Rationale: Balancing equations

Why balancing/solving equations? 

We observe that our students consistently struggle with solving equations. The students don’t seem to have a conceptual understanding of the components of an equation. Students try to memorize rules but they don’t know why they are following the rules (or sequence of steps). Our students are not retaining the skills of solving equations through the secondary grades. 

Solving equations with variables is embedded in the curriculum in maths and sciences throughout the secondary grades, so we know this is an important part of the curriculum. Our goal is to give students some tools that move away from memorization of a particular set of steps towards developing a meaningful understanding of balancing equations. We believe that the use of manipulatives allows the students to be able to draw from their kinesthetic experience and/or their visualization of the materials as geometric representations. The manipulatives and use of the SMARTBoard allows us to differentiate the instruction and learning to best meet student needs.

How did the lesson come about?

Initially, we were thinking about how to help students visualize equations. We wanted to use objects to represent variables. But they have to hold a value, so we thought about using containers or bowls. The container assists in being able to hold values and to represent the substitution process.

We started designing lesson ideas where we could use containers and cubes and emphasize the importance of “the zero principle” when solving equations. We also wanted to see if students could use these manipulatives not just to solve simple one step equations but also to solve more complex equations. We have designed a single lesson that has students solving one step, two step and multi-step problems. We wanted to see if the students could consistently use the manipulatives to solve the entire sequence of equations.

We also wanted to incorporate the SMARTBoard into the lesson as an interactive tool during which students engage directly with the SMARTBoard to show solutions and clarify their thinking. We are interested in how students interact with the SMARTBoard, the level of student understanding, and the types of communication that emerge when students are using the SMARTBoard and manipulatives to solve equations. 
Lesson Sequence

Focus Strand:
Algebra

Overall / Specific Expectations:

	
	Day 1
	Day 2 

PUBLIC LESSON
	Day 3 / 4
	Day 5

	Title
	What is an Equation?
	Using Manipulatives
	Using Balance Technology
	Fun With Fractions

	Goal
	• to activate prior knowledge about equations
	• to have students gain a conceptual understanding of the balance technology
	• to have students using balance technology without the manipulatives
	• to incorporate fractions into the equations

	Big Ideas
	• equations have characteristics

• equations balance
	• the zero principle involves a positive and negative integer that cancel each other out

• a variable is represented by a container
	• an equation must always be balanced

• the same operation must occur on each side of the equal sign
	• must find the lowest common denominator for the equation

• must multiply every term in the equation by that LCD. 

	Description
	a) The answer is 12, what is the question?

b) Are any of these solutions equations?

c) What does it look like? What must does an equation have?

d) Create equations. Do the four 4’s task. (using any operations can you make four 4’s equal 1? 2? 0? Is there more than one solution?)

e) Go back to the definition of an equation. Is there anything else you can add?
	See detailed plan
	Take the student worksheet from the previous lesson. Have students put their solutions (using manipulatives) on the SMARTboard – one at a time. Have students write the equivalent signs algebraically. 
	The progression of questions will be:

• 1 denominator

• 2 or more denominators

• numbers that involve more than 1 term


Solving Equations Unit: Day 2 – Using Manipulatives

GOAL:

Have students use manipulatives, including the SMARTBoard, to improve conceptual understanding of the “balance method”

Group Materials

- 20 hexalink cubes of different colours

- teacher made placemat

- 6 containers divided into 4 equal sections

- 6 different shaped containers of two different colours

	Stages of the Lesson
	Lesson: Solving Equation Using Manipulatives
	Assessment Opportunities

	Minds On!

(7 minutes)
	Whole Class: activating prior knowledge

• on the board: x+3, x-4, 2a+a, 3a+4, 3(x+1)

• ask: 

Are these equations?

What makes it an equation?

• discuss and illustrate visual representations of various variables and integers. 

• Review and model the zero principle

• Teacher models the solution to x+3=9 on the SMARTboard using manipulatives. Students replicate the solution
We expect that students may pause and think about what an equation is. The students will likely be nervous. Some may not actually realize that an equation needs an equals sign. Some students will not know about “the zero principle” and how to use it. We also expect that some students will not be comfortable or will be resistant to using the new method we are using to solve equations.

	

	Action!

(30 minutes)

(10 minutes)
	Pair / Share, Guided Discussion, Investigation

• Students, in pairs solve a series of first degree equations.

• The level of difficulty increases as the examples progress: include addition, subtraction, multiplication, brackets, variable terms on each side of the equation, and division.

• One pair will work at the SMARTboard while others work at their desks. Students will explain their solutions. The pairs rotate at the SMARTboard.

The students know the rules of balancing an equation 
but may not know how to represent that using 
manipulatives. We anticipate that some students will 
fudge their use of the manipulatives and may in fact 
make errors with the hands-on materials. 

When the containers are introduced, there may be some confusion. We anticipate that the students will grasp 

the process after some opportunities to “try it out”.
Use of the SB:

Some of our students may not know about SB features such as:  infinite clone, grouping and deleting zero principles. This may require some modeling by the teacher or other students.  We expect that students will be engaged by the very use of the SB and that some students will be able to communicate their solutions effectively using the SB.

Individual Practice
• Students will begin a worksheet.  The teacher will model the first example - constructing diagrams to illustrate the solution. 
We expect the students to be able to construct their own diagrams illustrating their solving of equations.

	• Observe as pairs work through examples.

• Listen to their explanations

• What mathematical language is being used?

• How are they communicating their understanding?
• Teacher circulation to observe students and pinpoint problem areas



	Consolidation

(10 minutes)
	Pair/Share -> Guided Discussion
• Using what you have learned today, explain the steps used to solve the equation: 3(x+2) = 12.  Illustrate using manipulatives.  Be prepared to present your explanation.
We expect that most students will be able to communicate their solutions effectively using manipulatives and/or the SMARTBoard.

Individual
Complete a rating for today’s lesson.

	• Observe how students are using appropriate math language and tools to support their thinking



	Concept 

Practice
	Home activity or further classroom consolidation:

• complete the worksheet
	


 SOLVING EQUATIONS WORKSHEET
USING MANIPULATIVES

NAME:______________________________________ DATE:__________________________________

Solve each equation.  Show “snapshots” of your steps.  Use:

	+ x
	- x
	+ a
	-a
	+1
	-1

	☐
	■
	◊
	
	±

	●


a)
x - 6 = -4




b)
2x + 5 = 7

c)
2x + 3x + 2 = 12



d)
4x + 3 = 2x - 5

 e) 1/5 x = -2





f) 1/3 x + 2 = 6

g) 2x – 3x + 4 – 5 = 7            (Challenge!!)
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