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Building Concepts: Introduction to Rates
Teacher Notes


	The Mathematical Focus

This TI-Nspire™ activity helps students to understand the concept of rates. Every ratio has an associated unit rate. For example, the ratio 5 feet for every 2 seconds has the associated rate 
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 feet for every 1 second; the ratio 3 cups water for every 2 cups orange concentrate has the associated unit rate 
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 cups water for every 1 cup orange concentrate. In Grades 6 and 7, students describe rates in terms such as “for each one,” “for every,” “for each”, and “per.” The unit rate is the numerical part of the rate; the “unit” in “unit rate” is the 1 in “1 per student,” “for each 1 minute,” or “for every 1 cup.” Unit rates are important in understanding slope as a rate of change and as a problem-solving strategy for finding solutions to problems involving proportional relationships. In this activity students will explore the relationship between ratios, rates, and unit rates. They investigate unit rates by determining how to give out bags of dog food in order for each dog to have the same amount. 
Objective

From interacting with the TI-Nspire activity (.tns file), students should be able to: 
· identify the unit rate associated with a ratio;
· recognize that unit rates appear with 1 as the second value in the ratio pair, a:1;
· interpret language associated with unit rates;
· recognize that equivalent ratios have the same unit rate.


	Common Core Standards

The discussion questions and tasks presented in this activity are designed to engage students in the Standards for Mathematical Practice described in the Common Core State Standards.
Grade 6: Ratios and Proportional Relationships
Understand ratio concepts and use ratio reasoning to solve problems.
6.RP.2 Understand the concept of a unit rate a/b associated with a ratio a:b with b ≠ 0, and use rate language in the context of a ratio relationship.
6.RP.3 Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by reasoning about tables of equivalent ratios, tape diagrams, double number line diagrams, or equations.

b.
Solve unit rate problems including those involving unit pricing and constant speed.



	Prerequisite Knowledge

Introduction to Rates is the second activity in a series of activities that explore the concepts of ratios and proportion. Prior to working on this activity, students should:
· understand equivalent fractions, unit fractions, and multiplication and division of fractions;
· have completed What is a Ratio?


	Vocabulary 

· rate: a ratio that compares two unlike quantities

· unit rate: a ratio that has been simplified to have a denominator of 1 unit; it compares an amount, a, to one unit: 
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	Tech Tips

· This activity includes screen captures taken from the TI‑Nspire CX handheld. It is also appropriate for use with the TI‑Nspire family of products including TI‑Nspire software and TI‑Nspire App for iPad®. Slight variations to these directions may be required if using other technologies besides the handheld.

· Access free tutorials at http://education.ti.com/calculators/pd/US/Online-Learning/Tutorials
· To download the TI-Nspire activity (.tns file) and Student Activity sheet, go to http://education.ti.com/go/buildingconcepts
Activity Materials

· Compatible TI Technologies: 
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TI-Nspire CX Handhelds, [image: image5.png]-



TI-Nspire Apps for iPad®, [image: image6.png]


TI-Nspire Software 
· Introduction to Rates_Student.pdf
· Introduction to Rates_Student.doc
· Introduction to Rates.tns
References and Additional Resources

· “Progressions for the Common Core State Standards in Mathematics.” Tools for the Common Core Standards. The Common Core Standards Writing Team, 26 December 2011. Web. 05 Aug. 2014
http://commoncoretools.me/2011/09/12/progression-on-ratios-and-proportional-reasoning/ 
· National Governors Association Center for Best Practices & Council of Chief State School Officers. (2010). Common Core State Standards for Mathematics. Washington, DC: Authors.



	Activity 1 – Page 1.3

	Objective: Students will investigate rates and unit rates by sharing various numbers of bags of dog food among dogs.

	On page 1.3, the horizontal arrows on the left will set the number of dogs and a number of bags of dog food to be shared. Each bag of dog food can be dragged to a position next to a dog. The arrows at the upper right will divide the bags in halves, thirds, or fourths.
Encourage students to use the arrows to explore the different ways the numbers of bags of dog food and numbers of dogs can change.
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	Instruct students on how to select the bags of food and drag them into position. Have students verbalize the ratio of dogs to bags of dog food. Relate the numbers in the ratio to the pictures on the screen. Work with students to explore how to partition one remaining bag of dog food into fractions of a bag so that it can be distributed among the dogs. To reset the page, select Reset in the bottom right corner.

	[image: image8.png]


Tech Tip: Students may find it easier to use the e key to toggle between objects and then use the arrow keys to move or change their selections. Students can also use the d key to reset the document.  
Teacher Tip: Display ratios and have students illustrate the ratios using dogs and bags of dog food. Then have students explain how a remaining bag of dog food can be partitioned and shared among the dogs. Have students explore different ways to share the bags of dog food when they have fewer bags of dog food than number of dogs.

	Give students time to repeat the activity before asking them a focused set of questions. Encourage students to use their TI-Nspire technology to explain or demonstrate their reasoning.

	Teacher Tip: ( indicates questions that also appear on the Student Activity sheet. The student activity is optional but may help students stay engaged, especially in the case of large-group instruction. 

	Discussion Questions:

1.
Consider the question: If there are 2 dogs and 4 bags of dog food and the dog food is shared equally among the dogs, how many bags of dog food are there for each dog? Use page 1.3 to answer the question. Answer: Each dog gets 2 bags of dog food.

	2.
 Reset page 1.3, then change the number of dogs to 3 and answer the questions. 
a.
How is this problem different from question 1 when there are 4 dogs? Answer: The number of bags of dog food is not a multiple of 3. Each dog gets 1 bag of dog food, and then there is only 1 bag left to divide among the 3 dogs.
b.
Use the fraction arrow to partition the bags of dog food. What can you do to have the same amount of dog food for each dog? Answer: Divide the whole bags into fourths to get 4 quarters. Each dog gets 
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 bags of dog food.
c.
Change the number of bags to 3. How much dog food will each of the 3 dogs get? Answer: Each dog gets 1 bag of dog food.

	3.
Suppose you have 4 dogs. Use the TNS activity to answer the following: How many bags of dog food would you need if you wanted 
a.
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 bag per dog? Answer: 2 bags of dog food
b.
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bags per dog? Answer: 10 bags of dog food
c.
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bags per dog? Answer: 5 bags of dog food
4.
If you have 2 of something for 1 of something else, the ratio is 2:1, and the unit rate is 2. Which of the following specifies a unit rate?
a.
3 bags of dog food: 1 dog
b.
1 bag of dog food per 3 dogs
c.
Each dog has 4 bags of dog food.
Answer: They could all be thought of as unit rates: 3 bags per 1 dog; 3 dogs per 1 bag; 4 bags per 1 dog. 

	(5.
Which of the following will give you a unit rate for the number of granola bars per person given the ratio 5 granola bars for every 10 people? Explain your reasoning. (Question #1 on the Student Activity sheet.)
a.
Divide both numbers by 5
b.
Divide both numbers by 10
c.
Multiply both numbers by 2
Answer: The correct answer is (b) because it gives you 
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 granola bar for every person. (a) gives you 1:2 or 1 granola bar for every 2 people or 2 people per granola bar, but that is not what the question asked. (c) gives you 10 to 20 which is not a unit rate.
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 Question 6 provides an opportunity for students to explore equivalent rates. Have students work with a partner or in small groups to write multiplication or division sentences to support their answers. Remind students that to find equivalent ratios, they must multiply or divide both terms of the ratio by the same number.


	6.
 Identify the rates that are equivalent to 
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 to 1. Explain your thinking.
a.
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 to 1
b.
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 to 1
c.
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 to 1
d.
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 to 1
Answer: a, b, and c are equivalent because the numerator and denominator of 
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 can both be divided by 2 to get a, by 6 to get b, by dividing by 6 then multiplying by 5 to get c (or multiplying by 
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). You cannot multiply or divide them by anything to get d.

	(7.
Suppose you have 6 dogs and 44 bags of food. Which of the following strategies would you use to make sure each dog had the same amount of dog food? Explain your thinking. (You can check your thinking by using the TNS activity.) (Question #2 on the Student Activity sheet.)
(a.
Tom says to draw six dogs and put one mark by each dog. Do this over and over again until you have don’t have enough bags for every dog. Then figure out what fraction of the leftover bags would give all 6 the same fraction of a bag.
(b.
Terri said she would figure out how close a multiple of 6 gets to 44 and then figure out how to divide the remaining bags into fractions to give every dog the same amount.
c.
Tess said she would figure out how many times she can subtract 6 from 44 and see what is left. Then she would divide the leftover bags into fractional parts so everyone would have the same fraction of a bag.
(d.
Tim said he would look at the ratio 44:6 and divide both values in the ratio by 6 to get 
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e.
Taura said she would give every dog lots--maybe 5 bags each. She would use up 30 bags. Then, she would give the other bags out 1 by 1 until she had less than 6 bags left. She would divide the leftover bags into fractional parts so each dog would have the same fractional amount of dog food.
Answer: They are all correct and would give 
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 bags of dog food per dog. Student thinking will vary depending on which one they chose.

	(8.
Which of the correct strategies above would be easiest to use to find the number of miles per gallon if you went 246 miles on 9 gallons of gas? Explain why. (Question #3 on the Student Activity sheet.) Possible answers: 
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 to 1 miles per gallon; 
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 to 1 miles per gallon; 
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 miles per gallon. Students might recognize that Tim’s strategy would be easy to use in this problem. 

9.
Write a unit rate for the number of dogs per bag for the following. Use the TNS activity to support your reasoning.
a.
10 bags for 4 dogs Answer: 
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 bags per dog or 
[image: image28.wmf]1

2

2

 bags per dog
b.
7 bags for 3 dogs Answer: 
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 bags per dog or 
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 bags per dog
c.
9 bags for 6 dogs Answer: 
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 bags per dog or 
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 bags per dog

	10.
Use unit rates to find which of the two situations would give the most per dog. Explain your thinking in each case.
a.
10 bags for every 5 dogs or 6 dogs for every 12 bags Answer: 10 bags: 5 dogs would be 2 bags per dog; 6 dogs: 12 bags would be 1 dog per 2 bags. The dogs would get the same amount in either case.
b.
8 bags for every 6 dogs or 10 bags for every 8 dogs Answer: If you divide both values in the first ratio by 6, 8:6 would be 
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 bags per dog. Dividing the values in the second ratio by 2, 10:8 would be 
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:1 or 
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 bags per dog. 
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 is larger than 
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 so 8 bags for every 6 dogs would give the most per dog.

	11.
a.
Sam stated that the unit rates for equivalent ratios will always be equivalent. Do you agree or disagree? Explain your reasoning. Answer: Yes because equivalent ratios are like 6:4 and 9:6. The unit rate for each will be equivalent to 
[image: image39.wmf]3

2

:1 because the factor 2 and 3 will divide out. This will happen every time.

b.
Are any of the following equivalent ratios? Explain your reasoning.

1:
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1:3

Answer: 1:
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 is equivalent to 3:1 because you multiply both quantities in 1:
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 by 3 and get 3:1. 
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:1 is equivalent to 1:3 because you multiply both quantities in 
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:1 by 3 to get 1:3.

	(12.
Use unit rates to answer each of the following. You may want to use the TNS activity to help you think about the problem or draw a picture showing how the dog food would be shared. Explain your reasoning in each case. (Question #4 on the Student Activity sheet.)
a.
[image: image46.png]


If you need to have 8 bags of dog food for 4 dogs, how many do you need for 6 dogs? Answer: 8:4 is 2:1, which means 2 bags of dog food for every dog. So, for 6 dogs you would need 12 bags of dog food.

	Teacher Tip: [image: image47.png]


 A variation of the above question is included on the Student Activity sheet. Questions marked with the bulls-eye icon indicate key questions a student should be able to answer by the conclusion of the activity.

	b.
If you have 
[image: image48.wmf]1

2

bag of dog food on hand for 2 dogs, how many bags would you need for 10 dogs? Answer: 
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:2 would be 
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 bag per dog. 
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 bags for 10 dogs.
c.
A general rule for a pet boarding center is to have on hand 3 bags of dog food for every 4 dogs they board for long-term care. How many bags of dog food should they have if they expect to board 6 dogs? Answer: 3:4 is 
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 bag per dog. So for 6 dogs, they would need 6 ( 
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 bags of dog food.

	Assessment

After completing the activity, students should be able to answer the following types of questions You may choose to write these on the board for students to answer in small groups or individually to assess understanding of the activity. If students understand the concepts involved in the activity, they should be able to answer the following questions without using the TNS activity.

	1.
A recipe calls for 3 cups of flour to 4 cups of sugar. How much flour is there per cup of sugar? Answer: 
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 cup of flour per cup of sugar

	2.
It took 7 hours to mow 4 lawns, each with about the same area. 

a.
What is the rate at which lawns were being mowed? Answer: 
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 hours to mow one lawn or 
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 hours per lawn. 
b.
How many lawns could be mowed in 35 hours? Answer: 20 lawns

	3.
Helen rode 4 km in the first 10 minutes of a race. If she continues at the same pace, how far will she ride in the next 8 minutes? Answer: 4:10 is 
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 of a km per minute, so in 8 minutes she will ride 
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	4.
One racer drives 26 miles in 4 hours; a second racer drives 34 miles in 6 hours. Which racer drives more miles per hour? Answer: 26:4 is the same as 
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 miles per hour. 34:6 is the same as 
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 miles per hour. The first racer drives more miles per hour.


Student Activity solutions 
	In this activity, you will investigate rates and unit rates.

	1.
Which of the following will give you a unit rate for the number of granola bars per person, given the ratio 5 granola bars for every 10 people? Explain your reasoning.

a.
Divide both numbers by 5

b.
Divide both numbers by 10

c.
Multiply both numbers by 2
Answer: The correct answer is (b) because it gives you 
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 granola bar for every person. (a) gives you 1:2 or 1 granola bar for every 2 people or 2 people per granola bar, but that is not what the question asked. (c) gives you 10 to 20 which is not a unit rate. ..

	2.
Suppose you have 6 dogs and 44 bags of dog food. Which of the following strategies would you use to make sure each dog had the same amount of dog food? Explain your thinking and illustrate the solution using the strategy you select. (You can check your thinking by using the TNS activity.)

a.
Tom says to draw six dogs and put one mark by each dog. Do this over and over until you don’t have enough bags for every dog. Then figure out what fraction of the leftover bags would give all 6 dogs the same fraction of a bag. 

b.
Terri said she would figure out how close a multiple of 6 gets to 44 and then figure out how to divide the remaining bags into fractions to give every dog the same amount. 

c.
Tim said he would look at the ratio 44:6 and divide both values in the ratio by 6 to get 
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Answer: They are all correct and would give 
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bags of dog food per dog. Student thinking will vary depending on which one they chose.

	3.
Which of the correct strategies above would be easiest to use to find the number of miles per gallon if you went 246 miles on 9 gallons of gas? Explain why.
Possible answers: 
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 to 1 miles per gallon; 
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 to 1 miles per gallon; 
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 miles per gallon. Students might recognize that Tim’s strategy would be easy to use in this problem.

	4.
Use unit rates to answer each of the following. You may want to use the TNS activity to help you think about the problem or draw a picture showing how the dog food would be shared. Explain your reasoning in each case. 

a.
If you need to have 8 bags of dog food for 4 dogs, how many do you need for 6 dogs? Answer: 8:4 is 2:1, which means 2 bags of dog food for every dog. So, for 6 dogs you would need 12 bags of dog food.

b.
If you have 
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 bag of dog food on hand for 2 dogs, how many bags would you need for 10 dogs? Answer: 
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 bags for 10 dogs.
c.
A general rule for a pet boarding center is to have on hand 3 bags of dog food for every 4 dogs they board for long-term care. How many bags of dog food should they have if they expect to board 6 dogs? Answer: 3:4 is 
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 bag per dog. So for 6 dogs, they would need 6 ( 
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 bags of dog food.

	5.
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 Mr. Gordon has a training program in which he runs for 10 minutes on Monday, and then increases his running time by 5 minutes each day until Friday. Mr. Gordon burns 48 calories for every 6 minutes he spends running, and he runs at that same rate each day. At what rate does Mr. Gordon burn calories? How many total calories would he burn running after those 5 days? Explain your reasoning.
Answer: 48:6 is 8:1, so Mr. Gordon burns calories at a rate of 8:1 he burns 8 calories every minute. After 10 minutes he would burn 80 calories because 8 calories x 10 minutes = 80 calories.  After 5 days he would burn a total of 800 calories.
Day

Minutes Run

Calories

Total Calories

Monday 

10

80

80

Tuesday

15

120

200

Wednesday 

20

160

360

Thursday

25

200

560

Friday

30

240

800
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