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	Program Information
	[Lesson Title]

Questioning Quadratics 

	TEACHER NAME
	PROGRAM NAME

	
	[Unit Title]

	NRS EFL(s)
5


	TIME FRAME
120 minutes 

	Instruction 
	ABE/ASE Standards – Mathematics

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

	
	Numbers and Operation
	
	Operations and Algebraic Thinking
	
	Geometric Shapes and Figures
	
	Measurement and Data
	

	
	The Number System
	
	Expressions and Equations
	A.5.1, A.5.3, A.5.10
	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. (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 use factoring to solve quadratic equations. 

Students graph quadratic equations to find solutions. 

Students will “complete the square” to solve quadratic equations. Students use the quadratic formula to find solutions to quadratics.
	ASSESSMENT TOOLS/METHODS
Parts 3 and 4 serve as evidence of student mastery. During part 4, the teacher should actively listen to partner discussions for signs of understanding or of misconceptions. When students are working, the teacher should have students speak out loud as they solve the problems.  


	
	LEARNER PRIOR KNOWLEDGE

Students should be familiar with solving linear equations, and graphing linear and quadratic equations.


	
	INSTRUCTIONAL ACTIVITIES 

Part 1: (I do)
To start the lesson, review with students the base function 𝑦 = 𝑥2 also known as a “quadratic” as the highest power of 𝑥 is two.  We call 𝑦 = 𝑥2 the base function as it is as simple as a quadratic function gets.  Introduce students to the concept of roots of a function, also known as the zeros of a function.  Tell students that the roots of a function can represent running out of money, when two functions are the same if another function is used to represent their difference, when a projectile will reach the ground, or just as another way to find points that can help in plotting a function.  This information can be introduced now or once you’ve done a few problems.  The important thing is that students understand the usefulness of this type of problem.
Write the standard notation of a quadratic equation on the board, 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0, and remind students that a, b, and c are just numbers.  For example, the base function in standard form would look like 1𝑥2 + 0𝑥 + 0 = 0.
To demonstrate how to solve quadratics, write the equation 𝑥2 + 4𝑥 = 5 and the four ways of solving the equation (graphing, factoring, completing the square, and the quadratic formula) on the board.  Starting with graphing, make a t-table to help graph the functions 𝑦 = 𝑥2 + 4𝑥 and 𝑦 = 5 (both sides of the original equation).
Graph the functions on the same X-Y plane, and the solutions are the x-values of where the two intersect (this can also be done by using graphing software, (a graphing calculator or GeoGebra) if available, and finding the intersections).
For the other methods, students may find a manipulative helpful.  Give each student a set of the Algebra Tiles.  For using the factoring method, be sure to emphasize writing the equation in standard form (setting it equal to 0 and combining like terms), 𝑥2 + 4𝑥 − 5 = 0.  Review with students how to multiply binomials using a generic form and the Algebra Tiles (see Teacher Answer Sheet).  Since we have to multiply to get -5 and add to positive 4, the numbers must be -1 and 5.  Hence (𝑥 − 1)(𝑥 + 5) = 0.  So to get 0 as our answer we know by the multiplication property of 0, (𝑥 − 1) or (𝑥 + 5) must be equal to 0.  Setting them both equal to 0 we get 𝑥 = 1 or − 5.
Move to completing the square, again emphasizing writing the equation in standard form first and review with students how to square a binomial with generic terms and the Algebra Tiles (see Teacher Answer Sheet).  Since we have the term 4𝑥, by dividing the coefficient by two, we get 2.  Squaring that 2 gives us 4.  So in order to have a squared binomial we would need to have 4 added in the equation, so if we add and subtract 4 from the equation we will get our squared binomial.  Simplifying and solving we get our solutions of 𝑥 = 1 or − 5.   
Finally, write the quadratic formula on the board, [image: image2.png]


, and remind students that the a, b, and c are the same as in standard form.  Plug in the numbers from the example and show students that you still get the solutions of 𝑥 = 1 or − 5 (see Teacher Answer Sheet).
Part 2: (We do)  
Distribute the Quadratic Equations Tasks handout to students and read the first question out loud.   Ask students what it means that the ball will hit the ground (set the equation equal to 0).  Suggest to students dividing each term by -4.9 to get a coefficient of the 𝑥2 term equal to one.
Tell students, that you are going to solve the equation using each method.  Ask for a volunteer to help solve the equation using the graphing method.  With input from fellow students and yourself, walk the student through the graphing process to solve the problem.  Then ask for a volunteer to help solve the equation using the factoring method.
Again have fellow students help the volunteer complete the task.  Then ask for a volunteer to help solve the problem by completing the square.  Again have fellow students help the volunteer complete the task.
Finally, ask all students to take out their calculators.  Using the original equation, have half the class calculate the solution using [image: image4.png]


 and have the other half calculate the solution using [image: image6.png]


.
Part 3:  (You do)

Have students work in pairs to complete the remaining problems.  Provide students with graph paper to solve graphically if so desired and if available, allow students to use GeoGebra or other graphing software to check their answers.  As pairs finish, have the partners split up and find new partners to compare their answers and discuss the methods they used to solve each problem.
Part 4:  Go through each of the problems having students present their solutions and justify their answers.  Allow time for students to check their solutions and make corrections if needed.


	RESOURCES

SmartPals 

Algebra Tiles 

Graph paper 

Calculators (optional) Questioning Quadratics worksheet
http://www.khanacademy.org/math/algebra/quadtratics?k
Khan academy - videos for working with quadratics


	
	DIFFERENTIATION



	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information

Exit slip:
Find the roots of the function 𝑦 = 𝑥2 + 15𝑥 + 56. (answers: -7 and -8)
Solve the equation 26 = 2𝑥2 − 2𝑥 + 14 (answers: 3 and -2)
Next Steps

Introducing students to similar problems where the coefficient of x2 cannot be factored out easily, imaginary roots, or when one method is better to use than the others can be very helpful for students to see the importance of knowing multiple methods of solving quadratics.
Purposeful/Transparent

Following a review of quadratics and an introduction to the different methods of solving quadratic equations, the teacher shows how to solve the same example using all four methods demonstrating that no matter which method students choose to use, they should get the same answer.  Following, students and the teacher work through a similar example and each of the methods to build their understanding of each of the methods.  Then students will work in pairs to further their understanding of the methods and learn when one method may be more appropriate to use than another.
Contextual

This lesson uses quadratic equations to model everyday situations involving projectile motion, area and volume of objects, and money.
Building Expertise

Students build on their knowledge of quadratic equations and solving linear equations to solve equations and find the roots of functions.



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.
Vocabulary Sheet

Binomial — an expression with two terms.

Completing the Square — a method of solving for the roots of a quadratic equation using the process of forming a trinomial square from a binomial of the form [image: image8.png]x? + bx



.

Factoring — a method of solving for the roots of a quadratic equation using the process of finding the individual factors of a product..

Quadratic Equation — Any equation of the form [image: image10.png]ax®+ bx +




 where [image: image12.png]a#0



.

Quadratic Formula — a method of solving for the roots of a quadratic equation in standard form, [image: image14.png]—biVbZ—4ac

2a



.

T-table — a table used to organize points where the x-values are listed in one column and y-values are listed in another column and each row corresponds to a point.

Trinomial — an expression with three terms.

Quadratic Equations Tasks

Solve each of the following using the method of your choice.  Use another method to check your answer.

1.  If a ball is thrown from a 58.8 meter tall platform at 19.6 meters per second, the equation of the ball’s height above the ground ([image: image16.png]


) at time [image: image18.png]


 seconds after it is thrown is [image: image20.png]y = —49x%+ 19.6x + 58.8



.  When will the ball hit the ground?
2. During World War I, the army was firing mortar shells at a target 144 ft. above their position.  If the initial velocity of the mortars was 160 feet per second, the equation for the height of the shell above the target was [image: image22.png]y = —16x% + 160x — 144



.  How long did it take for the mortar shell to strike its target?
3. Sarah has 50 feet of fencing to make a rectangular garden and plans on using the side of her house as one edge of the garden.  What dimensions will give her an area of 200 square feet?  Use x to denote the side of the garden that is not opposite of the house wall (see diagram below).

[image: image23.png]



4. The amount of money, [image: image25.png]


, in an account with an interest rate [image: image27.png]


 compounded annually is given by the equation [image: image29.png]=P(1+1r)t



 where [image: image31.png]


 is the initial principal and [image: image33.png]


 is the number of years the money is invested.  If a $10,000 investment grows to $11,664 after 2 years, find the interest rate.
5. The volume of a box with a square bottom and a height of 4 inches is given by [image: image35.png]y = 4x?



 where [image: image37.png]


 is the sides of the bottom of the box.  If the volume of the box is 324 square inches, find the dimensions of the box.
6. A cliff diver jumps of a 320 foot high cliff at an initial speed of 16 feet per second.  If the equation for his height above the water is [image: image39.png]y = —16x*+ 16x + 320



,  when will he hit the water?
7. Tina runs a pizza parlor and figured out that the profit for selling pizzas is given by the equation [image: image41.png]


 where [image: image43.png]


 is the number of pizzas sold in one hour.  How many pizzas does she need to sell in an hour to make a profit of $32 and how many pizzas does she need to sell to not turn a profit at all?
8. John’s mom made him a quilt that was 5 feet by 7 feet and wants to use a 64 square foot piece of material to make a border of uniform width.  What should the width of the border be? 
Teacher Answer Sheet

From lesson plan:
Graphing:
	[image: image44.png]



	[image: image45.png]y=x?+4x




	[image: image46.png]
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	[image: image47.png]id 6.74







Factoring:
Generic binomial multiplication 
[image: image48.png](x+a)(x+b)=x*+bx+ax+ab=x>+(a+b)x+ab





Example of binomial multiplication 
[image: image49.png](x+3)x+2)=x*+2x+3x+2+*3=x2+(3+2)x+6=x>+5x +6





Solving example:

[image: image50.png]x*+4x =5
P +4x-5=0
(& —-1(x +5)
x—1=0 or x+5=0
x=1 or x





Completing the square:

Generic squaring a binomial 
[image: image51.png]x+a)?=kx+a)x+a)





Example of squaring a binomial 
[image: image52.png](x+5)°2=(x+5)(x+5 =x>+5x+5x+ 52 =x2+10x + 25




Solving example:

[image: image53.png]x*+4x=5
x2+4x-5=0
(P +4x+4) -4-5=0
x+2)2-9=0
x+2)?=9
x+2=13
x+2=3 or x+2=-3
x=1 or x=-5




Quadratic Equation:

[image: image54.png]+ /¥ -4(1)(-5)
2(0)





[image: image55.png]—4+16+20




[image: image56.png]



[image: image57.png]



[image: image58.png]



From Quadratic Equations Tasks:
[image: image111.png]Equation after dividing by -4.9:  [image: image60.png]



Graphing method:
So [image: image62.png]x=6o0or—2



 but -2 doesn’t make sense for the problem, so the answer is the ball will hit the ground 6 seconds after it is thrown.
Note: Since we divided by -4.9 at the beginning, this equation no longer follows the path of the ball.  Due to gravity, the ball would eventually fall.  However, the graph above would have the ball rising endlessly, which would not make sense given our context.  This is an important note to make to students.  If they want their graph to show the height of the ball at a given time, they need to keep it in its original form: [image: image64.png]y = —49x%+ 19.6x + 58.8



.
Factoring method:

[image: image65.png]0=x"—4x-12
@-6)(x+2)

x—6=0 or x+2=0
x=6 or x





Completing the square method:

[image: image66.png]0=x?—4x-12
0=(x*—4x+4)—4-12
0=(x-2)%-16
16=(x—2)*
ta=x-2
x-2=2 or x-2=-4
x=6 or x=-2





[image: image112.png]10

20

(1,0




Equation after dividing by -16:  [image: image68.png]



Graphing method:
So [image: image70.png]x=1or9



 but 1 doesn’t make sense for the problem as the shell would still be on its way up, so the answer is the mortar will hit its target 9 seconds after it is fired.
Factoring method:

[image: image71.png]0=x?—10x+9
@-1Dx-9)

x—1=0 or x-9=0
x=1 or x=9





Completing the square method:

[image: image72.png]0=x*-10x+9
0= (x>~ 10x +25) — 25+ 9
0=(x-5°-16





1. Equation:

[image: image73.png]200
200 = 50x — 2x2

0 = —2x2 +50x — 200

x2— 25x + 100





Graphing method:
[image: image113.png](-9,324) (9,324)





So [image: image75.png]x=50r20



 since both answers make sense, she has two options: make the garden 5 feet by 40 feet where the side opposite of the wall is 40 feet or 20 feet by 10 feet where the side opposite of the wall is 10 feet.

Factoring method:

[image: image76.png]x%—25x + 100
(x—20)(x —5)
x—20=0 or x—5=0
x=20 or x=5





Completing the square method:

[image: image77.png]x%—25x +100
0 = (x2 - 25¢ + 156.25) — 156.25 + 100
0=(x—125)*-56.25
5625 = (x—12.5)%
175=x-125
x—125=75 or x—125=-75
0  or 5





2. Equation:

[image: image78.png]11,664 = 10,000(1 +1)?
11664 = (1+7)?
11664 =r2+2r +1





Graphing method:

[image: image114.png]101.02

(5,0)





So [image: image80.png]x = —2.08 or 0.08



, but since -2.08 doesn’t make sense, the interest rate is 0.08.

Factoring method:

[image: image81.png]78+ 2r —.1664
(r +2.08) (r — 0.08)





Completing the square method:

[image: image82.png]0=7%+2r —.1664
0=(r2+2r+1)—1-.1664

0=(r+1)2- 11664

11664 = (r +1)*
108 =7+1
108 or r+1
008 or r





Equation:

[image: image83.png]324 =4x?
0=4x?—324
0=x2-81




Graphing method:

[image: image115.png]50

(s.0)

2502





So [image: image85.png]x=—9o0r9



, but since -9 doesn’t make sense, the dimensions of the box are 9 inches by 9 inches by 4 inches.
 Factoring method:

[image: image86.png]0=x?-81
0=(x+9)(x-9)
x+9=0 or x—9=0
x=-9 or x=9




Completing the square method:

[image: image87.png]



Equation after dividing by -16:  [image: image89.png]



Graphing method:

[image: image116.png]50,

(20,0}

392





So [image: image91.png]x=—4or5



 but -4 doesn’t make sense for the problem, so the answer is he will hit the water 5 seconds after he jumps.
Factoring method:

[image: image92.png]0=x?-x-20
@ -5)(x+4)
x—5=0 or x+4=0

Xx=5 or x=-4





Completing the square method:

[image: image93.png]o 2 -x—20
0=(x?—x+25)—25-20
5)2-2025





For profit of $32

Equation in standard form after multiplying by -8:  [image: image95.png]—40x + 256




Graphing method:

[image: image117.png](-2.08,11664)

34912.05

1000,

(0.08,11664)

-2.49

®

-18169.38

0.1





So [image: image97.png]x =8or32



 and since both make sense, the answer is either 8 or 32 pizzas.
Factoring method:

[image: image98.png]x%—40x + 256
(x-8)(x-32)
x—8=0 or x—32=0
x=8 or x=32





Completing the square method:

[image: image99.png]0=x?—40x +256
0 = (x2 — 40x +400) — 400 + 256
0=(x-20)2-144
144 = (x - 20)%
12=x-20
x=20=12 or x-20
32 or





For no profit

Equation in standard form after multiplying by -8:  [image: image101.png]



Graphing method:

[image: image118.png]-10

10

>

=107





So [image: image103.png]x = 0or40



 and since both make sense, the answer is either 0 or 40 pizzas.
Factoring method:

[image: image104.png]- —40x
(x—40)
x=0 or x—40
x =40





Completing the square method:
[image: image105.png]0=x?—40x
0= (x2 - 40x +400) — 400
0= (x—20)2- 400





[image: image119.png]10

20





[image: image120.png]126.86

(2,0)

-74.37

-75.94

9,63




 


Equation: 

[image: image106.png]64 =(2x +5)(2x +7) - 35
64 = 4x2 + 14x + 10x + 35 — 35
64 = 4x? + 24x
0=4x? +24x — 64

x2+6x—16





Graphing method:

So [image: image108.png]x=—8or2



, but since -8 doesn’t make sense, the answer is the border should be 2 feet in width.
Factoring method:

[image: image109.png]0=x*+6x-16
@+8)(x-2)
x+8=0 or x—2=0
x=-8 or x=2





Completing the square method:

[image: image110.png]0=x?+6x—16
0=(x2+6x+9)—9—16
0=(x+3)2-25
25=(x+3)?

x=2 or «x
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