	Background Information

	Content/Course

	Algebra II

	Unit

	Unit 1: Understand the relationships between zeros and factors of polynomials

	Essential Questions/Enduring Understandings Addressed in the Lesson

	Essential Questions
· When and how is mathematics used in solving real world problems?
· When and why is it necessary to follow set rules/procedures/properties when manipulating numeric or algebraic expressions?
· How do the ordered pairs on the graph of an equation relate to the equation itself and then to a system which contains the given equation? 
· Why does the equation solving process sometimes produce extraneous solutions?
Enduring Understandings
· Relationships between quantities can be represented symbolically, numerically, graphically and verbally  in the exploration of real world situations 
· The coordinates of the point(s) where the graphs of equations intersect represent the solution(s) to the system of equations formed by the equations.
· There is a connection between the zeros of the polynomial and solutions of polynomial equations.
· Relationships can be described and generalizations made for mathematical situations that have numbers or objects that repeat in predictable ways.

· Multiple representations may be used to model given real world relationships.

· Mathematics can be used to solve real world problems and can be used to communicate solutions to stakeholders.








	Standard(s)  Addressed in This Lesson

	A.APR.3
Identify zeros of polynomials when suitable factorizations are available, and use the zeros to construct a rough graph of the function defined by the polynomial.


	Lesson Title 

	Zeros of a function

	Relevance/Connections

	How does this lesson connect to prior learning/future learning and/or other content areas?
Students have graphed linear equations and should be able to explain what the zero of a linear function looks like in different formats. Students have factored quadratics and used the process to show zeros and relate them contextually.  The further investigation into polynomials will relate to mathematical and scientific concepts in this course and others.  

	Student Outcomes 

	The student will:
· use the factors of a given polynomial to identify it’s zeros. 
· make a rough sketch of the graph of a polynomial using zeros and end behavior. 
· solve polynomial equations.

	Summative Assessment
(Assessment of Learning) 

	What evidence of student learning would a student be expected to produce to demonstrate attainment of this outcome?
· Given one of the three representations (graph, context, equation), students should be able to produce the two other missing representations.  
· Students should be able to explain their answers using the context of a real world scenario. Note this lesson plan does not provide contextual problems.  A follow up lesson should include opportunities for students to apply the concepts learned in this lesson to contextual situations. 


	Prior Knowledge Needed to Support This Learning
(Vertical Alignment)
	Students have graphed and solved quadratic equations with real solutions and understand the existence of non-real solutions.  Students have also used the process of factoring and completing the square in the quadratic function to show zeros, extreme values, and symmetry of the graph, and interpret these in terms of a context.






	Method for determining student readiness for the lesson

	How will evidence of student prior knowledge be determined?
· Student warm-up will include items from Algebra I that involve factoring of quadratics and their associated graphs based on the factors of the given quadratics.
· Pre-assessment of graphing linear and quadratic functions, factoring, and solving an equation for zero. The Warm-up (matching activity) will indicate which students are having trouble with prior knowledge. 

What will be done for students who are not ready for the lesson?
· Students who are not ready for the lesson will work on Unit 5 from Algebra I, Quadratic Functions and Modeling.
· Students who display the necessary skills will work in groups on enrichment activities involving factoring and quadratics while their peers are remediating.

	Common Misconceptions

(See Algebra II Unit 1 Unit plan for strategies for dealing with the Common Misconceptions)
 
	· When asked to factor expressions which have more than two factors, students frequently do not factor such an expression completely.
Example
· 

· Students are frequently puzzled when they are using their calculator to produce the graph of a quadratic equation and the graph that is displayed does not resemble what they know to be the graph of a quadratic.  This typically occurs when the range of the given function is outside of the standard viewing window.
· 


When solving equations using a factoring approach students may not understand why a factor of the form  produces a root of  instead of 





	Learning Experience

	Standards for Mathematical Practice (SMP)
	Component
	Details

	SMP #7: Look for and make sense of structure.

Student will be comparing different representations of the same function and will need to be able to recognize functions in different formats.


	Warm Up/Drill

	Matching Card Activity – Students will match linear and quadratic functions represented by graph, equation, table, and factored form of the equation.  Each student has one representation of the function.  They will work for ten minutes to find the other three students with matching components.  This will form their working groups for the lesson.  Note:  Differentiation is possible within the activity using purposeful choices for the representations of the functions. (UDL) 

See attached document.









	SMP #4: Model with Mathematics

This piece of the lesson could be a student-centered investigation; where small groups are discussing the mathematics seen in either a video or applet.  Even if this is teacher-facilitated, the opportunity to build students’ ability to “Model with Mathematics” (SMP 4) should not be dismissed.  The teacher may ask the guiding questions, but should allow the students to take charge of how they want to model the problem.  What geometry might they be able to use?  Can they set up an equation?  What is the important vocabulary that a student needs to know to be successful with the situation?










	Motivation
	Show video of a person diving into a pool of water.  http://pbskids.org/dragonflytv/show/diving.html  Stop the video before the diver enters the water and ask, “Will the diver make it safely into the water?”  Direct students to:

Think about the mathematical principles involved in this scenario.


Using a K-W-L Chart (see attached chart), have students:
· Write down the information they know from watching the video which helps them determine if the diver makes it safely into the water.
· Write down what mathematics they need to know in order to derive whether or not the diver will enter the water safely.
· Struggling students should be directed to draw a picture of the path of the diver. What points are important in the picture?
· After individual time to fill out K-W-L chart, each member of the group will share out their thoughts which will be recorded on chart paper.
· Students will use their individual K-W-L charts to add thoughts from other groups. 

Other Possible applets to use for motivation:
http://galileo.phys.virginia.edu/classes/109N/more_stuff/Applets/ProjectileMotion/enapplet.html
http://phet.colorado.edu/sims/projectile-motion/projectile-motion_en.html
http://www.mhhe.com/physsci/physical/giambattista/proj/projectile.html

Other Possible Movie clips
http://www.youtube.com/watch?v=4uHkyMh9FW4
http://www.teachertube.com/viewVideo.php?video_id=219098&title=Rocket_Launch_1



	SMP #1: Make sense of problems and persevere in solving them.

There is also an opportunity here to concentrate on SMP 1, “Make sense of problems…” by allowing students to determine their own path in answering the motivating question
	Activity 1 





	What “Levels of Instruction” is addressed with this activity? 
Level 1: Developmental

Use the Motivation activity – Have the students perform a gallery walk of their work. Have them take notes on what other groups found and the vocabulary they have reviewed or created during the process on their K-W-L chart.   

Vocabulary development – As the students are discussing the diving problem, write down the vocabulary words you hear. Ask the students to create a working definition of the key terms. Use a Frayer Model for the students to get a good understanding of zeros of a function. Attached is a blank Frayer Model and a possible student example for reference. 

Note: Save the example, non-example until after the reinforcement activity.  Student responses can be used as an assessment of their understanding.

At this point, students are ready to find out whether or not the diver made it safely into the water.  The discussion should center around the fact the equation that models the scenario would not be linear.  A possible strategy would be to gather student hypotheses about equations and use student responses to gather a quadratic model that represented the scenario.  The quadratic function does not have to be an exact model but rather a good representation.  This is where a rich discussion of zeros, what they look like mathematically, and what they mean contextually should take place.  An exact solution does not have to occur at this time.



	SMP #3: Construct viable arguments and critique the reasoning of others.

While students can connect to a variety of Standards for Mathematical Practice in this activity, try to focus on SMP 3 (Construct viable arguments…).  Encourage students to demonstrate the following characteristics of mathematically proficient students while forming their decisions.
· Justify their conclusions.
· Communicate their conclusions to others.
· Respond to the arguments of others.
	
	From the warm-up activity, How did or could you use the zeros of a function to help find your partners. How do the “zeros of a function” look in different representations (i.e. graph, equation or table)? If the students do not come up with the idea that factored form is easier to find the zeros of a function, make sure to lead them in that direction. 

See attached Reinforcement document.  This is a discussion activity that can be facilitated through techniques such as Think Pair Share or Every Pupil Response.  Use the following questions to start discussions:

Tables (numeric representation)
· How many zeros are represented by this function?  
· How do you know?  
· Could there be more?  
· What is the possible degree of this function? 
· What are the zeros of the function?
Note:  Misconception that a y-intercept is always a zero of the function.

Graphs
· How many zeros are represented by this function?  
· What is a possible degree of this function?  
· What is a possible equation for the function?  
· According to the graph, what is the end behavior of this function?  
· What are the zeros of the function?

Factored Form
· How many zeros are represented by the function?  
· How do you get a zero from this function?  
· How is a factor used to get a zero?  
· What are the zeros of the function?
Note: In the example from the Reinforcement pages that is shown below, problem d

 “” provides an opportunity to discuss the fact that binomial factors are not the only factors that reveal the zeros of a function.  In this example the first factor also reveals a zero.  For struggling learners you may elect to rewrite this problem as 

“”
What are the zeros of each function?

a) y = 2x – 3
b) y = (x – 5)(x + 3)
c) y = 4(x – 7)(x – 3)(x + 4)
d) y = x(x + 6)
Polynomial Form
· How many zeros are represented by the function?  
· How do you know?  
· What are the zeros of the function?

The point of the discussion is so that students understand that factors of a polynomial lead directly to zeros of that polynomial and vice versa.  This discussion should also point out that factored form is the easiest form to identify the zeros of the function.  

At this point, students will understandably want to use the graph of a function to find the zeros.  Include a discussion of the fact that adjustments to the window on the graphing calculator may be necessary to reveal all characteristics of a function.  


	SMP # 7: Look for and make use of structure.
	
	 Please see attached Practice activity.  This would be a good opportunity for differentiation where some students are given tables that contain negative and positive y-values and asked to find the number of solutions.  This concept could be extended to using the zeros to find possible equations for the function.  Using graphs to find equations is an integral topic in further mathematical course work.


	
	Closure

	Exit Ticket:  
Give either the graphic, numeric or algebraic representation of a quadratic and ask students to produce the other representations of the given quadratic. 







	Supporting Information

	
	Details

	Materials
	· Practice activity
· Frayer Model
· KWL
· Reinforcement Worksheets
· [bookmark: _GoBack]Warm Up Cards

	Technology

	· Internet access to show video clips mentioned in the Motivation component of the lesson plan.
· Graphing calculators
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Warm Up 
The following problems are to be used for the Warm Up.  Make one copy of the attached problems.  Cut the problems out.  Distribute one problem card to each student.  Instruct students to form groups of four by finding other students in the class that have the same problem expressed using a different way. (numeric, graphic , algebraic).
	 (
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x
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		X
	Y

	-2
	-6

	-1
	-4

	0
	-2

	1
	0

	3
	4



	
y = 2x - 2


	


y = 2(x – 1)



	 (
x
) (
y
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		X
	Y

	-2
	-4

	-1
	0

	0
	4

	1
	8

	3
	16




	y = 4x + 4

	y = 4(x + 1)
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		X
	Y

	-2
	-12

	-1
	-8

	0
	-4

	1
	0

	3
	8



	y = 4x - 4

	y = 4(x - 1)
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		X
	Y

	-2
	0

	-1
	-3

	0
	-4

	1
	-3

	3
	5
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		X
	Y

	-2
	0

	-1
	3

	0
	4

	1
	3

	3
	-5




	
	
	 (
y
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x
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		X
	Y

	-2
	4

	-1
	0

	0
	-2

	1
	-2

	3
	4



	
	

	y = (x + 2)(x – 1)
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		X
	Y

	-2
	0

	-1
	-2

	0
	-2

	1
	0

	3
	10
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y
) (
x
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	y = 2x + 2

	
y = 2(x + 1)
		X
	Y

	-2
	0

	-1
	-2

	0
	-2

	1
	0

	3
	10



	 (
y
) (
x
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	y = (x + 3)(x – 3)
		X
	Y

	-2
	-5

	-1
	-8

	0
	-9

	1
	-8

	3
	0
















KWL Worksheet
	
K
What facts I know 







	





	
W
What facts I want to know






	

	
L
What facts I learned







	



Frayer Model
[image: ]



 (
Zeros of a Function
)[image: ]

Reinforcement Problem Set
	X
	Y

	-3
	0

	-2
	-4

	-1
	-7

	0
	-6

	1
	-4

	2
	0

	3
	6



What are the zeros of this function?


	X
	Y

	-3
	-15

	-2
	0

	-1
	3

	0
	0

	1
	-3

	2
	0

	3
	15



What are the zeros of this function?


What are the zeros of this function?
[image: ]


What are the zeros of this function?
[image: ]

What are the zeros of each function?

a) y = 2x – 3
b) y = (x – 5)(x + 3)
c) y = 4(x – 7)(x – 3)(x + 4)
d) y = x(x + 6)



What are the zeros of each function?

a) 
b) 
c) 
d) 
e) 














Practice Activity
What are the Zero(s) of each function?
1. __________________________________                2.  ___________________________________
[image: http://harmon-middle-school.wikispaces.com/file/view/coordinate.JPG/30539153/coordinate.JPG]    [image: http://harmon-middle-school.wikispaces.com/file/view/coordinate.JPG/30539153/coordinate.JPG]

3.   __________________________________                4.  ___________________________________
	X
	Y

	 -5
	8

	-4
	0

	-3
	-6

	-2
	-10

	-1
	-12

	0
	-12

	1
	-10

	2
	-6

	3
	0

	4
	8

	5
	18


	X
	Y

	 -10
	-1080

	-8
	-512

	-6
	-168

	-4
	0

	-2
	40

	0
	0

	2
	-72

	4
	-128

	6
	-120

	8
	0

	10
	280











5.  	6.  	7.  



Factor and find the zeros of each function.
8.  	9.  





10.  	11.  





12. List 2 real world situations that have zeros and explain why the zero is important in the situation. 
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