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Bar Models and Secondary Mathematics
Lesson 6: Comparing Percentages
Australian Curriculum: Mathematics (Years 7 and 8) 
ACMNA158: Find percentages of quantities and express one quantity as a percentage of another, with and without digital technologies (Year 7) 
· using authentic problems to express quantities as percentages of other amounts 
ACMNA157: Connect fractions, decimals and percentages and carry out simple conversions (Year 7) 
ACMNA187: Solve problems involving the use of percentages, including percentage increases and decreases, with and without digital technologies (Year 8) 
Lesson abstract
In this lesson, bar models are used to enable students to solve problems that involve percentages of different ‘wholes’. The lesson emphasises that a percent is always relative to the nominated ‘whole’ quantities. Whole class examples are followed by group or individual practice. The examples involve equal quantities, expressed as percentages of different ‘wholes’. The comparison bar model supports finding a conversion factor between the percentages of the different ‘wholes’. 
Mathematical purpose (for students)
A bar model can help to solve problems which compare percentages of different quantities.
Mathematical purpose (for teachers)
Like fractions, percentages are only meaningful in relation to a nominated ‘whole’. This lesson emphasises this fact, and with the support of bar models, shows students how to work simultaneously with percentages that relate to different wholes. Students represent the key components in a comparison bar model, which highlights the equivalent quantities in the problem and the respective ‘whole’ or total for each bar. The unitary method (e.g. finding 1% of a given quantity, including as a percent of another quantity) is involved, especially when the numbers go beyond simple fractions of 100, as is usually the case in real life. Skills developed in percent here can also be useful when solving problems that involve fractions of different wholes. The visual support of the bar models facilitates an organisation and understanding of problems, which can be used in many mathematical topics. Polya’s four steps of problem solving are used to structure the solution process.
	Lesson Length
	60 minutes approximately

	Vocabulary Encountered
· comparison model
	Lesson Materials
· Slide show ST4_Secondary_6a_Percent.pptx
· Student Sheet 1 - Bar Model Examples 6A (1 per student)
· Student Sheet 2 - Bar Model Examples 6B (1 per student)
· Students’ calculators as desired
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	THE BAR MODEL METHOD 




	We value your feedback after these lessons via https://www.surveymonkey.com/r/G6VGPZ8
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Whole Class Examples
Hand out Student Sheet 1 - Bar Model Examples 6A and Student Sheet 2 - Bar Model Examples 6B. Students should write the solutions to these examples, for future reference. 

Examples 1 and 2 are contained in the slide show ST4_Secondary_6a_Percent.pptx, which can be used during initial instruction and class discussion.
Example 1

	Cindy and Danny baked some cheesecakes and butter cakes. They baked the same number of cheesecakes. Cindy baked 120 more butter cakes than Danny. 85% of the cakes that Cindy baked were butter cakes. 70% of the cakes that Danny baked were butter cakes. How many cheesecakes and butter cakes did Cindy bake?



· Read the problem to the class and help students understand the word problem.
· Encourage children to think about the word problem.  Use Polya’s 4 steps for problem solving to guide them to solve each part of the problem.  
Sample Solution
[image: ]
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Teacher Notes 
These prompts are arranged according to the sequence of Polya’s four stages. Feel free to move back and forth between the stages. The bar model can be drawn at the Understand stage too.

Understand
· What did Cindy and Danny bake? (ANS: Cheese and butter cakes)
· Who baked more cakes? Cindy or Danny? (ANS: Cindy)
· What type of cakes did they bake equally? (ANS: Cheesecakes)
· What do I have to find? (ANS: The number of Cindy’s cheesecakes and butter cakes)


Plan  - use these prompts to elicit responses from students while drawing the bar model
· What type of bar model should I draw?
· How do I represent the two types of cakes on the bar models?
· Let me draw two bar models and label them properly.


Do
· Look at the bar models and connect their relationships (the amount of cheesecake is the same for each person – this helps a relationship between the percentages of cheesecake can be found).
· Use the relationship in percentages between the bars to solve the problem.

Check
· Check the answer by substituting the values into the bar model(s) and the original problem.
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Example 2
Encourage more independence from students as they work through this problem. 
Use the animated slideshow for demonstration. 

	There were 80 more adults than children at a concert. After 90% of the adults and 40% of the children left the concert, there were three times as many children as adults remaining. How many adults were at the concert at first?



Sample Solution
[image: ]
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Prompts
Pose the following prompts for students who need support in understanding, planning, doing and checking their solutions to Example 2.  Encourage growing independence and discuss alternative solution methods. There are generally multiple ways of solving complex problems like these.  

Understand
· What percent of adults remained? (ANS: 10%)
· What percent of children remained? (ANS: 60%)
· Were there more children or adults who remained at the concert? (ANS: Children)
· What do I have to find? (ANS: The number of adults at the concert at first.) 

Plan - elicit responses from students while drawing the bar model.
· What type of bar model should I draw? Maybe a comparison model.
· Draw the bar models and label them properly.

Do
· From the bar models, we can see that there are more people in 100% of adults than there are in 100% of children
· We need to find a relationship between the percentages in the bars.
· Find out the value of one unit and show workings.

Check
· Check the answer by substituting the values into the bar model.
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Consolidating and Concluding
Further Practice
Students can work through selected tasks from Student Sheet 2 - Bar Model Examples 6B either individually, in pairs or in groups. Discuss solutions as time permits.
Worked solutions are provided in Teacher Sheet - Bar Model Solutions 6B sheet.
Conclusion 
Summarise the learning points for the lesson, asking students to add their own observations:
· The comparison model can be used to explicitly show and compare percentages.
· In percentage problems where the total or “whole” amount is different for different groups, separate bars need to be created for each group.
· Identifying quantities of equal value between bars effectively creates a ‘unit’. This enables comparing the percentages on one bar with each other. It is helpful to draw dotted lines to show which quantities are the same between bars.
It is intended that students continue to use bar models to help in their regular classwork. 



[bookmark: _Student_Sheet_1]Student Sheet 1 - Bar Model Examples 6A
[bookmark: Student_A]Example 1

Cindy and Danny baked some cheesecakes and butter cakes. They baked the same number of cheesecakes. Cindy baked 120 more butter cakes than Danny. 85% of the cakes that Cindy baked were butter cakes. 70% of the cakes that Danny baked were butter cakes. How many cheesecakes and butter cakes did Cindy bake?



















Example 2
There were 80 more adults than children at a concert. After 90% of the adults and 40% of the children left the concert, there were three times as many children as adults that remained. How many adults were at the concert at first?
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[bookmark: _Student_Sheet_2][bookmark: _Student_Sheet_3][bookmark: _Student_Sheet_4]Student Sheet 2 - Bar Model Examples 6B
[bookmark: Student_B]Draw bar models to represent the situations below and use this to solve the problems 

Task 1
Alice spent 80% of her money and Ben spent 70% of his money on a trip to Shopwin Mall. Alice spent $105 more than Ben. They saved the rest of their money.  Both Alice and Ben saved the same amount of money. How much did Alice have at first?





Task 2
Tokens must be used to play the games at a carnival. Sam had 180 more tokens than Bella. After Sam used 95% of his tokens and Bella used 25% of her tokens, Bella had six times as many tokens as Sam. How many tokens did Sam have at first?




Task 3

Kim and Leo had some apples for sale. Kim sold 65% of his apples while Leo sold 52% of his. Besides the sale, Kim also gave his friend 20% of his apples. Kim and Leo sold an equal number of apples. In the end, Leo had 12 105 apples more than Kim. 
How many apples did Kim give his friend? 
How many apples did Kim and Leo sell altogether?




Task 4
Jim and Dane had some money. Jim had $65.75 more money than Dane. Jim spent 68% of his money on a jacket. Dane spent 80% of his money on a shirt. This resulted in Jim having twice as much money left as Dane had left after their purchase. How much did Jim’s jacket cost?
How much did Jim’s jacket cost?
What was the total amount of money Jim and Dane had at first?
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[bookmark: Teacher_B]Teacher Sheet - Bar Model Solutions 6B
Task 1
Alice spent 80% of her money and Ben spent 70% of his money on a trip to Shopwin Mall. Alice spent $105 more than Ben. They saved the rest of their money.  Both Alice and Ben saved the same amount of money. How much did Alice have at first?
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Task 2
Tokens must be used to play the games at a carnival. Sam had 180 more tokens than Bella. After Sam used 95% of his tokens and Bella used 25% of her tokens, Bella had six times as many tokens as Sam. How many tokens did Sam have at first?
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Task 3
Kim and Leo had some apples for sale. Kim sold 65% of his apples while Leo sold 52% of his. Besides the sale, Kim also gave her friend 20% of her apples. Kim and Leo sold an equal number of apples. In the end, Leo had 12 105 apples more than Kim. 
a) How many apples did Kim give her friend? 
b) How many apples did Kim and Leo sell altogether?
80% Kim’s

100%
Kim
20%
Gift
65% Sold
15%
Left
52% Sold
Leo
48% Left 
? 
? 



	
	
	





12,105 apples


	
	




100%


From the model:

65% of Kim’s apples = 52% of Leo’s
1% of Kim’s apples =(52% ÷ 65) of Leo’s =  0.8% of Leo’s
80% of Kim’s apples = 64% of Leo’s

Leo has 100% - 64% = 36% more apples than Kim
36% Leo’s apples = 12 105
1% Leo’s apples = 12 105÷ 36
52% Leo’s apples = (12 105 ÷ 36) x 52 = 17 485

Leo sold 17 485 apples. Kim sold the same amount, so:
The total number of apples sold is 2 x 17 485 = 34 970

65% Kim’s apples = 17 485
1% Kim’s apples = 17 485 ÷ 65
20% Kim’s apples = (17 485 ÷ 65) x 20 = 5 380
Kim gave 5 380 apples to her friend
[bookmark: _GoBack]

Task 4

Jim and Dane had some money. Jim had $65.75 more money than Dane. Jim spent 68% of his money on a jacket. Dane spent 80% of his money on a shirt. This resulted in Jim having twice as much money left as Dane had left after their purchase.
How much did Jim’s jacket cost?
What was the total amount of money Jim and Dane had at first?
Jim
32% left
Twice as much as Dane
68% spent on jacket
100% 
Dane
20% left
80% spent on shirt
100% 
$65.75 
a)? 
b)?



	16%
	16%
	







	20%
	
	
	
	







From the model:
20% of Dane’s money = 16% of Jim’s money
100% Dane’s = 80% Jim’s

20% of Jim’s money = $65.75
100% Jim’s money = 5 x $65.75 = $328.75
68% of Jim’s money = 0.68 x $328.75 = $223.55
Jim’s jacket cost $223.55

100% Dane’s money = 0.8 x $328.75 = $263.00
The total amount which Jim and Dane had at first was $328.75 + $263.00 = $591.75
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30% of Danny’s cakes = 15% of Cindy’s cakes | Of Cindy’s cakes, 50% were extra to Danny’s
So 10% Danny’s = 5% of Cindy’s (15 + 3)

We know Cindy baked 120 more cakes than Danny
70% of Danny’s cakes are Butter cakes So 50% of Cindy’s = 120 cakes

70% of Danny’s = 7 x 5% of Cindy’s 100% of Cindy’s = 240 cakes (120 x 2)
70% of Danny’s = 35% of Cindy’s
Cindy baked 240 cheesecakes

100% of Danny’s cakes = 50% of Cindy’s cakes ~and butter cakes altogether. g
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Cindy’s cheesecakes:
15% of 240 = 0.15 x 240 = 36 cheesecakes

Danny’s 36 cheesecakes form 30% of his baking.
30% =» 36

10% =» 36 +3=12

100% =» 10 x 12 =120

Danny baked a total of 120 cakes which is 120 less than Cindy’s 240 cakes.
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60% of Children = 3 x 10% of Adults The remaining 50% of Adults = 80 People

=30% of Adults 100% of Adults = 160 People (x both by 2)
10% of Children = 5% of Adults
100% of Children = 50% of Adults 160 adults were at the concert at first.
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60% =» 48 There were 80 more children than
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100% =» 10 x 8 = 80
There were 80 children at first.
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Ben’s savings S = Alice’s savings S, so:
30% of Ben’s money = 20% of Alice’s money
1% of Ben’s money = 20% + 30
= 0.66% of Alice’s money
100% of Ben’s money = 100 x 0.66%
= 66.66% of Alice’s money

Of Alice’s money:

100% - 66.66% = 33.33% is extra to Ben'’s
So 33.33% of Alice’s money = $105

100% of Alice’s money = 3 x $105 = $315

Alice had $315 at first.
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100% of Bella’s Tokens

_____

25% used

Sam: 100% - 95% = 5% left

Bella has 6 times the number of
Sam’s tokens left.

Bella: 100% - 25% = 75% left.
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Of Sam’s tokens:

100% - 40% = 60% are extra to Bella’s
So 60% of Sam’ tokens = 180 tokens

1% of Sam’s tokens = 180 + 60 = 3 tokens
100% of Sam’s tokens = 3 x 100 = 300
Sam had 300 tokens at first

75% of Bella’s tokens =6 x 5% of Sam’s tokens
So 75% of Bella’s tokens =30% of Sam’s tokens
25% of Bella’s tokens = 10% of Sam’s tokens
100% of Bella’s tokens =40% of Sam’s tokens
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