Planning Guide: Multiplication and Division Part A

Learning Activities

Sample Activities for Teaching Mental Strategies to Determine Multiplication Facts to 9 × 9 and Related Division Facts

1. Develop Mental Strategies through Problem Solving
Various problems can be used for different purposes in developing mental strategies.

i. To develop understanding of the commutative property of multiplication as a tool in solving facts to 9 × 9, present the following problem to the students:

Lauren puts 4 candies in each of 9 bags. Brandon puts 9 candies in each of 4 bags. How many candies does Lauren put into bags? How many candies does Brandon put into bags?

Suggested guiding questions:

· How are the two situations the same? How are they different?

· How might you represent these two situations using arrays? (Note: Guide the students to see that the same array can be used to represent both situations.)

· Do you know how the number of candies for the two children compare before calculating the answers? How do you know? 

· Is it easier for you to find the number of Lauren's candies or Brandon's candies? Why?

· Which products might it be easier to find by reversing the order of the numbers before multiplying? Sample answer: It would be easier to find 7 groups of 5 rather than 5 groups of 7 because skip counting by 5s is easier than skip counting by 7s.

· Write a number sentence to show that the order in which you multiply numbers does not matter. Sample answer: 5 × 8 = 8 × 5.

b.
To prompt thinking about specific mental strategies such as doubling, present the following problem to the students:

Keri puts 6 pencils in each of 4 boxes. Sue puts 6 pencils in each of 8 boxes. How many pencils does each girl have?

Suggested guiding questions:

· Explain how you could use the answer for the number of pencils Keri has to find the number of pencils Sue has.

· Explain how the following number sentences could be used in solving this problem:  4 × 6 =  (            2 × 4 × 6 =  ( 
· For what other number facts would this strategy be useful? Examples might include: 6 × 7 = 2 × 3 × 7 = 2 × 21 = 42. 

· Apply this strategy to solving the following problem.
Marcy has four pages with 7 pictures on each page. How many pictures does she have on these pages?

Suggested solution: 4 × 7 = 2 × 2 × 7 = 2 × 14 = 28.

Marcy has 28 pictures on these pages.

c.
To develop mental strategies for the more difficult multiplication facts, present the following problem to the students:

Ted puts 7 pieces of pepperoni on each of 7 pizzas. How many pieces of pepperoni does he use for the pizzas?

To solve this problem mentally, the students might break up the 7 pizzas into two groups: 5 pizzas in one group and 2 pizzas in the other group. Then they find the number of pieces of pepperoni for each group and add these two numbers together. Symbolically, this would be represented as: 7 × 7 = 7 × 5 + 7 × 2 = 35 + 14 = 49. This is an application of the distributive property. Other mental strategies could be used as well to show the thinking done in finding the answer to this problem.  

d.
To develop understanding of one and zero in solving facts to 9 × 9, present the 
students with the following problem:

You place one balloon in each of 8 party bags. How many balloons do you put into the bags? Explain your thinking.

Suggested guiding questions:

· If you placed one balloon in each of 9 party bags, how would the answer to the problem change?  

· What if you placed one balloon in each of 30 party bags, how would the answer to the problem change?

· Write a number sentence for  each situation. How are the number sentences the same?

· What general statement can you make about multiplying any number by one?  

· Create a problem in which you are dividing a number by one.  

· What general statement can you make about dividing any number by one?

· Create a problem in which you are multiplying a number by zero.

· What general statement can you make about multiplying any number by zero?

2. Relate Division to Multiplication and Develop Mental Strategies by Using Arrays

Present the students with a variety of multiplication and division problems and have them solve the problems by using arrays.  

i. Emphasize the connection between multiplication and division as well as the commutative property of multiplication. 

Present the students with the following problem and have them represent the problem using an array:

Gary sets up 7 rows of chairs in the gym with 8 chairs in each row. How many chairs did he set up in the gym?

When the students make the arrays using tiles or drawing them on grid paper, have them write the different multiplication and division number sentences that are represented by this array: 7 × 8 = 56,  8 × 7 = 56,  56 
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 8 = 7,  56 
[image: image2.wmf]¸

7 = 8.    

Have them create problems that would be appropriate for each number sentence written.  

Through discussion, have the students come to the following generalizations:

· division problems can be solved by relating them to appropriate multiplication sentences 

· numbers can be multiplied in any order and the answer is still the same. This is not true for the division of numbers

· learning one multiplication fact can be used in learning other related multiplication and division facts.

b. Show how various mental strategies can be visually represented using arrays.

Present the students with the following problem and have them represent the problem using an array:

You decorate a page by pasting 7 rows of stars with 6 stars in each row. How many stars do you use to decorate the page?

When the students make the arrays using tiles or drawing them on grid paper, guide them by adjusting the array to show two parts as shown below:

* * * * * *                      
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* * * * * *  
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                  * * * * * * 



* * *         * * * 

                  7 × 6 =                                                 7 × 3    +   7 × 3 =  21 + 21 = 42

                  Another way to think of 7 × 6 is doubling 7 × 3 or 7 × 3 × 2.



Answer: I use 42 stars to decorate the page.

Encourage the students to transfer the arrays made with counters to centimetre grid paper as shown below:  
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Through discussion, have the students verbalize that this array shows visually the mental strategy for finding products called doubling (Willis 2006).
Other mental strategies that apply the distributive property and build on the students' understanding of multiplication facts to 5 × 5 can also be shown with arrays.

· Show the mental strategy for one more group as follows:

Example: for 4 × 7, think 3 × 7 is 21 and then add one more group of 7 to make 28.  

      *   *   *   *   *  *   *     

      *   *   *   *   *  *   *     

      *   *   *   *   *  *   *

      *   *   *   *   *  *   *

· Show the mental strategy, facts-of-5, which is used with larger facts where at least one of the factors is greater than 5.

Example: for 7 × 7, think 7 × 5 is 35 and 7 × 2 is 14. Then add 35 and 14 to make 49.

                  *   *   *   *   *   *   *

*   *   *   *   *   *   *

*   *   *   *   *   *   *

*   *   *   *   *   *   *

*   *   *   *   *   *   *

*   *   *   *   *   *   *

*   *   *   *   *   *   *

  7 × 5 = 35       7 × 2 = 14       35 + 14 = 49     Therefore, 7 × 7 = 49

Provide reinforcement by asking the students to take a given multiplication fact, such as 
8 × 6, and break it apart in as many ways as possible using the distributive property represented by arrays drawn on centimetre grid paper. For each example, have the students write an appropriate number sentence such as 8 × 6 = (8 × 5) + (8 × 1) = 40 + 8 = 48.   

3. 
Folded Cards


To help the students understand the mental strategy of adding one more group, prepare some folded cards similar to the one shown below. 


When folded as shown, 3 × 8 = 24.

Unfold the other section that shows another group of 8 to represent 4 × 8 = 32.

Have the students verbalize that 4 × 8 is 3 groups of 8 plus one more group of 8, making 32.

This activity could be adapted to visually represent the doubling strategy; e.g., 2 eights are 16; therefore, 4 eights would be twice as much or 32.  

Adapted from W. George Cathcart, Yvonne M. Pothier and James H. Vance, Learning Mathematics in Elementary and Middle Schools (2nd ed.) (Scarborough, ON: Prentice-Hall Canada Inc., 1977), p. 122. Adapted with permission from Pearson Education Canada.
4. Develop Patterns in the 9s Facts

Write the 9s facts vertically and have the students describe any patterns that they see. Through discussion, have the students verbalize the following two patterns among others:

a. the sum of the digits in each product is 9

b. the tens digit in the product is always one less than the number that is multiplying 9.

Encourage the students to explain why these patterns exist for the 9s facts but not the other number facts. During the discussion, suggest that the students use the ten facts along with number relationships to help them discover the connection; e.g., for 3 × 9, use 9 = 10 – 1 and think 3 × 10 = 30 and 30 – 3 = 27. This can be shown with tiles or on grid paper as follows:
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Adapted from John A. Van de Walle, Elementary and Middle School Mathematics: Teaching Developmentally, 4/e (pp. 141, 142). Published by Allyn and Bacon, Boston, MA. Copyright (2001 by Pearson Education. Adapted by permission of the publisher.
After the students understand the patterns in the 9s facts and can explain how they relate to place value, show them the finger patterns that relate to the patterns in the 9s facts.  

Example: To multiply 3 × 9, hold up 10 fingers facing away from you, then bend the third finger from the pinky on the left hand so that you have 2 fingers extended on one side of the bent finger and a total of 7 fingers extended on the other side, showing 27 (Willis 2006).  
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5.
Create and Share Mental Strategies for a Collection of Number Facts  

Provide the students with a number fact and have them develop mental strategies that work for this number fact. Ask them which strategies are more efficient and which strategies could be used for other number facts. Have them indicate to which number facts the strategies could be applied.

Example: Given the number fact 6 × 8, possible strategies could include:

· use nice numbers and adjusting: think 5 × 8 = 40 and add 8 to this product to make 48. Another way to write this is 
5 × 8 + 1 × 8 = 48 using the distributive property.

· use halving and doubling: think half of 6 is 3, 3 × 8 = 24, double 24 to get 48

· use the commutative property of multiplication and repeated doubling: 


think 6 × 8 = 8 × 6, 2 × 6 = 12, double 12 to get 24, double 24 to get 48


· use the distributive property: think 6 × 8 = (6 × 6) + (6 × 2) = 36 + 12 = 48.

Have the students share their strategies and suggest other number facts that could be solved using any given strategy.  

Through discussion, have the students verbalize the following:

· The halving and doubling strategy could be applied to number facts that have at least one even number.

· The commutative property works for all multiplication facts but not division facts. It is efficient to use the commutative property when it is easier to multiply by the second number than by the first number given in the number fact.

· The distributive property works for all multiplication facts but is efficient only if the number parts chosen are easier to multiply than the original number.

Provide time to practise, using the strategies that were created. 

1. Sort Mental Strategies and Number Facts

Provide the students with mental strategies, each written on a separate piece of paper, as well as a variety of multiplication and division number facts on separate pieces of paper. Have the students sort the mental strategies and group them according to which number fact(s) they apply. Clarify that a given mental strategy can apply to more than one number fact and many different mental strategies can be used to solve a number fact. Have them explain their grouping and then have them regroup to show another way to sort the strategies and the number facts.

Adaptations:

a. Instruct the students to put the number facts that can be solved by a mental strategy into one group, the number facts that can be solved by a different mental strategy in another group, and so on. Remind the students that a number fact may be solved by more than one mental strategy so the groupings could be represented by an overlapping Venn diagram. Have them justify their groupings.

b. Have the mental strategies displayed on a poster in the classroom. Provide the students with number facts with each fact on a separate piece of paper. The students group the number facts according to which mental strategy or strategies that they would use to get the answers efficiently.

Note: This sorting strategy is to be used after the students understand the mental strategies and have had practice using them in solving a variety of number facts.

2. Critique Strategies

Provide the students with a multiplication or division problem and a solution to the problem.  

Example: You take 8 mL of cold medicine 8 times a day. How many millilitres of cold medicine do you take each day?

Solution: 8 × 8, think 4 × 4 = 16, 2 × 16 = 32.

I take 32 mL of cold medicine each day.

Have the students critique the solution and make the correct changes.

Look For …


Do students:


explain why a certain group of mental strategies applies to specific number facts?


group the mental strategies another way and explain how this group applies to specific number facts?


explain why a certain group of number facts can be solved by a specific mental strategy?








Look For …


Do students:


create more than one mental strategy for solving a number fact?


apply a mental strategy  successfully to another number fact that they choose?


verbalize the mental strategies used and apply them successfully to other situations?








3 × 10 = 30





3 × 9 is 3 less than 3 × 10 





30 – 3 = 27





3 × 9 = 27





Look For …


Do students:


describe the patterns in the 9s facts? 


connect the patterns in the 9s facts to place value?


verbalize the mental strategies used in applying patterns to the 9s facts using a variety of situations?


represent, visually, another example using patterns in the 9s facts such as 6 × 9?








* * * *


* * * *








* * * *


* * * *








* * * *


* * * *








Look For …


Do students:


verbalize the strategies shown on the folded cards?


apply these strategies to appropriate number facts?


make other folded cards to represent these strategies apply to other number facts?


represent, symbolically, the mental strategies shown on the folded cards?








3 × 7 = 21





one more group of 7





21 + 7 = 28





4 × 7 = 28





Have the students label the array as shown and write a number sentence to represent what is shown by the array:





7 × 6 = 7 × 3 × 2 = 21 × 2 = 42.





Discuss other ways to write the number sentences and guide discussion to show the connection to the distributive property:


7 × 6 = 7 × 3 + 7 × 3 = 21 + 21 = 42.  


Have the students apply this strategy to other appropriate problems.








Look For …


Do students:


explain the connection between division and multiplication by using arrays in the given problem?


create arrays for other problems and use them in multiplication and division number facts?


verbalize the mental strategies used and represented in arrays?


apply the mental strategies developed to other appropriate number facts? 








Look For …


Do students:


show understanding of the problems?


respond positively to the guiding questions?


verbalize the mental strategies used and apply them successfully to other situations?








Look For …


Do students:


explain why a solution is correct?


explain why a solution is incorrect and make the necessary changes to correct it?


apply this ability to critique mental strategies created to solve other problems in class discussions?
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