GRADE FOUR – CONTENT STANDARD #2

ACTIVITY C

Permission Granted

NCTM Standards Focus
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Where Learning Comes to Life




Students who understand the relationships between addition and subtraction and multiplication and division will be prepared for later work with variables and equations.  By using tables and charts to explore inverse functions, students will become proficient at identifying paired operations and, in the case of composite functions, the order in which the operations are performed.  In this standards-based lesson, students will develop insight into the mathematical concepts of inverses and identity.


Representation    Students will use charts and tables to represent functions and their opposites.

Reasoning and Proof    Students will generalize rules for determining inverses of functions.  Given an output and the function rule, students will use reasoning to identify the input.
Communication    Students will explain inverse relationships in real-world and mathematical situation.  They will report their conclusions about one- and two-step functions both orally and in writing.
Teaching Plan
Materials ( Student pages A.69-69a
B
egin the lesson by describing some real-life situations in which a change of condition occurs and have students focus on what is necessary to restore the condition to its original state.  Suppose you collected $5 from each student in the class for a trip.  If the trip were cancelled, how would you refund the money?  (Give $5 back to each student.)  If your puppy was sick and lost 2 pounds, what would have to happen for the puppy to return to its original weight?  (It would have to gain or add 2 pounds.)  Encourage students to offer some examples of their own, in which they describe a change and what to do to return to the starting point.

A.64

[Source: Connect to NCTM Standards 2000-Fourth Grade, Creative Publications, Inc., pgs. 44-49]
Briefly review basic concepts involved with functions, explaining 

that operations may be described in terms of a machine with three 

main parts—an input or beginning number; a rule that tells what to

 do to the input; and an output, which is the number that results 

from using the rule.  Remind students that for each input, there is 

only one output.
Draw a flowchart on the board to represent the general steps of a 

function.  Draw two additional charts, one with the rule “add 6,” 

and the other with the rule “multiply by 3,” both with inputs and 

outputs.  Work through the examples with students and then offer

 students more practice by asking them to give the outputs for other

 inputs with each rule.

Ask students to imagine that the machine could be made to run in 

reverse from output to input.  Draw a related figure for each chart 

and emphasize the direction of the operation.

Focus on the pair of charts with the rule “add 6.”  What rule should

 replace the question mark?  (Subtract 6.)  Why did you choose that

rule?  (Because the opposite of adding 6 is subtracting 6.)  How can 

we prove the rule is correct? (Start with 10, subtract 6, you end with 4.)

Restate the relationship by telling students that subtracting 6 “undoes”

adding 6.

Direct students’ attention to the pair of charts containing the rule “multiply

by 3.”  What rule should replace the question mark for this function?  

(Divide by 3.)  Why did you choose that rule?  (Because the opposite of 

multiplying by 3 is dividing by 3; division “undoes” multiplication.)  

How can we show that the rule is correct?  (15 ( 3 = 5)

A.65

[Source: Connect to NCTM Standards 2000-Fourth Grade, Creative Publications, Inc., pgs. 44-49]
Reinforce students’ understanding of using opposite 

operations by asking them to state the opposite rule for specific operations.

· Subtract 7.  (Add 7.)

· Divide by 4.  (Multiply by 4.)

· Add 10.  (Subtract 10.)

· Multiply by 8.  (Divide by 8.)

· Double a number.  (Halve the number or divide the number by 2.)

· Decrease a number by 1.  (Increase the number by 1.)

Have students explain a general method for determining the rules for 

opposite functions either orally or in writing.  Students should explain that

addition and subtraction are opposites and multiplication and division are 

opposite operations.

Next, present function tables rather than charts to help students extend their understanding of opposite functions to a more abstract level.  Write the tables shown here on the board and have students copy them.  Be sure to leave the input columns blank as you write the tables on the board.

	
	Rule:  Add 4
	
	Rule:  Multiply by 10

	
	Input
	Output
	
	Input
	Output

	
	(5)
	9
	
	(2)
	20

	
	(10)
	14
	
	(10)
	100

	
	(16)
	20
	
	(18)
	180

	
	(34)
	38
	
	(25)
	250

	
	(37)
	41
	
	(33)
	330


Have students work individually or in pairs to determine the rules that will allow them to find the input for each given output, and then use the rules to complete each of the tables.  Allow about 5 minutes for students to work, then have them discuss their answers and explain their reasoning.  What opposite rule did you use for the chart with the rule “add 4?”  (Subtract 4.)  

A.66

[Source: Connect to NCTM Standards 2000-Fourth Grade, Creative Publications, Inc., pgs. 44-49]
How can you check to see that the numbers you placed in the input 

column are correct?  (Use the rule to add 4 to each amount in the

 output column.)  What opposite rule did you use for the chart 

with the rule “multiply by 10?”  (Divide by 10.)  How can you check

 to see if the numbers you wrote in the input column are correct? 

 (Multiply them by 10 and compare with given outputs.)

Conclude the lesson by having students analyze problems involving 

two-step, or composite functions.  Begin with a paired chart and have 

students determine the missing rules.

Instruct students to give the opposite rules to be used at each step and 

emphasize that the operations are “undone” in reverse order.  First the

multiplication must be undone by dividing by 4, and then the addition 

must be undone by subtracting 7.

Next, have students analyze two-step tables.  As you write a table on the

board, be sure to leave the input column blank.  Have students determine

the opposite rules and then work backward from the given outputs to find

the corresponding inputs.  Ask students to explain their reasoning and how

they can check their answers.
	
	
	(Multiply by 2)
	(Add 5)
	

	
	Input
	Divide by 2
	Subtract 5
	Output

	
	(18)
	
	
	4

	
	(28)
	
	
	9

	
	(50)
	
	
	20


A.67

[Source: Connect to NCTM Standards 2000-Fourth Grade, Creative Publications, Inc., pgs. 44-49]

Extension

Instruct students to construct a chart for some “function” or activity in

their daily lives that involves 2-5 steps.  Then have then construct the chart

showing the opposite steps to get back to the starting point.
Student Pages
On student page A.69, students use charts containing a rule and outputs and

work backward to find the input.  On student page A.69-a, students use tables to

determine opposite rules and inputs from the information provided.  Exercises

involving two-step functions are included.
Assessment
It was possible to assess students’ informal ideas about opposite functions 

as they suggested real-life examples.  When they discussed the charts and

tables and explained how to find rules and inputs, it was possible to evaluate

their understanding of inverses and operations as well as their proficiency

with computations.  Noting students who were able to extend their thinking 

to two-step functions was also possible then.
NCTM Standards Summary
Displaying paired charts helped students reason through the steps involved

in reversing functions and generalizing their ideas about pairs of opposite

functions.  The visual support offered by representing information in

flowcharts and tables enabled students to develop insight into the operations

performed.  Class discussions provided opportunities to communicate their 

understanding of opposite operations and explain their thinking as students 

worked through the process of reversing functions. 
A.68

[Source: Connect to NCTM Standards 2000-Fourth Grade, Creative Publications, Inc., pgs. 44-49]

Name







NCTM Standards Summary
Write the opposite.

	1.
	Subtract 12.
	
	
	2.
	Divide by 8.
	

	3.
	Add 19.
	
	
	4.
	Multiply by 20.
	


For 5-8, fill in the input.  Write the opposite rule that you used.

	5.
	
	6.
	
	7.
	
	8.
	

	
	Opposite rule:
	
	Opposite rule:
	
	Opposite rule:
	
	Opposite rule:

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Identify the rule for each function table and complete the table.

Then explain the relationship between the two tables.

	9.
	Rule:
	
	
	
	
	10.
	Rule:
	

	
	
	
	
	
	
	
	
	

	
	Input
	Output
	
	
	
	
	Input
	Output

	
	1
	3
	
	
	
	
	3
	1

	
	4
	12
	
	
	
	
	12
	4

	
	6
	18
	
	
	
	
	18
	6

	
	7
	
	
	
	
	
	21
	

	
	9
	
	
	
	
	
	27
	


A.69

[Source: Connect to NCTM Standards 2000-Fourth Grade, Creative Publications, Inc., pgs. 44-49]

Name







Understanding Opposite Functions
Complete each table.  Find the input for each output.

Write the opposite rule you used below the table.

	1. Rule: Divide by 8.
	
	2. Rule: Add 10.
	
	3. Rule: Subtract 7.
	
	4. Rule: Multiply by 9.

	
	Input
	Output
	
	Input
	Output
	
	Input
	Output
	
	Input
	Output

	
	
	2
	
	
	29
	
	
	7
	
	
	27

	
	
	5
	
	
	58
	
	
	12
	
	
	45

	
	
	6
	
	
	80
	
	
	25
	
	
	63

	
	
	9
	
	
	113
	
	
	41
	
	
	90

	
	
	
	
	
	
	
	
	
	
	
	

	
	Rule:
	
	
	Rule:
	
	
	Rule:
	
	
	Rule:
	

	
	
	
	
	
	
	
	
	
	
	
	


For 5-8, find the input for each output.  Explain the steps you used.
	5.
	
	6.
	
	7.
	
	8.
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	

	9.  Suppose you are given the

     rule “Multiply by 1.”

     What is the opposite rule?
	10.  Describe the inputs and

       outputs you would

       have for question 9.
	11.  Write a different pair of

       opposite function rules that

       would give the same result.


A.69-a
[Source: Connect to NCTM Standards 2000-Fourth Grade, Creative Publications, Inc., pgs. 44-49]
Understanding Opposite 


Functions





Introduction


 





Objective( Given a function, students will determine the inverse, or opposite, function.





Context ( Students are familiar with related operations from their work with basic facts.  They have learned about function rules and found outputs for given inputs.  After students understand the concept of opposite operations and can work back and forth with all four operations, they will go on to use variables and solve simple equations.
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If your students do not yet know patterns for dividing by 10, a simpler table using basic facts may be substituted.
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Answers





Page A.69


Add 12.


Multiply by 8.


Subtract 19.


Divide by 20.


Input 6; divide by 7.


Input 43; add 8.


Input 27; subtract 13.


Input 75; multiply by 5.


21, 27; multiply by 3.


7,9; divide by 3.


The tables show opposite functions.  When you use the function and follow it by its opposite, the result is the original starting number.





Page A.69-a


16, 40, 48, 72; multiply by 8.


19, 48, 70, 103; subtract 10.


14, 19, 32, 48; add 7.


3, 5, 7, 10; divide by 9.


Input 3; divide by 2, Subtract 3.


Input 26; multiply by 3, add 5.


Input 45; divide by 4, multiply by 5.


Input 8; subtract 20, divide by 6.


The opposite rule would be Divide by 1.


For both rules, all of the inputs and outputs would be the same.


The rule Add 0 and the opposite rule Subtract 0 would give the same result.
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