	Background Information

	Content/Grade Level

	Algebra 1

	Unit

	Unit 5: Quadratic Functions and Modeling

	Lesson Topic

	Students explore equivalent forms of quadratic expressions/equations and reason to determine the appropriate uses of each form.


	Essential Questions/Enduring Understandings Addressed in the Lesson

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

· 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.

Essential Questions
· What characteristics of problems would determine how to model the situation and develop a problem solving strategy?
· 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?



	Focus
Standards Addressed in This Lesson

	The major standard addressed in this lesson is 
  A.SSE.2 Use the structure of an expression to identify ways to rewrite it. (major) 

As students examine the structure of given quadratic functions they will use the given structure to inform decisions as to what actions need to take place rewrite the quadratic as described in standard A.SSE.2. Other standards that come into play in this lesson are: 

             F.IF.8 Write a function defined by an expression in different but equivalent forms to
                         reveal and explain different properties of the function.

a. Use the process of factoring and completing the square in a quadratic function to show zeros, extreme values and symmetry of the graph, and interpret these in terms of a context. (supporting)


A.SSE.3 Choose and produce an equivalent form of an expression to reveal and explain 
                          properties of the quantity represented by the expression.

b. Factor a quadratic expression to reveal the zeros of the function it defines.  (supporting)

c. Complete the square in a quadratic expression to reveal the maximum or minimum value of the function it defines. (supporting)


	Coherence
Relevance/Connections

	How does this lesson connect to prior learning/future learning and/or other content areas?
In prior lessons, students have translated linear equations between standard and slope-intercept form.   In such lessons, students select and produce the equivalent form of a linear expression to reveal and explain properties of the quantity represented by the expression. This lesson should make connections to this prior learning.

 In this lesson, students connect to knowledge of how the form of an expression reveals properties of the quantity represented by the expression. Students should know:
· factored form reveals the x-intercepts/zeros
· vertex form reveals the vertex/max or min values
· standard form reveals the y-intercept 

This lesson also makes connections to prior knowledge of the listed Algebra I standards.  The activities in this lesson will serve to strengthen the procedural skills and conceptual understandings associated with the listed standard.
   A.APR.1:   multiplication of polynomials. 
  A.SSE.3a:  factor quadratic expressions to reveal the zeros of the function it defines
  A.SSE.3b:   complete the square in a quadratic expression to reveal the maximum or
                      minimum value that the function defines. 
 

	Rigor
	Procedural Skill: Activity 2 provides students with an opportunity to increase their proficiency with the procedure skill of rewriting quadratic equations in various forms.  The problems used in this activity are basic. Consider using the problems from the Warm Up in future lessons to provide opportunities to increase student capacity with rewriting quadratics that have more complex equations.  A suggestion for what this might look like is in the lesson.

Conceptual Understanding: Throughout this lesson, students tackle questions designed to increase conceptual understanding. The questions address the idea that various forms of the same equation may model a single quadratic relationship and that each form reveals a different property. 

Modeling/Application: This lesson does not address modeling. Additional lessons that require students to use the skills and understandings from lesson in a contextual setting should follow. 

	Student Outcomes 

	The student will:
· make decisions about which form of a quadratic equation is needed to reveal requested properties
· rewrite quadratic expressions in various forms to reveal properties of a quantity represented by an expression..



	
Learning Experience

	Which  SMP does this experience address?
	Component
	Details

	SMP # 7 
Look for and make use of structure.

· The activities in this lesson provide opportunities for students to use the structure of quadratic equations to determine properties of quadratic relationships.

 


	Warm-Up/Drill

	Teacher Note:
The Warm-Up provides an opportunity for the distributed practice over time that is necessary for mastery learning by asking students to produce the graph of a quadratic function. At the same time, the problems in the Warm-Up provide a means for grouping the students.  The problems in the Warm-Up also serve as tools for activities in later lessons.

Materials Needed for Warm-Up
· Warm-Up Cards (on card stock)
· Graphing calculator 
Preparation for Warm-Up
· Copy and cut out warm-up cards 
Implementation Suggestions for Warm-Up
· Model the process that you want students to follow for the Warm-Up by using a graphing calculator to produce the graph of a quadratic function.  This demonstration should include discussion of :
· the steps for setting the window on a calculator. 
· how to use the structure of the algebraic form of given quadratics for clues on an appropriate viewing window for the graph.
· how to use the table view for clues on setting an appropriate window on the calculator. 
· how to use the calculator to identify the max/min of a graph of a quadratic function.
· how to use the calculator to identify the x-intercepts of the graph of the quadratic function. 
· copying the sketch from the calculator to the provided graph paper to include labeling the axes, the vertex and the intercepts
· Distribute one “Warm-Up Card” to each student
· Instruct students to use a graphing calculator to produce the graph of the function that appears on their card.
· Instruct students to copy the graph that appears on their calculator onto their piece of graph paper.
· Instruct students to label the axes, the vertex and intercepts on their graph.
· Once every student has completed their graph, students should circulate to find two other students with a graph identical to their graph. 
· The three students whose graphs match should collect their materials and move to a designated spot for the next activity. 
Universal Design for Learning Principles (UDL)
This activity adheres to UDL Principle I: Provide Multiple Means of Representation. Checkpoint 2.3 Support decoding text, mathematical notation, and symbols 
 
Students work with group members who have the different algebraic representations for the same quadratic relationship to decode what properties the various forms of the quadratic equation reveals. Students examine connections between graphic behavior and attributes of the various equations.

	SMP # 7 
Look for and make use of structure.

· The activities in this lesson provide opportunities for students to use the structure of quadratic equations to determine properties of quadratic relationships.

	Activity 1
	Materials Needed for Activity 1
· Group capture sheet (one sheet per student)
· Large sheet of chart paper (one sheet per group of 3 students)
· Markers (several colors per group of three)

Implementation suggestions for Activity 1
· Distribute a copy of the group capture sheet to each student
· Give each group a sheet of chart paper and several different color markers
· Instruct group members to work collaboratively to complete the table on their group capture sheet.
· Each member of the group records their algebraic representations along with the algebraic representations of their group member’s quadratic function on the “group capture sheet”.
· Group members should complete the information in the chart.
· Each individual student should complete the ‘notice” and “wonder” questions alone.
· Instruct group members to share their “notice” and “wonder” comments.
· Instruct group members to come up with a summary of their discussions and record the information on the chart paper.  Summaries should include:
· a graph.
· all 3 algebraic representations of the quadratic.
· the attributes (vertex, intercepts, concavity…)

· Instruct groups to post their chart paper.
· Instruct students to complete a Gallery Walk and look for connections between the attributes and the structure of the algebraic representations.
· Ask the following questions: (refer to the posted chart paper during discussion)
· Which form of the algebraic representation of a quadratic equation would allow you to easily indentify the:
· vertex?
· x-intercepts?
· y-intercepts?
· Ask “If the given form of a quadratic expression is not is the desired form, how can you rewrite the expression to reveal key properties of the quadratic function?”
· 
Display a quadratic equation in factored form such as 
· Ask students to share the answers to the following questions with the members of their group of three and then ask a few groups to share whole class.
· What is the name of this form of a quadratic equation? vertex form
· What information about the quadratic relation that this equation defines is easily determined from this form? x-intercepts
· 
What are the x-intercepts of the graph of this quadratic equation? How do you know?
· What form of a quadratic equation is useful if you are asked to identify the
 y-intercept of a given quadratic equation? How do you know? standard form 
· What is the process for translating this quadratic equation from factored form to standard form? Use the distributive property to multiply the two binomials and then collect like terms. 
· 
Instruct students to rewrite the factored form of the given quadratic function in standard form ()
· 
Display an easily factorable quadratic equation in standard form such as 
· Ask students to share the answers to the following questions with the members of their group of three and then ask a few groups to share whole class.
· What is the name of this form of a quadratic equation? Standard form
· What information about the quadratic relation that this equation defines is easily determined from this form? y-intercept
· 
What is the y-intercept of the graph of this quadratic equation? How do you know?
· What form of a quadratic equation is useful if you are asked to identify the
 x-intercepts of a given quadratic equation? factored form 
· What is the process for translating this quadratic equation from standard form to factored form?  Factor the quadratic expression if possible- if the zeros are not integers, this process can be challenging or impossible and some quadratics have no real zeros in which case the expression is considered to be prime.
· 
Instruct students to rewrite the standard form of the given quadratic function in factored  form () 
· 
Display a quadratic equation in standard form that is prime, such as .
· Ask students to try to rewrite this equation in factored form.
· As students recognize that this quadratic expression is not factorable, ask “What does this reveal about the x-intercepts of the graph of the equation?”The graph will no intersect the x-axis.
· 
Display a quadratic equation in vertex form, such as.
· Ask students to share the answers to the following questions with the members of their group of three and then ask a few groups to share whole class.
· What is the name of this form of a quadratic equation? vertex form
· What information about the quadratic relation that this equation defines is easily determined from this form? Vertex (max or min)
· 
What is the vertex of the graph of this quadratic equation? How do you know? 
· What form of a quadratic equation is useful if you are asked to identify the
 y-intercept of a given quadratic equation? standard form 
· What is the process for translating this quadratic equation from vertex form to standard form? Square the binomial and then collect like terms
· 
Instruct students to rewrite the standard form of the given quadratic function in standard form  
· 
Display a quadratic equation in standard form such as 
· Ask students to share the answers to the following questions with the members of their group of three and then ask a few groups to share whole class.
· What is the name of this form of a quadratic equation? standard form
· What information about the quadratic relation that this equation defines is easily determined from this form? y-intercept
· 
What is the y-intercept of the graph of this quadratic equation? 
· What form of a quadratic equation is useful if you are asked to identify the
 vertex of a given quadratic equation?  vertex form
· What is the process for translating this quadratic equation from standard form to vertex form?  Use the processing of completing the square
· 
Instruct students to rewrite the standard form of the given quadratic function in standard form.               
Universal Design for Learning Principles (UDL)
This activity adheres to UDL Principle III: Provide Multiple Means of Engagement. 
Checkpoint 8.3 Foster collaboration and communication
For Activity I, students work in groups of 3. First, group members work collaboratively to complete an analysis of the equations used for grouping and then group members share answers to questions before asked to share whole class. This method provides students with rehearsal time that fosters a sense of security 

	SMP # 7 
Look for and make use of structure.

· The activities in this lesson provide opportunities for students to use the structure of quadratic equations to determine properties of quadratic relationships.

SMP # 2 
Reason abstractly and quantitatively.
· As students manipulate quadratic expressions, they have the opportunity to develop proficiency with the properties of operations. 

	Activity 2
	Materials Needed 

· Envelopes (one envelope per group of 3)
· Cards displaying quadratics in various forms
Preparation 
· Make one copy of the set of cards for this activity for each group of three.
· Cut up each set of cards and place them in an envelope.
Implementation 
· Distribute an envelope containing a set of cards to each group of three.
· Instruct students to take all of the cards from the envelope.
· Instruct students to match the cards that display the same function.
· As student groups complete the activity, walk around and check their groupings.
· When you visit a group to check their answers, assign each person in the group a number ( 1 ,2 or 3)
· 
To debrief the activity use a Numbered Heads Together approach.  Ask student groups to do various questions such as “Which of the equations on their desk most easily identifies a quadratic equation whose vertex is at? 
· Call a number 1, 2 or 3 and ask the member of the group assigned that number to stand and hold up the card that displays the appropriate expression.  If there is a disagreement, ask students to defend their selection.
· Repeat this process multiple times. 
Universal Design for Learning Principles (UDL)
This activity adheres to UDL Principle I: Provide Multiple Means of Expression 
Checkpoint 3.2 Highlight patterns, critical features, big ideas, and relationships

Activity II requires that students make connections between the symbolic representation of a quadratic and properties of the graph of the quadratic.  

	
	Closure
How will evidence of student attainment of the lesson outcomes be determined?
	· Distribute a whiteboard/communicator, marker and eraser to each student
· Ask students to write the form of a quadratic equation that most clearly communicates that the quadratic has two positive x-intercepts on their whiteboard.
· Ask students to hold up their whiteboards.
· Check answers, ask follow up questions such as “What is the common characteristics that should appear on all of the white boards?”
· Repeat the process multiple times as time allows.
· Additional tasks might include:
· Write the equation of a quadratic that has
·  a negative y-intercept.
· a vertex that lies in quadrant 1.


	
	Summary
	Revisit the outcomes
The student will:
· make decisions about which form of a quadratic equation is needed to reveal requested properties
· rewrite quadratic expressions in various forms to reveal properties of a quantity represented by an expression.
Teacher Note
The equations that students actually transformed algebraically were straightforward. To increase student proficiency with the process of rewriting quadratic expression consider asking students to do one problem a day in upcoming lessons where they transform quadratic equations.  A possible approach would be to use the equations cards from the Warm Up activity. Place the cards from the Warm Up from this lesson in a pile.  As students enter to room, ask a student to select a card form the pile.  This card will be the focus of the rewriting. Ask students questions about the equation on the selected card and ask students to rewrite the equation in the other two forms. 



	Supporting Information

	
	Details

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

	Special Education/Struggling Learners
· Reduce the number of problems assigned during the matching activity. 
· Allow students to use a graphing calculator during all of the activities.  In Activity 2 allow students to produce the graphs various equations as aide in helping them to confirm the matches they make.
ELL
· Consider letting ELL students use a visual such as the one provided while they are developing the concepts from this lesson.
Gifted and Talented
· An optional extension activity is provided for students who are ready for more in-depth analysis of quadratic equations.


	Materials
	· Graphing calculator (Warm Up only)
· Envelopes
· Dry Erase Markers
· White Boards
· Card stock (optional)

	Technology

	Students should only have access to a graphing calculator during the Warm Up activity.  Calculator use should not be allowed during the remaining activities. 

	Resources
(must be available to all stakeholders)
	Tasks from Illustrative Mathematics that address to topic of this lesson.
http://www.illustrativemathematics.org/illustrations/388
http://www.illustrativemathematics.org/illustrations/640

This task applies the skills learned in this lesson to a modeling task.  Advanced learners may be able to tackle this problem at the end of this lesson.
http://www.illustrativemathematics.org/illustrations/434
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Answer Guide and Justifications


	


	


	




	The equations above provide vertex and x-intercepts that are all integers

	


	


	



	The equations above provide x-intercepts that are all integers and a vertex composed of rational numbers

	


	


	



	The equations above provide vertex and x-intercepts that include non-integral rational numbers

	


	


	



	The equations above provide vertex and x-intercepts that are all integers

	


	


	




	The equations above provide x-intercepts that are all integers and a vertex composed of rational numbers

	


	


	




	The equations above provide vertex and x-intercepts that include non-integral rational numbers

	


	


	



	The equations above provide vertex and x-intercepts that are all integers




	
Answer Guide and Justifications


	


	


	



	The equations above provide x-intercepts that are all integers and a vertex composed of rational numbers

	


	


	



	The equations above provide vertex and x-intercepts that include non-integral rational numbers

	


	


	



	The equations above provide vertex and x-intercepts that are all integers

	


	


	


	The equations above have one x-intercept, which is the vertex

	


	


	



	The equations above have one x-intercept, which is the vertex













	
Group Capture Sheet


	Equation
	

	
	

	Name for the type of equation
	


	
	

	Vertex
	

	
	

	Maximum or Minimum?
	
	
	

	Concave up or concave down?
	
	
	

	x-intercept(s)
	

	
	

	y-intercept
	

	
	



Make a conjecture about the benefit(s) of each type of equation? Why do you think this?

What do you notice about these equations and the characteristics you have identified?

What do you wonder about these equations?



Cards for Activity 2
	

	

	


	

	

	


	

	

	


	

	

	








Gifted and Talented Option
	Provide all three forms of the described quadratic equation. 

	Task
	Standard Form
	Factored Form 
(if possible)
	Vertex Form

	Write all three forms for two different quadratic equations that have
 x-intercepts of  -2 and 5. 
	
	
	

	
	
	
	

	Write all three forms for two different quadratic equations that have a
 y-intercept of -1.
	
	
	

	
	
	
	

	Write all three forms for two different quadratic equations that have a vertex at (0,3).
	
	
	

	
	
	
	












ELL Strategy : Diagrams and Graphs. Encourage the use of diagrams and other visual aids to help your ELL students develop concepts and understanding. Provide this visual to your ELL students to help them as they are developing the concepts in this lesson.

	Forms of Quadratic Equations

	Form
	Equation Structure
	Example
	What property of the graph of the quadratic relationship defined by this equation is easily identified from this form?
	Graph

	Standard Form
	

	

	y-intercept 

Example 


	
 (
y
-intercept
)

	Vertex Form
	

	

	vertex
	
 (
vertex
)

	Factored Form
	

	
	x-intercepts
	
 (
x-intercepts
)

	Factored Form
(Perfect Square)
	

	

	x-intercept 
	
 (
x-intercept
 
)
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