Lesson Plan

	Lesson Title:  Build and Solve Equations

	Utah State Core Standard and Indicators:  

Algebra 2.2 – Solve multi-step equations

Process Standards – Problem Solving, Reasoning and Proof, Communications, Connections, Representation



	Lesson Summary

In this activity, students work backwards and write the word problem to go with given equations. They also practice writing and solving equations from word problems.

n this lesson students work as a team to practice and check all of the steps involved in solving complex equations. Teachers have used various strategies to engage students in this process (relay races, round robins etc). This is a good summary or review lesson.

	Enduring Understanding

· Equations enable us to find missing information.
	Essential Questions

· How do equations help us in finding missing information?

· Why is the idea of balance so important in solving equations?



	Skill Focus

· Solving basic one step and multi step equations.


	Vocabulary Focus

variable, expression, equation, inverse operation, balance, like terms , sides of the equation, coefficient, constant terms



	Assessment:

Students will do a performance task on story problems.  A rubric is provided to help grade the task.



	Materials: 

· Precision School Balance (if possible). Some kind model for a balance scale to place manipulative on.

· “Hands-On” Equations® or teacher created manipulatives.

· One baggie per student that contains 4 number cubes (2 cubes numbered from 0-5 and 2 cubes numbered from 5-10) and 8 to 10 triangles to represent the variable (the green triangles from pattern blocks would work well).

· Mats for students that are divided into two equal parts representing 2 sides of the balance scale.

· Worksheets and Homework (Attached)



	Launch:

Graphic organizer and discussion about balance.



	Explore:

Build and Solve Equations worksheet with Hands-on-Equations



	Summarize (discuss and solidify):

Class discussion about solving equations



	Apply (practice and real-world application—work for fluency):

Solving Equations foldable

Equation Stories and Solutions

Thinking Backwards Writing Word Problems from Equations

Group activity Writing Equations from Symbols

Group activity Solving Multi-step Equations (Using Addition and Multiplication Properties)




Build and Solve Equations

To create number cubes, use unnumbered dice or plain 1inch wooden cubes. Prepare 4 cubes for each student, 2 cubes with the numbers 0-5 written on and 2 cubes with the numbers 5-10 written on.
In all the worksheets below, have students check their answers by substituting in to the original problem or the equation. They can write the numbers above the symbols.

Introduce the idea of a balance scale.  Show the balance scale using grams weights.  
1. Set the scale so that both sides are balanced.

2. Put a 2 gram weight on both sides. The scale is still in balance because the same thing happened to both sides.

3. Put two 5 gram weights on one side and one 10gram weight on the other.  The scale is still in balance because even though each side looks different, each side has the same value.

4. Model taking the same thing off both sides and maintaining the balance.
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Demonstrate the use of manipulatives to represent variables and numbers. Place equivalent blocks on both sides of the balance scale model. Then use a triangle       to balance a 5, then a 3 etc. The variable varies.
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Show these others:      with a 7, a 2, two triangles with an 8, three triangles with a 12.  How can we find out what one triangle is equal to? What can you do to both sides so that you are left with         = ____
7. State the rule: Each side of the balance must always equal the other.  Your job is to find out the value of one of the triangles

8. Have students complete the worksheet using manipulates and writing down the solving actions they used to find the value of x.  Do not have them solve algebraically until after the first few lessons.  (If students are still struggling with the idea of balance, you may want to do all of the lessons before you start solving algebraically.)  After the first lesson you may want them to start demonstrating what they are doing by drawing it on their paper and using arrows to show what they are removing from each side.  Teacher moves around the room to listen and assess progress.
9. Have students present different problems in front of the class and discuss how they solved them using hands-on-equations.  Have another student draw what the other student did with the manipulatives.  If students were able to solve them algebraically, have another student show this process as well.

Remember to post essential questions and vocabulary. To create number cubes, use unnumbered dice or plain 1inch wooden cubes. Prepare 4 cubes for each student, 2 cubes with the numbers 0-5 written on and 2 cubes with the numbers 6-12 written on.
Solving Equations Foldable
Have students solve different equations by creating a tri-fold foldable.  Have them write the problem in words in the first column.  Have them write the inverse operations they will use to solve the problem.  (This would be a good connection to why we use the inverse order of operations when solving equations.)  In the third column have students solve the problem.  One way to help students to make connections between the different steps would be to use colored pencils to represent the different operations used throughout the problem.  An example is provided.

Equation Stories and Solutions
In this activity, work with students on how to write basic equations from word problems and word problems from equations.  Have students solve each equation as well.  They will record their solving actions and check their solutions from the original equation.  
Writing Word Problems and Equations

As a starter, the teacher might choose a word problem from a textbook. Do the problem as a think aloud with the class—modeling how to translate the words in the problem into an equation. Then ask the students to do one word problem. These examples will then lead to the importance of working backwards—seeing the equations and writing the word problem from which they could have been taken.

Writing word problems. The teacher should model the first problem, thinking aloud and writing—the students write and solve the problem as well. Then have students work in teams to write one word problems which match the equations. Then solve for the missing information. Have each student present their work. The remainder of the problems can be used for classwork or homework.

Writing equations from word problems. Allow students to use trial and error to solve the first problems (some will undoubtedly go to writing equations, others won’t). Then switch to writing equations. 

Using Addition and Multiplication Properties

Below are different ways in which this activity can be done with your students.

1.  To get all students involved, use different colors for each sheet.  Give only four sheets out at a time.  Each group member does the first step on the page that they were given.  Then the students rotate the papers.  The group would check the first step and then do the next step and rotate the papers until every step has been completed.  Only do the checking the first time so the students get the idea of checking the previous step before doing their step.

2.  Students work in predetermined groups of four: one high achieving student, one low achiever and two mid-range students.  Give the eight problems as a group quiz.  Each student in the group receives the group score.      

3.  Students work in pairs.  Two different pair gets the same problem.  Each pair solves the problem, alternately working the steps and the check.  Then the students find the second pair of students with the same problem, compares and discusses the problem and checks.  If they have different answers, they work through the problem as a group of four.  Afterwards, a one problem quiz is given with each student working individually.      

4.  For the first problem, the students work under the direction of the teacher to solve the problem and ask any questions.  The second problem is solved in groups of three, alternating steps and checking each other’s work.  The third problem is a practice for the contest.  Each student in the group goes to the board one at a time and does a step of the problem and then checks.  The fastest group with the correct answer wins.  After the group practice, the fourth problem is the contest.  The winning group gets a treat.  The fifth problem is worked individually as a quiz.”
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Build and Solve Equations

Worksheet #1

Name ___________________________________________________ 
Date ____________________________
Period ____________

How can we find out what one triangle       is equal to in the problems below? 

	Problem
	Equation and Solution
	Solving Action(s)
	Check

	1)
	2x = 8


    or x = ______
	     
	

	2)
	x+2 = 5

x = ______
	
	

	3)
	
	
	

	4)
	
	
	

	5)


	
	
	

	6)
	
	
	

	7)
	
	
	

	8)


	
	
	

	9)
	
	
	

	10)
	
	
	


What can you do to both sides of the balance scale so that you are left with         = ____

What is the secret to solving equations? Explain it in your own words.

Build and Solve Equations

Worksheet #2

Name ___________________________________________________ 
Date ____________________________
Period ____________

Build and/or solve the equations. Use manipulatives to help you.
	Problem
	Equation and Solution
	Solving Action(s)
	Check

	1) 
	2x = x + 5
x = ______
	
	

	2)
	3x = x + 8
	
	

	3)
	x + 2 = 2x + 1
	
	

	4)
	4x = 2x + 10
	
	

	5)
	
	
	

	6)
	
	
	

	7)
	
	
	

	8)
	
	
	

	9)
	2x + 1 = 10 + 5
	
	

	10)
	2x+5 = 3x+1
	
	


List the rules you discovered in this lesson that will help you solve equations?
Build and Solve Equations

Worksheet #3

Name ___________________________________________________ 
Date ____________________________
Period ____________

Build and/or solve the equations. Use manipulatives to help you if necessary. Show steps if you don’t use manipulatives.
	Problem
	Equation and Solution
	Solving Action(s)
	Check

	1)


 
	2x+3+3x = x+11
x = ______
	
	

	2)



	x+2+2x = x+12
	
	

	3)



	x+3x - x = 30
	
	

	4)



	x+4 = 2x+3
	
	

	5)



	
	
	

	6)



	
	
	

	7)



	
	
	

	8)



	x+ x+ x+2x+1 = 11
	
	

	9)



	5x+2 = 3x+12
	
	

	10)



	4x+2x = x+ x+20
	
	


List the rules you discovered in this lesson that will help you solve equations?
Build and Solve Equations

Worksheet #4

Name ___________________________________________________ 
Date ____________________________
Period ____________

Build and/or solve the equations. Use manipulatives to help you if necessary. Otherwise show steps. 
	Problem
	Equation and Solution
	Solving Action(s)
	Check

	1) 



	2(x+5) = 14

x = ____
	
	

	2)



	2(x+5)= 11+ x
	
	

	3)



	2(2x+3) = 3x+9
	
	

	4)



	2(x+5) = x+4
	
	

	5)



	3x+x = 2x+2
	
	

	6)



	4x = 2x+4
	
	

	7)



	3x+7 = 4x
	
	

	8)



	2(3x+1) = x+22
	
	

	9)



	5x-2x+8 = 2x+1+2x
	
	

	10)



	4x-2x+3 = 2x+2x-x
	
	


List the rules you discovered in this lesson that will help you solve equations?
Build and Solve Equations

Worksheet #5

Name ___________________________________________________ 
Date ____________________________
Period ____________

Build and/or solve the equations. Use manipulatives to help you if necessary. Show steps if you don’t use manipulatives.
	Problem
	Equation and Solution
	Solving Action(s)
	Check

	1)
	2x = 5 – 3x 
	
	

	2)
	-2x = -x + 12
	
	

	3)
	4x = 10 – x
	
	

	4)
	
	
	

	5)
	6x + 8 = 2x
	
	

	6)
	3x = 10 – 2x
	
	

	7)
	
	
	

	8)
	3x + 15 = -2x
	
	

	9)
	-2x + 3 = 3x – 7
	
	

	10)
	4x + 7x – 9 = 6x + 6
	
	


List the rules you discovered in this lesson that will help you solve equations?
How can the rules you learned in these lessons help you solve equations without using manipulatives?

Solving Equations

       Name __________________________

	Equation in words
	Inverse operations
	      Solve showing steps
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Two times a number 

increased by eight is 

twenty-six.

	Subtraction

Division
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Solving Equations

       Name __________________________

	Equation in words
	Inverse operations
	      Solve showing steps

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


EQUATION STORIES and SOLUTIONS






Name_______________________________

	Problem
	Equation and solution
	Solving Action(s)
	Solution Check

	If Sam earns 4$ more, he’ll have $52.


	
	
	

	
	S + 15 = 38


	
	

	Penny has some money. After she pays $5 for her new kitten, she will have $27. How much money does she have now?
	
	
	

	
	P – 12 = 29


	
	

	Kristy’s Dad makes 3 times as much per hour as she does. If he makes $48 per hour, how much per hour does Kristy make?
	
	
	

	
	5b = 45


	
	

	Some friends made $48 selling lemonade. If each friend makes $12, how many friends divided the money?


	
	
	

	
	D/5 = 7


	
	

	Troy and two of his friends do yard work for Troy’s Dad. After Troy’s Dad paid $35 for gas and expenses, the boys made $128 in October. How much will each boy make?  
	
	1st
2nd

	

	
	4x +  9 = 38
	1st
2nd

	

	
	x/5 – 10 = 20


	1st
2nd

	


Thinking Backwards

Writing Word Problems from Equations (Part I)

Write the word problem which goes with the following equations. Then solve for the unknown information.

1) Let a = Ali’s age now

_________________________________________ 


2a – 3 = Mel’s age now
_________________________________________ 


a + 2a – 3 = 39 yr

_________________________________________


_________________________________________________________________

2) Let s = small angle 

_________________________________________


Let 4s = larger angle 

_________________________________________


s + 4s = 70 degrees

_________________________________________


_________________________________________________________________

3) Let w = width of rectangle 
_________________________________________ 


2w + 4 = length of rectangle   _________________________________________ 



w + 2w + 4 + w + 2w + 4 = 62 in. ______________________________________



_________________________________________________________________

4) Let v = Vicki’s money
_________________________________________ 


5v = Wally’s money

_________________________________________ 



5v – v = $84


_________________________________________



_________________________________________________________________

5) Let t = Tally’s age now 
_________________________________________ 


3t = Cami’s age now

_________________________________________


2(t + 14) - 3t = 14 yr.

_________________________________________



_________________________________________________________________

6) Let e = Elisabeth’s age now       _________________________________________ 


e – 7 = Zack’s age now
   _________________________________________


e + 4 = Gail’s age now
   _________________________________________



2e = Bob’s age now 

   _________________________________________



e + (e-7) + (e + 4) + 2e = 82
   _________________________________________



___________________________________________________________________

7) Let E = Eddie’s height 
___________________________________________ 


E + 4 = Pam’s height

___________________________________________ 


E – 3 = Andy’s height

___________________________________________



E + E + 4 + E – 3 = 199 in.  
___________________________________________



___________________________________________________________________

8) Let c = cost of a shirt

___________________________________________


c + 3.95 = cost of a sweater
___________________________________________ 


3c + 2(c + 3.95) = $71.65
___________________________________________



___________________________________________________________________

9) Let m = price of a quart of milk _________________________________________ 


1.5 m = price of a pint of yogurt
_____________________________________ 


2m + 3(1.5m) = $ 4.68
___________________________________________



___________________________________________________________________

10) Let z = length of 1 side of a triangle
_____________________________________


2z = length 2nd side of a triangle
_____________________________________


2z + 3 = length of 3rd side of triangle _____________________________________


z + 2z + (2z + 3) = 73 cm.  _____________________________________________


___________________________________________________________________

11) Let s = the price of a pair of shoes
_____________________________________ 


2s -5 = the price of a pair of boots _______________________________________ 


3s + 2(2s – 5) = $130    
___________________________________________


___________________________________________________________________

Writing Equations from Word Problems (Part II)
1) A whole object has been broken into 4 pieces, all of different sizes. Each piece is 2 times the size of the next smallest piece. What fractions describe each piece of the whole object?

2) A collection of marbles has been divided into 3 different sets. The middle sized set is 2 times the size of the smallest set, and the largest set is 3 times as large as the middle-sized set. What fraction describes each part of the total marble collection?

3) Mr. Jones drove to Boise, Idaho in 4 days. On Monday and Wednesday he traveled exactly the same distance. On Tuesday he traveled 2 times as far as he did on Monday, and on Thursday he traveled 3 times as far as he did on Wednesday. Which fraction describes the part of the trip covered on each day?


If the total trip covered 602 miles, how far did Mr. Jones travel each day of his trip?

4) Mrs. Smith rode the bus 720 miles in 3 days. On the first day, she traveled 3 times as far as she did on the second day. On the third day, she traveled 2 times as far as she did on the second day. How far did she travel each day?

5) The neighborhood grocery store sold 1463 bottles of soft drinks last month. Twice as many bottles of root beer were sold than lemon-lime soda, and twice as many bottles of cola were sold than root beer. How many bottles of each type of soft drink were sold?

6) A total of 960 students attend Bosco School. Some students walk to school, some ride the bus, and the rest come by car. The number riding the bus is 6 times greater than the number arriving by car. The number walking to school is ½ the number riding by bus. How many students come to school by each form of transportation?

Writing Equations from Stories

Part I: Write Equations for the stories below.
· Choose a symbol and state what it represents.

· Write an equation which uses the symbols.
· Show the solution to the equations.
1) If Cassandra had 8 more dollars, she could buy the $40 pair of hiking boots she wants.

2) Tammy is training for a marathon. She ran the 3 miles from home to a lake, twice around the lake and then home again. 

She ran 11 miles. How far is it around the lake?

3) An antique car company is sponsoring a parade across the state. They carry 5 extra gallons of gas per car. Two extra cars join 

at the last minute. The owners figure out that they now have only 4 gallons per car. How many cars were in this parade originally. (Hint: guess and keep track of what you do until you see a pattern—use your steps to come up with an equation.)

Part II: Write two stories involving mathematics. Then express the stories using symbols and equations.


4)


5)
Part III:  I Love a Parade! 

· Use the symbols below to write algebraic expressions or equations. 
· Evaluate the expression as demonstrated below. 
· Each group will present and explain their equations and solutions.
S
the number of parade sections = 10

F
the number of parade floats per section = 15

E
the number of engines per parade float = 2 (an average

B
the number of bands per parade section = 3

A
the number of adults on a float = 8 (an average)

K
the number of kids on a float = 5 (an average)

M
the number of musicians in a band = 25

C 
the amount of candies per person (on parade floats)for throwing to the crowd = 200

G
the amount of gas needed per float per mile = 1/8 gallon

H
the number of hours in the parade route = 4 

D
The amount of water (to drink) needed per person in one hour = 2 cups

W
The amount of water per horse (for drinking) in one hour = 2 quarts

L

The amount of extra water (liquid) carried per engine = 2 gallons

Important Note:  The / sign is used to denote “per”.

	Expression or Equation using symbols
	Expression or equation using numbers
	Solution

	Example: FS = Total parade floats
	(15 floats/section) (10sections/parade) =   
	 150 floats/parade

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Using the Addition and Multiplication Properties      #1
STEPS: 



Names___________________________
1.  Distribute



 ___________________________
2.  Collect like terms


 ___________________________
  
3.  Variables on one side


 ___________________________
  
4.  Constants on other side

  
5.  Coefficient of 1

----- Check Answer -----

2(4x + 1) - 2x = 9x - 1

Rate from 0 to 4 (high)     Clear Communication________
     Correctness_________

Evaluated by_____________________________________________________________
Using the Addition and Multiplication Properties              #2
STEPS: 



Names___________________________
 
1.  Distribute



 ___________________________
 
2.  Collect like terms


 ___________________________
  
3.  Variables on one side

 ___________________________
  
4.  Constants on other side

 
 5.  Coefficient of 1

----- Check Answer -----

3 – (2x + 2) = 2(x + 3) + x

Rate from 0 to 4 (high)     Clear Communication________
     Correctness_________

Evaluated by_____________________________________________________________
Using the Addition and Multiplication Properties              #3
STEPS: 



Names___________________________
  
1.  Distribute



 ___________________________
  
2.  Collect like terms


 ___________________________
  
3.  Variables on one side

 
___________________________
  
4.  Constants on other side

  
5.  Coefficient of 1

----- Check Answer -----

3(x – 6) = 4(x + 2) – 21

Rate from 0 to 4 (high)     Clear Communication________
     Correctness_________

Evaluated by_____________________________________________________________
Using the Addition and Multiplication Properties               #4
STEPS: 



Names___________________________
  
1.  Distribute



 ___________________________
  
2.  Collect like terms


 ___________________________
  
3.  Variables on one side

 ___________________________
  
4.  Constants on other side

  
5.  Coefficient of 1

----- Check Answer -----

7(5x – 2) = 6(6x – 1) – 4

Rate from 0 to 4 (high)     Clear Communication________
     Correctness_________

Evaluated by_____________________________________________________________
Using the Addition and Multiplication Properties              #5
STEPS: 



Names___________________________
  
1.  Distribute



 ___________________________
  
2.  Collect like terms


 ___________________________
  
3.  Variables on one side

 
___________________________
  
4.  Constants on other side

  
5.  Coefficient of 1

----- Check Answer -----

2a + (5a – 13) = 47 – (2a – 3)

Rate from 0 to 4 (high)     Clear Communication________
     Correctness_________

Evaluated by_____________________________________________________________
Using the Addition and Multiplication Properties              #6
STEPS: 



Names___________________________
  
1.  Distribute



 ___________________________
  
2.  Collect like terms


 ___________________________
  
3.  Variables on one side

 ___________________________
  
4.  Constants on other side

  
5.  Coefficient of 1

----- Check Answer -----

3a + 5(a – 2) = 6(a + 4)

Rate from 0 to 4 (high)     Clear Communication________
     Correctness_________

Evaluated by_____________________________________________________________
Using the Addition and Multiplication Properties              #7
STEPS: 



Names___________________________
  
1.  Distribute



 ___________________________
  
2.  Collect like terms


 ___________________________
  
3.  Variables on one side


 ___________________________
  
4.  Constants on other side

  
5.  Coefficient of 1

----- Check Answer -----

13 – (2c + 2) = 2(c + 2) + 3c

Rate from 0 to 4 (high)     Clear Communication________
     Correctness_________

Evaluated by_____________________________________________________________
Using the Addition and Multiplication Properties               #8
STEPS: 



Names___________________________
  
1.  Distribute



 ___________________________
  
2.  Collect like terms


 ___________________________
  
3.  Variables on one side


 ___________________________
  
4.  Constants on other side

  
5.  Coefficient of 1

----- Check Answer -----

3(y + 7) = 2(y + 9) - y

Rate from 0 to 4 (high)     Clear Communication________
     Correctness_________

Evaluated by_____________________________________________________________
Assessment

Solving a Multi Step Equation

Name____________________________________
You are playing a board game.  You land on a railroad and lose half your money.  
Then you must pay $1,000 in taxes.  Finally you pay half the money you have left to 
get out of jail.  If you now have $100, how much money did you start with?

How will I remember?





How will I remember?





Nonexamples





Examples





Definition 


(in own words)





Nonexamples





Examples





Definition 


(in own words)





Nonexamples





Examples





Definition 


(in own words)





Definition 


(in own words)





Expression





Variables





Nonexamples





Examples





How will I remember?





How will I remember?





Inverse Operations
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