Everything Balances Out in the End
Balancing Algebraic Understanding
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In this math unit, students use a pan balance to study equality, order of operations, numerical and variable expressions, and other key algebraic concepts. 



Math Content

· Using a balance pan to demonstrate equivalence

· Balancing shapes, numerical expressions, and variable expressions

· Properties of equality

· Order of operations

· Solving equations using algebraic logic

Individual Lessons
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Students will balance shapes on the pan balance applet to study equality, essential to understanding algebra. Equivalent relationships will be recognized when the pans balance, demonstrating the properties of equality.
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Using a balance in the classroom is a first step to algebraic understanding. Use this pan balance (numbers) applet to practice the order of operations in simplifying numerical expressions and to demonstrate the conventions of using algebraic logic in simplifying expressions.
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Students use the Balance Pans - Expressions Tool to explore algebraic expressions. They determine if algebraic expressions are equal. They balance pans to solve a system of equations and use graphing to find the solutions to a system of equations

Algebra in Balance (3rd lesson in unit)
Grade Level: 7th grade  (lessons designed for 6th - 8th)
Objectives:

· Students will be able to understand that balance pans actually balance when an equation is solved, or stands in equilibrium by using the online Balancing Expressions Tool and completing the accompanying worksheet.

· Students will be able to recognize that the intersection of two graphs indicates the solution to a system of equations (the point where the two equations balance) by using the online balance pan tool.

Common Core Standards Addressed:

7.EE.1 Use properties of operations to generate equivalent expressions.

Apply properties of operations as strategies to add, subtract, factor,

and expand linear expressions with rational coefficients.

7.EE.4. Use variables to represent quantities in a real-world or mathematical

problem, and construct simple equations and inequalities to solve

problems by reasoning about the quantities.

a. Solve word problems leading to equations of the form px + q = r

and p(x + q) = r, where p, q, and r are specific rational numbers.

Solve equations of these forms fluently. Compare an algebraic

solution to an arithmetic solution, identifying the sequence of the

operations used in each approach. For example, the perimeter of a
rectangle is 54 cm. Its length is 6 cm. What is its width?





8.EE.8. Analyze and solve pairs of simultaneous linear equations.

a. Understand that solutions to a system of two linear equations

in two variables correspond to points of intersection of their

graphs, because points of intersection satisfy both equations

simultaneously.

b. Solve systems of two linear equations in two variables

algebraically, and estimate solutions by graphing the equations.

Solve simple cases by inspection. For example, 3x + 2y = 5 and 3x +

2y = 6 have no solution because 3x + 2y cannot simultaneously be 5

and 6.

c. Solve real-world and mathematical problems leading to two linear

equations in two variables. For example, given coordinates for two

pairs of points, determine whether the line through the first pair of

points intersects the line through the second pair.

Materials:

· Balance
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· Pop
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· Balancing
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· Spreadsheet Program, such as Microsoft Excel

· Graphing calculators (optional)

Procedure:

Rather than teaching students procedures to solve an equation with one variable, or to solve a system of equations, students may begin with an exploration of Balance Pans to discover the balance of the left and right side of an equation.

1. Project the 
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HYPERLINK "http://illuminations.nctm.org/ActivityDetail.aspx?id=10"Tool to help them solve the problems on the overhead. (At the beginning of the lesson, you may wish to demonstrate for students how equations must be entered into the pans. The required syntax can be confusing, especially for students who are already wrestling with algebraic concepts. For your own benefit, you should attempt to use the Pan Balance on your own before trying it in the classroom, to ensure that you have enough familiarity with it to answer student questions.)

· Maria tossed a small, full water balloon in the air. This situation can be represented by the equation y = -x² + 6x. (x represents time in seconds, y represents the distance from the ground in feet.)

· Her brother tossed a dart at the water ballon. This situation can be represented by the equation y = 2x. Assuming Maria and her brother both started at the same exact time, from the exact same place, when would the dart reach the water balloon? [4 seconds] What is the distance from the ground when they meet? [8 feet]
· When students put these expressions into the applet and move the slider, they should note two points of intersection, namely (0,0) and (4,8). (0,0) represents the problem at the very beginning, before any time has elapsed. (4,8) represents the solution to the above problem.

· Show students how to use the balance pan; they can place expressions in each side of the balance pan to solve two equations simultaneously. For example, place -(x^2) + 6*x. Note: It is important to show students that the tool requires the * for multiplication, and exponents, such as the power of 2, can be shown by ^2. Next, place 2*x in the right pan. Since both expressions equal y, by the Transitive Property of Equality, they should be equal to each other. Slowly move the slider to find out when the pans are balanced. The value for x may also be typed in the blue. Students should notice that when x = 4, the pans are balanced. They should also notice that the value of the expression, 8, is displayed above the pans, indicating the height.

· Show students that each equation can also be graphed to find the intersection after the initial intersection at (0,0). Click and drag the mouse while on the coordinate plane. Point out to students how the contents of the red pan are graphed in red on the (x,y) coordinate plane (y = -x² + 6x) and the contents of the blue pan are graphed in blue (y = 2x). Have students determine where these two graphs intersect. Students should notice that the point of intersection is (4,8), which is the same solution as previously discovered. The slider and balance pans move to help find the point of balance, which is also the intersection

2. After all students work through the same equations on the applet, students will take the Balancing Expressions worksheet - Free Choice included as Addendum 1 and complete as instructed.  
3. Questions for Students -- small groups of students will get together and discuss the following questions.  As a large group we will share what each group came up with for answers/ suggestions.
· What is the significance of when x = 0, y = 0?

[When time is 0, before tossing, distance is also 0.]

· Can you explain what is happening when the two equations are balanced?

[there is a point at which the two linear equations meet.  This is what each equation equals when it is balanced given a specific x value]

· What is the significance of the intersection of the two graphs on the coordinate plane?

[When the two graphs intersect, that indicates a solution to the system of equations.]

· Which property of equality lets us make two equations, both equal to y, equal to each other?  [transitive property of equality]

· How would you explain the concept of equations balancing if you had to teach the next class?

1. Conclusion:

“Today we worked with balancing equations.  The last two lessons also involved balancing.  We started with shapes, moved to expressions, and now we arrived at balancing algebraic expressions.   Think back to the Pop Balloon overhead I put up.  Do you remember how we had to equations, both equal to y?  We have certain properties of equality that we can use when working with equations.  Which one did we use in this case?  Can someone name the other two properties of equality that exist?  As you leave today, I would like you to complete this exit slip -- it is your ticket out the door.  See you tomorrow when we start our next unit.”

2. Exit Slip:    What is your understanding of balancing equations?

Assessment:

1. Students will create equations that balance.  They will use the balance pan applet to check their work.  This will be recorded on the Balancing Expressions - Free Choice worksheet (addendum 1) which I will check over to confirm that students understand the concept of balancing equations.  This can be kept as a work sample, or returned so students get confirmation of knowledge or learn what they need to work on.  If many students don’t understand a certain part of the concept, then we will review the following day.
2. Students will participate in a small group discussion of the Questions for Students.  The groups will share what they talked about.  During the small group discussion, the teacher will have a checklist of the class roster and make a check by students name as they walk around the room to denote participation.  This will be used for their class participation grade.  The teacher will also pay attention for any misconceptions to know if there is anything to clarify.
3. The Exit Slip will be evaluated after class to determine if there are concepts to re-teach or if it is fine to move on.  This will be used as a check for understanding and will become part of the students’ attendance and participation grade. 

Differentiation:  During the lesson, if students are struggling with the balance pan applet and are having a hard time coming up with an equation for the left side of the balance pan, the teacher can give a starting point.  The student must figure out how to balance the equation on the right side.  






Gearing Up:  Students may use a spreadsheet to solve two equations and two unknowns. Students will need to set up a chart and create the formulas to enter into the spreadsheet.
Examples of a possible spreadsheet are available 
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Gearing Down:  What are some equivalent ways to express x2 + 9x? Try it on the balance and see. Is x(x + 9) equivalent? Enter x*x + 9*x in the red pan. Enter x*(x + 9) in the blue pan. For what values are they equivalent? [all values of x]. How does the graph show equivalence? [each dot on the graph is outlined in both red and blue].
Integration Activities:


Online panbalance activity  http
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As part of the lesson, students will go to the computer lab, or work on laptops if available, and explore this online activity.  They will have a Balancing Expressions Worksheet - Free Choice, which is Addendum 1.

Lesson Justification:  Students are able to get a visual understanding of balancing algebraic equations.  This activity helps students see the balancing happen by using the online applet.  Direct instruction of this concept can be confusing if not taught properly.  This activity lets the students do the teaching and the teachers act as support.  Students will get a better understanding of this concept by working with the online activity instead of just doing worksheets.  The online applet shows the students when the balance is in equilibrium.  The graph that is next to the pan balance is a nice accompaniment to show the point of balance/ equilibrium for the two linear equations.  I have modified the lesson to include small group discussion questions to help solidify students understanding of the concept.  I also added an additional worksheet that has the students using the online applet to create their own balanced equations, graphing the outcome and writing an explanation.  By having free choice, the students will see how the two linear equations will balance.  They will have to do some critical thinking depending on the numbers they choose.  They will then have to make the connection between the equations and the graph which will help them understand the concept that much more.
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Exit Slip:





Name:__________________________

What is your understanding of balancing equations? ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

ADDENDUM 1  
BALANCING EXPRESSIONS WORKSHEET

 - FREE CHOICE

After completing the Balancing Expressions Worksheet you will come up with your own balances.  As you go through the Pan Balance applet online, please note your results on the following chart.  The left side should be equivalent to the right side.  It is your choice as to how to complete this chart, the main requirement is that each side is equivalent and that you use order of operations in your expressions.  After making note of the two equations that balance, please draw the graph that is shown and explain what you see happening.

	Left Side
	Right Side 
	Graph
	Explain what is happening and why
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