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	Program Information
	[Lesson Title]

Equations Translations

	TEACHER NAME
	PROGRAM NAME

	
	[Unit Title]

	NRS EFL(s)
3 – 4 
	TIME FRAME
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.3.9, A.4.4, A.3.13, A.4.3
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	
	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. (MP51)

	
	(
	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 connect words and mathematical symbols. 
· Students will compute answers to multi-step word problems.

	ASSESSMENT TOOLS/METHODS
· Parts 4 and 7 provide students with the opportunity to present their mastery; students should actively listen to other students’ solutions and justifications for signs of understanding and possible misconceptions.  Having students present their solutions not only requires them to communicate mathematically, but allows other students to assess the accuracy of their peers’ answers.
· Exit Slip:
· Janice runs three times a week to stay in shape.  She runs two miles further on Mondays than she does on Wednesdays. On Fridays, Janice runs one mile shorter than twice what she runs on Wednesday.  If she runs a total of 13 miles a week, how far does she run each day? (5 miles on Monday, 3 miles on Wednesday, and 5 miles on Friday)

· Write in words and come up with a story that would represent the equation 4(𝑥 + 2) = 72. (Answers may vary, 4 times the sum of x and 2 equals 72. James worked four days and got paid for two extra hours each day.  If James got paid for 72 hours, how many hours did he work each day?)

	
	LEARNER PRIOR KNOWLEDGE

· Students should be familiar with the order of operations, be able to solve simple one- and two-step linear algebraic equations, be familiar with multiple methods of solving linear equations, and use formal (sum, difference, product, quotient) and informal (plus, minus, times, split, etc.) terms associated with mathematical operations.  
· Students should also be familiar with Polya’s problem solving steps; if not, provide them with the Polya’s 4-step handout.

	
	INSTRUCTIONAL ACTIVITIES 

Note: Throughout the lesson, students may find a calculator helpful.  As the problems are contextual and there was an attempt to keep values realistic, there will be decimals.  Also, the SmartPals may be used so that students can try problems multiple times.  With the dry erase, there is less worry of an error.  And, finally, instead of using a different manipulative for each problem, the Algebra Tiles can be used to represent our unknowns in each problem.  As they are double-sided, we can use them to express the positive and negative values.  For the systems, you can use the x2 block as another variable or include another manipulative (such as the centimeter cubes).
1. (I do) To get students prepared for the worksheet, present them with a simple real life example that they will be familiar with.  One such example could be setting up an equation that represents the cost of a cell phone bill where one pays $50 a month for 500 minutes and $0.05 for each minute over 500 minutes.  If their bill was $54.35 last month, how many minutes did they go over?
Understand the problem: Begin by breaking down the question into what you know and what you don’t know (see Teacher Answer Sheet).

Devise a plan: Present how all the variables are related and create an equation.  Since there is a constant $50 charge and we need to pay $0.05 for every minute over 500 minutes to get our bill total of $54.35, we get the equation 50 + .05𝑥 = 54.35.

Carry out your plan: Solve the equation, making sure to label your answer. Subtracting 50 from each side of the equation, we get 0.05𝑥 = 4.35.  Now dividing by 0.05, the equation is solved for x and looks like 𝑥 = 87.

Look back: Discuss with the class about how you know your answer makes sense by calculating a balance statement. (plugging your solution back into your original equation and simplifying each side of the equation, see Teacher Answer Sheet) and that your answer is a possibility (phone companies always round up to a whole number of minutes).

2. (I do) To prepare students for systems of equations, present the previous problem with the addition of $0.05 for each text message.  During a particular month, you go over your 500-minute allotment.  In addition, you send twice as many text messages as minutes that you went over by.  How many minutes over did you go and how many text messages did you send?  Tell students that you are going to solve this problem three different ways: (a) using one variable, (b) substitution, and (c) elimination.  Be sure to mention that the substitution and elimination methods are used when there is more than one unknown (as in this case).  To begin, make a list of your knowns and unknowns.  For method (a), you know if you keep your minutes over 500 as x, you can write the number of text messages as 2x as there are twice as many of them.  Setup your equation and solve for x (see Teacher Answer Sheet).  After you solve for x, you can use the fact that there are twice as many text messages as overage minutes to solve for the number of text messages.  For methods (b) and (c), if you keep your minutes over 500 as x, you can label the number of text messages as y.  Hence, you know 𝑦 = 2𝑥.  Using substitution, you end up with the same equation as you did in method (a).  For elimination, we are attempting to eliminate one of the variables from the equations.  Label the top equation (on the teacher answer sheet) as Equation 1 and the bottom equation as Equation 2.  It would help to put each of the equations in standard form (𝐴𝑥 + 𝐵𝑦 = 𝐶). You have the choice to eliminate the x’s or the y’s.  One way to eliminate each variable is shown on the teacher answer sheet.  The key to the elimination method is to set up your equations so that when you put the equations together, one of the variables will end up with a coefficient of zero after adding the equations.  This is where the elimination name comes in as we have eliminated one of the variables. Be sure to point out that both methods will yield the same answer.  Ask students which method they prefer and why.  After allowing students to voice their opinions, be sure to point out that there will be times where substitution will be the easiest method (when one variable is already solved for or easily solved for), and the same is true with elimination (when the same variable in different equations match or can be easily canceled out).

3. (We do) Pass out the Equations Translations worksheet and read problem one out loud.  Have the students take turns defining the knowns and unknowns of the problem (take notes on board).  Ask for volunteers to suggest a possible equation to represent the problem.  Be sure to give students enough time, but if no students are able/willing to speak up, you may want to start by writing “ = 26” on the board to represent the 26 pieces of candy remaining.  Then talk about what happened in the story.  For example, ask the students, “What is meant by the phrase ‘gave out’?” Typically, the hardest part of the equation for students to understand is the “6x” that represents the total amount of candy that Sarah began with.  To help students get to the solution, it may be helpful to give examples such as “if you buy three packs of gum with 12 sticks of gum in each pack, how many sticks of gum did you buy?”  After the equation has been written on the board, reread the problem while pointing to each term in the equation that represents that part of the story.  Have the students walk through the steps involved with solving the equation (combining like terms, moving the constant term to the other side of the equation, and dividing by the coefficient).  Have students decide if they believe the answer is reasonable, and then justify their solution.  Probe students with questions like, “Is it possible to have 13 pieces of candy in a bag?” or, “What are some possible answers that you know would be wrong?” (Negative answers, fractional/decimal answers.)

4. (You do) Allow students to work in groups or individually to set up and solve problems 2 through 5.  For each problem, have students take turns presenting their solutions and justifying their work.  Make sure students list their knowns and unknowns, provide reasoning for their equations, and review their solutions.  If you have students that finish early, ask them if there are any other ways to solve the problems (especially for problems 3, 4, and 5 using one variable, substitution, and elimination).

5. (I do) Write the equation 5(𝑥 − 2) + 3 = 2𝑥 + 2 on the board.  Give different ways of saying the equation using words and come up with a real-life situation that represents the equation.  For example, “Three added to the product of five and the difference of x and two is equal to two more than twice x,” or “five times the quantity x minus 2, plus 3 equals two times x plus two” and “buying five items at two dollars off with a three-dollar surcharge is the same as buying two regular priced items with a two-dollar surcharge. What is the regular price of the item?”

6. (We do) Ask for any volunteers to attempt to read problem 6 of the handout.  If the first student reads the equation correctly, ask if there are any other ways to read the equation.  Be sure that you discuss how and why any incorrect answer is, in fact, incorrect.  A common incorrect answer is “three times x minus four plus two equals 20” which would look like 3𝑥 − 4 + 2 = 20 where the student forgot to distinguish the placement of the parenthesis.  Then ask students to come up with possible story problems that would be represented by the equation.  Answers can and should vary.  If one student gives an answer involving money (most common response), ask if there is any situation involving time that can be represented by the equation.  One such story could be “Tom and Phillip repair bikes.  It takes Tom three days of work, each for four hours shorter than Phillip’s normal business day, and two hours of work on a fourth day to finish a bike.  If it takes Tom a total of 20 hours, how long is Phillip’s normal business day?”

7. (You do) Have your students work individually on problems 7 through 10.  After students have completed the worksheet, allow time to discuss different solutions and check the accuracy of their own answers. One problem at a time, have students share their solution(s), and allow the other students to agree or disagree (only interjecting when students are unable to diagnose incorrect solutions).
	RESOURCES

SmartPal kit (SmartPal sleeves, wipe off cloths, dry erase markers)

· 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. 

Student copies of Equations Translations worksheet (attached)

Calculators for student use
Algebra Tiles for student use


	
	DIFFERENTIATION



	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information

Next Steps
After students have mastered the translation between story problems and their mathematical representation, present students with equations and problems that consist of decimal/fractional components or answers, solutions that do not make sense, and inequalities (can also be used to fill extra time if needed).
Another possible next step would be to have students attempt to solve the equations graphically, thus connecting the verbal, mathematical, and graphical representations of equations.

Purposeful/Transparent

Students want to be able to translate everyday problems into mathematical equations that allow them to be solved algebraically.  The teacher will model how to define knowns and unknowns of a word problem, how to translate word problems into mathematical equations, solve the equations, and interpret/review one’s solution(s) and then guide students through similar exercises.  This is followed by reading equations and creating everyday situations that would be represented by each equation.
Contextual

There are many everyday situations that can be modeled by mathematical equations and solved algebraically.  Setting budgets, calculating costs, determining the length of fencing needed to fence in one’s yard, determining the stopping points on a road trip, and setting a schedule that meets all participants’ needs can all be modeled mathematically and solved algebraically.
Building Expertise

Students will gain knowledge and experience in translating and solving real world situations that they can use to model problems they face in their own lives.  This lesson will also prepare students to solve systems of equations involving more than two variables.



Vocabulary Sheet

Constant — a term that doesn’t change value.  In the expression [image: image2.png]3x+5



, 5 is a constant as it is a term that never changes value.

Variable — letters that are used to represent unknown numbers that may differ depending on circumstances.  In the expression [image: image4.png]3x+5



, [image: image6.png]


 is a variable and [image: image8.png]3x



 is the variable term as it is a term that contains a variable.

Coefficient — numbers multiplied by variables. In the expression [image: image10.png]3x+5



, 3 is the coefficient.

Knowns — the collection of information that is known about a situation.

Unknowns — the information that is unknown about a situation.  This information will usually help us decide what we want our variables to be.

Term — a number, a variable, or the product of numbers and variables.  In the expression [image: image12.png]3x+5



, [image: image14.png]3x



 and 5 are different terms. 

Equations Translations

Define the unknown(s), write an equation, and solve each of the following problems.

1. Sarah bought six identical bags of candy to hand out during Halloween.  She gave out 20 pieces of candy in the first hour, 14 pieces of candy in the second hour, and 5 pieces of candy in the third hour.  She also gave a bag of candy to her neighbor Mr. Rodgers who ran out of candy after the first round of trick-or-treaters.  She has 26 pieces of candy remaining.  How many pieces of candy were in each bag?

2. Sean’s mom gave him $5 to add to his piggy bank.  Sean convinced his grandpa to then triple the amount of money he had in his wallet after he mowed his lawn.  After purchasing a $45 video game, he had $4 less than he started with.  How much money did Sean originally have in his wallet?

3. John’s saving account has $35 more than twice the amount of his checking account.  If John has $433 in his savings account, how much does he have in his checking account?

4. Dianne needs to build a fence for a rectangular garden where the length is twice as long as the width and she has total of 54 ft. of fence.  If she wants to use all of her fencing, what will be the dimensions of her garden?

5. Sally has a bag of red, blue, and yellow marbles.  She has three more red marbles than blue marbles and two more yellow marbles than twice the number of red marbles.  If she has a total of 59 marbles, how many of each color does she have? 

Write out each equation in words, solve it, and then create a story problem to match the equation.

6. [image: image16.png]3(x—4)+2=20




7. [image: image18.png]100 + 4x




8. [image: image20.png]2x +2(x +4) =36




9. [image: image22.png]B v s,




10. [image: image24.png]8x —5—2x +4 =35




Equations Translations: Teacher Answer Sheet

From the Lesson Plan:

Part 1

	Knowns
	Unknowns

	$50 for up to 500 minutes

$0.05 for each minute over 500 minutes

Total charge of $54.35
	Amount of minutes over 500 minutes (x).



Equation: [image: image26.png]50 + 0.05x = 54.35





Solution: 87 minutes


Balance Statement: 

[image: image27.png]50 +.05(87)

34,35




[image: image28.png]50 + 4.35 = 54.35




[image: image29.png]54.35

34.35




Part 2

	Knowns
	Unknowns

	$50 for up to 500 minutes

$0.05 for each minute over 500 minutes

$0.05 for each text message

Twice as many text messages as overage minutes

Total charge of $54.35
	Amount of minutes over 500 minutes (x).

Amount of text messages (y or 2x).



Equations: for (a) [image: image31.png]50 + 0.05x+.05(2x)




 or for (b) and (c) [image: image33.png]y=2x
0 +0.05%+ 0.051




 


One variable:

	Original Equation

Step 1:  Multiply 0.05 and 2

Step 2:  Simplify equation by combining like-terms

Step 3:  Subtract 50 to each side of the equation

Step 4:  Divide by 0.15

Step 5:  Plug back in to find number of text messages
	[image: image34.png]50 + 0.05x + 0.05(2x) = 54.35





[image: image35.png]50 + 0.05x+ 0.1x = 54.35





[image: image36.png]50 + 0.15x = 54.35




[image: image37.png]0.15x = 4.35




[image: image38.png]29




[image: image39.png]So the number of text messagesis 2 « 29 = 58








Elimination:

	Standard Form
	[image: image40.png]l0.0574 0,009 = s
0,05+ 005y







Eliminate x’s

	Step 1: Multiply Equation 2 by 40 
	[image: image41.png]x4 2y = 174





	Step 2: Add equations together
	[image: image42.png]0x+ 3y =174





	Step 3: Solve for y
	[image: image43.png]




	Step 4: Plug back into original equation and solve for x
	[image: image44.png]





Eliminate y’s

	Step 1: Multiply Equation 2 by 20 
	[image: image45.png]




	Step 2: Subtract equation 1 from equation 2
	[image: image46.png]




	Step 3: Solve for x
	[image: image47.png]29





	Step 4: Plug back into original equation and solve for y
	[image: image48.png]y = 2(29)
~







Solution: 29 minutes over and 58 text messages.


Check Statement: 

[image: image49.png]50 +.05(29)+.05(58)





[image: image50.png]50 + 1.45 + 2.9 = 54.35




[image: image51.png]54.35

34.35




Equations Translations Worksheet:

1.  


	Knowns
	Unknowns

	6 bags of candy

Gave away 20 pieces

Gave away 14 pieces

Gave away 5 pieces

Gave away 1 bag

26 pieces left
	Number of pieces of candy in each bag (x).


Equation: [image: image53.png]6x—20—-14—-5—-x =26




Solution: 13 pieces of candy in each bag

Balance Statement:

[image: image54.png]6(13)-20-14-5-13





[image: image55.png]78—-20-14-5-13= 26




[image: image56.png]26 = 26




2.

	Knowns
	Unknowns

	Gained $5

Then tripled money

Spent $45

Now has $4 less than he started with
	Original amount of money in Sean’s wallet(x).


Equation:[image: image58.png]3(x+5)—-45=x—-4




Solution: $13

Balance Statement:

[image: image59.png]3(13+5) —45





[image: image60.png]3(18)—45





[image: image61.png]54—-45=0




[image: image62.png]



For problems 3 through 5, there are two popular ways to set up the problem.  For each problem, a) will be set up using one variable, and b) will be set up using multiple variables.

3a)

	Knowns
	Unknowns

	Savings is $35 more than twice checking

$433 in savings
	Amount of money in checking account (x).


Equation:[image: image64.png]2x+35=433




Solution: $199

Balance Statement:

[image: image65.png]2(199)+ 35 =433




[image: image66.png]398 + 35 =433




[image: image67.png]433 = 433




3b)

	Knowns
	Unknowns

	Savings is $35 more than twice checking

$433 in savings
	Amount of money in checking account (x).

Amount of money in savings account (y).


Equations:[image: image69.png]



Solution: $199

Balance Statement:

[image: image70.png]2(199)+ 35 =433




[image: image71.png]398 + 35 =433




[image: image72.png]433 = 433




4a)

	Knowns
	Unknowns

	Length is twice the width

Perimeter is 54 ft.
	Width of fence (x).

Length of fence (2x).


Equations:[image: image74.png]



Solution: width = 9 ft. and length = 18 ft.

Balance Statement:

[image: image75.png]



[image: image76.png]18+ 36=54




[image: image77.png]54 = 54




4b)

	Knowns
	Unknowns

	Length is twice the width

Perimeter is 54 ft.
	Width of fence (x).

Length of fence (y).


Equations:[image: image79.png]{ox s 20 = 54




Solution: width = 9 ft. and length = 18 ft.

Balance Statement:

[image: image80.png]18 = 2(9)




[image: image81.png]18

18




5a)

	Knowns
	Unknowns

	3 more red marbles than blue

2 more yellow than twice the number of red

Total of 59 marbles
	Number of blue marbles (x).

Number of red marbles (x+3).

Number of yellow marbles (2(x+3)+2)


Equation:[image: image83.png]x+(x+3)+2(x+3)+2=5%




Solution: 12 blue marbles, 15 red marbles, and 32 yellow marbles

Balance Statement:

[image: image84.png]12+ (12+3)+2(12+3)+2 =59




[image: image85.png]12+15+30+2





[image: image86.png]59 =59




5b)

	Knowns
	Unknowns

	3 more red marbles than blue

2 more yellow than twice the number of red

Total of 59 marbles
	Number of blue marbles (x).

Number of red marbles (y).

Number of yellow marbles (z)


Equations: [image: image88.png]



Solution: 12 blue marbles, 15 red marbles, and 32 yellow marbles

Balance Statement:

[image: image89.png]12+ (12+3)+2(12+3)+2 =59




[image: image90.png]12+15+30+2





[image: image91.png]59 =59




Answers for 6 through 10 will vary.

6. 
Words: Two more than three times the difference of x and four equals twenty.

Solution: [image: image93.png]10




Situation: Juan has three boxes of pizza with four pieces missing and two extra slices.  He has a total of 20 slices.  How 

many slices are in a box of pizza?

7. 
Words: Twenty less than the product of ten and x is equal to 100 plus the product of 4 and x.

Solution: [image: image95.png]20




Situation: Tonya’s swimming club is selling t-shirts as fundraiser.  She plans to sell the t-shirts for $10 each and has to 

pay $20 for a setup fee.  If she wants to make $100 and cover the $4 cost of each t-shirt, how many t-shirts does she have to sell?

8. 
Words: Twice x plus two times the sum of x and 4 equals 36.

Solution: [image: image97.png]



Situation: The perimeter of a throw rug is 34 ft.  If the width is 4 feet longer than the length, what is the length of the rug?

9. 
Words: y equals three more than twice x and 57 is equal to the sum of x and y.

Solution: [image: image99.png]18,y = 39




Situation: Veronica and Chelsea both work at the grocery store.  Veronica works three hours more than twice 

Chelsea’s hours.  If together they work a total of 57 hours, how many hours do each of them work?

10. 
Words: The product of 8 and x minus 5 minus twice x plus 4 equals 35.

Solution: [image: image101.png]



Situation: Mrs. Robinson bought eight boxes of pencils to keep in her desk.  During a test, she handed out 5 pencils 

and lent Mr. Wilson two boxes.  If she got 4 pencils back at the end of the test and has 35 pencils remaining, how many pencils were in each box?
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