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Handouts, Cuisenaire rods, 2 ft. of ribbon for each pair, rulers, scissors

 We will make awareness ribbons: orange (Leukemia) Yellow (for military or missing children), purple (alzheimers), Blue (child abuse), red (aids awareness, drugs), green (environment, organ donation) pink (breast cancer).

This handout is posted on the website http://www.math.uakron.edu/~dunlapl/
Goal: Develop a clearer understanding of why the operations with fractions work the way that they do and give you ideas for teaching this with understanding to students.  It may help you if you try to temporarily forget what you already know about these operations.

1. One way to begin thinking about fractions is as a part of a whole.  So we represent them as parts over a whole.  The following are examples.
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On the overhead I will also show examples like: [image: image5.emf]
2. The fraction 
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 is called an improper fraction.  Why do you think it is called that?

3. There are other ways to look at fractions.  Below, the entire grid is the whole and the shaded the part is the numerator.  Can you see 
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tyMention that making the transition from 
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may take some time for children.
We will discuss how to see each of these:
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The symbolic form of fractions causes leads to common mistakes interpreting what they mean and how to perform operations on them.  For example, some kids think that 2/4 is more than ½ because the first one has larger numbers.  One way to avoid this is by stressing what they mean: Instead of saying two fourths say two of those fourths.
These are all equivalent fractions because they represent the same thing.  This means that 
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4. A positive fraction is in its simplest form if the only common factor of the numerator and denominator is 1.  Are any of the fractions in number 2 above in simplest form?

5. Notice 
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This should give you an idea as to how to answer the following question.  How can you determine if two fractions are equivalent?

Basically, you want them to say “put them both in simplest form”.
6. Circle all of the fractions below that are equivalent to 
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7. Now we will work on addition and subtraction with fractions.  We will start with some basic ones and work up to more difficult ones.
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For 
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, say you are adding one of the fourths to one of the halves: then it is more apparent that what we are adding parts that have different sizes.

For these last 4, ask them why the top expression is the same as the bottom one. 

Also, it is important to point out that the “whole” is the same in each pair of pictures.

For the bottom set of pictures, make sure they “see” that ½ = 2/4, 2/3 =  8/12, ¼ = 3/12, etc. 

8. The first row of problems in #7 can help you answer this question.  How do you add fractions with the same denominator (common denominator)?

Looking for something like: ”Recopy the denom and add the num’s”.  It is easy because we are adding “like” things.
9. The second row of problems in #7 can help you answer this question.  How can you use equivalent fractions to help you add fractions with different denominators?

Looking for something like: “Write them as equivalent fractions with the same denoms, then use method in step 8.  To get the ‘common” denom, might just multiply the two that are there together.”
10. Solve the following subtraction problems.
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11. This exercise uses Cuisenaire rods.  Most of it came from Providing a Foundation for Teaching Mathematics in the Middle Grades, pages 194 - 195, edited by Judith T. Sowder and Bonnie P. Schappelle.

Do part a. on the overhead and then have them work on the rest.  This will warm their brains up for multiplication.

a. Let the orange rod represent one (the whole).   Then what is the value of the

red rod?________ 

brown rod?________    
yellow rod?________    


white rod?________ 
purple rod?________ 

b. Now let the dark green rod be the whole.  Which color represents each of the following fractions?

½ =________________
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c. Now let the purple rod be the whole.  Which color represents each of the following fractions?
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d. Using the brown rod as the whole, find the value of these rods:

light green = ________ 
orange = ________ 
blue = ________

e. Which color rod satisfies each condition below?

red = ½ of ________________
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f. 
If light green = 
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If light green = 
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If light green = 
[image: image42.wmf]7

3

, the whole is ________________ 

If light green = 
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12. Now we will work on how to multiply expressions involving fractions.  Remember, multiplication is just shorthand for addition.  So, shorthand for 
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.  Use what you have learned about addition to solve the following multiplication problems.  If an answer is not in simplest form, then put it in simplest form.
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There is no need at this point to worry about putting fractions in simplest terms.
13. Now that you have practiced multiplying fractions by whole numbers, write down how to do it and be sure to include the words “whole number”, “numerator” and “denominator”.

Something like “Multiply the numerator by the whole number, recopy the denominator, simplify if necessary”.

14. Suppose the entire figure below is one whole.  Then the shaded part of the figure is 
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.  How many of the blocks would represent 
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?  (1) Once you have answered that question, you should be able to answer the following with a fraction in simplest form: 
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 1/5 (Imagine breaking our whole, 3/5, into 3 equal parts.  Each of them would be a third of 3/5.  Also, each of these is 1/5.  So 1/3 of 3/5 is 1 of those 5ths , 2/3 of 3/5 is 2 of those 5ths , 3/3 of 3/5 is 3 of those 5ths)

15. Now we are going to solve this problem again using a different method.  Suppose the figure down below represents one whole.  Then the shaded part of the figure is 
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 (that includes all 9 striped boxes).  Three of the boxes have stripes that are criss-crossed, this is 
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 of the shaded region.  That means that those three boxes represent 
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.  Does this contradict the result of the last problem?  Explain.  No, because 3/15 is equivalent to 1/5.



16. Mimic the method used in #15 to solve the following.  Do not simplify your fractions!
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17. Guess what, you just multiplied fractions!  Remember, when we say give me 5 groups of 3, or 5 of 3, the shorthand notation for that is 
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.  Use that information to solve the following. 
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18. Now that you have practiced multiplying fractions by fractions, write down how to do it and be sure to include the words “numerator” and “denominator”.  

“Multiply the numerators to get the numerator and the denominators to get the denominator.”
This works because the dimensions of the Wholes were Denom1 by Denom2 or Denom2 by Denom1.  In either case, we used a whole that was broken into Denom1 X Denom2 pieces.  That gives us the denominator of the final result.  

The numerator will be the number of doubly shaded pieces. I want to show why the number of doubly shaded pieces is Numer1 X Numer2.

Let us look at the specific example of 
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We start with a 5X4 region and shade in 2 of the 5 rows (the 2 comes from the second numerator).







Then in each of those shaded rows we doubly shade in 3 of the 4 blocks the 3 comes from the first numerator).  So each of two shaded rows contains 3 doubly shaded boxes (2 rows of 3 doubly shaded boxes) for a total of 2 X 3 = 6 doubly shaded boxes.  So out of the 4 X 5 = 20 boxes that make up the whole, 2 X 3 = 6 are doubly shaded: That is how we get 6/20.

Notice that this method also works when you multiply fractions by whole numbers.  We saw before that 
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, the same result.
19. Can you see 2/3 of something?  (The two shaded blocks are 2/3 of all three blocks.  So the three blocks are the something.)


20. Can you see ½ of 2/3?  (One of the blocks.  Let the 2 blocks be 2/3, then one block is 1/3.  So, ½ of 2/3 is 1/3 )


21. Can you see 3/2 of 2/3?  (This would be all three blocks.  Note that if one block is 1/3, then all three are one.  So, 3/2 of 2/3 is 1.)


22. Can you see 3/2 of something?  (All three blocks are 3/2, or 1 ½, of the two shaded blocks.  So the two shaded blocks is the something.)


23. Can you see 1/3 of 3/2?  (One of the blocks.  Since 3 blocks is 3/2, one block is 1/2.  So, 1/3 of 3/2 is ½. )


24. Can you see 2/3 of 3/2?  (Two blocks, and since each of these is ½ then two of them are 1.  So 2/3 of 3/2.)


25. We could calculate 
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by converting both of the mixed numbers to improper fractions:
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Explain how the picture below also demonstrates this.

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Think about this grid being 3 1/2 wide by 1 2/3 deep.  So it is using a grid to see the multiplication.  It takes 6 of the small rectangles to make up a 1 X 1 block, so each small rectangle is 1/6.  You can see 3 solid blocks (comes from the 1 X 3), then you can see 17 more of the small rectangles (this comes from the 2/3 X 3, 1 X ½, and 2/3 X ½) or 17/6 = 2  5/6.  So altogether 5  5/6.

Before working on division, have them do the following problem: Give every pair of students 2 feet of orange ribbon, a ruler, and scissors.  They will use it to make loops for Leukemia awareness day (Actually, they are just going to cut the pieces of ribbon).  They need 4½ inches for each loop.  How many can you make?  How much is left over? (Should get 5 loops with 1½ inches left over.)  Put their results in a chart on the board, they will be referred to after problem #34.

Now we are going to work on how to divide using fractions.

Remember, we can think of division two different ways.  For example, we can think of 
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 as:

1st Way: If we break 12 into 3 pieces of equal size, each piece will have a size of 4.

2nd Way: How many 3’s fit into 12?  4.

26.  We will use both of these ways to think of division to show why 
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.  First, let each of the rows in the figure below represent one whole.  Then the entire figure represents 2 and one cube represents 
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.  The figure has been broken into 3 equal-sized columns.  Using the first way to think of division, one column represents 
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.  Because one column contains 2 cubes, and each cube is 
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Second, let the figure below represent 3.  Then each block represents one whole and the two shaded blocks represent 2.  The two shaded blocks also represents 
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 of 3.  Now according to the second way to think about division, we want to answer the question: how many 3’s fit into 2.  We know that we can not fit an entire 3 into a 2.  But what fraction of 3 can fit into 2?  The figure below shows us that exactly 
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Rewrite the following as a fraction.
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Notice from #13 you discovered that 
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27. Using the second way to think about division, what is 
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[image: image93.wmf]________

5

________

4

________

3

________

2

2

1

2

1

2

1

2

1

=

¸

=

¸

=

¸

=

¸


28. Finish the following sentence:  Dividing a number by 
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 is the same as multiplying by ________.2
29. Use the second way to think about division to explain why 
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30. Finish the following sentence: Dividing a number by 
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 is the same as multiplying by ________.3
31. Finish the following sentence: Dividing a number by 
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 is the same as multiplying by ________.n
It turns out that this works when the number you are dividing is a fraction.  That is what we are going to look at next.  In problem #15, we observed that the criss-crossed region below was 
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 of the whole, and the criss-crossed region was 
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 of the shaded region.  We can also think of the criss-crossed region as 
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 of the whole.  The shaded part of the top row (the 3 criss-crossed boxes) is 
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Now we are going to find out why 
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 is the same as multiplying 
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 by 3.  We will use the second way to think about division: How many 
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 of the whole.  We also know that the 3 shaded boxes in the first row are 
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[image: image128.wmf]5

3

 of 
[image: image129.wmf]3

1

.  So, altogether the entire shaded region contains 
[image: image130.wmf]5

3

5

3

5

3

+

+

 of 
[image: image131.wmf]3

1

.  So 
[image: image132.wmf]5

3

 contains 
[image: image133.wmf]5

9

5

3

3

=

×

 of 
[image: image134.wmf]3

1

.



Laurie, you will also say it this way:  If you have 
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 of that something.  Also, mention this: 
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 is 5 out of 15 boxes.  So when asking how many 
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, we can see you can fit one set of 5 boxes into the 9 shaded boxes plus another 4/5’s of 5 boxes.  Thus 1 and 4/5 which is the same as 9/5 = 3 X 3/5.  Maybe think of 3/5 of a pizza +  3/5 of a pizza +  3/5 of a pizza, almost 2 pizzas.

32. Calculate the following and put the answer in simplest form.
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33. Here is what we have established so far:

First set of equations: 
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We are going to use what we have established to solve 
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 in more than one way.   For the first way think about the following: 
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 means that 12 twos fit into 24.  Four is twice as much a two, so only half as many of them will fit into 24: 
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, six is three times the size of two, so only a third as many of them will fit into 24: 
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, twelve is six times as large as two, so only a sixth as many of them will fit into 24: 
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 (after #31).  That was all part of establishing the third set of equations above.  Because 
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 and using the first set of equations above we have: 
[image: image162.wmf]10

9

5

2

9

1

5

9

2

1

=

×

×

=

×

.  Use this same type of reasoning to finish the following problems.
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34. The work after #33 suggests that to calculate 
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 by first dividing  
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The first choice yields:
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The second choice yields:
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Either way we get the same result: 
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.  At some point you learned a rule that went something like this: When dividing by a fraction, all that you need to do is invert and multiply.  How is that connected to what we have just learned?

“When you go through the steps we went through, the final result is to simply invert and multiply.”

*******At this point bring the ribbon example back up.  We were trying to find out how many 4½’s fit into 24.  I. E. 24 divided by 4½: 
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.  This means that we should have had enough for 5 whole ribbons and that the length left over should be a third of a ribbon.  What is a third of 4½ inches?  1½ because 1½+1½+1½ = 4½.  Did anybody get 5 ribbons with 1½ inches left over?  

35. You have established that 
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, does that also mean that 
[image: image191.wmf]d

b

c

a

d

c

b

a

¸

¸

=

¸

?”  Explain.

It is true, but many who have learned the invert and multiply rule will assume that it can not be true.  Here is one way to show it: 
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36. What is 
[image: image193.wmf]1

0

?__________ Explain your result.  (You may want to refer to question #1 or the two ways to think about division.)

0 because you can not fit any 1’s into 0.

37. Plug 1/0 into your calculator.  What happened?   Why did this happen?  It may help you to think about the two ways to think about division.

Because you can fit more than a finite number of 0’s into 1.

Fraction Handout

This handout is posted on the website http://www.math.uakron.edu/~dunlapl/
1. One way to begin thinking about fractions is as a part of a whole.  So we represent them as parts over a whole.  The following are examples.
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2. The fraction 
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 is called an improper fraction.  Why do you think it is called that?

3. There are other ways to look at fractions.  Below, the entire grid is the whole and the shaded the part is the numerator.  Can you see 
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These are all equivalent fractions because they represent the same thing.  This means that 
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4. A positive fraction is in its simplest form if the only common factor of the numerator and denominator is 1.  Are any of the fractions in number 2 above in simplest form?

5. Notice 
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This should give you an idea as to how to answer the following question.  How can you determine if two fractions are equivalent?

6. Circle all of the fractions below that are equivalent to 
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7. Now we will work on addition and subtraction with fractions.  We will start with some basic ones and work up to more difficult ones.
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8. The first row of problems in #7 can help you answer this question.  How do you add fractions with the same denominator (common denominator)?

9. The second row of problems in #7 can help you answer this question.  How can you use equivalent fractions to help you add fractions with different denominators?

10. Solve the following subtraction problems.
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11. This exercise uses Cuisenaire rods.  Most of it came from Providing a Foundation for Teaching Mathematics in the Middle Grades, pages 194 - 195, edited by Judith T. Sowder and Bonnie P. Schappelle.

a. Let the orange rod represent one (the whole).   Then what is the value of the

red rod?________ 

brown rod?________    
yellow rod?________    


white rod?________ 
purple rod?________ 

b. Now let the dark green rod be the whole.  Which color represents each of the following fractions?

½ =________________
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c. Now let the purple rod be the whole.  Which color represents each of the following fractions?
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d. Using the brown rod as the whole, find the value of these rods:

light green = ________ 
orange = ________ 
blue = ________

e. Which color rod satisfies each condition below?

red = ½ of ________________
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 of brown = ________________
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 of yellow = ________________   
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f. 
If light green = 
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If light green = 
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If light green = 
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If light green = 
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, the whole is ________________

12. Now we will work on how to multiply expressions involving fractions.  Remember, multiplication is just shorthand for addition.  So, shorthand for 
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.  Use what you have learned about addition to solve the following multiplication problems.  If an answer is not in simplest form, then put it in simplest form.
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13. Now that you have practiced multiplying fractions by whole numbers, write down how to do it and be sure to include the words “whole number”, “numerator” and “denominator”.

14. Suppose the entire figure below is one whole.  Then the shaded part of the figure is 
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.  How many of the blocks would represent 
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?   Once you have answered that question, you should be able to answer the following with a fraction in simplest form: 
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15. Now we are going to solve this problem again using a different method.  Suppose the figure down below represents one whole.  Then the shaded part of the figure is 
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 (that includes all 9 striped boxes).  Three of the boxes have stripes that are criss-crossed, this is
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 of the shaded region.  That means that those three boxes represent 
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of the whole is criss-crossed, that means that 
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.  Does this contradict the result of the last problem?  Explain.  


16. Mimic the method used in #15 to solve the following.  Do not simplify your fractions!
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17. Guess what, you just multiplied fractions!  Remember, when we say give me 5 groups of 3, or 5 of 3, the shorthand notation for that is 
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.  Use that information to solve the following. 
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18. Now that you have practiced multiplying fractions by fractions, write down how to do it and be sure to include the words “numerator” and “denominator”.  

This works because the dimensions of the Wholes were Denom1 by Denom2 or Denom2 by Denom1.  In either case, we used a whole that was broken into Denom1 X Denom2 pieces.  That gives us the denominator of the final result.  

The numerator will be the number of doubly shaded pieces. I want to show why the number of doubly shaded pieces is Numer1 X Numer2.

Let us look at the specific example of 
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We start with a 5X4 region and shade in 2 of the 5 rows.







Then in each of those shaded rows we doubly shade in 3 of the 4 blocks.  So each of two shaded rows contains 3 doubly shaded boxes for a total of 2 X 3 = 6 doubly shaded boxes.  So out of the 4 X 5 = 20 boxes that make up the whole, 2 X 3 = 6 are doubly shaded: That is how we get 6/20.

Notice that this method also works when you multiply fractions by whole numbers.  We saw before that 
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, the same result.
19. Can you see 2/3 of something?  


20. Can you see ½ of 2/3?  


21. Can you see 3/2 of 2/3?  


22. Can you see 3/2 of something?  


23. Can you see 1/3 of 3/2?  


24. Can you see 2/3 of 3/2?  


25. We could calculate 
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 by converting both of the mixed numbers to improper fractions:
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Explain how the picture below also demonstrates this.

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Each pair of students will be given 2 feet of ribbon, a ruler, and scissors.  You will use it to make loops for Leukemia awareness day (Actually, you are just going to cut the pieces of ribbon for now).  You need 4½ inches for each loop.  How many can you make?  How much is left over? 

Now we are going to work on how to divide using fractions.

Remember, we can think of division two different ways.  For example, we can think of 
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 as:

1st Way: If we break 12 into 3 pieces of equal size, each piece will have a size of 4.

2nd Way: How many 3’s fit into 12?  4.

26.  We will use both of these ways to think of division to show why 
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.  First, let each of the rows in the figure below represent one whole.  Then the entire figure represents 2 and one cube represents 
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.  The figure has been broken into 3 equal-sized columns.  Using the first way to think of division, one column represents 
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.  Because one column contains 2 cubes, and each cube is 
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, one column is 
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Second, let the figure below represent 3.  Then each block represents one whole and the two shaded blocks represent 2.  The two shaded blocks also represents 
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 of 3.  Now according to the second way to think about division, we want to answer the question: how many 3’s fit into 2.  We know that we can not fit an entire 3 into a 2.  But what fraction of 3 can fit into 2?  The figure below shows us that exactly 
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Rewrite the following as a fraction.
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Notice from #13 you discovered that 
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.  In this problem we have expanded that to 
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27. Using the second way to think about division, what is 
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?______  Now use the second way to think about division to calculate the following:
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28. Finish the following sentence:  Dividing a number by 
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 is the same as multiplying by ________.

29. Use the second way to think about division to explain why 
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30. Finish the following sentence: Dividing a number by 
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 is the same as multiplying by ________.

31. Finish the following sentence: Dividing a number by 
[image: image280.wmf]n
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 is the same as multiplying by ________.

It turns out that this works when the number you are dividing is a fraction.  That is what we are going to look at next.  In problem #15, we observed that the criss-crossed region below was 
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.  That was true because the shaded region was 
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 of the whole, and the criss-crossed region was 
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 of the shaded region.  We can also think of the criss-crossed region as 
[image: image285.wmf]5

3

 of 
[image: image286.wmf]3

1

.  This should not be surprising because we know 
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 EMBED Equation.3  [image: image289.wmf]5
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.  But here is another way to think about it.  In the figure below, the top row is 
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Now we are going to find out why 
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 is the same as multiplying 
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 by 3.  We will use the second way to think about division: How many 
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 of the whole.  We also know that the 3 shaded boxes in the first row are 
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32. Calculate the following and put the answer in simplest form.
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33. Here is what we have established so far:

First set of equations: 
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Second set of equations: 
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Third set of equations:
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We are going to use what we have established to solve 
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 in more than one way.   For the first way think about the following: 
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 means that 12 twos fit into 24.  Four is twice as much a two, so only half as many of them will fit into 24: 
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, six is three times the size of two, so only a third as many of them will fit into 24: 
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, twelve is six times as large as two, so only a sixth as many of them will fit into 24: 
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.  This will help you understand the following: You already found out that 
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 (after #31).  That was all part of establishing the third set of equations above.  Because 
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 and using the first set of equations above we have: 
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.  Use this same type of reasoning to finish the following problems.
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34. The work after #33 suggests that to calculate 
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The first choice yields:
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The second choice yields:
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Either way we get the same result: 
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.  At some point you learned a rule that went something like this: When dividing by a fraction, all that you need to do is invert and multiply.  How is that connected to what we have just learned?

Let’s look back at your ribbon cutting results.

35. You have established that 
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, does that also mean that 
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?”  Explain.

36. What is 
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?__________ Explain your result.  (You may want to refer to question #1 or the two ways to think about division.)

37. Plug 1/0 into your calculator.  What happened?   Why did this happen?  It may help you to think about the two ways to think about division.

Fraction Overheads

1. One way to begin thinking about fractions is as a part of a whole.  So we represent them as parts over a whole.  The following are examples.
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2. The fraction 
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 is called an improper fraction.  Why do you think it is called that?

3. There are other ways to look at fractions.  Below, the entire grid is the whole and the shaded the part is the numerator.  Can you see 
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These are all equivalent fractions because they represent the same thing.  This means that 
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4. A positive fraction is in its simplest form if the only common factor of the numerator and denominator is 1.  Are any of the fractions in number 2 above in simplest form?

5. Notice 
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This should give you an idea as to how to answer the following question.  How can you determine if two fractions are equivalent?

6. Circle all of the fractions below that are equivalent to 
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7. Now we will work on addition and subtraction with fractions.  We will start with some basic ones and work up to more difficult ones.

                                                                               

      


[image: image377.wmf]=

+

5

1

5

2




     
[image: image378.wmf]=

+

6

2

6

3




       
[image: image379.wmf]=

+

4

2

4

3








 
[image: image380.wmf]=

+

=

+

4

2

4

1

2

1

4

1


         
[image: image381.wmf]=

+

=

+

12

3

12

8

4

1

3

2


     

[image: image382.wmf]=

+

=

+

6

2

6

3

3

1

2

1




[image: image383.wmf]=

+

=

+

15

9

15

10

5

3

3

2


8. The first row of problems in #7 can help you answer this question.  How do you add fractions with the same denominator (common denominator)?

9. The second row of problems in #7 can help you answer this question.  How can you use equivalent fractions to help you add fractions with different denominators?

10. Solve the following subtraction problems.
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11. This exercise uses Cuisenaire rods.  Most of it came from Providing a Foundation for Teaching Mathematics in the Middle Grades, pages 194 - 195, edited by Judith T. Sowder and Bonnie P. Schappelle.

a. Let the orange rod represent one (the whole).   Then what is the value of the

red rod?______ brown rod?______ yellow rod?______    


white rod?________ 
purple rod?________ 

b. Now let the dark green rod be the whole.  Which color represents each of the following fractions?

½ =________________
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1½  = ________________ 
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c. Now let the purple rod be the whole.  Which color represents each of the following fractions?
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d. Using the brown rod as the whole, find the value of these rods:

light green = _______ orange = _______ blue = ________

e. Which color rod satisfies each condition below?

red = ½ of _____________
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 of brown = _____________
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f. 
If light green = 
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If light green = 
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If light green = 
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If light green = 
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12. Now we will work on how to multiply expressions involving fractions.  Remember, multiplication is just shorthand for addition.  So, shorthand for 
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.  Use what you have learned about addition to solve the following multiplication problems.  If an answer is not in simplest form, then put it in simplest form.
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13. Now that you have practiced multiplying fractions by whole numbers, write down how to do it and be sure to include the words “whole number”, “numerator” and “denominator”.

14. Suppose the entire figure below is one whole.  Then the shaded part of the figure is 
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.  How many of the blocks would represent 
[image: image406.wmf]3

1

of
[image: image407.wmf]5

3

?   Once you have answered that question, you should be able to answer the following with a fraction in simplest form: 
[image: image408.wmf]3

1

of 
[image: image409.wmf]_______

5

3

=



15. Now we are going to solve this problem again using a different method.  Suppose the figure down below represents one whole.  Then the shaded part of the figure is 
[image: image410.wmf]5

3

 (that includes all 9 striped boxes).  Three of the boxes have stripes that are criss-crossed, this is 
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 of the shaded region.  That means that those three boxes represent 
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of the whole is criss-crossed, that means that 
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.  Does this contradict the result of the last problem?  Explain.
  

16. Mimic the method used in #15 to solve the following.  Do not simplify your fractions!
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17. Guess what, you just multiplied fractions!  Remember, when we say give me 5 groups of 3, or 5 of 3, the shorthand notation for that is 
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.  Use that information to solve the following. 
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18. Now that you have practiced multiplying fractions by fractions, write down how to do it and be sure to include the words “numerator” and “denominator”.  

This works because the dimensions of the Wholes were Denom1 by Denom2 or Denom2 by Denom1.  In either case, we used a whole that was broken into Denom1 X Denom2 pieces.  That gives us the denominator of the final result.  

The numerator will be the number of doubly shaded pieces. I want to show why the number of doubly shaded pieces is Numer1 X Numer2.

Let us look at the specific example of 
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We start with a 5X4 region and shade in 2 of the 5 rows.






Then in each of those shaded rows we doubly shade in 3 of the 4 blocks.  So each of two shaded rows contains 3 doubly shaded boxes for a total of 2 X 3 = 6 doubly shaded boxes.  So out of the 4 X 5 = 20 boxes that make up the whole, 2 X 3 = 6 are doubly shaded: That is how we get 6/20.

Notice that this method also works when you multiply fractions by whole numbers.  We saw before that 
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, the same result.

19. Can you see 2/3 of something?  

20. Can you see ½ of 2/3?

21. Can you see 3/2 of 2/3?

22. Can you see 3/2 of something?

23. Can you see 1/3 of 3/2?

24. Can you see 2/3 of 3/2?

25. We could calculate 
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 by converting both of the mixed numbers to improper fractions:
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Explain how the picture below also demonstrates this.

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Each pair of students will be given 2 feet of ribbon, a ruler, and scissors.  You will use it to make loops for Leukemia awareness day (Actually, you are just going to cut the pieces of ribbon for now).  You need 4½ inches for each loop.  How many can you make?  How much is left over? 

Now we are going to work on how to divide using fractions.

Remember, we can think of division two different ways.  For example, we can think of 
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 as:

1st Way: If we break 12 into 3 pieces of equal size, each piece will have a size of 4.

2nd Way: How many 3’s fit into 12?  4.
26. We will use both of these ways to think of division to show why 
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.  First, let each of the rows in the figure below represent one whole.  Then the entire figure represents 2 and one cube represents 
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.  The figure has been broken into 3 equal-sized columns.  Using the first way to think of division, one column represents 
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.  Because one column contains 2 cubes, and each cube is 
[image: image441.wmf]3

1

, one column is 
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Second, let the figure below represent 3.  Then each block represents one whole and the two shaded blocks represent 2.  The two shaded blocks also represents 
[image: image443.wmf]3

2

 of 3.  Now according to the second way to think about division, we want to answer the question: how many 3’s fit into 2.  We know that we can not fit an entire 3 into a 2.  But what fraction of 3 can fit into 2?  The figure below shows us that exactly 
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Rewrite the following as a fraction.
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Notice from #13 you discovered that 
[image: image446.wmf]b

a

b

a

=

×

1

.  In this problem we have expanded that to 
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27. Using the second way to think about division, what is 
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Now use the second way to think about division to calculate the following:

[image: image449.wmf]________

5

________

4

________

3

________

2

2

1

2

1

2

1

2

1

=

¸

=

¸

=

¸

=

¸


28. Finish the following sentence:  Dividing a number by 
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 is the same as multiplying by _____.

29. Use the second way to think about division to explain why 
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30. Finish the following sentence: Dividing a number by 
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 is the same as multiplying by _____.

31. Finish the following sentence: Dividing a number by 
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 is the same as multiplying by _____.

It turns out that this works when the number you are dividing is a fraction.  That is what we are going to look at next.  In problem #15, we observed that the criss-crossed region below was 
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 of the shaded region.  We can also think of the criss-crossed region as 
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 and since multiplication is commutative, we can switch the order and write it as 
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Now we are going to find out why 
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32. Calculate the following and put the answer in simplest form.
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33. Here is what we have established so far:

First set of equations: 
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Second set of equations: 
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Third set of equations:
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We are going to use what we have established to solve 
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 in more than one way.   For the first way think about the following: 
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 means that 12 twos fit into 24.  Four is twice as much a two, so only half as many of them will fit into 24: 
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, six is three times the size of two, so only a third as many of them will fit into 24: 
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, twelve is six times as large as two, so only a sixth as many of them will fit into 24: 
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 (after #31).  That was all part of establishing the third set of equations above.  Because 
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.  Use this same type of reasoning to finish the following problems.
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34. The work after #33 suggests that to calculate 
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 by first dividing  
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The first choice yields:
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The second choice yields:


[image: image535.wmf]c

b

d

a

c

b

d

a

c

b

d

a

c

d

b

a

d

c

b

a

d

c

b

a

×

×

=

×

×

=

¸

÷

ø

ö

ç

è

æ

×

=

¸

÷

ø

ö

ç

è

æ

¸

=

÷

ø

ö

ç

è

æ

×

¸

=

¸

1

1

1


Either way we get the same result: 
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.  At some point you learned a rule that went something like this: When dividing by a fraction, all that you need to do is invert and multiply.  How is that connected to what we have just learned?

Let’s look back at your ribbon cutting results.

35. You have established that 
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36. What is 
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