	Background Information

	Content/Grade Level

	Algebra 1

	Unit

	Unit 4: Expressions and Equations

	Lesson Title

	Finding Zeros of Linear, Quadratic and Cubic Functions

	Essential Questions/Enduring Understandings Addressed in the Lesson

	Enduring Understandings
· Mathematics can be used to solve real world problems and can be used to communicate solutions.
· Equations and inequalities can be used to solve real world problems.  
· Quadratic equations can be used to make predictions or solve problems.

· Relationships between quantities can be represented symbolically, numerically, graphically and verbally in the exploration of real world situations.

· Relationships can be described and generalizations made for mathematical situations that have numbers or objects that repeat in predictable ways.
· When analyzing real-world problems that are math related, it is useful to look for patterns that would indicate that a linear, exponential or quadratic model might be used to represent the situation.
 
· Multiple representations may be used to model a given real world relationship.

· Rules of arithmetic and algebra can be used together with notions of equivalence to transform equations and inequalities. 
· Reasoning with expressions, equations and inequalities provides the means to take a complex situation rearrange it into a more usable format and determine the value for unknown quantities.
· Formulas may be transformed to highlight a quantity of interest.




Essential Questions
· When and how is mathematics used in solving real world problems?
· How are linear, exponential and quadratic equations and inequalities used to solve real world problems?

· What characteristics of problems would determine how to model the situation and develop a problem solving strategy?
· What characteristics of problems would help to distinguish whether the situation could be modeled by a linear, exponential or a quadratic model?
· When is it advantageous to represent relationships between quantities symbolically? Numerically? Graphically?

· Why is it necessary to follow set rules/procedures/properties when manipulating numeric or algebraic expressions?
· How can the structure of expressions, equations, or inequalities be used to determine a solution strategy?
· How can complex structures of quadratic and exponential expressions be rearranged to emphasize parts from a whole?


	Focus
Standards Addressed in This Lesson

	This lesson focuses on identifying zeros of linear, quadratic and cubic functions as described in the Evidence Statement for A.APR.3 as it appears in the EOY Algebra I Evidence Table. Constructing graphs given zeros will be a follow up 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. (supporting)
Evidence Statement for A.APR.3 from Algebra EOY Evidence Table: 
Identify zeros of quadratic and cubic polynomials in which linear and quadratic factors are available, and use the zeros to construct a rough graph of the polynomial.  

                             For example, find the zeros of 



	Coherence
Relevance/Connections

	Depending on the structure of your class this lesson may take more than one day to complete.
Previously in this unit {Unit 4} students learned to factor quadratic equations using a variety of methods {completing the square, quadratic formula, and factoring}. This lesson will take factorable quadratic equations and begin to explore with students the x-intercepts {zeros} of linear, quadratic, and cubic equations. 
In Unit 5 students will take a more in depth look at graphing quadratic equations {vertex, maxima, minima, x-intercepts, y-intercepts}.

	Rigor
	Procedural skills
· Graphing linear equations in slope-intercept form
· Solving linear equations for a given variable
· Finding the zeros of a quadratic and cubic function
Conceptual Understanding
· Development of the definition of zero of a function
· Relationship between zero of a function and x-intercept
· Relationship between the factored form of a function and its graph

	Student Outcomes 

	1. Students will review factoring quadratic equations.
2. Students will identify zeros of linear equations given a graph and/or equation.
3. Students will identify zeros of quadratic equations given a graph and/or equation.
4. 
Students will identify zeros of cubic equations given a graph and/or an equation in the form of a product of a linear expression and quadratic expression. .

	Summative Assessment
(Assessment of Learning) 

	How will this “Student Outcome” be assessed on a Summative Assessment?
1. Students will identify zeros of linear equations given a graph and/or equation.
2. Students will identify zeros of quadratic equations given a graph and/or equation.
3. 
Students will identify zeros of cubic equations given a graph and/or an equation in the form of a product of a linear expression and quadratic expression. .

What evidence of student learning would a student be expected to produce to demonstrate attainment of this outcome?
Students will be expected to identify zeros of linear, quadratic and cubic functions using graphs and equations.

	Prior Knowledge Needed to Support This Learning

	Factoring of Quadratic Equations
Solving Linear equations 
Solving Quadratic Equations 
Ability to graph linear and quadratic equations on a graphing calculator

	Method for determining student readiness for the lesson

	How will evidence of student prior knowledge be determined?
 The opening activity for the lesson will review with students how to factor quadratic equations set equal to zero. Factoring can be reviewed at this point if students struggle with the opening activity.

What will be done for students who are not ready for the lesson?
Opportunities for differentiation and accommodations will be provided throughout the lesson for example;  
a) use of the graphing calculator to generate multiple representations of functions to explore the zeros.
b) co-operative learning activities.




	Learning Experience

	Which practice(s) does this experience address?
	Component
	Details

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

The Warm-up requires students to explain correspondence between expressions by comparing the non-factored quadratic expression with the factored quadratic expression. In addition, to check their work students could multiply the factored expressions to get the original expression or set each expression equal to zero and solve.
	Warm-up/Drill
	Materials Needed
· 3x3 Factoring Puzzle
· envelopes
Preparation
· Make one copy of the 3x3 Factoring Puzzle for each pair of students.
· Cut the pieces of the puzzle into pieces.
· Place puzzle pieces in an envelope
{If you do not have time to cut an entire class set, cut one set and rearrange, then copy to give students a “mixed up” puzzle and have the students cut out the squares}.
Implementation 
· Distribute one envelope containing the Factoring Puzzle warm-up pieces to each pair of students.
· Instruct students to arrange the puzzle pieces into a 3x3 square by matching each expression to its factors.
· Tell students that the puzzle pieces contain distracters in the form of expressions that have no factors or factors that do not match any expression. These expressions will lie on the perimeter of the completed puzzle.
· As student pairs complete the puzzle, check their work by looking for the expression “Math is Fun” in a spiral starting in the bottom right hand corner.
Teacher Notes
· The warm up serves as a means of activating prior knowledge of:


     Factor quadratic equations in the form or  
· Use the results of observations to determine the readiness of the class.
· For students who may have difficulty with the warm-up:
    Give only four squares (with a M, A, T, H) of the puzzle instead of all nine. 

UDL Connections
UDL Principle II: Provide Multiple Means of Action and Expression,
Checkpoint 5.3 Build fluencies with graduated levels of support for practice and performance, discusses that learners must develop fluencies and that fluency is built through many opportunities for performance.  This activity is providing students an opportunity for the distributed practice over time that the brain needs for long-term retention of a skill.

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

In this activity, students are asked to relate graphs to their equations as an introduction to the concept of zero of a function.
	Activity 1  

Grouping Activity Matching Linear Equations and Graphs



	Materials Needed: 
· Grouping Activity: Matching Linear Equations and Graphs (attached)
Preparation:
· Make a copy of the Matching Linear Equations and Graphs handout 
· Cut out each square. 
Implementation:
· Distribute one card to each student
When passing out to students make sure each graph has a solvable equation to match.
· Instruct students to complete the task displayed on their card.
· After all students have completed their assigned task, tell them to find the person in the room who has the same letter card.
· Once students have found their partners from the matching activity have them check each other’s work.
· Project the following two questions on the board:
1. What do you notice about your equations?
2. What do you notice about the graph and the solution when y = 0? (Possible scaffolding: Ask students to plot the solution on the graph to answer this question)
· Project student work to provide answers to all four of the letter card problems.
· For each card, identify the solution as a “zero” and ask the students to determine the meaning of a “zero of a function”.

Teacher Note:
· The equations vary in difficulty level. Differentiate based on student needs. If you feel the equations are too easy you can always edit the file to put equations in standard form or make them more difficult, just be sure if you change the one in the column on the left you also change the equation in the column on the right.
· Depending on the needs of your students, this activity could be shortened or changed if needed.

UDL Connections 
UDL Principle I: Provide Multiple Means of Representation
Checkpoint 3.1 Activate or Supply Background Knowledge Information is more accessible and likely to be assimilated by learners when it is presented in a way that primes, activates, or provides any pre-requisite knowledge. In this activity students are activating their prior knowledge of graphing linear equations in slope intercept form and solving linear equations given a value for a variable.


Formative Assessment/Activity Closure:  On the next activity, students will brainstorm a definition of zero of a function.

	SMP#2 Reason abstractly and quantitatively

In this activity, students develop, refine and formalize a working definition of zero of a function.





	Activity 2

Identify Zeros of Quadratic Functions
	Materials Needed:
· One copy per student of the Finding Zeros of Quadratic Equations handout

Implementation:
· Pass out the Finding Zeros of Quadratic Equations handout 
· Instruct students to record the definition they developed for the word “zero” with their partner in the space provided.
· Circulate to ensure all students have a definition written down.
· Tell students to modify their definition as needed while working through the lesson.
· Complete Example 1 as a class.  
· Possible scaffolding questions:
· how is the graph of this equation different from the graph of a  linear function?
·  how many times does the graph of this quadratic equation touch/cross the x-axis?
·  how many solutions did we discover a quadratic equation could  have?
· “You told me that the graph touches the x-axis two times, so how many zeros does the equation have?” Remember zeros are the solution to the equation when y = 0. So this quadratic equation has two different values that will make the equation = 0.
· Have students work with their partner to complete the next two examples. Circulate to check for understanding. When it seems all students have finished ask for a pair to volunteer to explain how they got their answer. Discuss any questions students have to clarify the procedures.
· Together complete one example of solving algebraically on the Partner Practice worksheet.
a) Students should complete the rest of the Partner Practice with their partner. Circulate to answer any questions.
b) Possible homework assignment: Zeros of Quadratics worksheet 

Teacher Note:  This activity can be changed based on student needs and teacher preference.  For example, ask students to find x-intercepts of a linear function and develop the idea that an x-intercept is the same as the zero of a function.  Then apply this to quadratic functions graphically and algebraically.

Differentiation:  Put each problem on an individual page, like the first page that is teacher directed.  When placing students in groups, teachers can manipulate partners.

Extension: Ask students to write to draw the graphs of two different quadratic functions that have the same zeros. Ask them what would be the similarities and the differences between possible equations for the two quadratics. 

Formative Assessment/Activity Closure:  On an index card, tell me everything you can about  zeros  of a quadratic function.  Do not just copy your original definition.  Use what you have learned in this activity to enhance your original thoughts.

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

In this activity, students are extending their working knowledge of zero of a function to cubic equations.
	Activity 3

Zeros of a Cubic Equation
	Materials Needed:
· One copy per student of the Zeros of Cubic Equations handout
· Warm up questions (to be projected to whole class)

Implementation
· Project the following to the class:
Determine the number of zeros for each function:
1. 
2. 
3. 
4. 
What feature in a function could help you determine the number of zeros it has?
Possible scaffolding:  Tell students to look at the exponent.

· Pass out the Zeros of a Cubic Functions handout 
· Students should record their prediction at the top of the page.
· Complete question #1 together.
· Have students complete question #2 independently.  Check for understanding.
· On pages 32 and 34 complete the first problem in each activity together as a class, then have students complete the rest of each activity on their own.

Teacher Note:  This activity can be changed based on student needs and teacher preference. 

Differentiation:  Include additional columns on page 32 asking students to list the zeros and the factors of the function, before writing the equation. 

Extension: Include problems involving functions with four factors and therefore, four zeros.

UDL Connections 
UDL Principle I: Provide Multiple Means of Representation
Checkpoint 2.3: Support decoding of text, and mathematical notation, and symbols
Checkpoint 3.2: Highlight patterns, critical features, big ideas, and relationships
Both of these are reinforced by the comparison between equations, factors and zeros of a function.  This activity enables students to build a deeper understanding of the relationship among the three, as well as the relationships among linear, quadratic and cubic functions.

Formative Assessment/Activity Closure:
On an index card, write a cubic function with zeros of -2 and 2.  

	
	
	



	Supporting Information

	
	Details

	Interventions/Enrichments
· Special Education/Struggling Learners
· ELL
· Gifted and Talented

	Throughout this lesson, teacher notes, differentiation and extensions are included.  UDL connections can also help struggling learners, ELL and Gifted and Talented students.















Warm Up/Drill/Teacher Directions: Cut apart the nine cards. Shuffle the cards and place them into an envelope. Distribute an envelope to each pair of students. 

Student Directions:	Factor each quadratic expression. Match the cards to form a  square.
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Possible Differentiation:	Limit the cards to the “M”, “A”, “T”, and “H” cards.
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	Grouping Activity Matching Linear Equations and Graphs 


	 (
A
)Graph the equation.

 Y = x + 9

[image: ]
	 (
A
)Solve for x when y = 0.
Y = x + 9





	 (
B
)Graph the equation.
Y = -x + 7
[image: ]
	 (
B
)Solve for x when y = 0.
Y = -x + 7







	 (
C
)Graph the equation.
Y = -3x + 6
[image: ]
	 (
C
)Solve for x when y = 0.
Y = -3x + 6

	 (
D
)Graph the equation.
Y = -x -2
[image: ]
	 (
D
)Solve for x when y = 0.
Y = -x - 2









	Grouping Activity Matching Linear Equations and Graphs (KEY)


	 (
A
)Graph the equation.

 Y = x + 9
[image: Macintosh HD:Users:motily:Desktop:y=x+9.png]













	 (
A
)Solve for x when y = 0.
Y = x + 9


X = -9

	 (
B
)Graph the equation.
Y = -x + 7
[image: Macintosh HD:Users:motily:Desktop:y=-x+7.png]













	 (
B
)Solve for x when y = 0.
Y = -x + 7


X = 7









	 (
C
)Graph the equation.
Y = -3x + 6
[image: Macintosh HD:Users:motily:Desktop:y=-3x+6.png]













	 (
C
)Solve for x when y = 0.
Y = -3x + 6


X = 2

	 (
D
)Graph the equation.
Y = -x -2
[image: Macintosh HD:Users:motily:Desktop:y=-x+2.png]













	 (
D
)Solve for x when y = 0.
Y = -x – 2


X = -2









Finding Zeros of Quadratic Equations
On the lines below, write the definition of zero that you and your partner brainstormed:
Zero:__________________________________________________________________________________________________________________
Example 1: Use the table to graph the function:

                     				          	 
	Graph
	
	Table

	[image: ]
	
	x
	y

	
	
	-4
	

	
	
	-3
	

	
	
	-2
	

	
	
	-1
	

	
	
	0
	

	
	
	1
	

	
	
	2
	

	
	
	3
	

	
	
	4
	




Using your definition, identify the zero(s) of this function.



 
Example 2: Use the table to graph the function:

                          				          	 
	Graph
	
	Table
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	x
	y

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



     




Using your definition, identify the zero(s) of this function.




Example 3: Use the table to graph the function:

                          				          	 
	Graph
	
	Table

	[image: ]
	
	x
	y

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



     



Using your definition, identify the zero(s) of this function.




Finding Zeros of Quadratic Equations (KEY)
On the lines below, write the definition of zero that you and your partner brainstormed:
Zero:__________ [Student responses will vary] _______________________ 

Example 1: Use the table to graph the function:

                     				          	 
	[image: Macintosh HD:Users:france:Desktop:y=x^2-9.png]Graph
	
	Table

	
	
	x
	y

	
	
	-4
	7

	
	
	-3
	0

	
	
	-2
	-5

	
	
	-1
	-8

	
	
	0
	-9

	
	
	1
	-8

	
	
	2
	-5

	
	
	3
	0

	
	
	4
	7




Using your definition, identify the zero(s) of this function.
		[-3, 3]


 
Example 2: Use the table to graph the function:

                          				          	 
	Graph
	
	Table

	[image: Macintosh HD:Users:france:Desktop:y=x^2-2x-8.png]
	
	x
	y

	
	
	-4
	16

	
	
	-3
	7

	
	
	-2
	0

	
	
	-1
	-5

	
	
	0
	-8

	
	
	1
	-9

	
	
	2
	-8

	
	
	3
	-5

	
	
	4
	0



     									[Table values may vary]




Using your definition, identify the zero(s) of this function.
		[-2, 4]



Example 3: Use the table to graph the function:

                          				          	 
	Graph
	
	Table

	[image: Macintosh HD:Users:france:Desktop:y=x^2+6x+9.png]
	[bookmark: _GoBack]
	x
	y

	
	
	-4
	1

	
	
	-3
	0

	
	
	-2
	1

	
	
	-1
	4

	
	
	0
	9

	
	
	1
	16

	
	
	2
	25

	
	
	3
	36

	
	
	4
	49



									[Table values may vary]     



Using your definition, identify the zero(s) of this function.
			[3]


Partner Practice
Find the zeros of each function below.
1. 




2. 
 


3. 



4. 




Think about it (Exit Ticket)

Tell me as much as you can about a zero of a function? __________________________________________________________________________________________________________________________________________


Partner Practice (KEY)
Find the zeros of each function below.
1. 


[-4, 4]


2. 
 

[-4]
3. 

[-2, 4]

4. 

[-3, 3]

Think about it (Exit Ticket)

Tell me as much as you can about a zero of a function? _____________________________________________________________________________ [Student answers will vary] _______________________________________



Extension Activity
Find the zero of each function below.

1. 






2. 






3. 







Extension Activity (KEY)
Find the zero of each function below.

1. 

[-2.7, .73]




2. 


[-1]



3. 


[No real zeros]




Zeros of Quadratic Equations
Find the zeros of each function below. Explain how you got your answer.
1. 


2. 



3. 


4. 



5. 










Zeros of Quadratic Equations (KEY)
Find the zeros of each function below. Explain how you got your answer. 
1. 

[-5, 5] [Student explanations may vary]
2. 


[1, 5] [Student explanations may vary]

3. 

[2] [Student explanations may vary]

4. 


[-1, 7] [Student explanations may vary]

5. 

[-6] [Student explanations may vary]






Zeros of Cubic Functions
PREDICT:  How many zeros a cubic function could have? _______________
1. 
The graph of the cubic function  is below.










a. Write the function in standard form.

b. Write the function in factored form.

c. Using the graph, find the zeros of the function.

d. Find the zeros of the function algebraically.







Zeros of Cubic Functions (KEY)
PREDICT:  How many zeros a cubic function could have? ______3_________
2. 
The graph of the cubic function  is below.










e. Write the function in standard form. 

f. Write the function in factored form.

g. Using the graph, find the zeros of the function.  

h. Find the zeros of the function algebraically.  ]








3. Identify the zeros for each of the given functions:

a. 








b. 
 







c. 







4. Identify the zeros for each of the given functions:  (KEY)

d. 


[ -1, 2, 3 ]





e. 
 

[ -4, -3, 1 ]





f. 

[ -4, .5, 4 ]



Write a possible cubic equation that could be the algebraic representation for each graph. Provide a rationale for your choice of a possible equation. 
	Graph
	Possible Equation
	Rationale

	

	
	

	

	
	

	

	
	

	

	
	



Write a possible cubic equation that could be the algebraic representation for each graph. Provide a rationale for your choice of a possible equation.  (KEY)
	Graph
	Possible Equation
	Rationale

	

	
	Write the zeros of the function and then work backwards to the factors.  

	

	
	Write the zeros of the function and then work backwards to the factors.  

	

	
	Write the zeros of the function and then work backwards to the factors.  

	

	
	Write the zeros of the function and then work backwards to the factors.  




Sketch a rough graph of the given cubic equation without using a graphing calculator. Provide a rationale for your decision.
	Equation
	Graph
	Rationale

	

	

	

	

	

	

	

	

	

	

	

	




Sketch a rough graph of the given cubic equation without using a graphing calculator. Provide a rationale for your decision. (KEY)
	Equation
	Graph
	Rationale

	

	[image: Macintosh HD:Users:motily:Desktop:Screen Shot 2013-12-03 at 12.53.51 PM.png]









	Solve for the zeros of the function and evaluate points around the zeros in the function to get a general idea of the shape of the graph.

	

	[image: Macintosh HD:Users:motily:Desktop:Screen Shot 2013-12-03 at 12.54.21 PM.png]









	Solve for the zeros of the function and evaluate points around the zeros in the function to get a general idea of the shape of the graph.

	

	[image: Macintosh HD:Users:motily:Desktop:Screen Shot 2013-12-03 at 12.54.39 PM.png]









	Solve for the zeros of the function and evaluate points around the zeros in the function to get a general idea of the shape of the graph.

	

	[image: Macintosh HD:Users:motily:Desktop:Screen Shot 2013-12-03 at 12.55.20 PM.png]









	Solve for the zeros of the function and evaluate points around the zeros in the function to get a general idea of the shape of the graph.
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