Lesson Plan:  5.OA.A.1  Evaluating Expressions
(This lesson should be adapted, including instructional time, to meet the needs of your students.)
	Background Information

	Content/Grade Level

	 Operations and Algebraic Thinking/Grade 5

	Unit

	Write and interpret numerical expressions. 

	Essential Questions and Enduring Understandings Addressed in the Lesson


	Essential Questions:
· Why is order of operations important? 
· How do grouping symbols affect order of operations? 

Enduring Understanding:
· Expressions are simplified using a predetermined order of operations.
· Grouping symbols can reverse the conventional practice of performing multiplication/division before addition/subtraction.  
· Expressions are used to model relationships between quantities in real-world situations. 


	Standards Addressed in this Lesson



	 5.OA.A.1: Use parentheses, brackets, or braces in numerical expressions, and evaluate expressions with these symbols.

It is critical that the Standards for Mathematical Practice be incorporated in ALL lesson activities throughout each unit as appropriate.  It is not the expectation that all eight Mathematical Practices will be evident in every lesson.  The Standards for Mathematical Practice make an excellent framework on which to plan instruction.  Look for the infusion of the Mathematical Practices throughout this unit.


	Lesson Topic
	Evaluating expressions that contain grouping symbols – parentheses, brackets, or braces.  (Teachers may also want to include division bar.)


	Relevance/Connections


	5.OA.A.2:    Write simple expressions that record calculations with numbers, and interpret numerical expressions without evaluating them.
5.NBT.B.5:   Fluently multiply multi-digit whole numbers using the standard algorithm. 
5.NBT.B.6:   Find whole-number quotients of whole numbers with up to four-digit dividends and two-digit divisors, using strategies based on place value, the properties of operations, and/or the relationship between multiplication and division. Illustrate and explain the calculation by using equations, rectangular arrays, and/or area models. 



	Student Outcomes

	Students will build on their prior knowledge order of operations with multiplication, division, addition, subtraction from grade 3 (3.OA.B.5 and 3.OA.D.8) to solve multi-stop problems and evaluate expressions that contain parentheses, brackets, or braces. 


	Prior Knowledge Needed to Support New Learning


	3.OA.D.8:  Solve two-step word problems using the four operations.  Represent these problems using equations with a letter standing for the unknown quantity.  Assess the reasonableness of answers using mental computation and estimation strategies including rounding.  
3.OA.B.5:    Apply properties of operations as strategies to multiply and divide.
4.NBT.B.4   Fluently add and subtract multi-digit whole numbers using the standard algorithm.
4.NBT.B.5  Multiply a whole number of up to four digits by a one-digit whole number, and multiply two two-digit numbers, using strategies based on place value and the properties of operations. Illustrate and explain the calculation by using equations, rectangular arrays, and/or area models.
4.NBT.B.6   Find whole-number quotients and remainders with up to four-digit dividends and one-digit divisors, using strategies based on place value, the properties of operations, and/or the relationship between multiplication and division. Illustrate and explain the calculation by using equations, rectangular arrays, and/or area models.


	Method for determining student readiness for the lesson

	Use the warm up as a method for determining student readiness.



	Learning Experience

	Component
	Details
	Which Standards for Mathematical Practice does this address? How is each Practice used to help students develop proficiency?

	Warm Up




	On a sheet of paper or in their mathematics journals, ask students to simplify the following expression, using what they know about order of operations for addition, multiplication, division, subtraction.



3 + 2  8  4 – 3 

Ask students to explain/show how they simplified the expression, and why they think their answer is correct.  Invite students to share their solutions on the chalkboard, overhead, document camera, etc.  
Review with students the order of operations for the four operations:  
· Multiply or divide in order, from left to right. 
· Add or subtract in order, from left to right. 

Note for the teacher:  Mathematicians have determined rules for the order of operations that must be learned with no conceptual basis.  If you have a two-operation expression without grouping symbols, then multiplication or division must be completed before addition or subtraction. The order of operations makes the language of mathematics more universal. Knowing these rules helps students communicate more accurately as they gain fluency in manipulating symbolic relationships. The total sequence for the order of operations is: 

1. Calculate inside grouping symbols (e.g., parentheses, brackets, braces, and above/below a division bar). 
2. Compute any exponents.
3. Multiply and divide in order, from left to right. 
4. Add and subtract in order, from left to right.

	

	Motivation



	· Ask students to think about whether or not our society has general rules about getting dressed.  Do we tend to get dressed by putting on our clothing in any certain order?
· Ask students to list in order, first to last, what articles of clothing they put on when they get dressed.  Allow them to share with one another to determine any similarities/differences.
· Ask students to identify any articles of clothing for which it does not matter which one is put on first or second?  What are some examples?
· Are there times when you might want to switch the order?  What are some examples?  For example, instead of putting on your jeans first and then your belt, perhaps you want to put your belt in the belt loops first and then put the pants on with the belt.  
                                    
	

	Activity 1 


	UDL Components:
· Principle I: Representation is present in the activity.  Students are pre-taught the grouping symbols, their names, and their locations on the keyboard before beginning the activity.  Prior knowledge is activated when the teacher reviews the fact that we multiply and divide before we add and subtract, computing from left to right. 
· Principle II:  Expression is present in the activity. Students are given an opportunity to kinesthetically represent simplification of expressions with grouping symbols before working independently or in pairs to simplify additional expressions.  In addition, the drawing/illustration of “nested” grouping symbols is a visual aid to expressing and communicating the concept to students.  
· Principle III: Engagement is present in the activity. The warm-up engages students to think about a realistic, somewhat analogous scenario to which all students can relate.  As the teacher orchestrates acting out simplification and use of grouping and operations symbols with numbers, and allows students to choose working alone or with a partner, tasks allow for active participation, exploration, and experimentation, combined with personal response, and self-reflections regarding concepts and content.

Directions:
· Review with students the order of operations for the four operations:  
· Multiply or divide in order, from left to right. 
· Add or subtract in order, from left to right. 
· Pre-teach the specific grouping symbols (  ), [  ], {  } matching them with their names – parentheses, brackets, braces – and how they change the order of operations for multiplication/division and for addition/subtraction. For students who are using a keyboard, make sure they know where to access all three sets of symbols and when they need to use the “Shift” key.  NOTE: Each set of grouping symbols has the same effect.
· Provide each student with a copy of Attachment #1: Simplifying Expressions with Grouping Symbols.  
· As a class, using cutouts of the grouping symbols and cards with operations symbols and digits have students act out the solutions to expressions #1 through #4.  At the same time, on the chalkboard (document camera or overhead), write each step below one another, for example: 



2  (5 + 3  2 + 4)  

2  (5 + 6 + 4) 

2  15
30 
                                                                    
· Students should then simplify expressions #5 though the challenge problem either independently or in pairs.  Give students a choice.  Establish pairs depending on the needs/strengths of individual students.
· Ask: What do you notice about the problems?  What strategy did you use to simplify expression #8?  Can the parentheses in any expression be removed without changing the value of the expression?  Why or why not?

NOTE: Provide students with the term “nested grouping symbols,” meaning that one set of symbols is sitting inside or within another set of grouping symbols, as in expression #8.

· Create a picture/diagram of a bird’s nest to introduce an analogy, making sure to draw parentheses to surround the eggs in the nest. 
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· Discuss the “Challenge” expression.  Ask them if they can use the same strategy they used for expression #8.  Have some students simplify the numerator expression first and the denominator expression second.  Have other students simplify the fraction in the other order.  Did everyone get the same answer?  Ask them what would happen if they took away the braces… do the numerator and the denominator have the same simplified values as with the braces?  
· Share with them that the division bar of a fraction is also considered a grouping symbol that tells us to simplify the numerator and denominator first before doing the division.  They will use the division bar more in middle school grades and in algebra.

Possible Extension activities:  
· Number Tricks 
· Have students do the following sequence of operations:
· Write down any number.
· Add to it the number that comes after it.
· Add 9.
· Divide by 2.
· Subtract the number you began with.
· Now you can “magically” read their minds.  Everyone has 5!
· Try to discover how the trick works. 

Answer:  Let a square  represent the number. 
· Start with a square. 
· Add the next number    + (   + 1) = 2   + 1. 
· Adding 9 gives 2    + 10.
· Dividing by 2 yields     + 5. 
· Now subtract the number you began with, leaving 5.

· If the Game 24 is available, ask students to play the game.

· Other ideas for order of operations can be found at:
http://www.nzmaths.co.nz/resource/four-fours-challenge?parent_node

· Provide each student with a calculator and use the warm-up expression to discover that calculators automatically follow the natural order of operations (without the inclusion of grouping symbols). 

	As students make sense of the problem and persevere in solving them they will need to plan a strategy for solving order of operations.
 (SMP #1)

Students should be able to justify their conclusions with mathematical ideas as they critique each other while solving the order of operation problems. 
(SMP #3)

Students should be able to attend to precision by calculating efficiently and accurately and to discuss their reasoning.
(SMP #6) 

Students should be able to look for and express regularity in repeated reasoning as they continually evaluate the reasonableness of their results.
(SMP #8)

	Closure
	Ask the students to use five 6’s, parentheses and any/all of the four operations to make as many expressions that simplify into whole number solutions as possible.  Have the students share all of their solutions.

For homework, students can continue to discover additional expressions with five 6’s, etc.

	

	

	Activity 2

UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment
Summary


	UDL Components:
· Principle I: Representation is present in the activity. This activity allows students to determine their own path and timing needed to simplify the posted expressions.  In order to enhance students’ perception of expressions in the activity, the teacher may change the size of the text, and provide contrast in the color used for background paper, and the color of grouping symbols (i.e., red), operational symbols (i.e., blue), and digits (i.e., black).
· Principle II:  Expression is present in the activity. This activity allows students to build fluencies with graduated levels of support for practice and performance.  Also, varying levels of circuits provide initial scaffolds (with more straightforward expressions) which are later removed as students gain proficiency and move on to more complex expressions.
· Principle III: Engagement is present in the activity.  This activity allows students to depend on their own discretion and autonomy as possible by providing choices in the level of challenge, and sequence and timing of the activity.  Collaboration and community is fostered among students as they solve and discuss the order of operations involved in simplifying the expressions.

Directions: 

· Depending on the number of student in your class, create enough different expressions using grouping symbols to simplify to accommodate the number of student-pairs (e.g., 32 students in the class require at least 16 expressions; you can create more if you wish).
· If your class is heterogeneously grouped or students require varying levels of challenge/practice with computing whole number, fractions, and decimal, make certain that expressions in this activity mirror the practice that students require.    
· Fold pieces of paper in half.  On the inside on each folded paper, copy one expression.  On the outside flap of another folded paper with a different expression written inside, copy the correct simplification to the first expression.  Continue writing mismatched expressions and simplifications on the folded papers until you have used up all of the expressions you created. 
· Post the folded papers around the classroom so that each student-pair has a place to start.
· Optional: For extra fun, think of a secret message you wish to send to your students by placing a mystery letter on the front flap of each folded paper.  Make sure your secret message the same number of letters (or slightly fewer) as the number of folded papers posted.  
· Place students in pairs for this activity sometimes called Seek and Solve activity.  Each student should have a pencil and a clean sheet of paper for jotting down their computations.
· Give student-pairs the signal to simplify the expression inside their folded paper.  
· When they have an answer, they must find the folded paper in the classroom that has their same answer on the front flap.  Tell them to record on their papers, each mystery letter from the front flap.
· When students have matched all of the expressions with their simplifications, they can rearrange the mystery letters to discover the secret message.
· If students tell you that they cannot find an answer on any of the folded papers, tell them to review their simplification because they have made an error.
· NOTE:  Teachers can vary the difficulty of the expressions by the number and style of symbols used, and by nesting expressions within one another.  Also, if you wish to make this activity a competition between student-pairs, set a time limit to see who can simplify the most expressions.  Or declare a winner for the expressions as the first student-pair to determine all of the correct simplifications and a student-pair for the secret message. 
· Teachers may want to create several Seek and Solve circuits in the classroom or hallway to accommodate more than one level of readiness among students, and using expressions of varying rigor. 

	Students will make sense this problem and persevere in solving it, as they plan a pathway instead of jumping to a solution. 
(SMP# 1)

Students should communicate precisely with others and try to use clear mathematical language when discussing their reasoning for using the grouping symbols. 
(SMP# 6) 

	Closure
	· Write the following expression on the chalk board, on an overhead, or on a document camera:  

                                  3 + [ 2 × (9  3  1)]  5 + 1 

Ask students to simplify this expression independently: 

· Have students compare answers with their neighbors.  Then bring the class together and invite students to share their answers and discuss what is new.  Call on students to write their work on the chalkboard, overhead, document camera, etc. and describe how they simplified and why they used the process that they did.  

· If needed, provide students with several more expressions to simplify.  Encourage students to discover that they should work from the inside out. Help them to “discover” parentheses first, then brackets. Solution is 3.

Second expression:
3 ×{ 4 +[10  (2 × 4)]}  2 

· Have students share their answers and discuss what is new.  Talk about the correct answer and ask students to tell how that answer was found.  Try a few more of these and encourage students to discover that they should continue to work from the inside out.  They will find parentheses first, then brackets, then braces. Solution is 9.
 
	

	

	Activity 3

UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement

Key Questions
Enrichment Activity
Summary









	UDL Components:
· Principle I: Representation is present in the activity.  Information for this activity is presented in a chart.  Depending on the needs of students, information can be displayed using contrasting colors of text and paper, larger/smaller text font, and colors to emphasize the data. 
· Principle II:  Expression is present in the activity.  The focus of this activity is not to actually compute the “Grand Total,” but to examine, compare/contrast the two given strategies as models of various processes that students can choose to use. 
· Principle III: Engagement is present in the activity.  This activity uses a prompt to introduce students to the scenario in the task, and then supports the task with visual access to the same data displayed in an organized chart format.
 
Directions:

· Provide each student with a copy of Attachment #2: One Student’s Fundraiser Order Sheet and share with them the following scenario:

A local elementary school is sponsoring a fundraiser.  All students have been asked to sell rolls of wrapping paper, packages of gift bags, and packages of ribbon.  A roll of wrapping paper costs $6.99.  A package of gift bags costs $5.99. And a package of ribbon costs $3.99.  The fundraiser order sheet shows the cost for each item and the numbers of rolls of wrapping paper, packages of gift bags, and packages of ribbon sold by one student.

· Allow students to choose to work independently, in pairs, or in small groups on the Activity #2: One Student’s Fundraiser Order Sheet activity.

· After students have worked on the activity, bring them together for a class discussion about which grouping symbols are in each strategy; the possibility of using different grouping symbols instead; and discussing the students’ responses to the questions.  Throughout the discussion, ask for a “thumbs up-thumbs down” to informally gauge student comprehension.

· For a more in-depth review of student understanding, the teacher can collect student copies of Activity #2: One Student’s Fundraiser Order Sheet after the discussion is finished.

	Students can make sense of this problem and persevere in solving it as they find a logical starting point and change their approach to solving problems, if necessary.
(SMP #1) 
 
Students can communicate precisely with others and try to use clear mathematical language when discussing their reasoning of order of operations.
(SMP#6)

Student can find and express regularity in repeated reasoning as they continually evaluate the reasonableness of their results in evaluating the expressions.
(SMP #8)


	Closure
	For the teacher’s formative review:  On an exit ticket or in their journals, ask students to use what they know about grouping symbols to simplify the following expression:

3 ×{ 4 +[10  (2 × 4)]}  2

Make sure students also justify the process they used to determine their answer.

	


	Supporting Information

	Interventions/Enrichments
· Students with Disabilities/Struggling Learners
· ELL
· Gifted and Talented



	Students with Disabilities/Struggling Learners:
· Continue to use tiles until the students can easily transfer to paper and pencil.  For example, have students work in pairs or groups to solve the following problems for extra practice: 
 
(1) Latoya brought some juice boxes to soccer practice to share with her teammates.  She had 5 single boxes and 3 multi-packs.  Each multi-pack contains 6 single boxes.  How many boxes of juice did Latoya bring to practice?  Give the students color tiles and paper to solve this problem.  Have the students share their work on the paper.  Put their solutions up on the walls and have a discussion about the solutions.  Remind the students of the order of operations and the rules on which we agreed.

(2) Joe has offered to help his aunt paint her house so he can earn the money to buy a new bicycle. His aunt said she would pay him $8 for each door he painted and $4 for each window frame he painted. 
· If Joe earned $40 from painting, how many window frames and doors could he have painted? 
· Write an expression showing how many doors and windows Joe could have painted. __________________________________  (Answer: 8 ×   +  4 ×   )
· Experiment with different numbers of window frames and doors to find as many ways as possible tht Joe could have earned his $40.  Keep track of your results on the attached chart, Painted Window Frames and Doors.

(3) Mei wanted to make a bracelet for her friend.  She bought 8 big dark blue beads, 16 medium light blue beads and 10 silver beads to go on the bracelet.  The dark blue beads cost $3 each, the light blue beads cost $2 each and the silver beads cost $1.50 each.  The chain to make the bracelet cost $5.  
· Write an expression for the cost of the bracelet.  ___________________________
(Answer: 3 × 8  +  2 × 16  +  1.50 × 10 + 5)
· What is the cost of the bracelet?  Explain your reasoning.

ELL:
· Make a word wall with grouping symbols/symbols of inclusion, and examples of how they change the order in which multiplication/division and addition/subtraction are computed.
· If possible, find the names of these different symbols in the first language(s) of the ELL student(s) in your class and add them to the word wall.
· Draw diagrams that illustrate the order in which expressions are simplified, using various different numbers, types, and locations of grouping symbols

Gifted and Talented:
· Introduce students to exponents as repeated multiplication of the same value by itself, and provide them with expressions to evaluate that include exponents.  Ask them what they should do to evaluate expressions that have an operation in parentheses that also is followed by an exponent? 

	Materials
	· Color tiles


	Technology


	Smartboard/Promethean or similar technology
Document Camera
Overhead


	Resources
	Van de Walle (2006) Teaching Student-Centered Mathematics Grades 3-5, Pearson Education.
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ATTACHMENT #1: SIMPLIFYING EXPRESSIONS WITH GROUPING SYMBOLS  


1. 



2  5 + 3  2 + 4 	5.    (2.67  5) + (3.5  2) + 4 





2. 

2  (5 + 3  2 + 4)                                    6.    





3. 



0.2  5 + 3  (2.1 + 4.3)                            7.    2  [(5 + 3)  2] + 4 





4. 



2  (5 + 3)   + 4                                    8.    2  (5 + 3  2) + 4 





Challenge:



ATTACHMENT #1: SIMPLIFYING EXPRESSIONS WITH GROUPING SYMBOLS  
ANSWERS

1. 



 2  5 + 3  2 + 4  = 24	5.    (2.67  5) + (3.5  2) + 4 = 24.35





2. 

 2  (5 + 3  2 + 4) = 30                     6.    = 70





3. 



0.2  5 + 3  (2.1 + 4.3)   = 20.2          7.    2  [(5 + 3)  2] + 4  = 36





4. 



 2  (5 + 3)   + 4  = 6                        8.    2  (5 + 3  2) + 4 = 26





Challenge:

 = 3




ATTACHMENT #2: ONE STUDENT’S FUNDRAISER ORDER FORM
	Customer
Name
	Gift Wrap
$6.99
	Sub
Total
($)
	Gift Bag
$5.99
	Sub Total
($)
	Ribbon
$3.99
	Sub Total
($)
	Customer Total
($)

	John
	5
	
	1
	
	3
	
	

	Teresa
	0
	
	4
	
	2
	
	

	Blythe
	6
	
	0
	
	3
	
	

	Kyle
	2
	
	3
	
	1
	
	

	
	
	
	
	
	Grand Total
($)
	


First Strategy:  
[(5 × 6.99)  + (1 × 5.99) + (3 × 3.99)] + [(4 × 5.99) + (2 × 3.99)] + [(6 × 6.99)  + (3 × 3.99)] + [(2 × 6.99) + (3 × 5.99) + (1 × 3.99)] 

Second Strategy:
[6.99 × (5 + 6 + 2)] + [5.99 × (1 + 4 + 3)] + [3.99 × (3 + 2 + 3 + 1)] 


Compare the two strategies for determining a Grand Total for the amount of money this student has raised during the school fundraiser. 

(1) Do both strategies provide the same “Grand Total?”



(2) What does the First Strategy represent?



(3) What does the Second Strategy represent?



(4) Which strategy is more useful for determining each individual customer’s total?  Justify why one strategy is better than the other.



PAINTED WINDOW FRAMES AND DOORS 


                     [image: ]






 PAINTED WINDOW FRAMES AND DOORS
(Answers) 


	w
	d
	Work Space
	Amount of Money Earned

	0
	5
	4(0) + 8(5) = 0 + 40 

	$40

	2
	4
	4(2) + 8(4) = 8 + 32 

	$40

	4
	3
	4(4) + 8(3) = 16 + 24 

	$40

	6
	2
	4(6) + 8(2) = 24 + 16 

	$40

	8
	1
	4(8) + 8(1) = 32 + 8 

	$40

	10
	0
	4(10) + 8(0) = 40 + 0 
	$40
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