Planning Guide: Addition and Subtraction of Positive Fractions and Mixed Numbers

Learning Activities

Sample Activities for Teaching Adding and Subtracting Positive Fractions and Mixed Numbers
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1. Estimating Sums and Differences

Develop students' number sense by having them think about the meaning of fractions as they respond to open-ended questions, such as, "What can you tell me about two fractions that have a sum between 0 and 1?" (Reys 1992, p. 6).
Build on students' understanding of fractions and using benchmarks on a number line to place specific fractions. In the following activity, have students think about each fraction relative to 
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 in making their estimates of sums.

Place the following number lines on the board or overhead projector. Provide students with cut-out arrows that can be moved along the number line and placed in an appropriate position to mark the sum of the two fractions in each case. Put each addition into a contextual problem and have students describe their thinking in solving the problem.
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Students might explain their reasoning for the last problem as follows: 

"I place 
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  just past 
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on the number line because 3 out of 5 is a little more than half of 5. Then I move 1 unit to the right, placing the arrow a little past 
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. Finally, I move 
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 unit further to the right, placing the arrow just past 4. I estimate the sum to be a little more than 4 units." 
Adapted from Barbara J. Reys, Developing Number Sense in the Middle Grades: Curriculum and Evaluation Standards for School Mathematics Addenda Series, Grades 5–8 (Reston, VA: The National Council of Teachers of Mathematics, 1992), p. 33. Adapted with permission of the National Council of Teachers of Mathematics. 

A similar procedure could be used to estimate differences of fractions.

2. Adding and Subtracting Fractions with Like Denominators
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Access prior knowledge of adding whole numbers and the meaning of fractions, in particular, the meaning of the numerator and the denominator; i.e., the numerator counts and the denominator shows what is counted. Remind students that fractions may represent regions (e.g., pattern blocks), sets (e.g., buttons) or lengths (e.g., fraction strips). Present the following problem to students:

Celina eats 
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 of a licorice and Jeff eats 
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 of another licorice the same size.

a) Estimate whether they eat more or less than 1 licorice in total.

b) How much licorice do they eat in all?

a) To estimate, students may wish to use benchmarks on a number line and reason that each person eats more than half a licorice so they would eat more than 1 licorice in total.

b) Provide students with fractions strips to use as needed in solving the problem.  


Have students explain their thinking in finding the sum. Ask them how they used the numerators and the denominators of the fraction in their solutions. Have students draw a diagram and write a number sentence to represent the problem; e.g., 

Celina eats 
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 of a pizza. To illustrate this fraction, 3 out of 5 equal parts of the fraction strip below are shaded.

	
	
	
	
	


Jeff eats 
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 of a pizza. To illustrate this fraction, 4 out of 5 equal parts of the fraction strip below are shaded.
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   How many fifths did they eat in all?  
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 They eat seven fifths or 
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 pizzas in all.      
  
We can show this addition with the fraction strips.  
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          They eat 
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 licorices in all.

Review the relation between addition and subtraction of whole numbers and have students transfer this understanding to fractions. Transform the addition problem into a related subtraction problem, such as:

Jeff has 
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 licorices and he eats 
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 of a licorice. How much licorice is left?

Provide other similar related addition and subtraction problems with like denominators, using a variety of manipulatives including fraction strips, pattern blocks and buttons. Reinforce that the whole, whether it is region or a set, must be the same size for all the fractions in any given problem.
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Through discussion, have students verbalize a generalization about adding and subtracting fractions with like denominators; e.g., when the denominators of two fractions are the same, the parts of the whole being counted are the same size so you just add the numerators to obtain the sum.

3. Adding and Subtracting Fractions with Unlike Denominators (Changing One Denominator)


Present students with the following problem:

David eats  
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 of a bag of candies.  Marnie eats 
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 of a same size bag of candies.  

a) Estimate whether they eat more or less than l complete bag of candies in total.

b) How many bags of candy do they eat in all?

a) To estimate, students may use benchmarks saying that 
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 so they will eat more than one full bag of candies in total.

b) Have students suggest how they might solve this problem by connecting it to the problems with like denominators. They might explain how the numbers in this problem can be changed so that the parts (denominators) are the same. Have them suggest how they might draw a diagram to represent the problem. How many candies could they use in one whole bag? Why? 

Students may represent the problem with a set of 8 candies in the whole bag, where 8 represents the denominator (the number of equal parts in a whole) because 4 is a factor of 8.

Review equal parts of a set, emphasizing that each part is equal if it has the same number of items in it.
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            Review equivalent fractions:
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They eat 
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 bags of candies in total.

Transform the addition problem into a related subtraction problem, such as the following:

David has 
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 bags of candies. If he eats 
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 of a bag of candies, what fraction of a bag of candies is left?

Provide other similar related addition and subtraction problems with unlike denominators (changing one denominator), using a variety of manipulatives, including fraction strips, pattern blocks and buttons.

Through discussion, have students verbalize that the parts of the whole being counted must be the same size so you must first have common denominators before adding the numerators.

4. Adding and Subtracting Fractions with Unlike Denominators (Changing Both Denominators)

Present students with the following problem:

Lori eats 
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of a cake and Nicholas eats 
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of the same size cake.

a) Estimate the total amount of cake eaten by both people.

b) What is the total amount of cake that they ate?

a) Students might estimate by thinking that 
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 and it is 
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 away from one whole.  Since 
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 is less than 
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, the total amount will be slightly less than one whole. 

b) Have students suggest how they might solve the problem, keeping in mind that the parts of the whole must be the same size before they can be added. Applying what they learned from the previous activity, students may use equivalent fractions to find a solution to the problem. Provide fraction strips and fractions blocks for students to use as needed.

For example, students might represent the problem by using fraction blocks as 

follows:
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They ate 
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 of the cake.

Relate to subtracting fractions by changing the problem to the following:

Lori eats 
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 of a cake and Nicholas eats 
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 of the same size cake.

a) Estimate how much more cake is eaten by Lori than by Nicholas.

b) How much more cake did Lori eat than Nicholas?

a)  Students might estimate by thinking that 
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.  Since 
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, the difference between 
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b) Have students suggest how to find the difference by applying what they know about adding fractions with unlike denominators (changing both denominators). Provide fraction strips and fraction blocks as needed. For example, the student might represent the problem by using fraction blocks as follows:
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Lori eats 
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 of a cake more than Nicholas.

Provide other similar problems with unlike denominators (changing both denominators) and have students suggest strategies in solving the problems. Use different problem contexts and have students use a variety of manipulatives connected to appropriate diagrams and number sentences.

Have students generalize that the numerators of fractions can be added or subtracted only if these numerators are counting the same size parts of the whole; i.e., the denominators are the same.


5. Adding and Subtracting Mixed Numbers


Build on students' understanding of adding and subtracting whole numbers as well as proper fractions. To add mixed numbers, use the associative property and show that the whole numbers can be added together first and then the proper fractions can be added. To complete the addition, the two sums are added together. For example:

Johnny bikes for 
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 hours and hikes for 
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 hours.

a) About how much time does he spend biking and hiking?

b) How much time does he spend biking and hiking?

a) Students might estimate the total time by adding the whole numbers (2 + 1) and then use benchmarks to estimate the

sum of the fractional parts. 
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 is a little more than 
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. Therefore, 
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 is a little more than 1. Adding the whole and fractional parts together, a good estimate would be about  4 hours. 

b) Have students suggest how to find the sum by using their background knowledge of operations with whole numbers as well as fractions. You might suggest that the mixed numbers be rewritten as 2 + 
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 + 1 + 
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. Then 2 and 1 could be added to obtain 3. This sum is then added to the sum of the two proper fractions to obtain the total sum.

Have students use fraction strips to represent the sum of 
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, reviewing that a common denominator would be 10. Both fractions can be written equivalent to fractions in tenths.  

Students draw diagrams and write appropriate symbols to show the addition process.

Using fractions bars to show the addition of 
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         Johnny spends 
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Alternative method:

Convert the mixed numbers to improper fractions and then add them.

Have students solve subtraction problems, using similar numbers such as the following:

Johnny bikes for 
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 hours and hikes for 
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 hours.

a) About how much more time does he spend biking than hiking?

b) How much more time does he spend biking than hiking?

a) Students could estimate the answer by simply subtracting the whole numbers because the fractional parts are about the same.

b) Have students suggest ways to subtract the mixed numbers. They may wish to convert the mixed numbers to improper fractions, find common denominators and subtract to calculate the answer. Have fraction strips available for use as needed. Encourage students to draw diagrams and write number sentences to explain their thinking.

Adapted from Alberta Education, Fractions: Learning Strategies to Enhance Understanding (unpublished workshop handout) (Edmonton, AB: Alberta Education, 2004), pp. 21–25.
6. Concept Definition Maps for Adding and Subtracting Fractions

Have students complete concept definition maps to consolidate their understanding of adding and subtracting fractions. A concept definition map for adding fractions could be done together as a class. Then students could work in groups or independently to create another concept definition map for subtracting fractions.  

Sample concept definition maps are shown below.

Concept Definition Map

                                    What is it?









   What are its characteristics?





        Word



                   Examples







                                                                                     Nonexamples                                                                 

Format adapted from Robert M. Schwartz, "Learning to Learn Vocabulary in Content Area Textbooks," Journal of Reading 32, 2 (1988), p. 110, Example 1. Adapted with permission from International Reading Association.

Concept Definition Map

                               What is it?









     What are its characteristics?







       Word



                   Examples







                                                                                     Nonexamples    

Format adapted from Robert M. Schwartz, "Learning to Learn Vocabulary in Content Area Textbooks," Journal of Reading 32, 2 (1988), p. 110, Example 1. Adapted with permission from International Reading Association.

Operation with Fractions





Look For …


Do students:


identify the main characteristics of adding and subtracting fractions?


create examples and nonexamples of addition and subtraction problems?
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Look For  …


Do students:


apply their knowledge of the relation between mixed numbers and improper fractions in solving the problems?


use the associative property and commutative property or addition to add the whole numbers and then the fractions?


transfer learning about adding mixed numbers to subtracting mixed numbers?








Look For …


Do students:


apply their knowledge about solving comparison problems with whole numbers? 


use the simpler problem strategy and change the fractions to whole numbers as a method to decide which operation to use in the problem?


use a variety of manipulatives to explain their thinking and connect the concrete to the pictorial and symbolic representations?





Look For …


Do students:


explain that the numerators can be added or subtracted only if they represent the same size parts of the whole, i.e., the denominators are the same?


apply their knowledge of equivalent fractions in finding common denominators? 


use invented strategies to add or subtract fractions?


use the same size sets to represent all the fractions in the problem?





� EMBED Equation.DSMT4  ��� shaded





Look For …


Do students:


estimate sums or differences, using appropriate strategies?


explain their thinking as they estimate and calculate?


recognize that the whole region or whole set is the same size for all the fractions in any given problem?


explain that the numerator counts and the denominator shows what is counted?


relate addition to subtraction of fractions in a similar way that was done with whole numbers?
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Look For …


Do students:


understand the meaning of a fraction?


use the relative size of fractions in terms of benchmarks to estimate sums and differences?


use the associative property in estimating sums of mixed numbers? 


clearly explain the strategies used in estimating?





The sum of proper fractions is less than two, while the sum of mixed numbers is greater than one.





� EMBED Equation.DSMT4  ���





The sum of mixed numbers is the sum of the whole numbers combined with the sum of the fractions.





Adding Fractions





You have � EMBED Equation.DSMT4  ��� of a pizza left. If you eat � EMBED Equation.DSMT4  ��� of the leftover pizza, how much of the entire pizza do you eat?





� EMBED Equation.DSMT4  ���





The sum of zero and a fraction is always the original fraction.





Use equivalence to obtain common denominators prior to adding fractions.
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Operation with Fractions





The difference of proper fractions is less than one.





Use equivalence to obtain common denominators prior to subtracting fractions.





When you subtract zero from a fraction, the answer is always the original fraction.





Subtracting Fractions





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





You have� EMBED Equation.DSMT4  ���of a pizza left.  If you eat � EMBED Equation.DSMT4  ���of the leftover pizza, how much of the entire pizza do you eat?





To find the difference of mixed numbers, you can first change them to improper fractions.


.








� EMBED Equation.DSMT4  ���
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