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LEARN MORE. EARN MORE.





	Program Information
	[Lesson Title]

What to Do First?

	TEACHER NAME
	PROGRAM NAME

	
	[Unit Title]
Number Sense 
	NRS EFL(s)
4
	TIME FRAME
60 – 120 minutes


	Instruction 
	ABE/ASE Standards – Mathematics

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	
	Operations and Algebraic Thinking
	A.3.6
	Geometric Shapes and Figures
	
	Measurement and Data
	

	
	The Number System
	N.4.7
	Expressions and Equations
	A.3.8
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	N.4.12
	Functions
	
	Similarity, Right Triangles. And Trigonometry
	
	Benchmarks identified in RED are priority benchmarks. To view a complete list of priority benchmarks and related Ohio Aspire lesson plans, please see the Curriculum Alignments located on the Teacher Resource Center (TRC).

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	
	

	
	
	
	Modeling with Geometry


	
	

	
	Mathematical Practices (MP)

	
	(
	Make sense of problems and persevere in solving them. (MP.1)
	(
	Use appropriate tools strategically. (MP.5)

	
	(
	Reason abstractly and quantitatively. (MP.2)
	(
	Attend to precision. (MP.6)

	
	(
	Construct viable arguments and critique the reasoning of others. (MP.3)
	(
	Look for and make use of structure. (MP.7)

	
	(
	Model with mathematics. (MP.4)
	(
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)
· Students will utilize “PEMDAS” to recall the correct order of operations to use when solving problems.

	ASSESSMENT TOOLS/METHODS
· Each of the “you do”’ steps will serve as assessment.  The instructor should be able to gauge understanding by having different students provide their solutions and explanations of how they arrived at that solution.  In addition, during the “we do” steps, instructors should be encouraging all students to participate in the discussion.  The ability to provide input in these discussions will help the teacher gauge each student’s mastery of the concepts.

· For a summative assessment, have students turn in some of the problems from the worksheet A Night at the Movies.

· As the challenge handout may be too difficult for some students and is completely optional, it is probably not a good idea to use it as an assessment.  Instead, use A Night at the Movies.

	
	LEARNER PRIOR KNOWLEDGE
· Recognition of equations.
· Knowledge of inverse operations: subtraction and addition “undo” each other as do division and multiplication.

· Ability to perform all four arithmetic operations on whole numbers, fractions, decimals, and percents.


	
	INSTRUCTIONAL ACTIVITIES 
Note:  Keep in mind that your class may not need to go through each piece of the activities below.  Please pick and choose which elements to incorporate into your actual lesson based on what you know of your students.  You will need to adjust which segments to keep and which to skip based on the ability level of your students.  As this lesson plan tries to incorporate multiple levels, some activities may be above or below your students’ levels.  In addition, extra sample problems may need to be incorporated based upon your particular class.  

1. This lesson will attempt to show students how errors can be made if the correct order of operations is not followed.  At the same time, this lesson will use the beginnings of algebra.  Most problems should be able to be set up as an expression so we can avoid variables if those are still new for students.

The order in which to solve an expression should be simple, correct?  You always go left to right in a problem?  If you have yet to do so, give everyone the PEMDAS handout.  

a. (I  do) We need to figure out in which order to do the operations in our problems.  Students may have heard of the expression, “Please excuse my dear Aunt Sally,” to help them remember the order in which to do mathematical operations.  Go over the handout with everyone, working out the problem on there so that everyone can see how the order works.  We need to use the correct order of operations to solve a problem, that way we know we are using the correct steps and not making any errors in our calculation order.  We will use PEMDAS (some people use BODMAS – Brackets, orders, division/multiplication, addition/subtractions) to correctly order the operations we will perform.  The steps are marked out on the handout.  Make sure to explain each one, as well as to note that when you are performing the operations inside a set of parentheses, you cycle through the rest of the steps first.  Then you move on to another set of parentheses or to the rest of the problem and recycle through the steps.
b. (We do) Having the class help you, use order of operations to help find the answer to:

[image: image1.png]30— (5-2°-15).




It should come out to be 5.

c. (You do) Have the students solve:

[image: image2.png](3°-2-7)+ (5-3-29).




The answer here would be 24.  For further practice they can try

[image: image3.png](77\/§)+(4273+1),




which is 56, and 

[image: image4.png]2+ (16 -3-4)




which is 4.

2.  Let’s now move onto some contextual problems that will utilize the order of operations. 
a. (I  do) There is a factory that employs 98 workers.  10 of these employees are supervisors that get paid $150 per day while the rest of the employees receive $90 per day.  If each employee works a 5-day work week, how much does the factory pay all of its employees each week?  To work out this problem, we know that of the 98 workers, 10 are supervisors so the other 88 must be normal employees.  The 10 supervisors make $150 per week and the 88 employees make $90 per week.  To find how much the factory pays each week, we must find out how much they pay the supervisors [image: image6.png]$150 -10



 and how much they pay the other employees [image: image8.png]$90 - 88



 and add that together.  So, we need to find

[image: image9.png]



Using order of operations, we want to do the multiplication first, which gives us $1,500 + $7,920.  Thus, the factory pays out $9,420 per week to its employees.  

b. (We do) Have the class walk you through solving the next scenario.  Our factory from above must spend $1,200 per day for supplies and operating expenses.  It usually makes $60,000 per week.  Based on the expenses, income, and wages, find the overall profit or loss for the factory per week.  This time, our expression is
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and if we use order of operations to simplify, we have:

[image: image11.png]



This gives us $60,000 - $17,820 which means the factory has a profit of $42,180 each week.

c. (You do) A student organization at a local school decides to sell tie-dyed t-shirts to raise funds.  They will have a shirt sale each week for 4 straight weeks and they get together each week to make the shirts.  They make 20 shirts each week and sell them for $10 each.  The final week, the 10 members each decide to keep one of the shirts they made that week.  How much will they have made at the end of the four weeks?
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which gives them $700 after 4 weeks.

3.  (Note: This part, while optional, is encouraged.  It will allow students to further explore order of operations by adding grouping symbols and creating their own number sentences.) As a fun challenge to see how well students understand order of operations, we can take a number sentence with no grouping symbols (parentheses and brackets) and place grouping symbols to make the number sentence true.  For example: [image: image14.png]1+2-3




 is false as written.  However, [image: image16.png](1+2)-3=




 is a true statement.  Placing the parentheses around [image: image18.png]1+2



 changes our order and allows us to make the two sides equal.  For example:
a. (I  do) If we are given:

[image: image19.png]



following the order of operations would give us 23 = -1, which is incorrect.  We need to find a way to place parenthesis to give us the correct answer of -1 on the left-hand side.  If I look at the problem, I see that multiplying 7 and 2 gives me 14, but I will never subtract enough to get down to -1.  Instead, if I group together the 2 - 3, I would be multiplying by -1.  This gives me:
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Now using order of operations gives me 5 = -1.  While we still are not correct, we are much closer.  Grouping the 9 and 3 together will not give me anything new.  But, if I group something with the 7, I will change what I multiply by.  Let’s group the 3 + 7 to get:
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This is now a true statement when we work out the left-hand side using order of operations.

b. (We do) Having the class help you, use order of operations to help find the answer to:
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We want to end up with:

[image: image23.png](6<—-3)+(3+8)=3




c. (You do) Have the students solve:
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The answer here would be:

[image: image25.png](10— (2+5))-7=7




For a challenge, give students the Order of Operations Challenge handout to try out the problems there. 
	RESOURCES
(Optional) SmartPAL kit – inserting a blank sheet of paper into the sleeves will give students a reusable sheet of paper that they can quickly try answers out on and erase without using up a pencil eraser.  It’s quicker as well.

Calculators - While students should be able to write the steps by hand, the practical application of solving these problems would definitely allow for, and encourage, calculator use.

Student copies of PEMDAS  handout (attached)
A Night at the Movies handout (attached)
Student copies of Order of Operations Challenge handout (attached)
Additional resources

Order of Operations - PEMDAS. (n.d.). Retrieved from http://www.mathsisfun.com/operation-order-pemdas.html 


	
	DIFFERENTIATION



	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information

NEXT STEPS
A great next step would be to fully introduce algebra to students.  While our examples in this lesson used expressions only, we could make equations by setting each expression equal to a variable.  This may show students that they have already been doing algebra and solving for unknowns without being aware.
PURPOSEFUL/TRANSPARENT
Order of operations is necessary for building algebra skills.  Instructors will use computational and financial examples to show students how to utilize “pemdas” to appropriately use the correct order of operations.
CONTEXTUAL
As order of operations can be used in any algebraic expression or equation, it extends to all contexts.
BUILDING EXPERTISE
In prior lessons, instead of using order of operations, students were solving multi-step problems in what were seemingly disjoint steps.  Now that order of operations has been introduced, they can do these problems in one step and separate their calculations using necessary parentheses or brackets.  This will allow them to move toward adding in unknowns (variables) and working with equations in a more algebraic setting.



NOTE: The content in the Additional Information box exceeds what is required for the OBR Approved Lesson Plan Template. This information was provided during the initial development of the lesson, prior to the creation of the OBR Approved Lesson Plan Template. Feel free to remove from or add to the Additional Information box to suit your lesson planning needs.
PEMDAS
[image: image26.png](18+3) —4x2+10
2




In the problem above, there are many options for how to solve it.  We could go strictly left-to-right, in which case the answer would be:
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Or, we could do all the multiplication and division first, leaving us with: 
[image: image57.png][36—4 x 2 + 10|
b)



[image: image58.png][67—4 x 2+ 10]
b)



[image: image59.png][(6)* =4 x2+10]



[image: image60.png]


[image: image61.png][B6—1 < 2410]
b)






[image: image62.png][36—8+10]




As you can see, the order in which we do things matters.  Just like with definitions of words and grammar rules, a worldwide rule had to be made so that everyone solved their problems similarly.  The order that was decided upon is commonly known by the acronym “PEMDAS.”  The letters stand for Parentheses (do whatever is inside parentheses, brackets, or braces first), Exponents (evaluate any exponents or roots next), Multiply/Divide (do any multiplication and/or division from left to right next), and Add/Subtract (finish by doing any addition and/or subtraction from left to right).

	[image: image63.png]36 —8+10]
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	For our original problem, we first need to notice that the entire top is being divided by 2, so we can think of a set of brackets enclosing the entire numerator.  Then, we would solve like this:




As you can see, you rotate through the order, always doing what’s inside parentheses in the correct order before moving on, left to right.

Order of Operations Challenge

Explore where to place grouping symbols in each of the following number sentences to make the number sentence true.  There may be more than one way to solve the problem.
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For an extra challenge:
Using just the numbers 1, 2, 3, and 4; the four arithmetic operations; and grouping symbols, write a number sentence that will give you each integer 1-10.  Please use each of the four numbers exactly once for each sentence.

	1 =
	

	2 =
	

	3 =
	

	4 =
	

	5 =
	

	6 =
	

	7 =
	

	8 =
	

	9 =
	

	10 =
	


Order of Operations Challenge

Explore where to place grouping symbols in each of the following number sentences to make the number sentence true.  There may be more than one way to solve the problem.
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2+(/7+3)=2





	

	[image: image37.png]4. (3+5—-1)+6]-3 =102





	

	[image: image38.png]16-(2+2)—2+-(2+2) = 3.5





	

	[image: image39.png](6-3-2-4+-4)-0=0






For an extra challenge:

Using just the numbers 1, 2, 3, and 4; the four arithmetic operations; and grouping symbols, write a number sentence that will give you each integer 1-10.  Please use each of the four numbers exactly once for each sentence.  There may be more possibilities than those listed below.

	1 =
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	2 =
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	3 =
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	4 =
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	5 =
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	6 =
	[image: image45.png]3-4—-2) =1





	7 =
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	8 =
	[image: image47.png]4.(3+1—-2)





	9 =
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	10 =
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A Night at the movies
	Movie Theater Prices

	Ticket Prices
	Popcorn
	Drinks

	All movies, all ages: $4
	Small:                            $1
	Small:                             $1

	For 3-d movies, add $2 to the above price.
	Medium:                         $2
	Medium:                    $1.25

	
	Large:                             $3
	Large:                        $1.50


A local movie theater debuts new movies each week.  Their ticket prices are determined based on the time of the movie, the age of the viewer, and whether or not the movie is in 3-d.  Ticket prices are based on the chart below:
Using the values in the chart, find the price of admission in each of the following scenarios.

	1. Katie takes her niece Noelle (age 10) to see the new children’s movie in 3-d.  They both decide to get small popcorns and small drinks.  Write an expression and find how much their total cost will be.


	2. Karen decides to take her two children and their neighbor’s child to the opening night showing of the children’s movie.  At the concession stand, Karen gets a medium popcorn and drink for herself while each child gets a small popcorn and drink.  Write an expression and find the total paid for everyone. 



	
	

	3. David (age 15) and his sister, Caroline (age 10), talk their parents into dropping them off at the theater to see a film together.  At the concession stand, they decide to each get a medium drink and share a large popcorn.  How much did they pay altogether? 
	4. Will and three of his friends decide to see the newest hit film on opening night.  After standing in line, they each get a ticket for the 3-d version and then head to the concession stand.  There, they each opt for a large drink.  Will and one of his friends get a medium popcorn while the other two friends each get a small popcorn.  How much did the four friends spend in all?

	
	


A Night at the movies

	Movie Theater Prices

	Ticket Prices
	Popcorn
	Drinks

	All movies, all ages: $4
	Small:                            $1
	Small:                             $1

	For 3-d movies, add $2 to the above price.
	Medium:                         $2
	Medium:                    $1.25

	
	Large:                             $3
	Large:                        $1.50


A local movie theater debuts new movies each week.  Their ticket prices are determined based on the time of the movie, the age of the viewer, and whether or not the movie is in 3-d.  Ticket prices are based on the chart below:
Using the values in the chart, find the price of admission in each of the following scenarios.

	1. Katie takes her niece Noelle (age 10) to see the new children’s movie in 3-d.  They both decide to get small popcorns and small drinks.  Write an expression and find how much their total cost will be.
	2. Karen decides to take her two children and their neighbor’s child to the opening night showing of the children’s movie.  At the concession stand, Karen gets a medium popcorn and drink for herself while each child gets a small popcorn and drink.  Write an expression and find the total paid for everyone. 

	2•$4+2•$1+2•$1 total cost of $12
	4•$4+1•$2+1•$1.25+3•$1+3•$1 $25.25 paid in total

	3. David (age 15) and his sister, Caroline (age 10), talk their parents into dropping them off at the theater to see a film together.  At the concession stand, they decide to each get a medium drink and share a large popcorn.  How much did they pay altogether? 
	4. Will and three of his friends decide to see the newest hit film on opening night.  After standing in line, they each get a ticket for the 3-d version and then head to the concession stand.  There, they each opt for a large drink.  Will and one of his friends get a medium popcorn while the other two friends each get a small popcorn.  How much did the four friends spend in all?

	2•$4+2•$1.25+1•$2 $12.50 spent altogether
	4•$4+4•$1.50+2•$2+2•$1 total cost of $28
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