint is used in the ratio . There are 12 litres more blue paint than pink paint. How much blue paint was used?
1. 

[bookmark: _Appendix_D]Appendix C
Four quadrant notes
	Example 1
Kate and John share 24 sweets between them in the ratio of 5:3. How many sweets did John receive?
[image: An area model with 8 parts.]
parts is 

1 part is 

John received sweets.

	Example 2
To make purple paint, blue and pink paint is used in the ratio . There are 15 litres of blue paint. How much pink paint is needed to make the purple?

	Things to remember
	Example 3




[bookmark: _Appendix_E]Appendix D
Bears, bears and more bears
Three different bears tried escaping from the zoo. To get out they needed to swim, climb and run.
Here are the ratios of their speed for each part of their escape:
	Bear
	Time ratios for swim to climb to run

	Polar bear
	3:12:5

	Grizzly bear
	6:7:15

	Panda
	9:10:15


Prior to this escape attempt, each bear has attempted to escape before:
Polar bear made it through the swim in 5 minutes.
The grizzly made it through the swim and the climb in 12 minutes.
The panda made it through the run in 25 minutes.
Questions
1. Which bear would escape the quickest?
1. Which bear would be in front for each part of the escape?
1. The zookeepers notice the bears' escape attempts. They decide they want to put the bears into the bear Olympics in the relay for the swim, climb and run. Write the ratio of the time taken by each bear for each of the swim, climb and run sections of the escape to help the zookeepers focus the bears' training.
1. Create a ratio and overall time for a fourth bear who is the second fastest for each of the swim, climb and run.


Sample solutions
Launch activity
9 balloons can lift 130 grams

One balloon can lift around 14.4 grams
The bear weighs 588 kg

 
You need at least 40,834 balloons for the bear to lift a little.

Appendix A – bears and balloons
1. The ratio of the weight of a polar bear to a panda is .
1. 476 kg
1. 142.2 kg
1. The ratio of balloons needed to lift a teddy bear compared to the number of balloons needed to lift a gummy bear is .
1. 26 balloons
30 balloons 
1. The ratio of the weight of a polar bear to a grizzly bear is .
1. 600 kg
1. 1679.3 kg
1. The weight of a teddy bear to a polar bear to a grizzly bear is .
1. 1906.2 kg
1. 0.04025 kg or 402.5 g
1. 506.5 kg


[bookmark: _Appendix_C_-]Appendix B – unitary method
1. 4 L
1. 6.7 L
1. 60 L
1. 30 L
1. 13.3 L
1. 33.3 L
1. 50 L
1. 12 L
1. 14.4 L
1. 9.6 L
Challenge
1. 24 L
1. 16 L


[bookmark: _Appendix_D_-]Appendix C – four quadrant notes
	Example 1
Kate and John share 24 sweets between them in the ratio of 5:3. How many sweets did John receive?
[image: Area model that shows 5 blue parts and 3 pink parts.]
parts is 24

1 part is 3

John received sweets.
	Example 2
To make purple paint, blue and pink paint is used in the ratio . There are 15 litres of blue paint. How much pink paint is needed to make the purple?
15 L is 5 parts
1 part is 3 L

15 L of pink paint is needed.

	Things to remember
Order in the ratio matters.
Read the question to determine where your start and end points are.
Divide by how many parts to find one part, then multiply by how many parts you need to answer the questions.
	Example 3
Given the ratio , the first part represents 
14 kg. Find the total weight.
14 kg is 2 parts
7 kg is 1 part

The total weight is 49 kg.





Appendix D – bears, bears and more bears
Question 1 and 2
	Bear/task
	One unit
	Swim
	Climb
	Run
	Total

	Polar bear
	 seconds

1 part is 100
	300 s
	1200 s
	500 s
	2000 s

	Grizzly bear
	seconds
parts parts

1 part is 55.4
	332.4 s
	387.8 s
	831 s
	1551.2 s

	Panda
	 seconds

1 part is 100
	900 s
	1000 s
	1500 s
	3400 s


Question 3 
Polar bear to grizzly bear to panda relay race time ratio
Swim – 250 : 277 : 750
Climb – 6000 : 1939 : 5000
Run – 500 : 831 : 1500
Question 4
Create a ratio and overall time for a fourth bear who is the second fastest for each of the swim, climb and run.
The following table shows the bears’ overall time when they have finished each section.
	Bear/time
	Swim
	Climb
	Run

	Polar bear
	300 s
	1500 s
	2000 s

	Grizzly bear
	332.4 s
	720.2 s
	1551.2

	Panda
	900 s
	1900 s
	3400 s

	New bear
	320 s
	1000 s
	1560 s


New bear times
Swim – 320 s
Climb – 680 s
Run – 560 s
Ratio
320 : 680 : 560
8 : 17 : 14
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