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Introduction 

 

Mission Statement 

The Mississippi Department of Education (MDE) is dedicated to student success, including the improvement of student achievement in English 

Language Arts (ELA) and mathematics in order to produce citizens who are capable of making complex decisions, solving complex problems, and 

communicating fluently in a global society. The Mississippi /ƻƭƭŜƎŜπ and /ŀǊŜŜǊπwŜŀŘƛƴŜǎǎ Standards (MS CCRS) provide a consistent, clear 

understanding of what students are expected to know and be able to do by the end of each grade level or course. The standards are designed to 

be robust and relevant to the real world, reflecting the knowledge and skills that students need for success in college and careers and to 

compete in the global economy. The goal of the MDE is to provide educators with the training and resources to understand and implement the 

MS CCRS effectively. 

Purpose 

In efforts to facilitate implementation and promote understanding of the MS CCRS for ELA and mathematics, the W. K. Kellogg Foundation 

generously awarded the MDE a grant to secure a cadre of effective educators to develop the MS CCRS Exemplar Units for teachers. Specifically, a 

group of highly-effective Mississippi educators developed exemplar instructional units and lessons aligned to the MS CCRS for ELA and 

mathematics. The MS CCRS Exemplar Units address difficult-to-teach standards as determined by teachers and are designed to serve as exemplar 

models for instructional units, lessons, and resources. The MS CCRS Exemplar Units have been vetted through nationally renowned vendors        

to ensure exemplar quality. 
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Design Overview 

The MS CCRS Exemplar Units for ELA and mathematics address grade-level specific standards for Pre-Kindergarten-8th grade, as well as for 

Algebra, English I, and English II. The overall unit plan is described in the first section of the ELA and math units. This section includes the unit 

title, a suggested time frame, the grade level MS CCRS addressed and assessed, a unit overview with essential questions and a summary of 

lesson tasks, and the culminating/performance task description and rubric. 

Though the math and ELA overall unit plan designs are very similar, some design aspects differ in order to accommodate the respective 

requirements of each content area. For mathematics, the first section also provides a segment designated for the Standards for Mathematical 

Practices (SMPs) addressed in the unit. For ELA, the first section also includes a text set with links to texts (if in the public domain) and a 

fresh/cold-read task. 

The second section of each unit includes lesson plans. Within the lesson plans, provided are lesson-specific MS CCRS, suggested time frames, 

learning targets, guiding questions, required resources and materials, vocabulary terms and instructional strategies, teacher directions, 

instructional supports for students, enrichment activities, student handouts, assessments (formative, summative, pre-, and self-), and additional 

resources to aid in the implementation of the lessons. 

 

 

Implementation 

The intention of the MS CCRS Exemplar Units for ELA and mathematics is to provide educators with resources to understand and implement the 

MS CCRS effectively. The implementation of the MS CCRS Exemplar Units for ELA and mathematics is voluntary. Additionally, the MDE will 

provide ongoing support for implementation of the MS CCRS Exemplar Units with initial regional trainings followed by site-specific support 

through our regional service delivery model. For regional and site-specific training, please contact the MDE Office of Professional Development. 
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Grade Level Unit Title Duration 

8th or 9th  Understanding Quadratic Functions 8-10 Days 

Mississippi College- and Career-Readiness Standards for 

Mathematics 

Standards for Mathematical Practice 

Focus:  
F-IF. 7:   Graph functions expressed symbolically and show key 
features of the graph, by hand in simple cases and using technology 
for more complicated cases. *    

F-IF.7a:  Graph functions (linear and quadratic) and show 
intercepts, maxima, and minima. 

 
Additional: 
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 (limit to 1st and 2nd degree 
polynomials). 
  
F-IF.1:  Understand that a function from one set (called the domain) 
to another set (called the range) assigns to each element of the 
domain exactly one element of the range. If f is a function and x is 
an element of its domain, then f(x) denotes the output of f 
corresponding to the input x.  The graph of f is the graph of the 
equation y = f(x).  
 
F-IF.4:   For a function that models a relationship between two 
quantities, interpret key features of graphs and tables in terms of 
the quantities, and sketch graphs showing key features given a 
verbal description of the relationship. Key features include: 

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

SMP.2:  Reason abstractly and quantitively.  

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

SMP.4:  Model with mathematics. 

SMP.5:  Use appropriate tools strategically. 

SMP.6:  Attend to precision. 

SMP.7:  Look and make use of structure. 

SMP.8:  Look for and express regularity in repeated reasoning.  
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intercepts; intervals where the function is increasing, decreasing, 
positive, or negative; relative maximums and minimums; 
symmetries; end behavior; and periodicity. *  
 
F-IF.8:  Write a function defined by an expression in different but 
equivalent forms to reveal and explain different properties of the 
function. 
             F-IF.8a:  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. 

 
F-IF.9:  Compare properties of two functions each represented in a 
different way (algebraically, graphically, numerically in tables, or by 
verbal descriptions). For example, given a graph of one quadratic 
function and an algebraic expression for another, say which has the 
larger maximum. 
 

Unit Overview 

This unit will focus on analyzing quadratic functions. Topics such as graphing, interpreting, modeling, and solving quadratic equations by 
factoring and with the use of technology will be explored. Critical thinking questions and discovering multiple methods for analyzing a 
quadratic function in a real-world context will be a primary focus.  

Essential Questions:  

¶ What characteristics and features of a quadratic function are revealed given its initial form?  

¶ What are the advantages of knowing a variety of ways to analyze a quadratic function? 

¶ What information do the key features of a parabolic graph provide? 

¶ Can you use the words roots, solutions, zeros, x-values, and x-intercepts interchangeably?  Justify your response algebraically, 
graphically, and/or technologically.  
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Lesson Tasks 

Lesson 1: Introducing Quadratic Functions  
Students will participate in a quick review cycle on the concepts associated with a linear function.  They will also identify the key features of 
the parent function of a quadratic function through technology-discovery activities, geometry, algebraic thinking, and the use of 
manipulatives. 
 
Lesson 2: Exploring Quadratic Functions Beyond the Parent Function 
Students will identify characteristics of quadratic functions written in standard form through the analysis of graphical representations. 
 
Lesson 3: Linear Factors and Standard Form  
Students will use the Zero-Product Property (Zero Factor Property) to identify the zeros of polynomial functions in the form y = (ax +b)     
(cx+ d) and y= ax2 + bx + c, and use the zeros to construct a rough draft of the function.  
 
Lesson 4: The Graph Tells It All 
Students will combine all the skills they learned over the past few days to write the equation for a quadratic function that has been graphed 
in the Coordinate Plane. 
 
Lesson 5: Performance TaskτWho Needs a Calculator, Anyway?  Not Me! 
Students will work independently on a performance task containing several quadratic functions derived from the parent function, y = x2, 
where the values of άŀΣέ άōΣέ and άŎέ ґ 1 or 0.  Student work will be graded by the teacher using a rubric.  

Performance/Culminating Task 

Who Needs a Calculator, Anyway?  Not Me!    

Students will utilize what they have learned about the key features of a quadratic function, the impact of άŀέΣ άōέΣ and άŎέ on the parent 

function, y=x2, the zero-product property, and linear factors to identify the function rule that defines five distinct graphs which have been 

graphed on the same Coordinate Plane.  Students will justify their responses on several writing activities as they complete this performance 

task. 

Standard(s) Assessed: F-IF.4. F-IF.7a, F-IF.8a, and A-APR.3,  
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Rubric for Performance/Culminating Task 

 Scoring Level 

 
4 3 2 1 

Evaluation Criteria 

Identifies the key 
features  

Identifies both zeros 
(x-intercepts), both 
linear factors, and 
the vertex of all 5 
functions correctly 

Identifies both of the 
zeros (x-intercepts), 
both of the linear 
factors, and the 
vertex of 3 or 4 of 
the functions 
correctly 

Identifies 1 of the 
zeros (x-intercepts), 
1 of the linear 
factors, and the 
vertex of  
1 or 2 of the 
functions correctly 

Did not identify the 
zeros (x-intercepts), 
the linear factors, or 
the vertex of any 
function 

Calculates and  
identifies the 

 leading coefficient άŀέ  

Calculates and  
identifies the leading 
coefficient άŀέ ƻŦ ŀƭƭ р 
functions correctly 

Calculates and  
identifies the leading 
coefficient άŀέ of 3 or 4 
functions correctly 

Calculates and  
identifies the leading 
coefficient άŀέ ƻŦ м ƻǊ н 
functions correctly 

Did not calculate or 
identify the leading 
ŎƻŜŦŦƛŎƛŜƴǘ άŀέΣ ƻŦ ŀƴȅ 
function correctly 

Determines the standard 
form of the function 

Determines the 
standard form of all 5 
functions correctly  

Determines the 
standard form of 3 or 
4 functions correctly 

Determines the 
standard form of 1 or 
2 functions correctly 

Did not determine 
the standard form 
of any function 
correctly 

Uses appropriate 
academic vocabulary in 

their response 

Uses appropriate 
academic vocabulary in 
their response of all 5 
functions correctly and 
appropriately 

Uses appropriate 
academic vocabulary in 
their response of 3 or 4 
functions correctly or 
appropriately 

Uses appropriate 
academic vocabulary in 
their response of 1 or 2 
functions correctly or 
appropriately 

Did not use appropriate 
academic vocabulary in 
their response of any 
function correctly or 
appropriately 

Rating Scale (Total Number of Points)  

13-16 Distinguished  9-12 Proficient  5-8 Partial Command   1-4 Emerging 
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Lesson 1: Introducing Quadratic Functions 

Focus Standard(s): F-IF.7a 

Additional Standard(s): F-IF.1, F-IF.4 

Standards for Mathematical Practice: SMP.1, SMP.2, SMP.3, SMP.4, SMP.5, SMP. 6, SMP.7, SMP.8  

Estimated Time: 60 minutes ς 180 minutes  

Resources and Materials:  

¶ Bell or grade appropriate music  

¶ Cardstock  

¶ Colored pencils or highlighters 

¶ Document Camera (optional) 

¶ Glue 

¶ Laminating machine or thick, clear packing tape  

¶ Markers  

¶ Miras (optional) 

¶ Notebook Paper 

¶ Questions 4 Quadratics (Q4Q) and Answers 4 Quadratics (A4Q) Wal 
Note:  ̧ ƻǳ Ŏŀƴ άŎǊŜŀǘŜέ ŀ ǿall or section off a part of your Word Wall.  Use masking tape as a divider.   

¶ Ruler (optional) 

¶ Scissors  

¶ TI-83/TI-84 

¶ Wall Tape 

¶ Handout 1.1: Give Me Five 

¶ Handout 1.2: One-Tab Notebook Foldables® Template (6 copies per student) 

¶ Handout 1.3: Calculator Help Table Tents (optional) 

¶ Handout 1.4: Text Message Summary Conversation  

¶ Handout 1.5: I See Parabolas in the World Around Me (optional) 

¶ Desmos Graphing Calculator: www.Desmos.com  

http://www.desmos.com/
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¶ MAP Item Sampler: https://ms-sampler.nextera.questarai.com/tds/#practice  

Lesson Target(s):  

¶ Students will review key vocabulary concepts associated with linear functions.  

¶ Students will compare and contrast linear functions and quadratic functions.  

¶ Students will be introduced to the parent function of a quadratic function and the function y = -x2. 

¶ Students will conceptually understand the key features of the parent function for a quadratic function.  
 
Guiding Question(s):  

¶ How are a linear function and a quadratic function similar/different?   

¶ How are the graphs of a linear function and a quadratic function similar/different? 

¶ What connections can be made between the key features of a quadratic function? 

¶ What are some real-world examples of a quadratic function (i.e. parabolic in shape)? 
 

Vocabulary 

Academic Vocabulary: 

¶ Axis of Symmetry 

¶ Coordinate Point(s) 

¶ Decreasing 

¶ Domain 

¶ End Behavior 

¶ Equidistant  

¶ Function 

¶ Increasing 

¶ Linear Function 

¶ Maximum 

¶ Midpoint  

¶ Minimum 

¶ Parabola 

Instructional Strategies for Academic Vocabulary:  

Ã Introduce academic vocabulary with student-friendly 
definitions and pictures 

Ã Model how to use academic vocabulary in discussion 
Ã Discuss the meaning of an academic vocabulary word in a 

mathematical context 
Ã Justify responses and critique the reasoning of others 

algebraically, geometrically, and/or technologically using 
academic vocabulary 

Ã Create pictures/symbols to represent academic vocabulary 
Ã Write or use literacy strategies involving academic vocabulary  
 

https://ms-sampler.nextera.questarai.com/tds/#practice
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¶ Parent Function 

¶ Quadratic Function 

¶ Range 

¶ Rate of change 

¶ Satisfies 

¶ Solution 

¶ Standard Form 

¶ Vertex 

¶ x-intercept 

¶ y-intercept 
 

Symbol Interpretation of Symbol 

 Instructional support and/or extension suggestions for students who are EL, have disabilities, or 

perform well below the grade level and/or for students who perform well above grade level 

V  Assessment (Pre-assessment, Formative, Self, or Summative) 

 
 
 

Graphing Calculator Recommended 

 
 

Writing Activity 

 

 

 

Mississippi Assessment Program (MAP) Preparation 

 

 

 

https://www.bing.com/images/search?view=detailV2&ccid=TNO8pzPM&id=CCC5AE636998384899A099CF6013E774C86A9D6F&q=writing+symbol&simid=608019082431104338&selectedIndex=3
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Instructional Plan 

Understanding Lesson Purpose and Student Outcomes: Students will be able to effectively communicate about the key features of a 
quadratic function with and without technology.  

Anticipatory Set/Introduction to the Lesson:  Give Me Five 
Note: Before class begins, arrange the classroom so that student desks are grouped in pairs.  Copy Handout 1.1: Give Me Five onto 
white cardstock, laminate each page, and cut out each item.  If a laminating machine is not available, clear packing tape will work as 
well.   
 
Tape one set of hands found on Handout 1.1: Give Me Five approximately 2 feet apart on the wall.  One vocabulary card and one 
function card will be placed between each set of hands, with the vocabulary card on top.  This will create άǎǘŀǘƛƻƴǎέ on the walls 
around the classroom.  [Figure 1] 
 
 

                                                                                                           Figure 1. 
 

                                                                                                                     
 
 
 
Form student pairs where one student is above/on grade level and the other student is below/on grade level based on previous data 
collected.  Student pairs should be posted on the wall or displayed on the Smartboard to facilitate grouping and initiation of the 
activity.     
 
During this activity, instruct students to place either their left hand or right hand on one of the hand templates. Each student must 
say the vocabulary word ŀǘ ǘƘŜƛǊ άǎǘŀǘƛƻƴέ ŀƭƻǳŘ ŀƴŘ provide a student-friendly definition to their partner.  Using their definition, the 
student must discuss each vocabulary word and identify the relationship to the function underneath.  Each student is given 30 
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seconds to complete this task at each άǎǘŀǘƛƻƴΦέ   Prior to rotating ǎǘǳŘŜƴǘǎ ǘƻ ǘƘŜ ƴŜȄǘ άǎǘŀǘƛƻƴΣέ instruct students to give their 
ǇŀǊǘƴŜǊ ŀ άƘƛƎƘ ŦƛǾŜέ ǘƻ ǇǊƻǾƛŘŜ positive reinforcement.  By making students place their hands on the hand templates, students are 
focused on the task and allocate an equal amount of time ŀƴŘ ŀǘǘŜƴǘƛƻƴ ǘƻ ŜŀŎƘ άǎǘŀǘƛƻƴΦέ   
 
Rotate students counterclockwise around the room through the use of a bell or grade-appropriate music until all students return to 
their original άǎǘŀǘƛƻƴΦέ  Circulate between groups prompting students with clarifying questions (SMP.1-8). For example:  
 
V How does this vocabulary word/graph differ from the vocabulary word/gǊŀǇƘ ŀǘ ǘƘŜ ǇǊŜǾƛƻǳǎ άǎǘŀǘƛƻƴΚέ 
V Is there another word that is synonymous with ____________?   Do these two words mean the same thing all the time?   
V Is there one thing your partner said that you may disagree with?  If so, explain your reasoning. 
V What key feature about this graph provides the evidence that the __________ is __________? 
V What role does the graph play in helping you to relate the vocabulary word___________ with the graph shown? 

 
At the completion of this activity, have students return to their desks.  Select the άstationsέ that have the three quadratic functions 
and highlight some of the discussions that you heard while circulating throughout the groups.  
 
Note: (1) This activity is designed for a maximum class size of 30.  For smaller classes, students may work independently and place 
both of their hands on the hand templates.  (2) If the latter is the case, you may circulate throughout the room, place your hands on 
one of the templates, and serve as a partner for any student that may be struggling.   (3)  The two function cards that have a       
symbol represent a visual cue to be mindful about which vocabulary cards you pair with them.  
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Activity 1:  Understanding the Key Features of the Parent Function y = x2 
Quickly display each vocabulary word from the Give Me Five activity and do a quick Math Talk with students to ensure they have a 
clear understanding of each vocabulary word and how it relates to each linear function it is paired with.    

Pose the following questions to introduce students to Quadratic Functions.   As students respond, place each question and correct 
student response(s) on the άQuestions for Quadraticsέ and άAnswers for Quadraticsέ Wall (Q4Q and A4Q Wall).    

V What observations did you make about the 3 graphs that ǿŜǊŜ ǎƘŀǇŜŘ ƭƛƪŜ ǘƘŜ ƭŜǘǘŜǊ ά¦Κέ 

V ²Ƙŀǘ Řƻ ǘƘŜǎŜ ά¦έ shaped graphs remind you of? 

V Provide one characteristic that these 3 graphs have in common with each other. 

V Can you list two differences that exist between ǘƘŜ ά¦έ ǎƘŀǇŜŘ graphs and the graphs of the linear functions? 

Distribute 6 copies of Handout 1.2:  One-Tab Notebook Foldables® Template to each student.  This handout will serve as their note-

taking document for this activity and Activity 1 on the following days.  Instruct students to cut along the perforated lines and 

For students who are EL, have disabilities, or perform well below grade level:  

¶ Provide the vocabulary terms from Handout 1.1: Give Me Five to the class the day before the lesson 

and allow them to review the terms overnight in preparation for the lesson. 

Extensions for students with high interest or working above grade level:  

¶ Provide the graph of the quadratic functions from Handout 1.1: Give Me Five to the class the day 

before the lesson and ask them to write down one question they have about each graph.  Selected 

questions may be collected and used as exit tickets at the end of the lesson, discussed with the entire 

Ŏƭŀǎǎ ǿƘŜǊŜ ŀǇǇǊƻǇǊƛŀǘŜ ƛƴ ǘƘŜ ƭŜǎǎƻƴΣ ƻǊ ǘƘŜȅ Ƴŀȅ ōŜ ǇƻǎǘŜŘ ƻƴ ǘƘŜ άvǳŜǎǘƛƻƴǎ ŦƻǊ vǳŀŘǊŀǘƛŎǎέ όvпvύ 

Wall. 
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between each tab creating a series of tabs.  They will then fold the anchor tab for the graphing page and glue it onto a sheet of 

notebook paper.  Students then fold the anchor tab of the information page and glue it directly onto the other anchor tab.  [Figure 2]    

Note: (1) If time or resources are a concern, pre-cut each foldable prior to class and distribute them to each student or request 

students use notebook paper to create a similar foldable.  (2) The graphs used for this activity do not have the axes labeled.  This will 

allow students to attend to precision and scaling as they create their own graphs (SMP.6).   

Figure 2. 

 

 

 

 

 

 

  

 

 tǊƻƎǊŜǎǎ ōȅ ŜȄǇƭŀƛƴƛƴƎ ǘƘŀǘ ǘƘŜ ά¦έ ǎƘŀǇŜŘ ƎǊŀǇƘǎ ƭƻŎŀǘŜŘ ŀǘ ŀ ŦŜǿ ƻŦ ǘƘŜ άǎǘŀǘƛƻƴǎέ ŀǊŜ ŎŀƭƭŜŘ άǇŀǊŀōƻƭŀǎέ ŀƴŘ ǘƘŀǘ ǘƘŜȅ ŀǊŜ 

the result of graphing a second-degree ǇƻƭȅƴƻƳƛŀƭ ŎŀƭƭŜŘ ŀ άǉǳŀŘǊŀǘƛŎΦέ  Display/write  the function rule y = x2 (or use function 

notation, f(x) = x2) on the Smartboard and ƭŀōŜƭ ǘƘƛǎ ŀǎ ǘƘŜ άtŀǊŜƴǘ CǳƴŎǘƛƻƴέ ƻŦ ŀ ǉǳŀŘǊŀǘƛŎ ŦǳƴŎǘƛƻƴ.  Explain that this function is 

written in standard form y = ax2 + bx + c.   Ask one student to identify the value of a, b, and c for the parent function. Activate prior 

knowledge by asking one student, άWhat is a Parent Function?έ ōŀǎŜŘ ƻƴ ǇǊevious lessons on linear functions.  Instruct students to 

copy this information on the top of tab #1.   

For students who are EL, have disabilities, or perform well below grade level: 

¶ Provide coordinate planes where both, the gridlines and axes, are pre-labeled. 



P a g e | 21 

 

MS Exemplar Unit  Mathematics  Algebra I  Edition 1 
 

Using the 2nd   GRAPH (table) function on their calculator, students will copy the x-y table for the domain x = {-5, -4, -3, -2, -1, 0, 1 ,2 

,3, 4, 5}.  To continue activating prior knowledge, instruct students to label the top of their x-y table with the vocabulary words 

ά5omainέ ŀƴŘ άwŀƴƎŜΦέ  [Figure 3].  

Figure 3.  
(partial table) 

Domain 
(x) 

Range 
(y)  

-4 16 

-3 9 

-2 4 

ΧΧ ΧΧ 

5 25 

V Using a few entries from their x-y table, ask students to make a very quick observation about the rate of change for the 

parent function y = x2 and contrast this with the rate of change for a linear function.    

Note:  Average of rate of change is not needed at this point in the lesson.  

V prove that any point (x, y) algebraically satisfies the function y = x2.   

        Example: (-5, 25)                                        Example: (-3,9) 
             y = x2                         Function                     y = x2 
           25 = (-5)2                                                                                   9 = (-3)2    

                             25 = 25                                                           9 = 9    
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Encourage students to come to a consensus as a class about how they will label their axes prior to sketching the graph of the 

function on their Coordinate Plane tab (SMP. 6).  Instruct students to do a Pairs Check and turn to their partner to verify that they 

have created the same graph.   

Pose the following seven questions to students. Allow ample wait time between questions. Ensure that all students are competent in 

using the 2nd TRACE function on the calculator to respond to question #6.  Then select various students to share their response(s) 

with the entire class, and where necessary, allow them to come to the Smartboard to justify their response.    

V What can you assume about the end behavior of your graph?  How do you know this? 

V Identify any other coordinate points that may lie on the graph aside from the ones listed in your table.  

V What can you tell me about the graph after you plot the coordinate points on your graph?  

V Why is every coordinate point that lies on the graph considered a άǎƻƭǳtionΚέ  

V Is there a point where the graph begins to turn and go in the other direction?  How can you find the exact 

coordinates of this point using technology?  

V Is there a way to algebraically, graphically, and/or technologically verify the x-intercept and y-intercept of the 

parent function? 

V Describe the interval on which the graph appears to be increasing/decreasing.    

 Students will continue to use the top of tab #1 or the margins of their notebook to paraphrase the following notes in their own 

words: 

¶ The term άquadraticέ Ƙŀǎ [ŀǘƛƴ ƻǊƛƎƛƴ ŀƴŘ ŘŜǊƛǾŜǎ ŦǊƻƳ ǘƘŜ ǿƻǊŘ άǉǳŀŘǊŀǘǳƳέ ƻǊ άǉǳŀŘǊǳǎέ ǿƘƛŎƘ ƳŜŀƴǎ ǎǉǳŀǊŜΦ        

Note:  Ask students can they find the first few letters of quadrus in the word square and circle them. 

¶ The standard form of a quadratic function is y= ax2 + bx + c, where in our first example, άŀέ Ґ мΣ άōέ Ґ л ŀƴŘ άŎέ Ґ лΤ ŀƴŘ 

note that άȄέ and άȅέ can always be replaced with other variables as seen in previous lessons on linear functions.      

¶ Quadratic functions have some graphical key features that most linear functions have, namely an x-intercept (or zero),             

y-intercept, domain, and range.  

https://www.bing.com/images/search?view=detailV2&ccid=TNO8pzPM&id=CCC5AE636998384899A099CF6013E774C86A9D6F&q=writing+symbol&simid=608019082431104338&selectedIndex=3
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¶ Recall that you can algebraically and technologically prove that the x-intercept is the coordinate point where y = 0 and the 

y-intercept is the coordinate point where x = 0.    

Note:  Students should be familiar with using the TI-83/TI-84 calculator to identify these graphical features (i.e. 2nd   TRACE). 

Encourage them to do so and model for those that may have forgotten. 

 

                          x-intercept                                                 y-intercept  
             y = x2                         Function                      y = x2 
           0 = x2                                                                                                y = 02    

    Ѝπ Ѝὼ2                                                                                           y = 0 

       0 = x                           

      (0,0)                        Coordinate Point              (0,0) 

 

 

 

 

 

 

¶ Quadratic functions have some graphical key features that linear ŦǳƴŎǘƛƻƴǎ ŘƻƴΩǘ ƘŀǾŜΣ ƴŀƳŜƭȅ ŀ ǾŜrtex, an axis of 

symmetry, and intervals where the function increases and decreases.   

Note:  At this point, ask a student if they can identify these intervals for the parent function. 

¶ The άvertexέ is the coordinate point where the graph begins to change direction.  It is also the minimum of our parent 

function.  

For students who are EL, have disabilities, or perform well below grade level: 

¶ Provide Handout 1.3: Calculator Help Table Tents. Have the student cut along the outside edges, fold 
along the solid black line, and stand it up on their desk to use as a reference throughout the unit.  
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¶ Because the vertex is the point where the graph begins to turn and go in the opposite direction, it provides key 

information about our range.  

Note:  At this point, ask a student if they can identify the range for the parent function.  

¶ The TI-83/TI-84 calculator can be used to identify the coordinates of the vertex with accuracy.    

 

 

 

 

¶ Directly through the center of the graph, at the vertex, is an imaginary vertical line known as the άaxis of symmetryΦέ  This 

line divides the graph into two equal parts, basically acting like a mirror.   

 

 

 

¶ Because the axis of symmetry is an imaginary line, it is it is usually represented with a dotted/dashed line.   

¶ The point where the graph intersects the axis of symmetry is the vertex.   

Model and instruct students to identify these key features on their Foldable using different colored pencils to distinguish the key 

features of the parent function.  [Figure 4] 

 

 

For students who are EL, have disabilities, or perform well below grade level: 

¶ Provide Handout 1.3: Calculator Help Table Tents.   Have the student cut along the outside edges, fold 

along the solid black line, and stand it up on their desk to use as a reference throughout the unit.  

For students who are EL, have disabilities, or perform well below grade level: 

¶ Allow only students that need a visual to quickly use a Mira® to see how the axis of symmetry acts like a mirror 

dividing the quadratic function into two equal parts.   
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Figure 4. 

 

Circulate throughout the room verifying student work and ask students the six questions listed below.   Allow ample wait time 

between questions and encourage students to provide an explanation to their partner (SMP.3). Select various students to share their 

response(s) with the entire class.    

Note:  The first five questions should be asked in some format during the entire unit. 

1. Will the x-intercept, y-intercept, and vertex always be at the same location/coordinate 

point? 

2. What can you assume is the equation for the axis of symmetry? 

3. Revisit the leading coefficient of our function.  What role do you think the leading 

coefficient has on the direction and shape of the graph? 

4. Revisit the leading coefficient of our function.  What role do you think the leading 

coefficient has on the location of the vertex? 

5. Revisit the constant term of our function.  What role do you think the constant term has 

on the graph of our quadratic?  

6. Do you think the answers to these questions will be the same for all values of a, b, and c?   

Axis of Symmetry   

X = 0 
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Ask students to make a conjecture about the relationship between the coordinate points (x, y), (-x, y), and any point (m, n) on the 

axis of symmetry for the parent function.  Guide them into understanding that the points (x, y) and (-x, y) are equidistant from 

said point (m, n) (SMP.1-8).  

 

  

 

  

 

 

 

 

 

 

 

 

 

Activity 2:  Evaluating Quadratic Functions in the Form y = -x2 

Display the function rule y = -x2 (or use function notation, f(x) = -x2) on the Smartboard.  Instruct students to write this function on 
the top of tab #2 and to create a t-table using their calcǳƭŀǘƻǊΩǎ ¢ŀōƭŜ ŦǳƴŎǘƛƻƴ ŦƻǊ the same domain in the previous example,         
x = {-5, -4, -3, -2, -1, 0, 1 ,2 ,3, 4, 5}.  Students will proceed to graph the function y = -x2 on their coordinate plane tab and identify 
the grapƘΩǎ key features as previously done.  Circulate throughout the room and verify student work and calculator usage.   

For students who are EL, have disabilities, or perform well below grade level:  

¶ Give the midpoint (m, n) on the horizontal line segment connecting the points (x, y) and (-x, y) that 

lies on the axis of symmetry. Then, allow ǘƘŜƳ ǘƻ Ŏƻǳƴǘ ǘƘŜ ƴǳƳōŜǊ ƻŦ άǎǉǳŀǊŜǎέ ƻƴ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜ 

plane between the point (m, n) and the point (x, y) to approximate the distance.   Repeat this process 

to approximate the distance between the points (m, n,) and (-x, y).   

¶ An alternative process would be to allow them to use a ruler to measure the distance between the 

point (m, n) and the point (x, y).  Repeat this process to measure the distance between the points     

(m, n) and (-x, y).  

Extensions for students with high interest or working above grade level:  

¶ Allow students to select any point (m, n) on the axis of symmetry and any two points (x, y) and (-x, y).  

Instruct them to use the distance formula to verify equidistance. 

¶ Allow students to use the midpoint formula to verify that the coordinate point (m, n) which they have 

selected on the axis of symmetry is halfway between the two points (x, y) and (-x, y). 
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Ask students to talk to their partner about the similarities and differences that exist between the parent function y = x2 and the 
function y = -x2.    

Note:  Take this opportunity to revisit the aforementioned six questions and pay close attention to student responses for 
questions #3 and #4 as they use their new academic vocabulary (SMP.3 and SMP.6). 

Reflection and Closure:  Text Message Summary 

    Instruct students to separate their desks so they can complete this activity independently.  Distribute Handout 1.4: 

Text Message Summary Conversation to each student.  Tell them to pretend that their best ŦǊƛŜƴŘ ǿŀǎ ŀōǎŜƴǘ ŘǳǊƛƴƎ ǘƻŘŀȅΩǎ 

lesson. Explain that their task is to construct a text message conversation summarizing the lesson and what they learned today. 

Encourage students to:  

¶ keep their conversation within each conversation bubble. 

¶ use their colored pencils to create άemojisΦέ 

¶ use at least 3 academic vocabulary words.  

 

Select a few students to share/read their work with the class.   

 

Note: If a document camera is available, it may be used to facilitate viewing each studentΩǎ ǿƻǊƪ ǎŀƳǇƭŜΦ  Observe which 
ǾƻŎŀōǳƭŀǊȅ ǿƻǊŘǎ ŀǊŜκŀǊŜƴΩǘ ǳǎŜŘ ŘǳǊƛƴƎ ǘƘŜ ǎǘǳŘŜƴǘ ǇǊŜǎŜƴǘŀǘƛƻƴǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛŦ ŀŘŘƛǘƛƻƴŀƭ ǎǳǇǇƻǊǘǎ ŀǊŜ ƴŜŜŘŜŘΦ  
 
 
 

Homework 

Students will participate in a scavenger hunt to snap pictures on their cell phone of real-world objects that resemble the graph of a 
quadratic function.  If a student does not have a cell phone, they may use any form of printed material (magazine, newspaper, 
images from the internet) to complete this homework activity.  Award points based on the number of occurrences a student is able 
to find.  Iƻǿ ǘƘŜ Ǉƻƛƴǘǎ ǿƛƭƭ ōŜ ǳǎŜŘ ƛǎ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ŘƛǎŎǊŜǘƛƻƴ όŜΦƎΦ  ŜȄǘǊŀ ŎǊŜŘƛǘΣ Ǉƻƛƴǘǎ ƻƴ ǘƘŜ ƴŜȄǘ ǘŜǎǘΣ ŀ ŦǊŜŜ ƘƻƳŜǿƻǊƪ ǇŀǎǎΣ 
etc.). 

https://www.bing.com/images/search?view=detailV2&ccid=TNO8pzPM&id=CCC5AE636998384899A099CF6013E774C86A9D6F&q=writing+symbol&simid=608019082431104338&selectedIndex=3
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¶ 1-2 Occurrences = 2 points 

¶ 3-4 Occurrences = 4 points 

¶ 5-6 Occurrences = 6 points 

 

During the next class period, allocate approximately 3-5 minutes for students to share the results of their scavenger hunt.    

 
Note:  Be sure to get prior approval from your administrator to allow students to use their cell phones in the classroom for this 
activity.  If your school policy prohibits the use of cell phones in the classroom, instruct students to email the photos to your 
designated school email address and print them out. 
 
 

 

 

 

 

 

 

 

 

 

 

   Extra Credit: Assign item number 46 from the MAP/Questar Practice Test.  Require a detailed explanation for responses. 

 

For students who are EL, have disabilities, or perform well below grade level: 

¶ Provide Handout 1.5: I See Parabolas in the World Around Me and instruct them to place a check mark in the 

box for the objects that are parabolic in shape. You may replace some of the photos with objects in the city, 

neighborhood, or classroom.   

Note: Ensure that you include enough photos that are parabolic in shape to give the student the opportunity get the 

maximum number of points available. 

¶ For EL students, you can use the internet and replace some of the photos in the document with objects from 

their native country.  

 

https://ms-sampler.nextera.questarai.com/tds/#practice
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Handout 1.1: Give Me Five 

 

 

Note: This is not a matching activity. Please review the Algebra I Exemplar Lesson Plan (Lesson 1) to learn more about this activity. 
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Handout 1.1: Give Me Five 

 

 

Dependent 

Variable 

Function 
Independent 

Variable 
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Handout 1.1: Give Me Five 

 

 

 

 

 

 

 

 

 

x-intercept 

y-intercept 

Domain 



MS Exemplar Unit  Mathematics Algebra I  Edition 1 

P a g e | 32 

 

 

Handout 1.1: Give Me Five 

 

 

Range 
Standard 

Form 
Maximum 
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Handout 1.1: Give Me Five 

 

 

Rate of 

Change 
Minimum 

End 

Behavior 
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Handout 1.1: Give Me Five 

 

 

Increasing 
Decreasing 

Solution 
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Handout 1.1: Give Me Five 

 

 

The linear function passing 

through the origin 

and the point (1, 8) 

The linear function passing 

through the points 

(17,-13) and (17,1) 

The linear function passing 

through the points 

(3,6) and (-5,6) 
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Handout 1.1: Give Me Five 
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Handout 1.1: Give Me Five 

 

 

The linear function 

4x + 5y = -20 

The linear function 

2x ς y = 1 

The linear function 

y = -x + 3 
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Handout 1.1: Give Me Five 

 

 

The linear function 

y = - ¼x - 1 

The linear function 

y = 7x + ½ 
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Handout 1.1: Give Me Five 

 

D 
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Handout 1.2:  One-Tab Notebook Foldables® Template 
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Handout 1.3: Calculator Help Table Tents 

 

 

 

 
Use the Calculator to Find ¢ƘŜΧ 

 
Keystroke Help 

 

 

 

 

 

 

vertex 
(minimum or maximum) 

1. After entering the function in Y= , press 2nd then TRACE to go to 

the ά/![/¦[!¢9έ window and highlight άƳƛƴƛƳǳƳέ or 

άƳŀȄƛƳǳƳέΦ Then press ENTER. 

 

or 

 
2. Use the arrow keys to move the cursor along the graph to the left 

of what you see as the lowest/highest point and identify the ά[ŜŦǘ 
.ƻǳƴŘέ by pressing ENTER. 

 
3. You will see a little arrow above the point you marked pointing to 

the right. Use the arrow keys to move the cursor along the graph 
to the right of what you see as the lowest/highest point and 
identify the άwƛƎƘǘ .ƻǳƴŘέ by pressing ENTER. 

NOTE: Now there should be two arrows on screen. If you entered the points correctly, the 
arrows should be pointing towards each other. If they are not, you will receive an error 
message after this next step and will need to begin again. 

 

4. Use the arrow key to move the cursor along the graph until it is as 
close as possible to the point you want to use as your άDǳŜǎǎέΦ 
Then press ENTER. 

 
5. After this, the calculator should show the coordinates of the 

minimum/maximum along with a cursor over the location of this 
point on the graph selected. 
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Handout 1.3: Calculator Help Table Tents 

 

 

  

 
Use the Calculator to Find ¢ƘŜΧ 

 
Keystroke Help 

 

 

 
y-intercept 

1. After entering the function in Y= , press 2nd and TRACE 

to go to the ά/![/¦[!¢9έ window and highlight άǾŀƭǳŜέΦ 

Then press ENTER. 

 

 
 
2. This will take you to the graph with ά·Ґέ displayed at the 

bottom left corner of the screen. Type in άлέ and then 
press ENTER. 

 
3. The graph will now display a cursor where the 

y-intercept is located, along with the x- and y- 
coordinates of that point. 
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Handout 1.3: Calculator Help Table Tents 

 

 

 
 

Use the Calculator to Find ¢ƘŜΧ 
 

Keystroke Help 

 

 

 

 

 

 

 
x-intercept 

(or zero) 

1. After entering the function in Y= , press 2nd and 

TRACE to go to the ά/![/¦[!¢9έ window and 

highlight άȊŜǊƻέΦ Then press ENTER. 

 

 
 
2. The calculator will ask you to identify the ά[ŜŦǘ 
.ƻǳƴŘέΦ Use the arrow keys to move the cursor 
along the graph until it is to the left of the point 
you want to identify. Then press ENTER. 

 
3. You will now see a little arrow above the point you 

marked pointing to the right. The calculator is 
now asking you for the άwƛƎƘǘ .ƻǳƴŘέΦ Use the 
arrow keys to move the cursor along the graph 
until it is to the right of the point you want to 
identify. Then press ENTER. 

 
4. The calculator should now be asking you to 
άDǳŜǎǎέΦ Use the arrow key to move the cursor 
along the graph until it is as close as possible to 
the point you want to identify. Then press ENTER 

 
5. After this, the calculator will show the 

coordinates of the x-intercept/zero you have 
located along with a cursor over the exact 
location of the zero on the graph selected. 

 
*  If there are multiple zeros for your graph, repeat this process.* 

 

Fold
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Handout 1.4:   Text Message Summary Conversation  

Name: ___________________________________  Date: _______________ 
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Handout 1.5: I See Parabolas in the World Around Me 

Name: ________________________________________   Date: _____________________ 
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Lesson 2: Exploring Quadratics Beyond the Parent Function 

Focus Standard(s): F-IF.7a 

Additional Standard(s): F-IF.1, F-IF.4 

Standards for Mathematical Practice: SMP.1, SMP.2, SMP.3, SMP.4, SMP.5, SMP. 6, SMP.7, SMP.8  

Estimated Time: 60 minutes ς 180 minutes 

Resources and Materials:  

¶ Cardstock  

¶ Chart paper (with an adhesive back) 

¶ Colored pencils or highlighters 

¶ Document Camera (optional)  

¶ Domino 

¶ Markers  

¶ Notebook Paper 

¶ Post-it Notes (lined)   

¶ Questions 4 Quadratics (Q4Q) and Answers 4 Quadratics (A4Q) Wall  

¶ TI-83/TI-84   

¶ Handout 2.1: Say it with a Venn 

¶ Handout 1.2: One-¢ŀō bƻǘŜōƻƻƪ CƻƭŘŀōƭŜǎϯ ¢ŜƳǇƭŀǘŜ όŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ ŘŀȅΩǎ ƭŜǎǎƻƴύ 

¶ Handout 2.2:  Graphing Quadratic Functions Where bґ 0   

¶ Handout 2.3:  The ConjectureΩs All Mine 

¶ Desmos Graphing Calculator: www.Desmos.com  

¶ Exploring Quadratic Functions: https://www.geogebra.org/m/RVF4GYcX (optional) 
 
Lesson Target:  

¶ Students will be able to effectively communicate in a variety of ways about quadratic functions in the form y = ax2 + bx + c, where 
a, b, and c are Real Numbers.  

 

http://www.desmos.com/
https://www.geogebra.org/m/RVF4GYcX
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Guiding Question(s):  

¶ What role do the real numbers a, b, and c in the function y = ax2 + bx +c have on the graph of the parent function, y = x2? 

¶ What are the advantages of using technology when analyzing the graph of a quadratic function? 

Vocabulary 

Academic Vocabulary:  

¶ Axis of Symmetry 

¶ Coordinate Point(s) 

¶ Decreasing 

¶ Domain 

¶ Increasing 

¶ Maximum 

¶ Midpoint  

¶ Minimum 

¶ Parabola 

¶ Parent Function 

¶ Quadratic Function 

¶ Range 

¶ Satisfies 

¶ Solution 

¶ Standard Form 

¶ Vertex 

¶ x-intercept 

¶ y-intercept 
 
 
 
 

Instructional Strategies for Academic Vocabulary:  

Ã Introduce academic vocabulary with student-friendly definitions 
and pictures 

Ã Model how to use academic vocabulary in discussion 
Ã Discuss the meaning of an academic vocabulary word in a 

mathematical context 
Ã Justify responses and critique the reasoning of others 

algebraically, geometrically, and/or technologically using 
academic vocabulary 

Ã Create pictures/symbols to represent academic vocabulary 
Ã Write or use literacy strategies involving academic vocabulary  
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Symbol Type of Text and Interpretation of Symbol 

 Instructional support and/or extension suggestions for students who are EL, have disabilities, or 

perform well below the grade level and/or for students who perform well above grade level 

V  Assessment (Pre-assessment, Formative, Self, or Summative) 

 
 
 

Graphing Calculator Recommended 

 
 

Writing Activity 

 
 

ACT Preparation 

 

 

Family Activity 

Instructional Plan 

Understanding Lesson Purpose and Student Outcomes:   Students will competently evaluate the function form and graphical form of a 
quadratic function, y = ax2 + bx + c, where a, b, and c are Real Numbers.  

 
Anticipatory Set/Introduction to the Lesson:  Say it With a Venn  

IŀǾŜ ǎǘǳŘŜƴǘǎ ŦƻǊƳ у ǎƳŀƭƭ ƎǊƻǳǇǎ ōȅ ǳǎƛƴƎ ǘƘŜ ǘŜŎƘƴƛǉǳŜ bǳƳōŜǊŜŘ IŜŀŘǎ όƛΦŜΦ Ŏƻǳƴǘ ƻŦŦ ōȅ мΩǎ up to the number 8).  Direct 
ŀƭƭ ǘƘŜ άмΩǎέ ǘƻ ŀ ƭƻŎŀǘƛƻƴ along the wall, direct all άнΩǎέ ǘƻ ŀ ƭƻŎŀǘƛƻƴ ŀƭƻƴƎ ǘƘŜ ǿŀƭƭ, direct all άоΩǎέ ǘƻ ŀ ƭƻŎŀǘƛƻƴ ŀƭƻƴƎ ǘƘŜ wall, and  
so forth.  Distribute a few markers and a sheet of chart paper (with an adhesive back) to each group.  Instruct everyone in the group to 
point to someone else in the group on the count of three.  Then count aloud άмΣнΣоΦέ  The student in each group with the most number of  
fingers ǇƻƛƴǘƛƴƎ ŀǘ ǘƘŜƳ ƛǎ ǘƘŜ ŘŜǎƛƎƴŀǘŜŘ άǎŎǊƛōŜΦέ  ¢Ƙe scribe will be responsible for capturing the groupΩǎ ǊŜǎǇƻƴǎŜǎ ŦƻǊ ǘƘƛǎ ŀŎǘƛǾƛǘȅΦ   
 

 

 

https://www.bing.com/images/search?view=detailV2&ccid=iduS8UzH&pccid=QV6wZXHe&id=6E46CF00F27F269C16C12482B0465B1014944A07&pmid=C8A3F25E06951FEC96B797608DDDD063450A970E&q=family+logo&qpvt=Family+Love+Logo&psimid=608018738870292002&ppageurl=http://familylovevillage.blogspot.com/2011/02/family-love-village-has-new-logo.html&iss=VSI&selectedIndex=24&first=1&count=35&vw=b0253+7b826+bdb11+7dcc4+85c6f+e8566+27994+dd465+c5ac0+d6baa+36eaf+72d9d+8f013+27c4d+e6bce+004ae+37e14+606b4+d7118+36ff6+5fb8eef26477666c10b08a8d06b239c6c7e8aff4e070ed403337330c95e988c6c77669331da71a6b1b3b99dd79265f457c788bcc63b6e2c2d7e772e360807a9e26265eccced7cd38895b6dd8e42d16dd8d7fbd0cf2&simid=608018738870292002&qpvt=Family+Love+Logo
https://www.bing.com/images/search?view=detailV2&ccid=TNO8pzPM&id=CCC5AE636998384899A099CF6013E774C86A9D6F&q=writing+symbol&simid=608019082431104338&selectedIndex=3
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Display Handout 2.1: Say It with a Venn using the Smartboard or document camera.  Read the directions aloud and ask if everyone 
understands the directives.  Circulate throughout the groups and invite students to justify their thinking to their group prior to it being 
recorded by the scribe (SMP.1-7).  
 
Note: (1) Encourage students to use their academic vocabulary.  (2) Encourage the scribe to sketch each graph as the label for the three 
circles on their Venn Diagram.  (3) Consider having a separate, hard copy in your hand as you circulate throughout each group. This will 
facilitate immediate teacher-to-student discussions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ask each group to stand in a straight line, by height, in front of their chart paper.  The student with the median height must remain at the 
chart paper and serve as the άreporterΦέ  Instruct the remaining students to participate in a very quick Gallery Walk to view the work of 
the other groups, prior to returning to their seats.    
 
!ƭƭƻǿ ǘƘŜ άǊŜǇƻǊǘŜǊέ ǘƻ ŘƛǎŎǳǎǎ ǘƘŜƛǊ ƎǊƻǳǇΩǎ ǊŜǎǇƻƴǎŜǎ ǿƛǘƘ ǘƘŜ ŜƴǘƛǊŜ ŎƭŀǎǎΦ  9ƴŎƻǳǊŀƎŜ ǎǘǳŘŜƴǘǎ ŦǊƻƳ ǘƘŜ ƻǘƘŜǊ ƎǊƻǳǇǎ ǘƻ Ǿalidate or 
respectfully dispute any response they hear (SMP.3).   Be prepared to provide a suggestion for those regions that students may have 
found challenging to write something in.  [Figure 1]  

 
 

For students who are EL, have disabilities, or perform well below grade level:  

¶ Have the student point to key features of the graph as s/he provides response(s). 

Extensions for students with high interest or working above grade level:  

¶ Verbally, provide the student with some prompting questions for the group, such as: 

o Is this the graph of the parent function?  Justify your response. 

o What is unique about this graph? 

o What can we assume about the end behavior of this graph to help us out? 

o ²Ƙŀǘ ƛǎ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ǾŜǊǘŜȄ ŀƴŘ ǘƘŜ ǾŀƭǳŜ ƻŦ άŀΚέ 

o Is there something we can put in all seven regions of the Venn Diagram? 
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Figure 1. 
 

 
 
 

Graph B Graph A 

Graph C 

The x-intercept,         

y-intercept, and 

vertex are 

located at the 

same coordinate 

point 

 

Not the 

parent 

function 

The range is 

y Җ 2   

The value of 

άŀέ ƛǎ 

positive 

Two                   

x-intercepts 

The equation for the 

 axis of symmetry is x = 4 
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Activity 1:  Learning More About the Impact of the Leading Coefficient, άŀέ 
Instruct students to retrieve their notebook foldable from the previous day and explain that they will continue to use the remaining 

tabs to take notes and graph (Tabs #3-12). 

Display the function rule y = 2x 2 (or use function notation) on the Smartboard or whiteboard. Instruct students to write this function 

on the top of tab #3 and to create a t-table using the same domain from the previous ŘŀȅΩǎ example, x = {-5, -4, -3, -2, -1, 0, 1, 2 ,3, 4, 

5}.  Students should proceed to graph the function y = 2x2 on their graphing tab and identify the grapƘΩǎ ŦŜŀǘǳǊŜǎΦ   

Note: Encourage students to use their graphing calculator (i.e. 2nd   TRACE ) ǘƻ ǾŜǊƛŦȅ ǘƘŜ ƎǊŀǇƘΩǎ ŦŜŀǘǳǊŜǎΦ  Remind those students that 

ǊŜŎŜƛǾŜŘ ŀ ά/ŀƭŎǳƭŀǘƻǊ IŜƭǇ ¢ŀōƭŜ ¢Ŝƴǘέ ƻƴ ǘƘŜ ǇǊŜǾƛƻǳǎ class day that they may reference that as they continue to work (SMP.4). 

Conduct a quick Math Talk using the first 5 questions ƎƛǾŜƴ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ŘŀȅΩǎ ƭŜǎǎƻƴΦ  5Ǌŀǿ ŜƳǇƘŀǎƛǎ ƻƴ the second half of question 
numbers three and four.  Be sure to add/put student responses on the A4Q Wall. 

o Will the x-intercept, y-intercept, and vertex always be at the same location/coordinate 

point? 

o What can you assume is the equation for the axis of symmetry? 

o Revisit the leading coefficient of our function.  What role do you think the leading coefficient 

has on the direction and shape of the graph? 

o Revisit the leading coefficient of our function.  What role do you think the leading coefficient 

has on the location of the vertex? 

o Revisit the constant term of our function.  What role do you think the constant term has on 

the graph of our quadratic?  

Instruct students to predict what the graph of y = -2x2 would look like.  Select one student to come to the front of the room to display 

the t-table for this function.  Ask for a volunteer to sketch the graph of the parent function in one color and the graph of y = -2x2 in 

another color. On tabs #4 - #8, students will complete t-tables for the function rules y = ½x2, y = 0.625x2, y = ¾x2, y = -¾x2, and y= 4x2, 

respectfully.  Be sure to come to a consensus as a class how you will label the axis for each function before graphing on the coordinate 

plane tabs underneath (SMP.6). 
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Note:  Consider not writing one or two of the functions in standard form where the leading coefficient aƴŘ ǘƘŜ ǾŀǊƛŀōƭŜ άxέ ŀǊŜ on the 

other side of the equal sign ǿƛǘƘ ǘƘŜ ǾŀǊƛŀōƭŜ άyέ (e.g. y ς 4x2 = 0).  Students should be familiar with re-writing functions in the form of 

άy =έ based on previous lessons on linear functions.   

 

Continue to facilitate the discussion. Ask the following questions, or similar questions.  Be sure to add/put student responses on the 

A4Q Wall. 

 

V Can we graph a function when the variables άxέ and άyέ are on the same side of the equal sign?  Justify your response.  

V Can you explain tƘŜ ƛƳǇƻǊǘŀƴŎŜ ǘƘŜ ǾŀƭǳŜ ƻŦ άaέ Ƙŀǎ ǿƘŜƴ ƎǊŀǇƘƛƴƎ ǉǳŀŘǊŀǘƛŎ ŦǳƴŎǘƛƻƴǎ? 

V If a function rule has both άxέ and άyέ on the same side of the equal sign, which variable must we ensure is positive prior 

to graphing?  Justify your response.  

  Once students are finished, they will complete a quick writing prompt in the right margin or at the bottom of their notebook 

paper using the following stems.  Be sure to add/put student responses on the A4Q Wall. 

V άLƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ǇŀǊŜƴǘ ŦǳƴŎǘƛƻƴΣ ȅҐ Ȅ2, when | a | < 1, the graph _______________________________________.  

This is because ____________________________________________________________________________________.έ   

V άLƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ǇŀǊŜƴǘ ŦǳƴŎǘƛƻƴΣ ȅҐ Ȅ2, when | a | > 1, the graph _______________________________________.  

¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψΦέ  

 

 

 

 

 

 

 

For students who are EL, have disabilities, or perform well below grade level:  

¶ Remind them that the value of a (positive or negative) determines the direction of the graph if the 

graph opens upward or downward.   Provide them with a visual clue before they complete their 

response to this writing prompt.  [Figure 2].  Encourage them to copy this visual in the margins of 

their notebook.   

https://www.bing.com/images/search?view=detailV2&ccid=TNO8pzPM&id=CCC5AE636998384899A099CF6013E774C86A9D6F&q=writing+symbol&simid=608019082431104338&selectedIndex=3
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When students have completed their response, instruct them to stand up and quickly find a partner across the room and share their 
responses and discuss.  Encourage them to ask each other clarifying questions, if necessary (SMP.3 and SMP.6).  

Prior to returning to their seat, invite students to find a different partner and simply ask the following questions without responding: 

¶ άWhat impact do you think it would have on the parent function, y= x2, if the value of άŎέ ƛǎ ƭŜǎǎ ǘƘŀƴ лΚ ά 

¶ ά²Ƙŀǘ ƛƳǇŀŎǘ Řƻ ȅƻǳ ǘƘƛƴƪ ƛǘ ǿƻǳƭŘ ƘŀǾŜ ƻƴ ǘƘŜ ǇŀǊŜƴǘ ŦǳƴŎǘƛƻƴΣ y= x2Σ ƛŦ ǘƘŜ ǾŀƭǳŜ ƻŦ άŎέ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ лΚέ  
 

 

Figure 2. 

 

 

Note:  Consider using the same colored marker for the items that are in blue font to stimulate visual memory.  

     άŀέ ƛǎ positive    άŀέ ƛǎ negative 
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Students will take a few minutes to brainstorm silently upon returning to their seats. 

Activity 2:  Learning More About the Impact of the /ƻƴǎǘŀƴǘ ¢ŜǊƳΣ άŎέ 
On tabs #9 - #12, students will write the function rules for the following functions and sketch them using the table function on their 
calculator:  y = 1x2 + 2, y = 2x2 ς 3, f(x)= -½x2 + 0.5, and y= -2x2 + 2.   

Note:  Consider not writing one or two of the functions in standard form where the leading coefficientΣ ǘƘŜ ǾŀǊƛŀōƭŜ άȄέΣ and constant 
term are all (or some of them are) on the other side of the equal sign ǿƛǘƘ ǘƘŜ ǾŀǊƛŀōƭŜ άyέ (e.g.  y + 3 = 2x2).   

Encourage students to use their graphing calculator (i.e. 2nd   TRACEύ ǘƻ ǾŜǊƛŦȅ ǘƘŜ ƎǊŀǇƘΩǎ ŦŜŀǘǳǊŜǎΦ  LƴǎǘǊǳŎǘ ǘƘŜƳ ǘƻ use a highlighter or 

colored pencil to identify the x-intercept, y-intercept, and vertex in their table [Figure 3] and emphasize these features on each graph.   

Figure 3. 
(example of the partial table for y= -2x2 + 2) 

 

 

Domain 
(x) 

Range 
(y)  

-2 -6 

-1 0 

0 2 

1 0 

 
 

 

 

y-intercept 

x-intercept 

vertex 
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Select two students to come to the front of the room and display their work.  Conduct a quick Math Talk using the previously stated 5 

questions.  Draw emphasis on the second half of question number 5.  Be sure to add/put student responses on the A4Q Wall. 

o Will the x-intercept, y-intercept, and vertex always be at the same location/coordinate 

point? 

o What can you assume is the equation for the axis of symmetry? 

o Revisit the leading coefficient of our function.  What role do you think the leading coefficient 

has on the direction and shape of the graph? 

o Revisit the leading coefficient of our function.  What role do you think the leading coefficient 

has on the location of the vertex? 

o Revisit the constant term of our function.  What role do you think the constant term has on 

the graph of our quadratic?  

  Once students are finished, they will complete a quick writing prompt in the right margin or at the bottom of their notebook 

paper using the following stems.  Be sure to add/put student responses on the A4Q Wall. 

V άLƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ǇŀǊŜƴǘ ŦǳƴŎǘƛƻƴΣ ȅҐ x2, when c < 0, the graph __________________________________________.        

¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψΦέ   

V άLƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ ǇŀǊŜƴǘ ŦǳƴŎǘƛƻƴΣ ȅҐ Ȅ2, when c > 0, the graph __________________________________________.    

¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψψΦέ    

Note:  Encourage students to include details about the location of the vertex with respect to the x-axis, the axis of symmetry, and the 

range in their response.  

 
 
 
 
 

https://www.bing.com/images/search?view=detailV2&ccid=TNO8pzPM&id=CCC5AE636998384899A099CF6013E774C86A9D6F&q=writing+symbol&simid=608019082431104338&selectedIndex=3
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Activity 3: Learning More About the Impact when b ґ 0 
                     

                       Select a few of the functions from the notes students have been taking over the past few days (tabs #2-12) 

and graph them on the same coordinate plane as the parent function, y = x2, one at a time.   Demonstrate how to change the graphing 

style in Y= on the TI-83/TI-84 to distinguish between the two graphs visually (i.e. by making one graph darker than the other) (SMP.4). 

[Figure 4].   

Figure 4.  

 

 

 

 

Instruct students to put their Foldable inside their class binder and explain they will use this calculator technique to complete Handout 
2.2: Graphing Quadratic Functions Where bґ 0 independently.  

Upon class completion, allow two students to display their work for any two functions from section 1.  Then, briefly discuss sample 
responses for sections #2 ς 4 as a class.  Verify all graphical features using the calculator.   Instruct students to place this document in 
their binder.  
 
Note:  Given time, use the formula for calculating the x- coordinate of the vertex              using examples from the Handout. 
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Reflection and Closing:   Bringing it All Together 
 

      Distribute one copy of Handout 2.3: The Conjectures All Mine and one sheet of lined a Post-It Note to each 
student.  Read the directions aloud.  Explain that some of the graphs are from the Anticipatory Set activity.  Upon class completion, 
instruct students to turn the document in.  Review their answers.   
 
Note:  If time permits, take a few moments to ask students to review their responses on the bottom of the chart paper from the 
Anticipatory Set.  Were any of their guesses correct (SMP.1-8)?  
 

Homework 

Give each student one Domino and two sheets of lined Post-It Notes.  Explain that one side of the Domino indicates the total 

number of things they have learned over the past few ŘŀȅǎΩ ƭŜǎǎƻƴǎ.  The other side of the Domino indicates the total number of people in 

their family they must share that information with. [Figure 5] They will record their work on each Post-it Note (SMP.1-8).   

 

Figure 5. 
(example) 

                                            
 

 

 

 

 

 

Tell 2 family members 

5 things that you learned over 

ǘƘŜ Ǉŀǎǘ ŦŜǿ ŘŀȅǎΩ ƭŜǎǎƻƴǎΦ 

 

Tell 5 family members 

2 things that you learned over 

ǘƘŜ Ǉŀǎǘ ŦŜǿ ŘŀȅǎΩ ƭŜǎǎƻƴǎΦ 

or 

https://www.bing.com/images/search?view=detailV2&ccid=TNO8pzPM&id=CCC5AE636998384899A099CF6013E774C86A9D6F&q=writing+symbol&simid=608019082431104338&selectedIndex=3
https://www.bing.com/images/search?view=detailV2&ccid=iduS8UzH&pccid=QV6wZXHe&id=6E46CF00F27F269C16C12482B0465B1014944A07&pmid=C8A3F25E06951FEC96B797608DDDD063450A970E&q=family+logo&qpvt=Family+Love+Logo&psimid=608018738870292002&ppageurl=http://familylovevillage.blogspot.com/2011/02/family-love-village-has-new-logo.html&iss=VSI&selectedIndex=24&first=1&count=35&vw=b0253+7b826+bdb11+7dcc4+85c6f+e8566+27994+dd465+c5ac0+d6baa+36eaf+72d9d+8f013+27c4d+e6bce+004ae+37e14+606b4+d7118+36ff6+5fb8eef26477666c10b08a8d06b239c6c7e8aff4e070ed403337330c95e988c6c77669331da71a6b1b3b99dd79265f457c788bcc63b6e2c2d7e772e360807a9e26265eccced7cd38895b6dd8e42d16dd8d7fbd0cf2&simid=608018738870292002&qpvt=Family+Love+Logo
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For students who are EL, have disabilities, or perform well below grade level:  

¶ Email their parents the instructions for this homework a week in advance.  Attach the URL for Geogebra,  

Exploring Quadratic Functions, and enŎƻǳǊŀƎŜ ǘƘŜƳ ǘƻ ǿƻǊƪ ǿƛǘƘ ǘƘŜƛǊ ŎƘƛƭŘ ǘƻ ǳǎŜ ǘƘŜ άǎƭƛŘŜǊέ ŀǇǇƭƛŎŀǘƛƻƴ 

to see how the graph of the parent function, y = x2, changes when the values of άŀέΣ άōέΣ and άŎέ change 

independently or simultaneously. 

Extensions for students with high interest or working above grade level: 

¶ Give students a Domino with one side of the Domino blank. Tell them that the blank side of the Domino 
indicates that they can illustrate /draw what they learned over the past few ŘŀȅǎΩ ƭŜǎǎƻƴǎΣ ŀƴŘ ǘƘŜ ƴǳƳōŜǊŜŘ 
side of the Domino indicates the total number of people in their family they must share their illustration with.  

https://www.geogebra.org/m/RVF4GYcX
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Handout 2.1: Say It with a Venn 

Directions:    

As a group:  

1. examine the three graphs, f(x) = ax2 + bx + c shown below. 

  

2. ǳǎƛƴƎ ǿƘŀǘ ȅƻǳ ƭŜŀǊƴŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ŘŀȅΩǎ ƭŜǎǎƻƴΣ ŎƻƳǇŀǊŜ ŀƴŘ ŎƻƴǘǊŀǎǘ ǘƘŜ о ƎǊŀǇƘǎ using a Venn Diagram.  

 

3. write one guess about the value (i.e. positive or negative) of a, b, and c for each function at the bottom of your chart paper. 

 

 

                               

                     

 

Graph A                  Graph B      Graph C 
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Handout 2.2:  Graphing Quadratic Functions Where b ґ 0 

Name ______________________________________________ Date _______________ 

1. Use a graphing calculator to sketch the graph for each function in the table below.  

Adjust the viewing window accordingly to ensure the graph fits on the screen.  For the 

last four functions, start with a sketch of the parent function in pencil. Be sure to write 

each function in standard form first, if needed. 

a. Use a colored pencil (or highlighter) to emphasize the vertex and axis of 

symmetry. 

b. Use a different color pencil (or highlighter) to emphasize the x-intercept.  

c. Use a different color pencil (or highlighter) to emphasize the y-intercept. 

Function Sketch 
Value of b in 

the function 

Coordinates of 

the vertex 

Equation for 

the axis of 

symmetry 

y = x2     

y = x2 + 12 

 

 

 

   

y - 12 = x2 ς 4x  

 

 

 

   

y ς x 2 ς 11x = 12 

 

 

 

   

y + 8.8x = x2 + 12 
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Handout 2.2:  Graphing Quadratic Functions Where b ґ 0 

 

2. Iƻǿ ŘƻŜǎ ǘƘŜ ǾŀƭǳŜ ƻŦ άōέ affect the graphs of parabolas of the form y = ax2 + bx + c? 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

3. What is the difference between the gǊŀǇƘǎ ƻŦ ǇŀǊŀōƻƭŀǎ ǿƛǘƘ ǇƻǎƛǘƛǾŜ ǾŀƭǳŜǎ ƻŦ άbέ ŀƴŘ 

ǘƘŜ ƎǊŀǇƘǎ ƻŦ ǇŀǊŀōƻƭŀǎ ǿƛǘƘ ƴŜƎŀǘƛǾŜ ǾŀƭǳŜǎ ƻŦ άb?έ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

4. Lǎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ŎƘŀƴƎƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ άōέ ǘƘŜ ǎŀƳŜ ƛŦ άaέ < 0?  Provide a detailed 

explanation by using your calculator to analyze the graphs of the following functions to 

find out.  

y = -1x2 ς 4x  

y = -1x2 + 2x  

f(x) =-1x2 + 6x 

h(t) =-t 2 ς 4t  

*h(t) =-t 2 ς 4t + 2 

 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 
{ƻƳŜ ǉǳŜǎǘƛƻƴǎ ŀŘŀǇǘŜŘ ŦǊƻƳ άDǊŀǇƘƛƴƎ /ŀƭŎǳƭŀǘƻǊ !ŎǘƛǾƛǘƛŜǎέ όwŜǾƛǎŜŘ 9Řƛǘƛƻƴύ 5ŀƭŜ {ŜȅƳƻǳǊ tǳōƭƛŎŀǘƛƻƴǎ  
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IŀƴŘƻǳǘ нΦоΥ ¢ƘŜ /ƻƴƧŜŎǘǳǊŜΩǎ !ƭƭ aƛƴŜ 

Name __________________________________________________   Date ____________________ 

Directions:          You may NOT use a calculator on this handout. 

1. Using what you learned over the past two class days, draw a line to match each graph with its function rule.   

2. Provide a short rationale for your selections on a lined Post-it note.   Stick it to the top of this handout upon completion.  

3. Be sure to use academic vocabulary in your response. 

 

 A B C D 

G
ra

p
h

 

 

 

   

F
u

n
ct

io
n
 

R
u

le
  

y = - ½x2 

 

y= -2x2 +2x +1 

 

y = 3x2 

 

y = x2 ς 8x +13 
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 IŀƴŘƻǳǘ нΦоΥ ¢ƘŜ /ƻƴƧŜŎǘǳǊŜΩǎ !ƭƭ aƛƴŜ 

ANSWER KEY 

 

 

 A B C D 

G
ra

p
h

 

 

 

   

F
u

n
ct

io
n
 

R
u

le
  

y = - ½x2 

 

y= -2x2 +2x +1 

 

y = 3x2 

 

y = x2 ς 8x +13 
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Lesson 3: Linear Factors and Standard Form  

Focus Standard(s): A-APR.3    

Additional Standard(s): F-IF.1, F-IF.4, F-IF.7a, F-IF.9 
 
Standards for Mathematical Practice: SMP.2, SMP.3, SMP.4, SMP. 6, SMP.7, SMP.8  

Estimated Time: 60 minutes ς 180 minutes  

Resources and Materials:  

¶ Bell or grade-appropriate music 

¶ Cardstock 

¶ Chart paper 

¶ Colored pencils or highlighters 

¶ Index Card 

¶ Markers 

¶ Post-it Note (optional) 

¶ Questions 4 Quadratics (Q4Q) and Answers 4 Quadratics (A4Q) Wall  

¶ TI-83/TI-84   

¶ Handout 3.1: Entrance Ticket  

¶ Handout 3.2: Four Coordinate Planes (Note:  fold in half, print front to back) 

¶ Handout 3.3: From Factoring to Standard and Back Again 

¶ Handout 3.4: Spin the Frayer 

¶ Desmos Graphing Calculator: www.Desmos.com  

Lesson Target(s):  

¶ Students will solve quadratic equations by factoring. 

¶ Students will graph quadratic functions and know that their roots are synonymous with their x-intercepts/zeros.  

 

http://www.desmos.com/
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Guiding Question(s):  

¶ What is the relationship between the x-intercepts, factors, roots, and zeros of a quadratic function? 

¶ What information is easily found given the factored form of a quadratic function? 

¶ Are all quadratic functions factorable? Justify your response. 
 

Vocabulary 

Academic Vocabulary:  

¶ Coordinate Point(s) 

¶ Factors of Zero Property/Zero Product Property  

¶ Linear Factor  

¶ Maximum 

¶ Minimum 

¶ Parabola 

¶ Parent Function 

¶ Quadratic Function 

¶ Range 

¶ Roots 

¶ Satisfies 

¶ Solution 

¶ Standard Form 

¶ Vertex 

¶ x-intercept 

¶ y-intercept 

¶ Zeros  
 
 
 

 

Instructional Strategies for Academic Vocabulary:  

Ã Introduce academic vocabulary with student-friendly 
definitions and pictures 

Ã Model how to use academic vocabulary in discussion 
Ã Discuss the meaning of an academic vocabulary word in a 

mathematical context 
Ã Justify responses and critique the reasoning of others 

algebraically, geometrically, and/or technologically using 
academic vocabulary 

Ã Create pictures/symbols to represent academic vocabulary 
Ã Write or use literacy strategies involving academic vocabulary
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Symbol Type of Text and Interpretation of Symbol 

 Instructional support and/or extension suggestions for students who are EL, have disabilities, or 

perform well below the grade level and/or for students who perform well above grade level 

V  Assessment (Pre-assessment, Formative, Self, or Summative) 

 
 
 

Graphing Calculator Recommended 

 
Writing Activity 

 

 

Mississippi Assessment Program (MAP) Preparation 

Instructional Plan 

Note: This lesson allows students to explore factorizations that are available as stated in the standard.  Teachers should consider 
following this unit with subsequent lessons on the standards A-REI.4 and F-IF.8 
 
Understanding Lesson Purpose and Student Outcomes: Students will use the Zero Product Property to identify the zeros of 
polynomial functions in the form y = (ax +b)(cx+ d) and y= ax2 + bx + c, and use the zeros to construct a rough draft of the function. 

 
Note: The day before the lesson, print Handout 3.1: Entrance Ticket on cardstock and cut out each ticket.  You will need to collect 
anecdotal data throughout the lesson today to determine which ticket you will give each student at the end of class.  Collect data 
based on student responses, student questions, and work samples as they work independently or with other students.  

 
 
 

 

 

https://www.bing.com/images/search?view=detailV2&ccid=TNO8pzPM&id=CCC5AE636998384899A099CF6013E774C86A9D6F&q=writing+symbol&simid=608019082431104338&selectedIndex=3



