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Introduction

Mission Statement

TheMississippDepartmentof Education (MDE} dedicated tostudent successncluding theimprovementof studentachievemenin English
Languagéirts (ELAandmathematicsin orderto producecitizenswho are capableof making complexiecisionssolvingcomplexproblems,and
communicating fluentlyn a globalsociety. TheMississippi 2 f fafdd $ WB S NIt B@rd&Rd{ySCERProvideaconsistentclear
understandingof what studentsare expectedio knowand beableto do by the end of eachgradelevelor course. Thestandardsare designedo
be robustandrelevantto the realworld, reflectingthe knowledgeand skillsthat studentsneed forsuccesdn collegeandcareersand to
competein the globaleconomy.Thegoalof the MDEisto provideeducatorswith the trainingandresourcego understandandimplement the
MSCCRS8ffectively.

Purpose

In efforts to facilitateimplementationand promote understandingpf the MSCCR®r ELAandmathematicsthe W. K.Kellogg Foundation
generouslyawardedthe MDEa grantto securea cadreof effectiveeducatorsto develop theMSCCRE&xemplaiUnitsfor teachers.Specificallya
groupof highly-effective Mississippeducatorsdevelopedexemplar instructionalinits andlessonsalignedto the MSCCR®r ELAand
mathematics TheMSCCR&xemplar Unitaddresdifficult-to-teach standardsisdeterminedby teachersand are designedo serveasexemplar
models forinstructionalunits, lessonsand resourcesTheMSCCR&xemplar Unithavebeenvetted through nationallyrenownedvendors

to ensureexemplarquality.

MS Exemplar Unit Mathematics Algebra | Edition 1
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Design Overview

TheMSCCRE&xemplar Unitfor ELAand mathematicsaddressgradelevelspecificstandardsfor Pre-Kindergarter8™ grade,aswell asfor
AlgebraEnglish, and Englishl. Theoverallunit planis describedn the first sectionof the ELAand mathunits. Thissection includeshe unit
title, asuggestedime frame, the gradeleveMSCCR&ddressedaindassesseda unit overviewwith essentialquestionsanda summaryof
lessontasks,and theculminating/performanceaaskdescriptionandrubric.

Though thanath and ELAoverall unitplandesignsare very similar,somedesignaspectdiffer in order to accommodatehe respective
requirementsof eachcontentarea.Formathematicsthe first sectionalsoprovidesa segment designatetbr the Standardgor Mathematical
Practice{SMPspaddressedn the unit. ForELAthe first sectionalsoincludesatext setwith linksto texts (if in the publicdomain)anda
fresh/coldreadtask.

Thesecond sectioof eachunit includeslesson planswithin thelesson plansprovidedare lessonspecificMS CCRSuggestedime frames,
learning targetsguiding questiongiequiredresourcesand materials,vocabulartermsandinstructionalstrategiesteacherdirections,
instructionalsupportsfor students, enrichmenactivities, studenhandouts,assessmentformative,summative pre-, andselt), andadditional
resourcedo aidin theimplementationof the lessons.

Implementation

Theintention of the MSCCRE&xemplar Unitfor ELAand mathematicésto provide educatorswith resourcego understandandimplementthe
MSCCRSffectively. Theimplementationof the MSCCR&xemplatUnitsfor ELAand mathematicss voluntary.Additionally,the MDEwill
provideongoing supporfor implementationof the MSCCR&xemplaiUnitswith initial regionaltrainingsfollowed by site-specificsupport
throughour regionalservicedeliverymodel. Forregionaland sitespecifictraining, please contacthe MDEOfficeof ProfessionaDevelopment.

MS Exemplar Unit Mathematics Algebra | Edition 1
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Grade Level Unit Title Duration

Understanding Quadratic Functions 8-10Days

Mississippi Collegeand CareefReadinessstandardsfor Standards for Mathematical Practice
Mathematics

Focus: MP.1: Make sensef problems and persevere in solving them.
FIF. 7: Graph functions expressed symbolically and show key
features of the graph, by hand in simple cases and using techno| SMP.2:Reason abstractly and quantitively.
for more complicated cases.
FIF.7a: Graphfunctions (linear and quadratic) and show
intercepts, maxima, and minima.

SMP.3: Construct viable arguments amdtique the reasoning of
others.

SMP.4: Model with mathematics.
Additional:

A-APR.3:Identify zeros of polynomials when suitable factorizatiol SMP.5: Use appropriate tools strategically.
are available, and use tteeros to construct a rough gra the
function defined by the polynomialifit to 15tand 2 degree SMP.6: Attend to precision.
polynomials)
SMP.7:Look and make use of structure.
FIF.1: Understand that a function from one set (called the domai
to another set (called the range) assigns to each element of the
domain exactly one element of thrange. Iff is a function anckis

an element of its domain, theffx) denotes the output of
corresponding to the input. The graph dfis the graph of the
equationy = f(x)

SMP.8: Look for and express regularity in repeated reasoning.

FIF.4: For a function that models a relationship between two
guantities 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:

MS Exemplar Unit Mathematics Algebra | Edition 1
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intercepts; intervals where the function is increasing, decreasing
positive, or negative; relative maximums and minimums;
symmetries; end behavior; and periodicity.

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

FIF.8a: Use the process of factoring and completing the
square in a quadratic function to show zeros, extreme valu
and symmetry of the graph, and interpret these in terms of
context.

FIF.9: Compare properties of two functions eachpresented in a
different way (algebraically, graphically, numerically in tables, or
verbal descriptions). For example, given a graph of one quadrati
function and an algebraic expression for another, say which has
larger maximum.

quadratic functionn a realworld contextwill be a primary focus.

Essential Questions:

graphically and/or technologically

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

1 What arethe advantage®f knowing a variety of ways tnalyze a quadratic functi@n

1 What information do the kg features of a parabolic graph provide?

1 Can yowse the words roots, solutions, zerosyadues, and sntercepts interchangeably? Justifgur response algebraically,

This unit will focus oanalyzing quadratic function§opics suclasgraphing, interpreting, modelingnd solvingquadratic equation®y
factoringandwith the use ottechnologywill be exploredCritical thinking questions and dsvering multiple methodor analyzing a

MS Exemplar Unit Mathematics

Algebra | Edition 1
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Lesson lintroducingQuadratic Functions

Students wilparticipate in aguickreview cycle orthe concepts associated with a linear functiofhey will also identify the key features
the parent function ofa quadratic functiontroughtechnologydiscovery activies geametry, algebraic thinking, and the use of
manipulatives.

Lesson 2Exploring Quadratic Functions Beyond the Parent Function
Students wilidentify characteristics of quadratic functions written in standéotn through the analysis of graphigalpresentations

Lesson 3Linea Factors and Standard Form
Students will use the ZefBroduct PropertyZero Factor Propertyd identify the zeros of polynomial functions in the fognx (ax +b)
(cx+ dandy= axX + bx + canduse the zeros to construct a rough draft of the function

Lesson 4The Graph Tellg All
Students will combine athe skills they learned ovéhe past few days$o write the equation for a quadratic function that has been grapl
in the CoordinatéPlane.

Lesson 5Performance Task Who Needs a Calculator, Anyway? Not Me!
Students will work independently on a performance task containing several quadratic fundéionsd fromthe parent functiony = %,
where the valuesfd ¥ ¢ amd&Cs£€l 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 imgatt éf ZandadcCsaIhe parent
function,y=%, the zereproduct property, andinearfactors toidentify the function rule that defines five distinct graphs which have beg
graphed on the same Coordinate Plane. Students will justify their responses@nmalswriting activities as they complete this performan
task.

Standard(s) Assesse&:IF4. FIF.7a, HF.8aand A-APR.3,

MS Exemplar Unit Mathematics Algebra | Edition 1
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Evaluation Criteria

Identifies the key
features

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

Scoring Level

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

Identifies 1 otthe
zeros(x-intercepts),
1 of the linear
factors, and the
vertex of

1 or 2 of the
functions correctly

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

Calculates and
identifies the
leading coefficienta | €

Calculates and
identifies theleading
coefficienta € 2 F
functionscorrectly

Calculates and
identifies the leading
coefficientd | of3or 4
functions correctly

Calculates and
identifies theleading
coefficienta € 2 F
functions correctly

Did not calculate or
identify the leading
O2STFAOASY
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

Usesappropriate
academicvocabularyin
their response

Usesappropriate
academiosocabularyin
their response of all 5
functions correctly and

Usesappropriate
academiosocabularyin
their response 63 or 4
functions correctly or

Usesappropriate
academicsocabularyin
their response of 1 or 2
functions corretly or

Did not useappropriate
academicsocabularyin
their responseof any
function correctly or

appropriately appropriately appropriately appropriately
Rating Scale (Total Number of Points)
13-16 Distinguished 9-12 Proficient 5-8 Partial Command 1-4 Emerging
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FocusStandards). FIF.7a

Additional Standards): ~IF.1, HF.4

Standards for Mathematical Practic&MP.1, SMP.2, SMP.3, SMP.4, SMP.5, SMP. 6, SMIP.B
Estimated Time60 minutes¢ 180 minutes

Resourcesand 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

= =4 4 -8 -8 -5 _48_9_95_2

Ruler (optional)

Scissors

TH83/TH84

Wall Tape

Handout 1.1: Give Me Five

Handout 12: OneTab Notebook Foldabl@Template(6 copies per student)
Handout 1.3 Calculator Hel@ able Tentgoptional)

Handout 1.4Text Message Summary Conversation

Handout 1.51 See Pabolas in the World Around M@ptional)

Desmos Graphing Calculatervw.Desmos.com

=4 =4 8 8 -8 -9 _95_9_°_-2

Note: ., 2dz Ol y dalbddIBdtiah&fféa pdrt ofgour Word Wall Use masking tapeas a divider.

MS Exemplar Unit Mathematics
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=4 =8 -8 -4 -4 -4_-49_-49_-95_-49_-°5_-A°3_-°3

1 MAP Item Samplenttps://ms-sampler.nextera.questarai.com/tds/#practice

Lesson Target(s)

Sudents 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 fungtion?,
Students will conceptually understand the key features of the parent funétioa quadratic function.

Guiding Questiofs):

How area linearfunction and a quadratic function simildifferent?

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

What connections can be made between the kegtures of a quadratic function?
What are some realorld examples of a quadratic function (i.@arabolic inshapg?

Academic Vocabulary

Axis of Symmetry
Coordinate Poir(k)
Decreasing
Domain

End Behavior
Equidistant
Function
Increasing

Linear Function
Maximum
Midpoint
Minimum
Parabola

T P!

P2

p13 21

Vocabulary

Instructional Strategiesfor Academic Vocabulary

Introduceacademic vocabulanyith studentfriendly

definitionsand pictures

Model how to useacademic vocabulary discussion
Discuss the meaning @in academic vocabulaword in a

mathematical context

Justify responses and critique the reasoning of others
algebraicallygeometrically, and/or technologically using

academic vocabulary

Qreate pictures/symbols to represemaicademic vocabulary
Write or use literacy strategies involving academic vocabu

MS Exemplar Unit Mathematics

Algebra | Edition 1
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Parent Function
Quadratic Function
Range

Rate of change
Satisfies

Solution

Standard Form
Vertex

x-intercept
y-intercept

=4 =8 -8 -8 -8 -4_-4_-9_-°5_-°

Interpretation of Symbol

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

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

Assessment (Prassessment, Formative, Self, or Summative)

Graphing CalculatdRecommended

Writing Activity

Algebra |

Mississippi Assessment Program (MAP) Preparation

MS Exemplar Unit Mathematics

Algebra | Edition 1
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Instructional Plan

Understanding Lesson Purpose and Student Outcon&sdents will be able to effectiiygecommunicate about théey features of g
quadratic functiorwith and without technology.

Anticipatory St/Introduction to the Lesson:Give Me Five
Note: Beforeclassbegins arrange theclassroom so that student desige grouped in pairs Copy Handout 1.1: Give Me Fivento
white cardstockjaminate each pageind at out each item If alaminatingmachine is not availablelear packing tape will work as

well.

Tapeoneset of hand$ound onHandout 1.1: Give Me Fivapproximately Zeet apart on the wall Onevocabulary carénd one
function cardwill be placed between each set of handsith the vocabulary card on togrhis will createx & (i I (o tReyvalls
around the classroom[Figure ]

Figue 1.

Form studenpairs where one student is above/on grade level and the other student is below/on grade level bgsevions data
collected Sudent pairs shoulde posted on the wihor displayedn the $nartboard to facilitate grouping and initiation of the

activity.

During this activityinstruct students tgplaceeither their left hand or right handn one of the hand template&€ach student must
say the vocabulary world i (0 K S A NJ & & (ptovide & studlendridndlydiinitlorytdrtheir partner.Using their definition, the
student mustdiscussach vocabularyword and identifythe relationshp to the function underneath Each student is give30

MS Exemplar Unit Mathematics Algebra | Edition 1
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second to complete this task at eachd (i | (Pxi@ 6 dofatingd ( dzRSy (& (2 difstBuct gt&lenis toqisieltteifi A 2
LJ- NIy SNJ | & K A pokitiverrairdofcément. 2By miNgestideRsSplace their hands on the hand templates, students a
focused on the task and allocaé® equal amount oftimé YR | GG Sy dA2y (2 SIFOK aqadldAzyo

Rotate studentscounterclockwise around the room through the use of a bell adgappropriate mic until all students returto
their originald a G | (Ckclgtetbetween groupgsromptingstudentswith clarifying question§SMP.18). For example

How does this vocabulary word/graph differ from the vocabulary waxdfigLIJK I & G KS LINBSOA 2 dza a
Is there another word that is synonymous with ? Do these tvas wean thesame thing all the time?

Is there one thing your partner said that you may disagree with? If so, explain your reasoning.

What key feature about this graph provisiéhe evidence that the IS ?

What role does the graph play in helping you to relate the vocabulary word with the graph shown?

<K<K <LKKL

At the completion of this activithave studentgeturn to their desks Rlectthe ¢stationg that have the thee quadratic functions
and highlight some of #ndiscussions that ydoeard whié circulating througbut the groups.

Note: (1) This activity is designddr a maximum class size of 30. Boraller classestudents may workndependently and place
both of their hands o the hand templates(2) If the latter is the case,ou maycirculate throughout the room, place your hands o
one of the templates, andesveas a partner for angtudentthat may be struggling.(3) The two function cards that have &)
symbolrepresenta visual cueo be mindful about which vocabulary cards you pair witér.

MS Exemplar Unit Mathematics Algebra | Edition 1
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For students who are EL, have disabilities, or perform well below grade level:
1 Provide the vocabulary terms frortandout 1.1: Give Me Fivi® 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:

1 Providethe graph of the quadratic functions frortandout 1.1: Give Me Fivi® the class the day
before the lesson and ask them to write down one question they have about each graph. Selegted
guestions may be collected and used as exit tickets at the end désisen, discussed with the entirI
Of 34 G6KSNB FLIINRBLNAFGS Ay GKS fSaazysx 2NJ
Wall.

Activity 1: Understandingthe Key Features of th@arentFunctiony =x?
Quickly display each vocabulary word from the Give Me &ctigity and do a quickath Talkwith students to ensure theliave a
clear understanding of each vocabulary wardl how it relates ® eachlinear functionit is paired with.

Pose the followingquestionsto introducestudents to Quadratic FunctionsAs students respongblaceeach question and correct
studentresponsés)on the dQuestions for Quadratiésand 6Answers for QuadratiédVall (Q4Q and A4Q Wall).

A

V Whatobservations did you make abothe 3 graphsthap SNBE & KIF LJSR f A1 S GKS € Sii
V 2 KI G R2 s$h&pSdigphémiad you of?

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

V Can you list two differences that extsttweeni K S & ! égraph&ahdlib graphs of thdinear functions?

Distribute 6 copiesof Handout 12: OneTabNotebookFoldables®Templateto each student.This handout will serve as their nete
taking document for thisctivity and Activity 1 on the following dayBstruct studentgo cut along the perforated lines and

MS Exemplar Unit Mathematics Algebra | Edition 1
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betweeneach tab creating a series w@ibs. They will then fold the anchor tab for the graphipggeand glue itonto a sheet 6
notebook paper. Studentkienfold the anchor tab ofhe informationpageand glue it @ectly onto the other anchor tab.Fjgure 2

Note: (1) If time or resources are a concepre-cut each foldable prior to class and distribute them to each studenéquest
students se notebook pagr to create a similar foldable(2) The graphgsed for this activitglo not have theaxes labeled. This wil
allow students to attend to precision and scalinglasy create their own graphiSMP.6).

Figure 2.

For students who are EL, have disabilities, or perform well below grade level:
1 Provide coordinate planes where both, the gridlines and axes, arapsted.

g t NPINBaa o0e SEL BKFABPR GNI LKEKE 201 B8Ry a4 I NF SO RFSR K
the result of graphing a secoritbgreeLJ2 f @ y 2 YA I £ O fDis@Bagwrite thé fijirdzioRuNely & R(@ g@séfunction
notation, f(x) = ¥) on the Smartboaréindf I 6 St (1 KA & [CaHzyiOKS 20/t NSy, ExpldindtatRnisIfuiicliod is F
written in standard fornmy = aX + bx + ¢ Ask one student to identify the value af b,andc for the parent function Adivate prior

knowledge by asking one studedtVhat is a Parent Functi® 6 I & SeiRougegsonsibld linear functiongnstruct students to
copy thisinformation onthe top oftab #1

MS Exemplar Unit Mathematics Algebra | Edition 1
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Using th GRAPHtabIe)function on theircalculator, students wiltopy thex-y table for the domainx={-5,-4,-3,-2,-1, 0, 1,2
,3,4,5}. Tocontinue activating prior knowledge, instrustiudents to label the top of theix-y table with thevocabularywords

G Bbmairé YR Mduy BS dé

Figure 3.

(partial table)
Domain Range
(x) (v)
-4 16
-3 9
-2 4
X X X X
5 25

V Using a few entries from thiex-y table, ask students tonake averyquickobservation abouthe rate of change for the
parentfunction y = Xand contrast thisvith 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 poin{x,y) algebraically satisfies the functign= X.

Example(-5, 25) Example (-3,9)
y=x? Function y=x
25 = (5) 9=(-3%
25 = 254/ 9=9/

MS Exemplar Unit Mathematics Algebra | Edition 1
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Encourage student® come to a onsensus s a classtzout how they will labetheir axesprior to sketching the graph of the
functionon ther Coordinate Rne tab(SMP. §. Instruct students to do a Pairs Check aathtto their partnerto verify that they
have created the samgraph.

Pose the followingsevenquestionsto students. Allonample wait time between question&nsure that all students are competent

with the entire classand where necessary, allow them to comehe Smartboardo justify their response.

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

Identify any othercoordinate points that may lie on the grajiside from the ones listed in your table.
What can you tell me about the graph aftgsu plot thecoordinatepoints on your graph?

Why is every coordinate point thaeson the graphconsideredad a #idhKiz

Is there a point where the graph begins to turn and go in the other direction? How can you fiexkttte
coordinates of this poinusing technology

Is there a way to algebraically, graphically, and/or technologically verify-ittepceptandy-intercept of the
parent function?

V Describe the interval on which the graph appears to be incretdsegeasing.

< K<< L

<

ﬁ' Students wilcontinue to use the top of tab #dr the margins of their notebooto paraphrasehe following notesn their own
words

1 Theterméguadratic KF & [FGAY 2NNEBSY sRWR &§ NA ERERSG BANEAYCKNI YoSij- dyl- 4
Note: Ask students can thejnd the first few lettersof quadrus in the word square angae them.

f Thestandard formof a quadratic function ig=ax2 + bx + cwhere in our firstexampley ¢ ' MX &do06é T
note thata Eaadd &cén always be replaced with other variables as seen in previous lessons on linear functions.

1 Quadratic functions have songgaphicakey features thamostlinear functions havejamely a x-intercept (or zer9,
y-intercept, domain, and range.
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1 Recall thatyou can algebraically antdchnologicallyprovethat the xintercept is thecoordinatepoint wherey =0 and the
y-intercept is thecoordinatepoint wherex = 0.

Note: Students should be familiar with using the8R/TF84 calculator to identify thesgraphical features (i.€"| [ TRAGE
Encourage them to do so and model for those that may hfavgotten.

x-intercept y-intercept
y=x? Function y =X
0=¥X y=0
N ne? y=0
0 =x
(0,0) Coordinate Point (0,0)

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

1 ProvideHandout 1.3 Calculator Help Table Tentsdlave the student cut along the outside edges, fgld
along the solid black line, and stand it up on their desk to use as a reference throughout the unif.

f Quadratic functions have some graphical key features that lifiedzy OG0 A 2 Y& R 2 Y Qrtex, &nbx@ 6>  y I
symmetry, and intervals where the function increases and decreases.

Note: At this point, ask a studenttifiey can identify these intervals for the parent function

1 Thedvertext is the coordinate point where the graph begins to change directiois diso the minimum of our parent
function.
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1 Because the vertex is the point where the graph begins to turn and go in the opposite dirégti@vides ley
information about our rage.

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

1 The Ti83/TF84 calculator can be used to identify the coordinates of the vertex with accuracy.

For students who are EL, have disabilities, or perfonrall below grade level:
1 ProvideHandout 1.3 Calculator Help Table TentsHave 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.

1 Directly through thecenter of the graphat the vertexjs an imaginary vertical line known as tbaxis of symmetrg &his
line divides the graph into two equal parteasically acting like a mirror

For students who are EL, have disabilities, or perform well belgnade level:
1 Allow only students that need a visual to quickly use a Mira® thgaghe axis of symmetry acts like a mirrg
dividing the quadratic function into two equal parts.

=

1 Becauselhie axis of symmetry is amaginaryline, it isit is usuallyrepresented with a dotted/dashed line.
1 The point wherdahe graph intersects thaxis of symmetry is the vertex.

Model and nstruct students to identifghese keyfeatures on their Bldable usinglifferent colored pencils talistinguish the key
features of the parent function[Figure 4
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Figure 4.

Axis of Symmetry

Circulate throughouthe roomverifying student workand ak stuaentghe sixquestionslisted below. Allow ample wait time
between guestions andncouragestudents to provide an explanation to their partn@MP.3)Slect various students to share the
responsés)with the entire class.

Note: The firstfive questionsshould be askedth some formaturing the entire unit

1. Will the xintercept,y-intercept, and vertex always be at the san@ation/coordinate
point?

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

3. Reuvisit the leadingaefficient of our function What role do you think the leading
coefficient has on the directioand shapeof the graph?

4. Reuvisit the leadingaefficient of our function What role do you think the leading
coefficient has on the location of the vertex?

5. Revisitthe corstant term of our function What role do you think the constant term has
on the graph 6our quadratic?

6. Do you think the answers to these questions will be the same for all values of a, b, and c?
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Ask students to make a conjecture about the relationship between the coordinate gginis(-X,y), and any pointri, n) on the
axis of symmetryor the parent function Guide hem into understanding that the poin{g,y) and(-x, y) are equidistant from
said point(m, n) (SMP.18).

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

1 Give the midpoin{m, n)on the horizontal line segment connecting the poifitsy)and(-x, y) that
lies on the axis of symmetry. Thadlow(i KSY G2 O2dzy i GKS ydzYoSNI 3F ai
plane between the poinm, n)and the point(x, y)to approximate the distance. Repeat this proce$s
to approximate the distance between the poir(ta, n,) and, y)

1 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) Repeathis process to measure the distance between the points
(m, n)and(-x, y)

Extensions for students with high interest or working above grade level:
1 Allow students to select any poifin, n) on the axis of symmetry and any two poilts y)and (-X, y).
Instruct them to use the distance formula to verify equidistance.
1 Allow students to use the midpoint formula to verify that the coordinate pémji n)which they have
selected on the axis of symmetry is halfway between the two pdintg)and (-x, y)

Activity 2: Evaluating Quadratic Functions in the Foyn -x?

Display the function rulg =-x? (or usefunction notation,f(x) =-x?) on the Smartboard Instruct students towrite this function on
the top oftab #2andto create a ttable using their cabizf I (G 2 N a ¢ I thefs&ne HatmgiDitha @eyiousegaple,
x={5,-4,-3,-2,-1,0, 1,2 ,3, 45}. Students will proceed to graph the functiprF-x? on their coordinate planéab and identify
the grapK (kdyfeatures as previously done&drculatethroughoutthe room and verify student work and calculator usage

5 1) dzk NJ
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Ask students to talk to their partner about the similarities and differences that exist between the parent fupetigrand the
functiony =-x2.

Note: Take this opportunity to revisithe aforementioned six questions and pagpse attention to studentesporses for
questions #3 and #4 as thegetheir newacademic vocabulaffSMP.3 and SMP.6)

Reflection and ClosureText Message Summary

ﬁ' Instruct students to separate their desgs they can complete this activitpdependently. DistributeHandout 1.4

Text Message Summary Conversatitineach student. Tell thero pretend that theirbesF NA SY R g1 & 064 Sy
lesson Explain that their task is taastruct a Ext message conversati@ummarizing the lessoand what theylearned today
Encourage students to:

1 keeptheir conversatiorwithin each conversation bubhle
1 use their cabred pencils to creatéemojish €
1 use d least3 academic vocabulary words

Select a few students to share/redloeir work with the class

Note: Ifa document camera is available, it may be used to facilitate viewing each sfudentg 2 NJ Ob&drv¥ Whicls ®
@20 6dzf  NBE 62NR& | NBklF NBYyQil dzaSR RdzZNAy3a GKS aiddzRSy G LINE

Homework

Students will participate in a scavenger htmisnap pictures on their cell phone of reabrld objects that reemble the graph of a
quadratic function. If a student does not have a cell phaney may use any form of printed material (magazine, newspaper,
images from the internet) to complete this homewaktivity. Award pointsbased orthe number of occurrencea student is able
tofind. 1 26 GKS LRAylda oAttt 0SS dzaSR Aa GKS GSIFOKSNID&a RA&aONB
etc.).
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1 1-2 Occurrences = 2 points
13-4 Occurrences = 4 points
1 5-6 Occurrences = 6 points

During the next class period, allocate approximately rBinutes 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 th

activity. If your school policy prohibits the use of cell phones in the classroom, instruct students to email the plyotas to
designated school email address and print them out.

For students who are EL, have disabilities, or perform well belgrnade level:
1 ProvideHandout 1.5: | See Parabolas in the World Around &rel instruct them to place a check mark in t
box for the objects that are parabolic in shape. You may replace some of the photos with objects in tl
neighborhood, or classroom

Note: Ensure that you include enough photos that are parabolic in shape to give the student the opportunity d
maximum number of points available.

9 For EL students, you can use the internet and replace some of the photos in the document witls Glojec
their native country.

Extra CreditAssign item number 46 from tHdAP/Questar Practice TesRequire a detailed explanation for respons
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Handout 1.1: Give Me Five

Note: Thisisnot a matchingactivity. Pleaseeviewthe Algebral ExemplatessorPlan(Lessori)to learnmoreaboutthis activity.
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Handout 1.1: Give Me Five

" Thelinear function passing |

throughthe origin
andthe point (1, 8)

|

| through the points
| (17:13)and(17,1)
|

i N N —

Thelinear function passing
throughthe points

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

A
! :/:i'i

L 8 & _§B & _§B _§B _§ _§B B _§ _§B _§ _§ _§B B B _§B |
v

N

————— ]
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Thelinear function
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Handout 1.1: Give Me Five

Thelinear function
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Handout 1.1: Give Me Five

o
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X
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Handout 1.2: Ondrab Notebook Foldables® Template

X6 DA wwe thegt me
TNA UDMA ewe el e

HaN

OO DA wwn v cmmy
DHOA (ML www T e e

. .
) SRS TR -

S G T S S WD GE S—"
.
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Handout 13: Calculator Help Table Tents

Usethe Calculatorto Find¢ K S

vertex

(minimumor maximum)

KeystrokeHelp

1. After enteringthe functionin Y=, press2ndthen TRACID goto
theda / ! [ / | windawandhighlighta Y A y A ofdzY €
G Yl EA YdeMpéeSSENTER.

or

2. Usethe arrow keysto movethe cursoralongthe graphto the left
of what you seeasthe lowest/highestpoint andidentifythe & [ S
. 2 dzyhypeessingENTER.

3. Youwill seealittle arrow abovethe point youmarkedpointingto
the right. Usethe arrow keysto movethe cursoralongthe graph
to the right of what you seeasthe lowest/highestpoint and
identifythe & w A .3KdrybypeessingENTER.

NOTE Nowthere shouldbe two arrowson screen If youenteredthe pointscorrectly,the
arrowsshouldbe pointingtowardseachother. If they arenot, youwill receiveanerror
messagaefter this nextstepandwill needto beginagain.

4. Usethe arrow keyto movethe cursoralongthe graphuntil it isas
closeaspossibleto the point youwantto useasyourd D dzS & &
ThenpressENTER.

5. Afterthis, the calculatorshouldshowthe coordinatesof the
minimum/maximumalongwith a cursoroverthe locationof this
pointonthe graphselected.
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Handout 1.3: Calculator Help Table Tents

Fold

Usethe Calculatorto Find¢ K S X

y-intercept

. Thegraphwill now displaya cursorwherethe
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KeystrokeHelp

After enteringthe functionin Y=, press2nd and TRACE
togotothed / ! [ / | Windawardhighlightd @ £ ¢
ThenpressENTER.

CHLCULHTE]
IHvalue

fzero
Ziminimum
i maximum
St intersect
& d
?

Thiswill takeyouto the graphwith & - HBigplayedat the
bottom left cornerof the screenTypein & nahdthen
pressENTER.

y-interceptis located,alongwith the x- andy-
coordinatesof that point.
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Usethe Calculatorto Find¢ K S X

X-intercept
(or zero)

5.

KeystrokeHelp

After enteringthe functionin Y=, press2nd anc |
TRACHED goto the a/ ! [ / | {vihdov® anc
highlighta T S MR ripréssENTER.

CHLCULHTE]
1:value
SErin LU
2 e LU
5t imtersect

“Hi PR E
LR T

The calculatorwill askyou to identify the & [

. 2 dzy'Uséthie arrow keysto move the curso!
alongthe graphuntil it is to the left of the point
youwantto identify. ThenpressENTER.

Youwill now seealittle arrow abovethe point you
marked pointing to the right. The calculator is
now askingyou for the & w A 3 X dzy Bsé the
arrow keysto move the cursor along the grapt
until it is to the right of the point you want to
identify. ThenpressENTER.

The calculator should now be asking you to
& D dzS @sa thedarrow key to move the cursol
alongthe graphuntil it is as closeas possibleto
the point youwantto identify. Thenpress ENTEF

After this, the calculator will show the
coordinates of the x-intercept/zero you have
located along with a cursor over the exac
locationof the zeroon the graphselected.

* |f there are multiple zerosfor yourgraph,repeatthis process.*
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Handout 1.4 Text Message Summary Conversation

Name: Date:

g

|
g
g
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Handout 1.5: | See Parabolas in the World Around Me

Name: Date:
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Lesson 2Exploring Quadratic8eyond the Parent Function
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Focus Standar@). ~IF.7a

Additional Standards): ~IF.1, HF.4

Standards for Mathematical Practic&MP.1SMP.2, SMP.3, SMP.4, SMP.5, SMP. 6, SMP.7, SMP.8
Estimated Time60 minutesg¢ 180 minutes

Resources and Materials:

Cardstock

Chart paperfwith anadhesive back)

Colored pencils or highlighters

Document Camera (optional)

Domino

Markers

Notebook Paper

Postit Notes (lined)

Questions 4 Quadratics (Q4Q) and Answers 4 Quadratics (A4Q) Wall
TH83/TH84

Handout 2.1: Say it withdenn

Handout1.2One¢ 6 b20(S0221 C2ftRlIoftSat ¢SYLXIGS
Handout 2.2 Graphing Quadratieunctions Where b0

Handout 2.3 The Conjectui@ All Mine

Desmos Graphing Calculaterwvw.Desmos.com

Exploring Quadratic fations: https://www.geogebra.org/m/RVFAGY ¢&ptional)

= 4 _a _a a4 _m_m_a_a_a_a_a_a_a_a

Lesson Target

1 Students wilbe able to effectivelgommunicatein a variety of wayaboutquadratic functions in the forng = aX + bx + cwhere

a, b,andc are Real Numbers

OFNRY (KS LINB
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Guiding Questiofs):
! What role do the real numbers, b,andcin the functiony = aX + bx +dave on the graph of the parent function, y22x
1 Whatare the advantages of using technology when analyzing the graph of a quadratic function?
Academic Vocabulary: Instructional Strategies for Academic Vocabulary:
1 Axis of Symmetry A Introduceacademic vocabulamnyith studentfriendly definitiors
1 Coordinate Point(s) and pictures
1 Decreasing A Model how to useacademic vocabulariy discussion
1 Domain A Discuss the meaning @in academic vocabulawyord in a
1 Increasing mathematical context
1 Maximum A Justify responses and critique the reasoning of others
1 Midpoint algebraically, geometrically, and/or technologically using
T Minimum academic vocabulary
{ Parabola A Qeate pictures/symbols to represeacademic vocabulary
q Parent Function A Write or use literacy strategies involving academic vocabula
1 Quadratic Function
1 Range
1 Satisfies
1 Solution
1 Standard Form
1 Vertex
1 x-intercept
1 y-intercept
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Type of Text and Interpretation of Symbol

Instructional support and/or extension suggestions for students who are EL, have disabilities,
perform well below the grade level and/or for students who perform well above grade level

V AssessmenfPreassessment, Formative, Self, or Summative)

g Graphing Calculator Recommended

ﬁ' Writing Activity
A(:T@ ACT Preparation

‘{ Family Activity

Instructional Plan

Understanding Lesson Purpose and Student Outcom&udents wilcompetently evaluatehe function form and graphical form of a
quadratic finction,y = aX + bx + cwherea, b, and @are Real Numbers

Anticipatoré( Set/Introduction to the LessonSay it With a Venn
L' o8 ad dzRSyGa F2N¥ y avYlrff 3INRdzLIJA o0& dza Augtdatheinknter 8)S Do
Fff GKS awmalangthévalldirectalB@IQ& X2 yi2 | 2 QdirécthaBdyo Qraté2 yi2 (K S vadladdiA 2 v
so forth. Distribute a few markers and a sheet of chart paper (with an adhesive back) to each group. Instruct evengogeuptto
point to someone else in the group on the count of three. Then caloudda m >~ HThestbdent in each gup with the most number of
fingerst2 AYUGAY3 Fd GKSY A& e SchbBwill RSréspoasible forSaptuing t0eNgfo@ps oNS & WKy 4 Sa T
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Disgay Handout 2.1:Say It wth a Vennusing the Smartboard or document camera. dfethe directions aloud and ask if everyone
understands the directives. Circulate throughout the groups and invite students to justify their thinking to their giau ftrbeing
recorded by the scribéSMP.17).

Note: (1) Encouragestudents to use their academic vocabulaf®) Encouragehe scribe to sketch each graph as the label for the thre
circleson their Venn Diagram(3) Consider having a separateard copy in your hand as you circulate througheatch group. This will
facilitate immediate teacheto-student discussions.

For students who are EL, have disabilities, or perform well below grade level:
1 Have the student point to key features of the graph as s/he provides response(s).

Extensions for students with high intest or working above grade level:
1 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.
What is unique about this graph?
What can we assume about the ebdhavior of this graph to help us out?

O O O

Is there something we can put in all seven regions of the Venn Diagram?

(@)

Ask each group to stand in a straight libg height in front of their chart paper. The student with the median height must remain at
chart paper and serve as thieeporter®d dnstruct the remainingstudents to participate in aery quickGallery Walko view the work of
the other groupsprior to returning to their seats.

lff2¢6 GKS GNBLR2NISNE (2 RA&AOdzad GKSANI INRAzZLIQA NB a Llajfdatéar 4
respectfully dispute any response they h¢&@MP.3) Be prepared to provide suggestionfor those regions that students may have
found challenging to write something inFigure ]

MS Exemplar Unit Mathematics Algebra | Edition 1
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Figurel.

The xintercept,
y-intercept, and
vertex are
located atthe
same coordinate
point

Not the
parent
function

The value of
al € A
positive

The auation for the
axis of symmetry ix = 4

The range is

yrnR

Two
x-intercepts
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Activity 1: Learning More About thémpactof the Leading Coefficienty | €
Instruct students taetrieve their notebook foldable from the previous day and explain that they will continue to usemh&ning
tabs to take notesind graph(Tabs #312).

Display the function rulg = X 2 (or usefunction notation)on the Smartboarar whiteboard.Instructstudentsto write this function
on the top oftab #3andto create a ttable using the same domain from the prevides &gadple, x =5,-4,-3,-2,-1, 0,1,2 ,3, 4,
5}. Students shouldroceed to graph the functiop = 22 on their graphing tab and identify the griggQ & ¥ S (0 dzZNB & @

Note: Encourage students to use their graphing calculatof 2/¢[ TRACEG 2 @S NA T& (i K SRemibihdsiKsfudentF thak (i
NEOSAGBSR I &/t Odzt I 2 NJ dlaSstday thatithayim@y refeBeyide that asytheylicsnSnud NGB8 dza

Conduct a quickMath Talkusing thefirst 5 questions A @Sy Ay (KS LINSOA 2 dza e sed@rthalf ofquéstoy’ @
numbersthree and four Be sure to add/put stdent responses on the A4Q Wall.

o Will the xintercept, yintercept, and vertex always be at tlsame location/coordinate
point?

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

0 Reuvisit the leading coefficient of our function. What role do ok 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?

o0 Revisit the constant term of our function. Whate do you think the constant term has on
the graph of our quadratic?

Instruct students tgredict what the graph of =-2x% would look like Slect one student to come to the front of the room to display
the t-table for this function. Ask for a volteer to sketchthe graph of the parent function in one color and the graply ef-2x? in
another color.On tabs #4 #8, students willcomplete ttables for the function ruley = 2% y=0.625%, y = %%, y =-%X, andy= 4%,
respectfully Be sure to come to a consensus as a class how you willtlaekis for each function before graphing on the coordinate
plane tabs underneat{SMP.6)
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Note: Considemot writing one or two of the functios instandard fom where the leadingoefficientay R 1 KS & Moo f 4
other side of the equal sigh A (i K { K Syé (€d.yNMIBxF =00t Studénts should be familiar with-veriting functions in the form of
dy = based on previous lessons on linear functions.

Continue to facilitate theliscussion. 8k the following questions, or similar questior®e sure to add/put student responses on the
A4Q Wall.

V Can we graph a function when the variabde§ and dy¢ are on the same side of the equal sign? Justify your response.

V CanyouexplairtS AYLRNIIyOf KKE @GIKSYS IANF LKAy I |jdzZt RNI G§AO T dzy

V If a function rule has botlxé and dye on the same side of the equal sign, which variable must we ensure is positive prig
to graphing? Justify your response.

ﬁ' Once students arénished, they will complete a quick wirig prompt in the right margin or at the bottomf their notebook
paperusing the following stems. Be sure to add/put student responses on the A4Q Wall.

V aLy O2YLI Nxaz2y (2 20wked| ald1NdBgrdph Fdzy OliA2y s &l E
This is because £
V aLy O2YLI NR&az2y (2 20wked| aldiNfegrdph Fdzy OliA2y s &l E

¢KA& Aa 0S5Ol dza S llJllJlIJllJllJllJllJllJllJllJllJllJUJHJUJUJUJUJUJUJUJUJUJUJUJUJUJWJHJHJUJUJUJUJU

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

1 Remind them that thevalue of a(positive or negative) determines the directiohthe graphif the
graph opens upward or downwardProvide them witha visual clue before they complete their
responseto this writing prompt [Figure 2. Encourage them to copy this visual in the masgif
their notebook.
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Figure 2.

a I époshivée a I éneghtide

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

When students have completed thegsponse, instruct theno standup and quickly find partner across th room and share their
responses and discusEncourage them to ask each other clarifying questions, if nece€Shty.3 and SMP.6)

Prior to returning to their seainvite studentsto find a different partnerand simply askhe following questios without responding:
f dWhatimpactdo you thinkit would have orthe parent functiony= %, ifthe value oty O¢ A & faSaa GKIFy nK

~

T a2 KFG AYLI OG R2 @&2dz GKAY | AysxXg 2AdFE Ri KK B (20¢S (2KFS oL@ ENBAYED
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Students will take a few minutes to brainstorm silently upon returning to their seats.

Activity 2: Learning More About the Impactofthne 2y a il yi ¢ SN¥Y 3> aO¢
On tabs # - #12 students willwrite the function rules for the following functions and sketch them using the table function on the
calculator:y = 1%+ 2, y = 2X¢ 3, f(x)="2¥ + 0.5,andy=-2x*+ 2

Note: Considemot writing one or two of the functios instandard form wherehe leading coefficierE K S EabtPconstdntS
term are all(or some of them aredn the other side of the equal sighA i K (1 K Syé (ig. Wh3I=@%F. S &

Encourage students to uskeir graphing calculator (ij@"[TRACE G2 GSNAF& G(KS 3INI Likk@ahightgBtér drdzN
colored pencil to identifghe x-intercept y-intercept and vertexn their table [Figure 3 and emphasizéhese features on each graph

Figures.
(example of the partial table for=-2x2+ 2)

Domain Range
(x) (v)
-2 -6

. :
vertex
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Select two students to come to the froradf the room and disphatheir work. Conduct a quiddath Talkusing the previously stated 5
questions. Draw emphasis onretlseconcdhalf of question number 5Be sure to add/put student responses on the A4Q Wall.

o Will the xintercept, yintercept, and vertex always be at the same location/coordinate
point?

o What canyou assume is the equation for the axis of symmetry?

0 Reuvisit 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 rdteyou think the leading coefficient
has on the location of the vertex?

0 Revisit the constant term of our function. What role do you think the constant term has on
the graph of our quadratic?

z@‘ Once students are finished, they will complete a quick writing prompt in the right margin or at the bottom of their notebog
paper using the following stems. Be sure to add/put student responses on the A4Q Wall.

VaLy O2YLI NRA&A2Y (2 x@iwWkeédc<lPthdigsaphi T dzy OG A2y Y &T

¢KAad A& 0SSOl dzaS lIJlIJllJllJllJLIJLIJllJllJllJllJLIJLIJHJUJUJUJUJUJUJUJUJLIJLIJUJUJUJUJUJWJUJUJUJUJU
V aLy O2YLI NRZ2Y (2 2(mMédc>Dlthelgaphi  Tdzy OliA2ys &l E

¢KAd A& 0SOldzas llJllJllJllJllJUJLLHIJllJllJllJLDUJUJHJUJHJHJUJHJHJHJHJUJHJHJUJLULDLIJLIJHJHJHJLUU

Note: Encourage students tmclude deta$ about the locatiorof the vertex with respect to th&axis the axis ofsymmetry,andthe
rangein their response
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Activity 3. Learning More About the Impact when b0

g .ACT Sekct a few of the functions from theotesstudents have been taking over the past fesays(tabs #212)
and graph them on the same coordinate plane as the parent funcjient, one at a time. @monstrate howto change the graphing

style inon the T483/TI-84to distinguish betweenhe two graphs visually (i.e. by making one gragdrker than the otherfSMP.4)
[Figure 4.

Figure 4.

Icon Style Description
Line A solid line connects plotted points; this is

the default in Connected mode
Thick A thick solid line connects plotted points

Instruct students to put their Hdable inside their class bindand explain they Wliuse thiscalculatortechnique to completéHandout
2.2: Graphing Quadratic Functions Where' B independently.

Uponclass completionallow two students to display their woffkr any twofunctions from section 1. Then,ibfly discuss sample
responses for section2# 4 as a class. Verify all graphical features using the calculatstruct students to plee this document in

their binder.

Note: Given time, use théormula forcalculating thex- coordinate of thevertex,_—? usingexamples from the Handout.
2a
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Reflection and Closing:Bringing it All Together

ﬁ' A(:T Distribute one copy affandout 23: The Conjectures All Minand onesheet of lined @&ostlt Noteto each
student Read the directionaloud Explain thasomeof the graphsare from the Anticipatory Set activityUpon class completion,
instructstudents to turn the document in. Review their answers

Note: If time permits, ake a few moments to ask students to review their responses on the bottom of the chant fpapethe
Anticipatory Set. \&fe any of tkeir guesses corre¢SMP.18)?

Homework

\ { Give each student onBomino and two sheets of lined PesiNotes. Explain thatne side of the Domino indicatesdhotal
number of things tey have learned over the past felR I & & Q . {THe &the sjtlé of the Domino indicates the tatamber of peple in
their familythey mustshare that information with[Figure $ They will record their work on each PasiNote (SMP.18).

Figure 5.
(example)
. o o o
Tel 2 family members ™ Tel 5 family members
5things that you learned over * or e o 2 things that you learned over
iKS LI aid 7S¢ .’ o iKS LI ad 7S¢
o o ®
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For students who are EL, have disabilities, or perform well below grade level:

1 Email their parents thenstructions for this homework a week in advance. Attach the URL for Geogebra
Exploring Quadratic Functiorand e 2 dzNJ 3S GKSY (2 62N] 6A0GK (G§KSAINI OK1
to see how the aph of the parent functiony = ¥, changes when the values @fl ¢ >andodCGEbange
independently or simultaneously.

Extensions for students with high interest or working above grade level:
1 Give studentsa Domino with one side of the Domino blank. Tell them that the blank side of the Da
indicates that they can illustratilraw what they learned ver the pastfewR I @ 4 Q f Saaz2yaz

side of the Domino indicates the total number of peopléhair family they must share their illustration with

MS Exemplar Unit Mathematics Algebra | Edition 1

Pl


https://www.geogebra.org/m/RVF4GYcX

Page]| 59

Handout 2.1: Say It with a Venn
Directions:

As a group:
1. examine the three graph$(x) = a% + bx + shown below.

2. dzaAy 3 gKIFIG @2dz £t SFNYSR Ay (KS LINS QDA 2ugiiga Ren@agrand. S&3a2y > 02 Y LI

3. write one guessbout the valug(i.e. positive or negative)f a, b,andcfor each functiorat the bottom of your chart paper.

Graph A Graph B Graph C
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Handout 2.2: Graphing Quadratic Functions Where 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 perg®.sure b 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 emphasizexatercept

c. Use a different color pencil (or highlighter) to emphasizenatercept

i . Equation for
Value ofbin Coordinates of g

Function Sketch the axis of

the function o Ve symmetry
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Handout 2.2: Graphing Quadratic Functions Where 0

2.1 285 R2Sa (XK&fecthefgrghs o2 parativlas of the foyre af + bx + @

3. What is the difference betweentheNgl LJK & 2 F LJ NI} o2f | &bé 6 AR YR LJ2a
GKS 3INILKa 2F LI NIoz2tHd a gA0GK yS3IlIGABS Gt dz

4. La GKS STFTFSOG 2 70 d0KS yalw&® mioHdse ddlailedizS 2 F &
explanation by using yowalculator to analyze the graphs of the following functions to
find out.
y =-1X2 ¢ 4X
y =-1X%+ 2x
f(x) =1x°+ 6X
h(t) =t 2¢ 4t
*h(t) =t2g4t+ 2

{2YS ljdSaiAr2ya FRIFILGSR FTNRBY 4GDNI LIKAY3I /FfOdzg 2N ! OlGAcg
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| FyYR2dzi HdPoY ¢KS /2y2SO0Gdz2NBEQa !''ff aAys$S

Name Date

Directions: You mayNOT use a calculator on thiandout.

1. Using what yo learned over the past two class dagisaw a line tamatch each graph with itsinction rule
2. Provide ashort rationale for your selections on a lined Rastote. Stick it to the top othis handout upon completion.
3. Be sure to use academic vocabulary in your response.

Function
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| F yR2dzi HdoY ¢KS /2y2SOiGdaNBQa !'ff aAysS

ANSWER KEY

4l
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Lesson 3Linear Factors and Standard Form
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Focus Standar@) A-APR.3

Additional Standards): ~IF.1, HF.4, HF.7a FIF.9

Standards for Mathematical Practic&MP.2, SMP.3, SMP.4, SMP. 6, SMP.7, SMP.8
Estimated Time60 minutes¢ 180 minutes

Resources and Materials

Bell or gradeappropriate music

Cardstock

Chart paper

Colored pencils or highlighters

Index Card

Markers

Postit Note (optional)

Questions 4 Quadratics (Q4Q) and Answers 4 Quadratics (A4Q) Wall
TH83/TH84

Handout 3.1: Entrance Ticket

Handout 3.2Four Coordinate PlaneBl¢te: fold in half, print front to back)
Handout 3.3:From Factoring to Standard aidck Again

Handut 3.4 Spin the Frayer

Desmos Graphing Calculatervw.Desmos.com

A =—a-_a-_8_2_-9_-42_9_9a_-24_-9_-2°_-2_-12

Lesson Target(s):
1 Students will solvguadratic equatios by factoring

1 Students will graph quadratic functions and know that their rootssym@onymous with their-ntercepts/zeros.

MS Exemplar Unit Mathematics
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Guiding Questiofs):
1 What is the relationshijpetween the xintercepts, factorsroots, and zeros of a quadratic function?
1 What information $ easily found given the factored form of a quadratic function?
1 Are all quadratic functions factorable? Justify your response.
Academic Vocabulary: Instructional Strategies for Academic Vocabulary:
1 Coordinate Point(s) A Introduceacademic vocabulamyith studentfriendly
1 Factors of Zero Proper®ero Product Property definitionsand pictures
1 Linear Factor A Model how to useacademic vocabulariy discussion
T Maximum A Discuss the meaning @in academic vocabulawyord in a
1 Minimum mathematical context
1 Parabola A Justify responses and critique the reasoning of others
1 Parent Function algebraically, geometrically, and/or technologically using
1 Quadratic Function N academic vocabulary
f Range @ Qreate pictures/symbols to represemaicademic vocabulary
! Roots A Write or use literacy strategies involving academic vocaby
1 Satisfies
1 Solution
1 Standard Form
1 Vertex
1 x-intercept
1 y-intercept
1 Zeros
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Type of Text and Interpretation of Symbol

Instructional support and/or extension suggestionsgardents who are EL, have disabilities, or
perform well below the grade level and/or for students who perform well above grade level

Assessment (Prassessment, Formative, Self, or Summative)

Graphing Calculator Recommended

V
[
ﬁl Writing Activity
==

Mississippi Assessment Program (MAP) Preparation

Algebral

Instructional Plan

Note: This lesson allows students to explore factorizations that are available as stated in the standard. Teachers should cor
following this unit with subsequent lessons on ttandards AREI.4 and-H-.8

Understanding Lesson Purpose and Student Outcongtsdents wiluse theZeroProduct Property tadentify the zeros of
polynomial functions in the form y = (ax +b)(cxamtjy= a¥X + bx + canduse the zeros to construct a rough draft of the function

Note: The day before the lesson, pridandout 3.1: Entrance Tickein cardstoclkand cut outeach ticket. You will need to collect
anecdotaldata throughout the lesson today tbetermine whichticket you wil give each student at thend of class. Qllect data
based on student responses, sert questions, and work samples as they work independently or with other students.
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