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ARIZONA’S

COMMON CORE STANDARDS

High School (9t z 12th) Overview

The high school standards specify the mathematics that all students should study in order to be college and career riatal Addhematics that students should learn in
fourth courses or advanced coursasch as calculus, advanced statistics, or discrete mathematics is indicated by (+). All standards without a (+) symbelistbeld
common mathematics curriculum for all college and career ready students. Standards with a (+) symbol may also eppesasiintended for all studentShere are two
pathways that exist for course development, the traditional pathway and the integrated pathway. Standards labeled Aa (AlGefBeometry), and A Il (Algebra Il) are
included in courses in the traditiah pathway. Standards labeled M I, M Il, and M 1l are included in courses in the integrated pathway.

The high school standards are listed in conceptual categories including Number and Quantity, Algebra, Functions, Mamfaekiry, @ed Statistics and ¢bability, and
Contemporary Mathematics.

/ 2y OSLIidz- £ OF(GS3I2NRASE LERNINIe | O2KSNByYyid @ASgs 2F KA Id6adudisero?tfaditirialicéuSerdoundacies, T
potentially up through and including calcsluModeling is best interpreted not as a collection of isolated topics but in relation to other standards. Making mathemadiels
is a Standard for Mathematical Practice, and specific modeling standards appear throughout the high school standairet$ lnydécstar symboH).

Number and Quantity Geometry
The Real Number System-RiN) 1 Congruence (&€0)

1
1 Quantities (NQ)
1 The Complex Number System-QWl)

Similarity,Right Triangles, and Trigonometry-8RT)
Circles (&)

1 Vecbr and Matrix Quantities (VM)

1
1
1 Expressing Geometric Properties with Equation§&{E)
1

Algebra
1 Seeing Structure in Expressions38E)

Geometric Measurement and Dimension@G&D)

1 Modeling with Geometry (&1G)

1 Arithmetic with Polynomials and Rational Expression8RR) Modeling

1 Creathg Equations (AED)
R . ith Equati d1 lt Statistics and Probability

l easoning wi quations and Inequalities (&) 1 Interpreting Categorical and Qugtative Data (9D)

Functions . s .

f  Interpreting Functions &) 1 Making Inferences and Justifying Conclusiori€)S

Building Functions (BF) 1 Conditional Probability and the Rules of ProbabilitCg

I Using Probability to Make Decisions\®)

Contemporary Mathematics

1
1 Linear, Quadratic, and Exponential Modeld &
T 1 Discrete Mathematics (CHBdM)

Trigonometric Functions {FF)

Arizona Department of EducatianHigh Academic Standards for Students! NA T 2 y I Q& / 2 YY & Watherfaids  {tafelByarilApiFoded June 2010January 201®ublicaton 2 of 138
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ARIZONA’S

COMMON CORE STANDARDS

High School: Number anQuantity Overview

The Real Number System {RN) Mathematical Practices (MP)

1 Extend the properties of exponents to rational exponents Make sense of problems and persevere in solving them.

1 Use properties of rational and irrational numbers. Reason abstractly and quantitatively.

Quantities (NQ) Construct viable arguments andt@jue the reasoning of others.

1 Reason quantitatively and use units to solve problems Model with mathematics.

The Complex Number System+BN) Use appropriate tools strategically.

1 Perform arithmetic operations with complex numbers Attend to precision.

1 Represent complex numbers and their operations on the complex plane Look for and make use of structure.

© N o o M 0w D PE

f  Use complex numbers in polynomial identities and equations Look for and express regularity in repeated reasoning.

Vector and Matrix Quantities (N/M)
1 Represent and model with vector quétigs.
1 Perform operations on vectors.

1 Perform operations on matrices and use matrices in applications.

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2y | Q& / 2 YY & Wather@ahids  { (i FSt&BokdRApproved June 2010 January 201®ublicaion 3 0f 138
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COMMON CORE STANDARDS

High School: Mathematics StandardsVlathematical Practices; Explanations and Examples

Number and Quantity

Numbers and the Number System

5dZNAy3 GKS @8SIFNE FTNRY 1AYRSNABIFINIGSY (2 SAIKIEK 3INF RST YaouSdxRES yYiSH yYadzadlio 2N\ByLIBbgtaS R/ dY
FFAGSNI GKIGZ n A& dzaSR G2 NBLINBaSyld ayz2ySé¢ | yR (KS ¢ K 2x Stengiazi drébthois. At B fraBtidrdd& R 0 ¢
barely numbers and tied strongly to pictorial representations. Yet byithe students understand division of fractions, they have a strong concept of fractions as numbers and
have connected them, via their decimal representations, with the Harsesystem used to represent the whole numbers. During middle school, fractiorgigreented by

negative fractions to form the rational numbers. In Grade 8, students extend this system once more, augmenting the ratibess mvith the irrational numbers to form the

real numbers. In high school, students will be exposed to yet anaktension of number, when the real numbers are augmented by the imaginary numbers to form the

complex numbers.

With each extension of number, the meanings of addition, subtraction, multiplication, and division are extended. In eacimiewsystem integers, rational numbers, real
numbers, and complex numbarghe four operations stay the same in two important ways: They have the commutative, associative, and distributive prapdrtiesr new
meanings are consistent with their previous meanings.

Extending the properties of whol@umber exponents leads to new and productive notation. For example, properties of ambolber exponents suggest thatl@3 should be
533 = 5 = 5 and that 5° should be the cube root of 5.

Calculators, spreadsheets, anahtputer algebra systems can provide ways for students to become better acquainted with these new number systems andtiogir bey
can be used to generate data for numerical experiments, to help understand the workings of matrix, vector, and coimpexalgebra, and to experiment with namteger
exponents.

Quantities

In real world problems, the answers are usually not numbers but quantities: numbers with units, which involves measunetieintwork in measurement up through Grade

8, studentsprimarily measure commonly used attributes such as length, area, and volume. In high school, students encounter a vtjdef waite in modeling, e.g.,

acceleration, currency conversions, derived quantities such as péi@ors and heating degree dayscial science rates such as{gepita income, and rates in everyday life

such as points scored per game or batting averages. They also encounter novel situations in which they themselves mestheoatitebutes of interest. For example, to find a
good measure of overall highway safety, they might propose measures such as fatalities per year, fatalities per year par fdtsigies per vehiclenile traveled. Such a

conceptual process is sometimes called quantification. Quantification is imparta F 2 NJ 8 OA Sy OS> a4 6KSy &adz2NFIF OS I NS adzRRSyf
evaporation. Quantification is also important for companies, which must conceptualize relevant attributes and create ersthiaide measures for them.

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2y | Q& / 2 YY & Wather@ahids  { (i FSt&BokdRApproved June 2010 January 201®ublicaion 4 0f 138
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Number and Quantity: The Real Number System (N -RN)
Extend the properties of exponents to rational exponents

Explanations and Examples

Standards TRAD | INT Mathematical Practices

Students are expected to:

HS.NRN.1.Explain how the All M I
definition of the meaning of
rational exponents follows from
extending the properties of
integer exponents to those
values, allowing for a notation
for radicals in terms of rational
exponentsFor example, we
define5"” to be the cube root of
5 because we wans™?) =
5%%2t0 hold, so(5*)> must
equalb.

Connections11-12.RST .4;
11-12.RST.9; 312.WHST.2d

and quantitatively.
HS.MP.3Construct viable

reasoning of others.

HS.MP.2Reason abstractly

arguments and critique the

Students may explain orally or in written format.

HS.MP.7Look for and
make use of structure.

HS.NRN.2.Rewrite expressions| Al M Il
involving radicals and rational
exponents using the properties

of exponents.

Examples:
2 2
Yz =5 . 53 =35
4
1 Rewrite using fractional @onents: x5/16 = \/5 24 =2
Jx

X2

==

1 Rewrite in at least three alternate forms.

3
Solution: x 2

1oL
e W

1 Rewrite \4!2'4 .using only rational exponents.

>r<\>m>||—‘

1 I?ewrite§/X3+3X2 Bx Hin simplest form.

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&
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Number and Quantity: The Real Number System (N -RN)
Use properties of rational ad irrational numbers

Standards TRAD | INT Mathematical Practices| Explanations and Examples
Students are expected to:
HS.NRN.3 Explain why the sun] Al M Il HS.MP.2Reason Since every difference is a sum and every quotient is a product, this includes differen

or product of two rational
numbers are rational; that the
sum of a rational number and
an irrational number is
irrational; and that the product
of a nonzero rational number
and an irrational number is
irrational.

Connection9-10.WHST.1e

abstractly and
guantitatively.

HS.MP.3Construct viable
arguments and critique
the reasoning of others.

and quotients as well. Explaining why the four operations on rational numbetkipeo
rational numbers can be a review of students understanding of fractions and negative
numbers. Explaining why the sum of a rational and an irrational number is irrational, g
why the product is irrational, includes reasoning about the inverse relatiprizetween
addition and subtraction (or between multiplication and addition).

Example:
1 9ELX IAY 6Ké& (GKS ydzyoSNI uw~ Ydzad o685
H™ 6SNB NI GA2ylfsx GKSYy KFEF 2F H-

rational as well.

Arizona Department of EducatianHigh Academic Standards for Students! NA T 2 y I Q&
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Number and Quantity: Quantities 1
Reason qualitatively and unit s to solve problems

(N-Q)

accuracy appropriate to
limitations on measurement
when reporting quantities.

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.NQ.1.Use unitsasaway to] Al M I HS.MP.4Model with Include word problems where quantities are given in different units, which must be
understand problems and to T T mathematics. converted to make sense of the problem. For example, a problem might have an oh
guide the solution of multstep HS.MP.5Use appropriate | moving12 feet per second and another at 5 miles per hour. To compare speeds,
problems; choose and interpret tools strategically. students converfl2 feet per second to miles per hour:

units consistentl in formulas; HS.MP.6Attend to Imin _ 1hr _lday . . :

choose and interpret the scale precision. 24000sec ﬂGOsec somin oanr which is more than 8 miles per hour.

and the origin in graphs and Graphical representations and data displays include, but are not limited to: line gra
data displays. circle graphs, histograms, muliine graphs, scatterplots, andutti-bar graphs.
ConnectionsSCHS1C402;

SSHS5C®1

HS.NQ.2.Define appropriate Al M I HS.MP.4Model with Examples:

guantities for the purpose of All M Il mathematics. 1 What type of measurements woulthe use to determine their income and
descriptive modeling. T M HS.MP.6Attend to expenses for one month?

ConnectionSSH$5CE1 | precision. f How could one express the number of accidents in Arizona?
HS.NQ.3.Choose a level of Al HS.MP.5Use appr@riate The margin of error and tolerance limit varies according to the measure, tool used,

tools strategically.
HS.MP.6Attend to
precision.

context.

Example:
91 Determining price of gas by estimating to the nearest cent is appropriate
. . . A7
because you willot pay in fractions of a cent but the cost of gasi%ll—g.
gallon

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&
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Number and Quantity: The Complex Number System (N -CN)
Perform arithmetic operations with complex humbers

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.NCN.1Know there is a All M I HS.MP.2Reason abstractly
complex numbeti such thati* = and quantitatively.
LM YR S@OSNE
has the forma + biwith aandb HS.ME.GAttend o
precision.
real.
HS.NCN.2.Usethe relationi” = All M HS.MP.2Reason abstractly| Example:

¢1 and the commutative,
associative, and distributive
properties to add, subtract, and
multiply complex numbers.

Connection11-12.RST.4

and quantitatively.

HS.MP.7Look for and
make use of structure.

1 Simplify the following expression. Justify each step using the commutative
associative and distributive properties.

(3- 2i)(-7+4i)

Solutions may vary; one solution follows:

(3-2i)(- 7+4i)

3=T+4i)]-2i- 7+ 4 Distributive Property

— 214120+ 14 - 8i°
—21+[12i+147)-8i°
—-21+i(12 +14)-8i%

- 21+ 26i -8i?
- 21+26i-8(-1)
—21+26i+8

- 21+8+26i
—13+ 261

Distributive Froperty
Associative Property
Distributive Property

Computation

i =—1

Computation
Commutative Property
Computation

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&
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Number and Quantity: The Complex Number System (N -CN)
Perform arithmetic operations with complex numbers  continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.NCN.3.Fnd the conjugate + + HS.MP.2Reason abstractly] Example:
of a complexhnumber; use and quantitatively. . _ . _ .
conjugates to find moduli and T Givenw=2c5iandz=3 +4
X HS.MP.7Look for and . '
quotients of complex numbers. a. Use the conjugatea find the modulus oiv.
make use of structure. b, Find the tient ok and
Connection11-12.RST.3 o quotient o anaw.
Solution:
a.
|L'r'| 2 =L'r' E
| = =12-5i)(2+5)
| *=4+10i-10i- 25"
| =4 -25i°
| = =4 - 25(-1)
| < =4+25
|| = =29
|| = /29
b.
2 _3 + di
w o 2-hi
Z 3+4if2+80
w  2-5i | 2+5i
Z _B+15i+8/-20
W 4+25
z —14+23f
W 29

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2y | Q& [/ 2 YY Z WMather8ahidS { ( | tASRBohk#RApproved June 2010  September2012 Publicaon
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Number and Quantity: The Complex Number System (N -CN)

Represent complex numbers and their operations on the comple x plane

subtraction, multiplication, and
conjugation of complex
numbers geometrically on the
complex plane; use properties
of this representation for
computation For example,

(M  Bi)’K8because
(-1 +K3i) has modulug and

argument120°.

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.NCN.4 Represent complex + + HS.MP.2Reason abstractly| Students will represent complex numbers using rectanguhar @olar coordinates.
ir;]urrgkc)tearrs] c:Jrllatrzncdomop:;erxfcr)Jrlli]ne and quantitatively. a+bi=r(cos' +sin')
. ng polar HS.MP.7Look for and : : .
(including real and imaginary Imagmary
. make use of structure.
numbers), and explain why the
rectangular and polar forms of g a+ bi
given complex number bif-----
represent the same number. |
Connection11-12.RST.3 T real
Examples:
91 Plot the points correspondmto 3¢ 2i and 1 + 4 Add these complex numbers
and plot the result. How is this point related to the two others?
T 2NAGS GKS O02YLX SE ydzZYoSNJ 6AiGK Y2R
in rectangular form.
1 Find the modulus and argumen® (< g <2p) of the numberx/g -I—\/E
HS.NCN.5.Represent addition, + + HS.MP.2Reason abstractly

and quantitatively.

HS.MP.7Look for and
make use of structure.

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&
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Number and Quantity: The Complex Number System (N -CN)

Represent complex humbers and their ope rations on the complex plane continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.NCN.6.Calculate the + + HS.MP.2Reason abstractly

distance between numbers in
the complex plane as the
modulus of the difference, and
the midpointof a segment as
the average of the numbers at
its endpoints.

Connection11-12.RST.3

and quantitatively.

Number and Quantity: The Complex Number System (N -CN)
Use complex numbers in polynomial identities and equations

Sandards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.NCN.7.Solve quadratic All M Examples:
equations with real coefficients §  Within which number system cafi=¢ 2 be solved? ¥plain how you know.
that have complex solutions. 1 Solvex®+ 2+ 2 = 0 over the complex numbers.
{ Find all solutions a¢ + 5 = X and express them in the foria+ bi.
HS.NCN.8 Extend polynomial + + HS.MP.7Look for and
identities to the complex make use of structure
numbers.For example, rewrite
X + 4as(x + A)(x ¢ 2i).
HS.NCN.9 Know the + + HS.MP.3Construct viable | Examples:
Fundamental Theorem of arguments and critique the 1 How many zeros does 2x* +3x - 8 have? Find all theeros and explain,
Algtzbre:_, ShOIW that_ Itl Is true for reasoning of others. orally or in witten format, your answer in terms of the Fundamental Theorern
quadratic polynomia's. HSMP.7.Look for and of Algebra.
Connection11-12.WHST.1c make use of structure. 1 How many complex zeros does theldoting polynomial have? How do you

know?
PO =(x2 - 3)(x2 +2)(x - 3)(2x - 1)

Arizona Department of EducatianHigh Academic Standards for Students! NA T 2 y I Q&
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Number and Quantity: Vector and Matrix Quantities (N -VM)
Represent and model with vector quantities

Standards TRAD | INT Mathematical Practices | Explanations and Eraples
Students are expected to:

HS.NVM.1.Recognize vector + + HS.MP.4Model with

guantities as having both mathematics.

magnitude and direction.

Represent vector quantities by
directed line segments, and use
appropriate symbols for vectors
and their magnitudes
(e.g.v, [V, [l VI, V).

HS.NVM.2.Find the + + HS.MP.2Reason abstractly
components of a vector by and quantitatively.
subtracting the coordinates of
an initial point from the
coordinates of a terminal point.

HS.NVM.3. Solve problems + + HS.MP.1Make sense of Examples:
involving velocity and other problems and persevere in 1 A motorboat traveling from one shore to the other at a rate of 5 m/s east
guantities that can be solving them. encounters a current flowing at a rate of 3.5 m/s north.
represented by vectors. HS.MP.2Reason abstractly 0 What is the resulint velocity?
Connect|ons%1—12.RST.;9 _ and quantitatively. o If the width of the river is 60 meters wide, then how much time does it t
gggggggé fleZSV?lﬁé)'I?Zd HS.MP.4Model with the boat to travel to the opposite shore?
A i ' mathematics. 0 What distance downstream does the boat reach the opposite shore?
HS.MP.5Use appropriate 1 A ship sails 12 hours at a speed of 15 knots (nauticakmigr hour) at a
tools strategically. heading of 68north of east. It then turns to a heading of #rth of east and
travels for 5 hours at 8 knots. Find its position north and east of its starting

HS.MP.6Attend to

oint.
precision. b

(For this problem, assume the earth is flat.)

1 The solution may mguire an explanation, orally or in written form, that include
understanding of velocity and other relevant quantities.

Arizona Department of EducatianHigh Academic Standards for Students ! NA T 2y | Q& / 2 YY & Watherfaids { | tASRBo#RApproved June 2010  September2012 Publicdon 12 of 138
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Number and Quantity: Vector and Matrix Quantities (N -VM)
Perform operations on vectors

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.NVM.4. Add and subtract + + HS.MP.2Reason abstractly| Addition of vectors is used to deterngrthe resultant of two given vectors. This can be
vectors. and quantitatively. done by lining up the vectors end to end, adding the components, or using the

parallelogram rule. Students may use applets to help them visualize operations of

a.Add vectors endo-end, + + HS.MP.4Model with ) .
vectors given in rectangular or polar form.

componentwise, and by the mathematics.
parallelogram rule. .
Understand that the E)illsMsPt-riJesg? szﬂsroprlate
magnitude of a sum of two ' (a+c, b+d)
vectors is typically not the (a, b)

sum of the magnitudes.

F' 3

b.Given two vectors in + +
magnitude and direction
form, determinethe

(c,d).

magnitude and direction of Example:
their sum. . .
1 Given two vectors u and v, can the magnitude of the resultant be found by
c¢. Understand vector + + adding the magnitude of each vector? Use an example to illustrate your
subtractionv ¢ w asv + w), explanation.

where qw is the additive
invers; ofiv. with the same T Ifu=(-2 -8)andv=(2 8),findu+v,u+ (), anduqv. Explain the

magnitude asv and pointing relationship betweeru + (v) andu ¢ vin terms of the vector components.

in the opposite direction. q
Represent vector subtraction
graphically by conraing the
tips in the appropriate order,
and perform vector
subtraction componenivise.

ConnectionETHSS6C103

A plane is flying due east at an average speed of 500 miles per hour. Therg
crosswind from the south at 60 miles per hour. What is the magnitude and
direction of the resultant?

Arizona Department of EducatianHigh Academic Standards for Students ! NA T 2y | Q& / 2 YY & Watherfabids { | tASRBok#RApproved June 2010  September2012 Publicdon 13 0f 138



o
i ‘i ARIZONA’S

COMMON CORE STANDARDS

I NAT 2y Qa

[ 2 Y Y Watheaidsc Higli Schyod | NR

Number and Quantity: Vector and Matrix Quantities (N -VM)

Perform operations on vectors continued

scalar multiplecvusing

[| eM| =] | v. Compute tle
direction ofcv knowing that
when|dvr nX {G(GKS
of cvis either alongr (for ¢ >
0) or against (for c< 0).

ConnectionETHSS6C103

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.NVM.5. Multiply a vector by + + HS.MP.2Reason abstractly| The result of multiplyin@ vectorv by a positive scalaris a vector in the same direction
a scalar. and quantitatively. asvwith a magnitude otv. If cis negative, then the direction ofis reversed by scalar
2. Represent siar " " HS.MP.4Model with m_uIt|pI|cat|on. Students will represent scalar m.uIt|pI.|cat|on grgphmally and compener]
N . : wise.Students may use applets to help them visualize operations of vectors given in
multiplication graphically by mathematics.
scaling vectors and possibl rectangular or polar form.
ing vi their di tp ) iy HS.MP.5Use appropriate Examole:
perform Scalar multplication tools strategically. "

. _ . N
componentwise, e.g., as 1 Givenu <2, 4) , write the components and draw the vectors fgr2u, 41, andg
oV, Vi) = €V CW). u. How are the vectors related?

b.Compute the magnitude of a + +

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&
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Number and Quantity: Vector and Matrix Quantities (N -VM)
Perform operations on matrices and use matrices in applications

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Studens are expected to:
HS.NVM.6. Use matrices to + + HS.MP.2Reason abstractly| Students may use graphing calculators and spreadsheets to create and perform

represent and manipulate data,
e.g., to represent payoffs or
incidence relationships in a
network.

Connections9-10.RST.7
9-10.WHST.2f11-12.RST.9
11-12. WHST.2eETHSS6C3;

and quantitatively.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

operations on maices.

The adjacency matrix of a simple graph is a matrix with rows and columns labeled k
graph vertices, with a 1 or a 0 in positiaf §;) according to whethey, andyv; are
FR2FOSyilG 2N y2Gd ! amé AYyRAOL (S Zrtidek and
I ané AYRAOIF(GSa (GKIG GKSNB Aa y2 02yy
Example:

1 Write an inventory matrix for the following situation. A teacher is buying
supplies for two art classes. For class 1, the teacher buys 24 tubes of paint
brushes, and 17 canvases. Fassl 2, the teacher buys 20 tubes of paint, 14
brushes and 15 canvases. Next year, she has 3 times as many students in
class. What affect does this have on the amount of supplies?

Solution:
Year 1
F B Z

Class1 |24 12 17
Class 2 120 14 15'

Year 2

Class1 72 38 51
Class 2 {60 42 —15'

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&
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Number and Quantity: Vector and Matrix Quantities (N
Perform operations on matrices and use matrices in applications

VM)

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.NVM.7. Multiply matrices + + HS.MP.2Reason abstractly| Students may use graphing calculators and spreadsheets to create and perform oper

by scalars to produce new
matrices, e.g., as when all of th
payoffs in a game are doubled.

Connections9-10.RST.3
ETHSS6C3

and quantitatively.

HS.MP.4Model with
mathematics.

HS.MP.5Useappropriate
tools strategically.

on matrices.

Example:
&7 19 15g
T 38 63 20
é b
g2 0 -8

T ¢KS F2tft2Ay3a A& Iy Ay@Syidiz2NE YI GNJ
flavors. The price per unit is $0.03 for jelly beans, gum, and lollipops. Determi
the gross profit for each flavor and for the entire lot.

Fl F2 F3 F4 F5 Fo F7

327 B18 465 211 127 134 705

513 222 312 446 645 671 101

878 901 51 1536 711 423 344

F1 =Vanilla
F2 = Banana

Cl1
Cc2
C3

C1 = lelly beans

C2 = Lollipops F3 = Strawberry
C3 = Gum F4 = Tangerine
F5 = Coconut
Fio = Mimt
F7 = Licorice
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Number and Quantity: Vector and Matrix Quantities (N

VM)

Perform operations on matrices a nd use matrices in applications continued

the zero and identity matrices
play a role in matrix addition
and multiplication similar to the
role of 0 and 1 in the real
numbers. The determinant of a
square matrix is nonzero if and
only if the matrix has a
multiplicative inverse.

and quantitatively.

HS.MP.6Attend to
precision.

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.NVM.8. Add, subtract, and + + HS.MP.2Reason abstractly| Students may use graphing calculators and spreadsheets to create and perform
multiply matrices of appropriate and quantitatively. operations on matrices.
dimensions. HS.MP.4Model with Example:
Connections9-10.RST.3 mathematics. 1 Find 2¢ B+ C andA 1B given MatricesA, Band Cbelow.
ETHSS6C203 HS.MP.5Use appropriate I\/IatriX A MatriX B Ma’[riX C
tools strategically. &7 19 15g €23 18 b55g &4 7 120
€41 - 63 20 €18 -47 110 §51 9 80
g2 0 -8y 39 -6 -8j g13 72 8§
HS.NVM.9. Understand that, + + HS.MP.2Reason abstractly | Students may use graphing calculators and spreadsheets to create and perform
unlike multiplication of and quantitatively. operations on matrices.
numbers, matrix multiplication HS.MP.6Attend to Example:
for square matrices is not a recision
commutative operation, but still P ' _ _el 3p _ez2 3 _6 -2g
satisfies the associative and T GivenA ¢4 U and B=¢ 4 and C = & 'k
o . e a € u
distributive properties.
ConnectionsETHSS6CD3: determine if the following statments are true:
9-10.WHST.1e 0 AB=BA
' ' o (ABC=ABQ
HS.NVM.10.Understand that + + HS.MP.2Reason abstractly
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Number and Quantity: Vector and Matrix Quantities (N
Perform operations on matrices and use matrices in applications

VM)
CcO

ntinued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.NVM.11.Multiply a vector + + HS.MP.4Model with A matrix is a two dimensional array with rows and columns; a vector is a one dimensi
(regarded as a matrix with one mathematics. array that is @her one row or one column of the matrix.

column) by a matrix of suitable HS.MP.5Use appropriate | Students will use matrices to transform geometric objects in the coordinate plane.
dimensions to produce another tools strategically. Students may demonstrate transformations using dynamic geometry programs or apg
vector. Work with matrices as They will explain the relationship between tbedered pair representation of a vector ang
transformations of vectors. its graphical representation.

ConnectionsETHSS6C103;

11-12.WHST.1a

HS.NVM.12.Work with 23 2 + + HS.MP.4Model with Students should be able to utilize matrix multiplication to perform reflections, rotationg

matrices as transformations of
the plane, and interpret the
absolute value of the
determinant in terms of area.
ConnectionETHSS6C103

mathematics.
HS.MP.5Use appropriate
tools strategically.

and dilations, and find the area of a parallelogram. Students may demonstrate these
relationshigs using dynamic geometry programs or applets.
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High School: Algebra Overview

Seeing Structure in Expressions-$SE) Mathematical Practices (MP)

1 Interpret the structure of expressions Make sense of problems and persevere in solving them.

1 Write expressions in equivalent forms to solve problems Reason abstractly and quantitatively.

Arithmetic with Polynomials and Rationaldpressions (AAPR) Construct viable arguments and critique the reasoning of others.

Perform arithmetic operations on polynomials Model with mathematics.

1
T Understand the relationship between zeros and factors of polynomials Useappropriate tools strategically.
1

Use polynomial identities to solve problems Attend to precision.

1 Rewrite rational expressions Look for and make use of structure.

Creating Equations (£ED)

© N o o0 bk 0w NP

Look for and express regularity in repeated reasoning.

1 Create equations thatekcribe numbers or relationships
Reasoning with Equations and Inequalities-REl)

1 Understand solving equations as a process of reasoning and explain the
reasoning

1 Solve equations and inequalities in one variable
1 Solve systems of equations

1 Represent and dve equations and inequalities graphically

Arizona Department of EducatianHigh Academic Standards for Students ! NA T 2y | Q& / 2 YY & Watherfaids { { | tASRBokk#RApproved June 2010  September2012 Publicdon 19 of 138
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High School: Mathematics StandardsVlathematical Practiceg Explanations and Examples
Algebra

Expressions

An expression is a record of a computation with numbers, symbols that represent numbers, arithmetic operations, expongatidtiahmore advanced levels, the operation of
evaluating a function. Conventions about the use of parentheses and the ordpeddtins assure that each expression is unambiguous. Creating an expression that describes &
computation involving a general quantity requires the ability to express the computation in general terms, abstractingdcifio mistances.

Reading an exprefm with comprehension involves analysis of its underlying structure. This may suggest a different but equivalent waygaheritxpression that exhibits
some different aspect of its meaning. For example,0.05 can be interpreted as the addition af5% tax to a pricp. Rewritingp +0.050 as 1.0% shows that adding a tax is the
same as multiplying the price by a constant factor.

Algebraic manipulations are governed by the properties of operations and exponents, and the conventions of algedtiait Adttimes, an expression is the result of applying
operations to simpler expressions. For example,0.05 is the sum of the simpler expressiomand 0.0%. Viewing an expression as the result of operation on simpler
expressions can sometimes dfgrits underlying structure.

A spreadsheet or a computer algebra system (CAS) can be used to experiment with algebraic expressions, perform corgpbcatedahipulations, and understand how
algebraic manipulations behave.

Equations and Inequalities

An equation is a statement of equality between two expressions, often viewed as a question asking for which values iabibe tteg expressions on either side are in fact
equal. These values are the solutions to the equation. An identity, in conisdstie for all values of the variables; identities are often developed by rewriting an expression in an
equivalent form.

The solutions of an equation in one variable form a set of numbers; the solutions of an equation in two variables foofroadsetd pairs of numbers, which can be plotted in
the coordinate plane. Two or more equations and/or inequalities form a system. A solution for such a system must safisiyuatiem and inequality in the system.

An equation can often be solved by succeslgideducing from it one or more simpler equations. For example, one can add the same constant to both sides without gtenging
solutions, but squaring both sides might lead to extraneous solutions. Strategic competence in solving includes lookifog phashcttive manipulations and anticipating the
nature and number of solutions.

Some equations have no solutions in a given number system, but have a solution in a larger system. For example, thef gelUdtisrD is an integer, not a whole numbére t
solution of X+ 1 = 0 is a rational number, not an integer; the solution€ gf2 = 0 are real numbers, not rational numbers; and the solutioné f2 = 0 are complex numbers,

not real numbers.

The same solution techniques used to solve equatizarsbe used to rearrange formulas. For example, the formula for the area of a trap&zo(é; +,)/2)h, can be solved for
h using the same deductive process.
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Inequalities can be solved by reasoning about the properties of inequality. Many, but rafttal, properties of equality continue to hold for inequalities and can be useful in
solving them.

Connections to Functions and Modeling

Expressions can define functions, and equivalent expressions define the same function. Asking when two functibiessaave value for the same input leads to an equation;
graphing the two functions allows for finding approximate solutions of the equation. Converting a verbal description tmtonedpnequality, or system of these is an essential

skill in modeling.
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Algebra: Seeing Structure in Expressions (A -SSE)

Interpret the structure of expressions

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.ASSE.linterpret Al M I HS.MP.1Make sense of Students should understand the vocdary for the parts that make up the whole
expressions that represent a T Ml problems and persevere in| expression and be able to idefytithose parts and interpret theimeaning in terms of a
guantity in terms ofts context. ] solving them. context.
a.Interpret parts of an Al M I HS.MP.2Reason abstractly
expression, such as terms, T ] and quantitatively.
factors, and coefficients. HS.MP.4Model with
Connection9-10.RST.4 mathematics.
b. Interpret complicated Al M I HS.MP.7Look for and
expressions by viewingoned 1 Ml make use of structure.
more of their parts as a singl¢ 1
entity. For example, interpret
P(1+r) as the product of P
and a factor not depending o
P.
HS.ASSE.2Use the structure off Al Ml HS.MP.2Reason abstractly| Students should extract the greatest common factor (whether a constant, a variable,
an expression to identify we All M Il | and quantitatively. combination of each). If the remaining expression is quadratic, students should facto

to rewrite it. For example,

see X¢y*as(X)? ¢ (YY), thus
recognizing it as a difference of
squares that can be factored ag

¢ YO + Y.

HS.MP.7Look for and
make use oftsucture.

expression further.
Example:

 Factorx® - 2x? - 35x

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&

| 2 Y'Y % WMatherahids

{ G| wsRBohi#RApproved June 2010  September2012 Publicaon 22 0f 138



o
i ‘i ARIZONA’S

COMMON CORE STANDARDS

I NAT 2y Qa

[ 2 Y Y Watheaidsc Higli Schyod | NR

Algebra: Seeing Structure in Expressions (A -SSE)
Write expressions in equivalent forms to solve problems

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.ASSE.3Choose and Al M1 HS.MP.1Make sense of Students will use the properties of operations to create equivalent expressions.
produce an equivalent form of All M I problems and persevere in| Examples:
an expression to reveal and T solving them. 1 Expres2(¢ ¢ 3x +x¢ 6) ¢ (x¢ 3)(x + 4) in factored form and use your answer
explain properties of the HS.MP.2Reason abstractly to say for what values ofthe expression is zero.
guantity represented by the and quantitatvely. 1 Write the expression belv as constant times a power gfand use your answe
expression. to decide whether the expression gets larger or smallex gets larger.
Connections9-10.WHST.Ic (sz)z (3X4)
11-12.WHST.1c — 3
a.Factor a quadratic expressio Al M Il HS.MP.4Model with (x%)

to reveal the zeros of the 1 1 mathematics.

function it defines.
b.Complete the square in a Al M HS.MP.7Look for and

guadratic expression to reveg ] ] make use of structure.

the maximum or minimum

value of the function it

defines.
c. Use the properties of Al M I

exponents to transform All ]

expressons for exponential
functions For example the
expression 1.18an be
rewritten as

(1.15")'f  m&'tomH
reveal the approximate
equivalent monthly interest

rate if the annual rate is 15%
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Algebra: Seeing Structure in Expr essions (A-SSE)
Write expressions in equivalent forms to solve problems  continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.ASSE.4Derive the formula All Ml | HS.MP.3Construct viable | Example:

for the sum of a finite geometriq | I arguments and critique the 1 In February, the Bezanson family starts saving for a trip to Australia in Septer
series (wherthe common ratio reasoning of others. ¢KS . ST I vy ateiyvacatioste ¢al§ §5675. They start with $58ach

is not 1), and use the formula tg HS.MP.4Model with month they plan to deposit 20% more thahe previous month. Will they have
solve problemsFor example, mathematics. enough money for their trip?

calculate mortgage payments. HS.MP.7Look for and

Connection11-12.RST.4 make use of structure.
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Algebra: Arithmetic with Polynomials and Rational Expressions (A

-APR)

Perform arithmetic operations on polynomials

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:

HS.AAPR.1Understand that Al M I HS.MP.8Look for regularity

polynomials form a system
analogous to the integers,
namely, they are closed under
the operations of addition,
subtraction, and multiplication;
add, subtract, and multiply
polynomials.

Connection9-10.R5T.4

in repeated reasoning.

Algebra: Arithmetic with Polynomials and Rational Expressions (A

Understand the relationship between zeros and factors of polynomials

-APR)

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.AAPR.2Know and apply All M Il | HS.MP.2Reason abstractly| The Remainder theoremsays that if golynomialp(X) is divided by ¢ a, then the

the Remainder Theorem: For a and quantitatively. remainder is the constarfi(a). That is,p(X)=q(X)(Xx- a)+ p(a).So if p(a) = 0 then
polynom|_alp(x) and a n_umbea, HS.MP.3Construct viable | P(X) = a(x)(a).

the remainder on division by ¢ arguments and critique the

aisp(a), sop(a) = 0 if and only if reasoning of others T Letp(X)=x>- 3x*+8x*- 9x+30. Evaluate p2). What does your answer
(xca) is a factor op(x). tell you about the factors of p(x)? [Answer:3X= 0 so x+2 is a factor.]
HS.AAPR.3ldentify zeros of Al Ml HS.MP.2Reason abstractly| Graphing calulators or programs can be used to generate graphs of polynomial
polynomials when suitable All and quantitatively. functions.

factorizationsare available, and HS.MP 4Model with Example:

use the zeros to construct a
rough graph of the function
defined by the polynomial.

mathematics.

HS.MP.5Use appropriate
tools strategically.

1 Factor the expression +4x* - 59x- 126and explain how your answer ca|

be used to solve the equatiox’ +4x* - 59x- 126 = 0. Explain why the
solutions to this equatin are the same as theirtercepts of the graph of the

function f(X)=x®+4x’- 59x- 126.
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Algebra: Arithmetic with Polynomials and Rational Expressions (A

Use polynomial identities to solve problems

-APR)

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AAPR.4Prove polynomial All M Il | HS.MP.7Look for and Examples:
f:sngglbe: r?:g:r?c?atlhem 0 make use of structure. Use the distributive law to explain Wb&c y2 = X qy)(x+y) for any two
. . HS.MP.8Look for and numbersx andy.
relationshipsFor example, the express reqularity in
polynomial identity regeated rgasoni);\g Derive the identity X ¢ y)* =X° ¢ 2xy + Y from (x +y)> =x° + 2y +y’ by
OC+)? = 6Cc yP)> + (Xy)*can be ' replacingy by cy.
;issgsto generate Pythagorean Use an identity to explain the pattern
fcf:3
Fc¢2’=5
HcF=7
5°¢4°=9
[Answer: i + 1f - n?= 2 + 1 for any whole number.]
HS.AAPR.5Know and apply + + HS.MP.2Reason abstractly| Examples:
the Binomial Theorem for and quantitatively. T 'as t+kaodlfQa ¢NXIwaf(Xx-192 SELI YR
expansion ofX+y)" in powers HS.MP.3Construct viable . ) ) ) 2 18
of xandy for a positive integer arguments and critique the T Find the middle term in the expansion (t* +2)™.
n, wherexandy are any reasoning of others. :
numbers, with coefficients HS.MP.6Attend to 1 1
determined for example by precision. 1 2 1 (3+1) = 3 +3x+3n+1
tFallfQa ¢NRLFY HS.MP.7Look for and 1 3 3 1 =
Theorem can be proved by make use of structure. 1 4 G 4 1
mathematical induction or by a 1) 1) 1) 1) 1)
combinatorial argumen) 4G nel 4G 4G G
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Algebra: Arithmetic with Polynomials and Rational Expressions (A
Rewrite rational expressions

-APR)

Standads TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AAPR.6Rewrite simple All M Il | HS.MP.2Reason abstractly| Thepolynomialq(x) is called the quotient and the polynomi#¥) is called the
rational expressions in different and quantitatively. remainder. Expressing a rational expression in this form allows one to see different
forms; writea(X)/ b(x) in the HS.MP.7Look for and properties of the graph, such as horizontal asymptotes.
form q(x) +1(/b(x), wherea(x), make use of structure. Examples:
b(x), g(x), andr(x) are R
polynomials withthe degree of 1 Find the quotient and remafer for the rational expression—z—— and use
r(x) less than the degree (), them to write the expression in a different form.
using inspection, long division, -
or, for the more complicated 1 Expressix) = : in a form that reveals the horizontal asymptote of its
examples, a computer algebra graph.
system. foy= B+ Ax-D+3 5, 3
[Answer: x-1 x-1 “ x-T, so the horizontal asymptote ys= 2.]

HSA-APR.7Understand that + + HS.MP.7Look for and Examples:

i i k f . . .
rational expressions form a make use of structure 1 Use the formula for the sum of two fractions to explain why the sum of two
system analogous to the : i ) . :

. HS.MP.8Look for and rational expressions is another rational expression.
rational numbers, closed under L

" ) express regularity in . ..

addition, subtraction, repeated reasonin Express=— — — in the forma(x)/b(x), wherea(x) andb(x) are

Itiplication, and division by a| P g pAL ot
mu L ) polynomials.
nonzero rational expression;
add, subtract, multiply, and
divide rational expressions.
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Algebra: Creating Equations T (A-CED)
Create equations that describe numbers or relationships

Standards TRAD | INT Mathematical Practices | Explanatims and Examples

Students are expected to:

HS.ACED.1Create equations Al M1 HS.MP.2Reason abstractly| Equations can represent real world and mathematical problems. Include equations

and inequalities in one variable| Al M I and quantitatively. inequalities that arise when comparing the value$ved different functions, such as on

and use them to solve ] M Il | HS.MP.4Model with describing linear growth and one describing exponential growth.

problems.Include equations ] mathematics. Examples:

arising from linear and HS.MP.5Use appropriate 1 Given that the following trapezoid has area 54°cret up an equation to find

guadratic functions, and simple tools strategically. the length of the base, and solve the equation.

rational and exponential 10 cm

functions.

1 Lava coming fnm the eruption of a volcano follows a parabolic path. The hei

hin feet of a piece of lavlseconds after it is egted from the volcano is given
byh(t) = —t* + 16t + 936. After how many seconds does the lava reach i
maximum height of 100 feet?

HS.ACED.2Create equations in Al M HS.MP.2Reason abstractly

two or more variables to ] M and quantitatively.

represent relationships betweet M HS.MP.4Model with

guantities; graph equations on
coordinate axes with labels ang

scales.

mathematics.
HS.MP.5Use appropriate

tools strategically.
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Algebra: Creating Equations T (A-CED)

Create equations that describe numbers or relationships

continued

Standards TRAD | INT Mathematical Practices | Explanations anéExamples

Students are expected to:

HS.ACED.3Represent Al M I HS.MP.2Reason abstractly] Example:

constraints by equations or [} 1 and quantitatively. 1 Aclubis selling hats and jackets as a fuisdfa Their budget is $1500 and they,
inequalities, and by systems of HS.MP.4Model with want to order at least 250 items. They must buy at least as many hats as the
equations and/or inequalities, mathematics. buy jackets. Each hat costs $5 and each jacket costs $8.

and interpret solutions as viableg HS.MP.5Use appropriate o0 Write a system of inequalities to represent the situation.

or nonviable options in a tools strategically. 0 Graph the inequalities.

modeling contextFor example o If the club buys 150 hats and 100 jackets, will the conditions be satisfied
represent inequalities describin 0 What is the maximum number of jackets they can buy and still meet the
nutritional and cost constraints conditions?

on combinations of different

foods.

HS.ACED.4Rearrange formulag Al M HS.MP.2Reason abstractly| Examples:

to highlight a quantity of T Ml and quantitatively. 1 The Pythagorean Theorem expresses the relation between the legs a and b

interest, using the same
reasoning asi solving
equations.For example,

NB I NNJ y 3 SV HIRtE Q
highlight resistance R

HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools strategically.
HS.MP.7Look for and
make use of structure.

right triangle and its hypotenuse ¢ with the equatiah+ b”=c’.

(0]
0

(o]

1 Motion can be described by the formula below, whéretime elapsedy=initial
velocity,a = acceleration, and = distance traveled
s=ut+vat®

(0]
(0]

Why might the theorem need to be solved for ¢?
Solve the equation for ¢ and it& a problem situation where this form of
the equation might be useful.

4
SolveV = Pl r? for radiusr.

Why might the equation need to be rewritten in termsast
Rewrite the equation in terms @&

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&

| 2 Y'Y % WMatherahids

{ G| wsRBohidRApproved June 2010  September2012 Publicaon 29 of 138



o
i ‘i ARIZONA’S

COMMON CORE STANDARDS

Arizonr Qa

| 2YYZ2Yy

| AaBemftitst HigR ISMHBOR

Algebra: Reasoning with Equations and Inequalities

1 (A-REI

Understand solving equations as a process of reasoning and explain the reasoning

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AREI.1Explain each step inj Al M Il HS.MP.2Reason abstractly| Properties of operations can be used to change expressions on either side of the eq
solving a simple equation as All M IlIl | and quantitatively. to equivalent expressions. In addition, adding the same term to both sides of an equ
following from the equality of HS.MP.3Construct viable | or multiplying both sides by a nezero contant produces an equation with the same
numbers asserted at the arguments and critique the| solutions. Other operations, such as squaring both sides, may produce equations tha
previous step, starting from the reasoning of others. have extraneous solutions.
assumptiorthat the original HS.MP.7Lookfor and Examples:
equation has a solution. make use of structure. 1 Explain why the equatior'’2 + 7/3 = 5 has the same solutions as the equation
Construct a viable argument to + 14 = 30. Des this mean thax/2 + 7/3 is equal to 8+ 147
justify a solution method. f Show thatx= 2 andx =-3 are solutions to the equation® + x = 6. Write the
equation in a form that shows these are the only solutions, explaining each s
in your reasoning.
HS.AREI.2Solve simple All M 11l HS.MP.2Reason abstractly| Examples:
rational and radical equations ir and quantitatively.
one variable, and give example| . T vx+2=5
. HS.MP.3Construct viable

showing how extraneous arguments and critique the ! 5T E
solutions may arise. gume q T —v2x-5=21

reasoning of others. 8

HSMP.7.Lookfor and g -,

make use of structure. ¥+3

T V3x-7=-4

Arizona Department of EducatianHigh Academic Standards for Students! NA T 2 y I Q&

| 2 Y'Y % WMatherBaids

{tslelByarilApaFo¥ed June 2010January 201®ublicaton 30 0f 138



o
i ‘i ARIZONA’S

COMMON CORE STANDARDS

I NAT 2y Qa

[ 2 Y Y Watheaidsc Higli Schyod | NR

Algebra: Reasoning with Equations and Inequalities

1 (A-REI

Solve equations and inequalities in one variable

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Studentsare expected to:
HS.AREI.3Solve linear Al M I HS.MP.2Reason abstractly| Examples:
equations and inequalities in and quantitatvely. 7
one variable, including HS.MP.7Look for and T - § y 8 Hi
equations with coefficients make use of structure.
represented by letters. HS.MP.8Look for and T 3x>9
express regularity in T ax+7=12
repeated reasoning. g 3tx_x-9
7 4
1 Solve forx: 2/3x+9 <18

HS.AREI.4Solve quadratic Al M Il HS.MP.2Reason abstractly| Students should solve by factoring, completing the squard,wsing the quadratic
equations in one variable. All and quantitatively. formula. The zero product property is used to explain why the factors are set equal
a.Use the method of Al M I HS.MP.7Look for and zero. Students should relate the value of the discriminant to the type of root to exp

completing the square to make use of structure. A natural extension would be to relate the type of saba toax’ +bx+c = 0 to the

transform any quadratic HS.MP.8Look for and behavior of the graph of

eqguation inxinto an equation express regularity in y = ax +bx+c.

of the form(x ¢ p)2 =qthat repeated reasoning. Value of Discriminant Nature of Roots | Nature of Graph

has the same solutions. b°c 4ac=0 1 real roots intersectsx-axis once

Derive the quadratic formula b” ¢ 4ac> 0 2 real roots intersectsx-axis twice

from this form. b°cdac< 0 2 compex roots | does not interseck-axis
b.Solve quadratic equations by | Al M Il ,

inspection (e.g., fox® = 49), Al Are the roots of 2%+ 5 = 2x real or complex? How many roots does it have? F

taking square roots,
completing the square, the
guadratic formula and
factoring, as appropriate to
the initial form of the
equation. Recognize when th
guadratic formula gives
complex solubns and write
them asa + bi for real

numbersa andb.

all solutions of the equation.

1  What is the nature of the roots of ¥ 6x + 10 = 0? Solve the equation using
the quadratic formula and contgting the square. How are the two methods
related?
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Algebra: Reasoning with Equations and Inequalities T (A-REI)
Solve systems of equations

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AREI.5Prove that, given a Al M I HS.MP.2Reason abstractly| Example:

system of two equations in two and quantitatively.
variables, replacing one
equation by the sum of that
equation and a multipl®f the
other produces a system with
the same solutions

Given that the sum of two numbers is 10 and their difference is 4, what are the
HSMP.3.Construct viable | numbers? Explain how your answer can be deduced from the fact that they two
arguments and critique the| numbers x andy, sdisfy the equationsx+y =10 andkx ¢y = 4.

reasoning of others.
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Algebra: Reasoning with Equations and Inequalities T (A-REI)
Solve systems of equations continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AREI.6 Solve systems of Al M HS.MP.2Reason abstractly| The system solution methods can include but are not limited to graphical
linear equations exactly and All and quantitatively. elimination/linear combination, substitution, and modeling. Systems can be written
approximately (e.g., with . algebraically or can be represented in context. Students may use graphing calculat

. . HS.MP.4Model with . . : .
graphs), focusing on pairs of mathematics programs, or applets to model and find approximate solutions for systems of eqgsati
linear equations in two ' Examples:
variables. HSMP.5.Use appropriate '

tools strategically. 1 José had 4 times as many trading cards as Philifter José gave aw&0

ConnectionETHSS6C03
HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

HS.MP.8Look for and
express regularity in
repeated reasoning.

= =4 =4 =4 -4

cards to his little brother and Phillipe gave 5 cards to his friend for this birth
they each had an equal amount of cards. Write a system to describe the
situaion and solve the system.

Befare; ?

Jose _
Phillipe |:|

After:
Jose @ :

- I . -
Phillipe D‘—r 50
3

Solve the system of equationsx+y =11 and 8¢y = 5.
Use a second method to check your answer.

Solve the system of equations:

XGQ2y +3z=5x+X=11,y¢6z=9.

The opera theater contains 1,200 seats, with three different prices. The seg
cost $45 dollars per seat, $50 per seat, and $60 per seat. The opera needs
gross $63,750 on seat sales. There are twice as many $60 seats as $45 se
How many seats in eadével need to be sold?
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Algebra: Reasoning with Equations and Inequalities

Solve systems of equations continued

1 (A-REI

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AREI.7Solve a simple All M I HS.MP.2Reason abstractly] Example:
tem isting of a linear n ntitativey. . . .
SYyStemm cosIsting ot a inea and quantitativey 1 Two friends are drivingotthe Grand Canyon in separate cars. Suzette has b
equation and a quadratic . : .
L . HS.MP.4Model with there before and knows the way but Andrea does not. During the trip Andre
equation in two variables . ) . .
. : mathematics. gets ahead of Suzette and pulls over to wait for her. Suzette is traveling at {
algebraically and graphicalliyor . :
. . . constant rate of 65 miles per hour. Andrea s&gette drive past. To catch ug
example, find the points of HS.MP.5Use appropriate . )
intersection between the line tools strategically. Andrea accelerates at a constant rate. The dlstqnge n mj)e}b@t he[ car
travels as a function of time inhou®( a Ay OS { dzl SGU S Qd
y =¢3x and the circle’+ ¥ = 3. HS.MP.6Attend to = 3500°
recision. . . .
P Write and solve a system of equations to detersnimow long it takes for
HS.MP.7Look for and Andrea to catch up with Suzette.
make use of structure.
HS.MP.8Look for and
express regularity in
repeated reasoning.
HS.AREI.8Represent a system + + Example:
of linear equations as a single b+ 2c =4
matrix equation in a vector Ie_ *ec =
variable. 1 Write the systemja + b - ¢ = 0 as a matrix equation.
t2a +3c =11
Identify the coefficient matrix, the variable matrix, and the constant matrix.
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Algebra: Reasoning with Equations and Inequalities

Solve systems of equations continued

(A-REJ)

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AREI.9Find the inverse of g + + HS.MP.5Use appropriate

matrix if it existsand use it to
solve systems of linear
equations (using technology for
matrices of dimension 3 3 or
greater).

ConnectionETHSS6CA3

tools straegically.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

Students will perform multiplication, addition, subtraction, and scalar multiplication @
matrices. They will use the inverse of a matrix to solve a matrix equationelgsichay
use graphing calculators, programs, or applets to model and find solutions for syste
equations.

Example:
1 Solve the system of equations by converting to a matrix equation and using
inverse of the coefficient matrix.

ebx+2y =4
{3x+2y =0
Solution:

b 2
Matrix A = & 2
& 2l

by

Matrix X = &
ey
4
MatrixB:g)
(:al 1o
é5;, "~ Su
MatrixAlzéZ3 520
&2 2y
e 4 44
X=A'B
(‘gl 1o
&xg_€5, " LUdg é2g
TR S@U ¢ 3l
e 4
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Algebra: Reasoning with Equations and Inequal ities T (A-REI)
Represent and solve equations and inequalities graphically

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AREI.10Understand that Al M I HS.MP.2Reason abstractly| Example:
the.graph.of an equatpn In two and quantitatively. 1 Which of the following points is on the circle with equation
variables is the set @l its HS.MP.4Model with (x—1)2+(y+2)2=57
solutions plotted in the e x ' -
. . mathematics.
coordinate plane, often forming (@12 (22 ©@&) @@ 4
a curve (which could be a line).
HS.AREI.11Explain why the:- Al Ml HS.MP.2Reason abstractly| Students need to understand that numerical solutiontheals (data in a table used tg
coordinates of the points wherg A ll Ml | and quantitatively. approximate an algebraic function) and graphical solution methods may produce

the graphs of the equations

y =f(x) andy = g(X) intersect are
the solutions of the equation
f(x) =g(x); find the salitions
approximately, e.g., using
technology to graph the
functions, make tables of
values, or find successive
approximations. Include cases
wheref(x) and/org(x) are
linear, polynomial, rational,
absolute value, exponential, an
logarithmic functions.

Conection:ETHSS6C3

HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools strategically.
HS.MP.6Attend to
precision.

approximate solutions, and algebraic solution methods produce precise solutions
can be represented graphically or numerically. Students maygusphing calculators
or programs to generate tables of values, graph, or solve a variety of functions.
Example:
1 Given the following equations determine tlxevalue that results in an equal
output for both functions.
f(x)=3x- 2

g(x)=(x +3)*- 1
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Algebra: Reasoning with Equations and Inequalities
Represent and solve equations and inequalities graphically

T (A-REI)
continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AREI.12Graph the Al M I HS.MP. Model with Students may use graphing calculators, programs, or applets to model and find solutio

solutions to a liear inequality in
two variables as a hafflane
(excluding the boundary in the
case of a strict inequality), and
graph the solution set to a
system of linear inequalities in
two variables as the intersectio
of the corresponding half
planes.

mathematics.

HS.MP.5. Use appropriate
tools strategically.

inequalities or systems of inequalities.

Examples:

1 Graph the solutiony <2x+ 3.

1 A publshing company publishes a total of no more than 100 magazines every
'G f£Srad on 2F GKSasS INB g2YSyQa Yl
fSrad ra Ylrye 62YSyQa YI3AFLTAySa | a
inequalities that describesthel2 8 aA 6t S ydzYo SNJ 2F YSy
that the company can produce each year consistent with these policies. Graph
solution set.

1 Graph the system of linear inequalities below and determine if (3, 2) is a soluti

the system.

éx-3y >0
{x+y¢2
bx+3y >-3

Solution:

(3, 2) is not an element of the solution set (graphically or by substitution).

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&

| 2 Y'Y % WMatherahids

{ G| wsRkBohi#RApproved June 2010  September2012 Publicaon 37 of 138



if. I NAT 2y F Qa / 2 Y Y WMatherdaldc Highi Scyod I NR
ARIZONA'S

COMMON CORE STANDARDS

High School: Function Overview

Interpreting Functions (HF) Mathematical Practices (MP)

1 Understand the concept of a function and use function notation Make sense of problems and persevere in solving them.

1 Interpret functions that aris in applications in terms of the context Reason abstractly and guantitatively.

1 Analyze functions using different representations Construct viable arguents and critique the reasoning of others.

Building Functions (BF) Model with mathematics.

f Build a function that models a relationship between two quantities Use appropriate tools strategically.

¢ Build new functions from existing functions Attend to precision.

Linear, Quadratic, and Expential Models (FLE) Look for and make use of structure.

© N o o0 bk 0w NP

f Construct and compare linear, quadratic, and exponential models and s Look for and express regularity in repeated reasoning.

problems
1 Interpret expressions for functions in terms of the situation they model
Trigonometric Functions (FF)
1 Extend the domain of trigonometric functionsing the unit circle
1 Model periodic phenomena with trigonometric functions

1 Prove and apply trigonometric identities
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High School: Mathematics StandardsVlathematical Practiceg Explanations and Examples

Functions

Functions describe situations where one quantity determines another. For example, the return on $10,000 invested at dredrprrakntage rate of 4.25% is a function of the
length of time themoney is invested. Because we continually make theories about dependencies between quantities in nature and societys fuadtigortant tools in the
construction of mathematical models.

In school mathematics, functions usually have numerical inpotiscautputs and are often defined by an algebraic expression. For example, the time in hours it takes for a car to
RNAGS mnn YAfSAa Aa | Fdzy Od AvZhe ruRTv) FU1R0S exQrésdedthis réldtiidshiR algelyfaicklly dndues alfdSdNdn KiszNEme Ts

The set of inputs to a function is called its domain. We often infer the domain to be all inputs for which the expregsiog ddfinction has a value, or for which the function

makes sense in a given context.

AfunctionOl'y 6S RSAONAOGSR Ay @FNRAR2dza ¢l eaxr &4dz0K a o6& | JBRUKIGSEOGBEOPSS(KSdzi BR @S ¥%
algebraic expression likéx) =a +bx; or by a recursive rule. The graph dliaction is often a useful way of visualizing the relationship of the function models, and manipulating a
YEOGKSYFGAOFE SELINBaaiAzy F2NJ I FdzyOiAzy OFy (KNBg fAIKG 2y GKS FdzyOlA2yQa LINEI
Functions presented as expressions can model many important phena. Two important families of functions characterized by laws of growth are linear functions, which grow
at a constant rate, and exponential functions, which grow at a constant percent rate. Linear functions with a constarfitzerondescribe proporinal relationships.

A graphing utility or a computer algebra system can be used to experiment with properties of these functions and theiamplaphsuild computational models of functions,
including recursively defined functions.

Connections to Expressons, Equations, Modeling, and Coordinates

Determining an output value for a particular input involves evaluating an expression; finding inputs that yield a givémeotpes solving an equation. Questions about when
two functions have the same valdier the same input lead to equations, whose solutions can be visualized from the intersection of their graphs. Becauses flestribe
relationships between quantities, they are frequently used in modeling. Sometimes functions are defined by a rpcacsise, which can be displayed effectively using a
spreadsheet or other technology.
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Functions: Interpreting Functions
Understand the concept of a function and use of function notation

(F-IF)

Standards

Students are expected to:

TRAD

INT

Mathematical Pactices

Explanations and Examples

HS.HF.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. Iff is a function ancis
an element of is domain, then
f(x) denotes the output of
corresponding to the input.
The graph of is the graph of
the equationy =f(x).

Al

M I

HS.MP.2Reason abstractly
and quantitatively.

The domain of a function given by an algebraic expression, unless osieespgcified, is
the largest possible domain.

HS.HF.2.Use function
notations, evaluate functions
for inputs in their domains, and
interpret statements that use
function notation in terms of a
context.

Connection9-10.RST.4

Al

M I

HS.MP.2Reason absactly
and quantitatively.

The domain of a function given by an algebraic expression, unless otherwise specifie
the largest possible domain.

Examples:

f

f
f

If f(x) = x? +4x - 12, find f(2).
Let f(x) = 2(x +3)?. Findf(3), f(- %), f(a), andf(a- h)

If P¢) is the population of Tucsdryears after 2000, interpret the statements
P(0) = 487,000 and P(1B}9) = 5,900.

HS.HF.3.Recognize that
sequences are functics,
sometimes defined recursively,
whose domain is a subset of th
integers.For example, the
Fibonacci sequence is defined
recursively by f(0) = f(1) = 1,
f(n+l) =f(n)+ftmuov T2 NJ

Al
All

M I

HS.MP.8Look for and
express regularity in
repeatedreasoning.
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Functions: Interpreting Functions
Interpret functions that arise in applications in terms of context

(F-IF)

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.HF.4.For a function that Al M I HS.MP.2Reason abstractly| Students may be given graphs to interpret or produce graphs given an expression or|
modelsa relationship between All M I and quantitatively. for the function, by hand or using technology.

two quantities, interpret key ] M Il | HS.MP.4Model with Examples:

features of graphs and tables in T mathematics. 1 Arocket is launched from 180 feet above the ground at timed. The function

terms of the quantities, and
sketch graphs showing key
features given a verbal
description of the relationship
Key features include: interceptq
intervals where the fuction is
increasing, decreasing, positive
or negative; relative maximums
and minimums; symmetries; en
behavior; and periodicity.
ConnectionsETHSS6C2.039-
10.RST.,/A1-12.RST.7

HS.MP.5Use appropriate
tools strategically.
HS.MP.6Attend to
precision.

that models this situation is given = ¢ 16t> + 98 + 180, where is measured
in seconds and is height above the ground measured in feet.

0 What is a reasonable domaiergtriction fort in this context?

Determine the height of the rocket two seconds after it was launched.
Determine the maximum height obtained by the rocket.

Determine the time when the rocket is 100 feet above the ground.
Determine the time at which the aket hits the ground.

How would you refine your answer to the first question based on your
response to the second and fifth questions?

Compare the graphs gf= 3¢ andy = 3.

Let R(X) = 2

Jx- 2
asymptotes oR(X).
Let f(x) =5x3 - x? - 5x +1. Graph the function and identify end behavior an(
any intervals of constancy, increase, and decrease.

It started raining lightly at 5am, then the rainfall became heavier at 7am. By

10amthestormwd 2 @SNE gAGK + G20t NIAYT
rest of the day. Sketch a possible graph for the number of inches of rain as &
function of time, from midnight to midday.

O O O oo

. Find the domain dR(X). Also find the rangeeros, and
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Functions: Interpreting Functions (F-IF)
Interpret functions that arise in applications in terms of context continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.HF.5.Relate the domain of Al M I HSMP.2.Reason abstractly| Students may explain orally, or in written format, the existing relationships.
a function to its graph and, T M Il and quantitatively.

where applicable, to the ] HS.MP.4Model with

guantitative rehtionship it mathematics.

describesFor example, if the HS.MP.6Attend to

function h(n) gives the number precision.

of personhours it takes to
assemble n engines in a factory
then the positive integers would
be an appropriate domain for
the function.
Connection9-10.WHST. 2f
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Functions: Interpreting Functions

(F-IF)
Interpret functions that arise in applications in terms of context

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.HF.6.Calculate and Al M I HS.MP.2Reason abstractly| The average rate of change of a functioaf(x) over an interval [a,b] is

interpret the average rate of All M I and quantitatively. iy FlE-fla) . In addition to finding average rates of change fron
change of a function (presenteq | Ml | HS.MP.4Model with ar . p-g

symbolically or as table) over a
specified interval. Estimate the
rate of change from a graph.
ConnectionsETHSS1C01,;
9-10.RST.3

mathematics.
HS.MP.5Use appropriate
tools srategically.

functions given symbolically, graphically, or in a table, Students may cdéltecfrom
experiments or simulations (ex. falling ball, velocity of a car, etc.) and find average raf
change for the function modeling the situation.
Examples:
1 Use the following table to find the average rate of changg ofer the intervals-
2,-1] and [0,2]:

X 1 9()
2 |2
1 |1
0 |4
2 |10

1 The table below shows the elapsed time when two different cars pass a 10, 2

40 and 50 meter mark on a test track.

o Forcar 1, what is the average velocity (change in distance divided by chg
in time) between the 0 and 10 meter mark? Between the 0 and 50 meter
mark? Between the 20 and 30 meter mark? Analyze the data to describe
motion of car 1.

0 How does the velocity of car 1 compare to that of car 2?

Carl Car 2
d t t
10 | 4.472 1.742
20 | 6.325 | 2.89
30 | 7.746 | 3.831
40 | 8.944 | 4.633
50 |10 5.348
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Functions: Interpreting Functions
Analyze functions using different representation

(F-IF)

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.AF.7.Gragh functions Al M I HS.MP.5Use appropriate | Keycharacteristics include but are not limited to maxima, minima, intercepts, symmetr
expressed symbolically and All M Il | tools strategically. end behavior, and asymptotes. Students may use graphing calculators or programs,
show key features of the graph + M Il | HS.MP.6Attend to spreadsheets, or computer algebra systems to graph functions.
by hand in simple cases and T + precision. Examples:
using technology for more T 91 Describe key chacteristics of the graph of
complicated cases. fx)= x¢o 5.b
a.Graph linear and quadratic Al Ml 1 Sketch the graph and identify the key characteristics of the function described
functionsand show T Ml below.
intercepts, maxima, and i ex+2forx 20
minima. FO)=i ,
ConnectionsETHSS6C103; i-xforx <I
ETHSS6C23 164
b.Graph square root, cube root] Al M "
and piecewisedefined T T .
functions, including step
functions and absolute value X
functions. ‘
ConnectionsETHSS6C103; C 4 . ! 1 T
ETHSS6C23 2
c. Graph polynomial functions, 4

identifying zeros when
suitable factorizations are
available, and showing end
behavior.

ConnectionsETHSS6C103;
ETHSS6C23

Continued on next page

1 Graph the functiorf(x) = 2 by creating a table of values. ldentify the key

characteistics of the graph.

Graphf(x) = 2 tanx ¢ 1. Describe its domain, range, intercepts, and asymptotes

9 Draw the graph of(x) = sinkandf(x) = cosx. What are the similarities and
differences between the two graphs?

==
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Functions: Interpreting Functions
Analyze functions using different representation  continued

(F-IF)

Standards

Students are expected to:

TRAD

INT

Mathematical Practices

Explanations and Examples

HS.HF.7.continued

d.Graph rational functions,
identifying zeros and
asymptotes when suitable
fadorizations are available,
and showing end behavior.

ConnectionsETHSS6C103;

ETHSS6C203

+

+

e.Graph exponential and
logarithmic functions,
showing intercepts and end
behavior, and trigonometric
functions, showing period,
midline, and amplitude.
GonnectionsETHSS6C103;
ETHSS6C23

M1
Ml
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Functions: Interpreting Functions
Analyze functions using different representation  continued

(F-IF)

Standards

Students are expected to:

TRAD

INT

Mathematical Practices

Explanations and Exangd

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

Connection11-12.RST.7

Al
All

M I

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

Connection11-12.RST.7

Al

M1

b.Use the propdies of
exponents to interpret
expressions for exponential
functions.For example,

=(1.02)y=(0.97)y =

(1.01)*, y = (1.2°, and
classify them as representing
exponential growth or decay.

Connection11-12.RST.7

All

M1l

HS.MP.2Reason abstractly
and quantitatively.

HS.MP.7Look for aml
make use of structure.
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Functions: Interpreting Functions
Analyze functions using different representation

(F-IF)
continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.HF.9.Compare poperties Al M I HS.MP.6Attend to Example:

of two functions each All M Il precision. 1 Examine the functions below. Which function has the larger maximum? How d
represented in a different way M Il | HS.MP.7Look for and you krow?

(algebraically, graphically,
numerically in tables, or by
verbal descriptions)-or
example, given a graph of one
guadratic function and an
algebraic expression for
another, say which has the
larger maximum.
ConnectionsETHSS6C103;
ETHSS6C23;9-10.RST.7

make use of structure.

f(x) =-2x2 - 8x +20

20
15

16

1]

=10

=15

=20
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Functions: Building Functions (F-BF)
Build a function that models a relationship between two guantities

types using arithmetic
operations.For example,
build a function that models
the temperature of a cooling
body by adding a constant
function to a decaying
exponential, and relate these
functions to the model.
ConnectionsETHSS6C103;
ETHSS6C3

Continued on next page

—_Z

Standards TRAD | INT Mathematical Practices | Exganations and Examples
Students are expected to:
HS.FBF.1.Write a function that Al M1 HS.MP.1Make sense of Students wilanalyze a given problem to determine the function expressed by identifyi
describes a relationship All M Il | problems and perseverein| LI G G SNy a Ay GKS FdzyOiAz2yQa NIGS 2F OKI
between two quantities. + + solving them. O2yailtlydes IyRI AFT Ll2aairofSz NBftIFIGIS (K
ConnectionsETHSS6C103; ] T HS.MP.2Reason abs#ctly | graphically. Students may use graphing calculators or programs, spreadsheets, or
ETHSS6C23 and quantitatively. computer algebra systems to model functions.
a.Determinean explicit Al M I HS.MP.4Model with Examples:
expression, a recursive All Ml mathematics. 1 You buy a $10,000 car with an annual interest rate of 6 percent compounded
process, or steps for 1 1 HS.MP.5Use appropriate annually and make monthly payments of $250. fegp the amount remaining to
calculation from a context. tools strategically. be paid off as a function of the number of months, using a recursion equation
ConnectionsETHSS6C103; HS.MP.6Attend to 1 A cup of coffee is initially at a temperature of 93° F. The difference between it
ETHS6CA3; 9-10.RST.7 precision. temperature and the room temperature of 68° F decreases by 9h ezinute.
11-12.RST.7 HS.MP.7Look for and Write a function describing the temperature of the coffee as a function of time|
b.Combine standard function make use of structure. f The radius of a circular oil slick afterours is given in feet k= 10t — 0.5¢,

HS.MP.8Look for and
express regularity in
repeated reasoning.

F2NIMgo wi§® CAYR GKS I NBF 2F (GKS 2Af
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Functions: Building Functions (F-BF)

Build a function that models a relationship between two guantities

continued

Standards

Students are expected to:

TRAD

INT

Mathematical Practices

Explanations and Examples

HS.FBF.1.continued

c. Compose functiong-or
example, if T(yis the
temperature in the
atmosphere as a function of
height, and h(t) is the height
of a weather balloon as a
function of time, then T(h(t))
is the temperature at the
location of the weather
balloon as a function of time.

ConnectionsETHSS6C103;

ETHSS6C3

+

+

HS.FBF.2 Write arithmetic and
geometric sequences both
recursively and with an explicit
formula, use them to model
situations, and translate
between the two forms.

HS.MP.4Model with
mathematics.
HS.MP.5Use appropriag
tools strategically.
HS.MP.8Look for and
express regularity in
repeated reasoning.

An explicit rule for theith term of a sequence givesl & 'y SELINBAAA 2y
positionn; a recursive rule gives the first term of a sequence, and a recuggivation
relatesa,to the preceding term(s). Both methods of presenting a sequence desgyide
a function ofn.

Examples:

f
f

il

Generate the 8-11" terms of a sequence &= 2 andA,,; = (A,)* - 1

Use the formulaA,=A; +d(n - 1) where d is the ammon difference to generate g
sequence whose first three terms ar&, -4, and-1.

There are 2,500 fish in a pond. Each year the population decreases by 25 pe
but 1,000 fish are added to the pond at the end of the year. Find the populati
in five years. Also, find the lonterm population.

Given the formula,= 1 - 1, find the 17 term of the sequence. What is thd'o
GSNY Ay (GKS aSljdsSSyO0S o pxX 17X ¢z X
Givena; = 4 anda,=a,.1 + 3, write the explicit formula.
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Functions: Building Functions (F-BF)

Build new functions from existing functions

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.FBF.3.Identify the effect on Al M Il HS.MP.4Model with Students will apply transformations to functismnd recognize functions as even and odd
the graph of replacinf(x) by All M Il | mathematics. Students may use graphing calculators or programs, spreadsheets, or computer algeb

f(x) +k, k f(x), f(kx), andf(x +K)
for spedfic values ok (both
positive and negative); find the
value ofk given the graphs.
Experiment with cases and
illustrate an explanation of the
effects on the graph using
technology Include recognizing
even and odd functions from
their graphs and algebrai
expressions for them.
ConnectionsETHSS6C3;
11-12.WHST.2e

HS.MP.5Use appropriate
tools strategically.
HS.MP.7Look for and
make use of structure.

systems to graph functions.
Examples:
1 Isf(x) = X -3 + 2x + 1 even, odd, or neither? Explain your answer orally or in
written format.
1 Compare the shape and position of the graphsfgfx) = x*and g(x) = 2x?, and
explain the differences in terms of the algebraic expressions for the functions

9 Describe effect cl)? varyingsthe parametexrsh,andk have onthe shape and
position of the graph of f(x) = afy® + k.

1 Compare the shape and position of the graphg f) = e* to g(X) =€“°+5,
and explain the differences, orally or in written format, in terms of the algebraig
expressions fothe functiops

12|
10
8
6 e<s+5
4 ex
2
—— .
-2 2 4 6 8

Continued on next page
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Functions: Building Functions (F-BF)

Build new functions from existing functions  continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.FBF.3 continued 1 Describe the effect of varying the parametersh,andk on the shape and position
of the graph f§) = al* "+ k., orally or in written format. What effect do values
between 0 and 1 have? What effect do negative values have?

1 Compare the shape and pdsit of the graphs oy = sinxto y = 2 sinx.
y = 2 sin x 24
Yy = sin X A
-6 -4 W2 2 V
-2+

HS.FBF.4Find inverse All Ml HS.MP.2Reason abstractly| Students may use graphing calculators or programs, spreadsheets, or computer algeb

functions. + + and quantitatively. systems to model functions.

ConnectlonETH$6CZ)3 HS.MP.4Model with Examples:

a.Solve an equation of the forn] Al M Il mathematics

f(x) =cfor a simple functiorf ' 1 For the functiorh(x) = k¢ 2)3, defined on the domain of all real numbers, find thg
that has an inverse and write HS.MP.5Use appropriate inverseF dzy O A2y AT AG SEA&GA 2N SELX I Ay
i [ tools strategically. ) )
an expression forihe nverse g y 1 Graph hx) and hl(x) and explain how they relate to each other graphically.
For example, f(x) =2 or f(x) HS.MPZ. Look for and
= (x_+1)/(xuv| 0 T 2 NJ E make use of structure. 1 Find a domain for_fq) =3¢+ 12(_— 8 on whic.h it has an inverse. Explain why it is
b.Verify by composition that + + necessary to restrict the domain of ttienction.
one function is the imerse of
another.
c. Read values of an inverse + +
function from a graph or a
table, given that the function
has an inverse.
d.Produce an invertible functior + +
from a noninvertible function
by restricting the domain.
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Functions: Building Functio ns (F-BF)
Build new functions from existing functions  continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.FBF.5.Understand the + + HS.MP.2Reason abstractly| Students may use graphing calculatorpozgrams, spreadsheets, or computer algebra
inverse relationship between and quantitatively. systems to solve problems involving logarithms and exponents.

exponents and logarithms and
use this redtionship to solve

problems involving logarithms
and exponents. HS.MP.7Look for and

ConnectionETHSS6CD3 make use of structure.

HS.MP.6Attend to Example:
recision.
P f Find the inverse df(x) = 3(103".
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Functions: Linear, Quadratic, and Exponential Models | (F-LE)

Construct and compare linear, quadratic , and exponential models and solve problems

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.FLE.1Distinguish Al M HS.MP.3Construct viable | Students may use graphing calculators or programs, spreadsheets, or computaaalgeb
between situations that can be [} [} arguments and critique systems to model and compare linear and exponential functions.
modeled with linear functions the reasoning of others. Examples:
and with exponential HS.MP.4Model with 1 A cell phone company has three plans. Graph the equation for each plan, and anal
functions. mathematics. the change as the number of minutes used increases. When is it beneficial to enrol
ConnectionsETHSS6C3; HS.MP.5Use appropriate Plan 1? Rn 27 Plan 37
SSHS5CH3 tools strategically. 1. $59.95/month for 700 minutes and $0.25 for each additional minute,
HS.MP.7Look for and 2. $39.95/month for 400 minutes and $0.15 for each additional minute, and
a Prove that linear functions Al M make use of structure. 3. $89.95/month for 1,400 minutes and $0.05 for_each additional minute.
grow by equal differences i i HS.MP.8Look for and T A comput(_ar store sglls gbout 2@@mputers at the price of $1,000 per computer. For
lintervals. and express regularity in each $50 increase in price, about ten_fewer compute_rs are so!d. Ho_vv much should
over equa ) e : computer store charge per computer in order to maximize their profit?
that exponential functions repeated reasoning. Students can investigate functions and graphs miodedlifferent situations involving simple
grow by equal factors over and compound interest. Students can compare interest rates with different periods of
equal intervals. compounding (monthly, daily) and compare them with the corresponding annual percentagg
Connection11-12.WHST.1a rate. Spreadsheets and applets can be useexplore and model different interest rates and
le loan terms.
Students can use graphing calculators or programs, spreadsheets, or computer algebra syg

b.Recognize situations in
which ore quantity changes
at a constant rate per unit
interval relative to another.

Connection11-12.RST.4

- 3>
_>§

to construct linear and exponential functions.

1 A couple wants to buy a house in five years. Theylrieesave a down payment of
$8,000. They deposit $1,000 in a bank account earning 3.25% interest, compoundg
quarterly. How much will they need to save each month in order to meet their goal?

1  Sketch and analyze the graphs of the following two situatiorfsathformation can
you conclude about the types of growth each type of interest has?

0 Lee borrows $9,000 from his mother to buy a car. His mom charges him 5%
interest a year, but she does not compound the interest.

0 Lee borrows $9,000 from a bank to buyaa.cThe bank charges 5% interest
compounded annually.

9 Calculate the future value of a given amount of money, with and without technology

i Calculate the present value of a certain amount of money for a given length of time
the future, with and withouttechnology.
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Functions: Linear, Quadratic, and Exponential Models |
Construct and compare linear, quadratic, and exponential models and solve problems

r S

(F-LE)

continued

and tables that a quantity
increasing exponentially
eventually exceeds a quantity
increasing linearly,
guadratically, or (more
generally) as a polynomial
function.

-3

and quantitatively.

Standards TRAD | INT Mathematical Practices | Explanations an&xamples
Students are expected to:
c. Recognize situations in which Al M I
a quantity grows or decays by 1 1
a constant percent rate per
unit interval relative to
another.
ConnectionsETHSS6C103;
ETHSS6CA3; 11-12.RST .4
HS.FLE.2 Construct linear and Al M HS.MP.4Model with Students may use graphing calculators or programs, spreadsheets, or computer algebr
exponential functionsincluding All ] mathematics. systems to construct linear and exponential functions.
arithmetic and geometric T HS.MP.8Look for and Examples:
sequences, given a graph, a express regularity in f Determine an exponentldunction of the formf(x) = al' using data points from the
description of a relationship, or repeated reasoning. table. Graph the function and identify the key characteristics of the graph.
two input-output pairs (include X f(x)
reading these from a table). 0 1
ConnectionsETHSS6C103; 1 3
ETHSS6C3; 11-12.RST A 3 27
SSHE5CH3 T {FN}Qa &GFNIAYy3 &LtFINE A& PoHZpPAN®
sequence in gXicit form to describe the situation.
HS.FLE.3.Observe using graphg HS.MP.2Reason abstractly| Example:

1 Contrast the growth of théx)=¢ andf(x)=3.
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Functions: Linear, Quadratic, and Exponential Models | (F-LE)
Construct and compatre linear, quadratic, and exponential models and solve problems  continued

Sandards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.FLE.4 For exponential All M Il | HS.MP.7Look for and Students may use graphing calculators or programs, spreadsheets, or computer algeb
models, express as a logarithm 1 T make use of structure. systems to analyze exponential nedd and evaluate logarithms.
the solution toab™ =d wherea, Example:
¢, andd are numbers and the 1 Solve 20&°°* = 450 fort.
basebis 2, 10, oe; evaluate Solution:We first isolate the exponential part by dividing both sides of the equation by 2
the logaithm using technology. =225
ConnectionsETHSS6C103; Now we take the natural logarithm of both sides.
ETHSS6C23; 11-12.RST.3 Ine®**=In2.25
The left land side simplifies to 0.@4by logarithmic identity 1.
0.04& =In2.25
Lastly, divide both sides by 0.04

t=In(2.25)/0.04

t o 20.3
Functions: Linear, Quadratic, and Exponential Models 1 (F-LE)
Interpret expressions for funct ions in terms of the situation they model
Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.FLE.SInterpret the Al M I HS.MP.2Reason abstractly| Students may use graphing calculators or programs, spreadsheets, or computer algeb
parameters in a linear or All T and quantitatively. systems to model and interpt parameters in linear, quadratic or exponential functions.
exponential function in terms off T HS.MP.4Model with Example:
a context. mathematics. A function of the fornf(n) =P(1 +r)"is used to model the amount of money in a savings
ConnectionsETHSS6C103; account that earns 5% interest, compounded annually, wimegethe number of years sinc
ETHSS6C3,SSHS5CH3; the initial deposit. What is the value o? What is the meaning of the constaRin terms of
11-12. WHST.2e the savings account? Explain either orally or in written format.
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Functions: Trigonometric Functions
Extend the domain of trigopnometric functions using the  unit circle

=

I (F-TF)

Standards

Students are expected to:

TRAD

INT

Mathematical Practices | Explanations and Examples

HS.FTF.1.Understand radian
measure of an angle as the
length of the arc on the unit

circle subtended by the angle.

All

M Il

HS.FTF.2.Explan how the unit
circle in the coordinate plane
enables the extension of
trigonometric functions to all
real numbers, interpreted as
radian measures of angles
traversed counterclockwise
around the unit circle.

ConnectionsETHSS1CA01;

11-12. WHST.2M 1-12 WHST.2e

All

M Il

HS.MP.2Reason abstractly| Students may use applets and animations to explore the unit circle and trigonometric
and quantitatively. functions. Students may explain (orally or in written format) their understanding.
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Functions: Trigonom etric Functions ) (F-TF)

Extend the domain of trigopnometric functions using the unit circle

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.FTF.3.Use special triangles + + HS.MP.2Reason abstractly] Examples:

to determine geometricayl the and quantitatively.

values of sine, cosin tangent HS.MP 6Attend to f Evaluate all six trigonometric functions‘of % :

T2N ~ KoXZ ~ Kn
the unit circle to express the
values of sine, cosine, and
0F y3aSyxd xEd Ny
terms of their values fox,
wherexis any real number.

Connection11-12.WHST.2b

precision.

HS.MP.7Look for and
make use of structure.

Evaluate all six trigonometric functions bf= 225.
Find the value of x in the@n triangle whereAD A DC andAC ~ DB

mi A=60,ml C=30 . Explain your process for solving the proble
including the use of trigonometric ratios as appropriate.

D

X

AsB o

Find the measure of the missing segment in the giviamgle whereAD ~ DC,
AC ~ DB, ml A=60,ml C=30, AC =12 AB =3 Explain (orally or

in written format) your process for solving the problem including use of
trigonometric ratios as appropriate.

D

C

605,
30°

A B C
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Functions : Trigonometric Functions | (F-TF)
Extend the domain of trigopnometric functions using the unit circle continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.FTF.4.Use the units circle tg + + HS.MP.3Construct viable | Students may use appletsxd animations to explore the unit circle and trigonometric
explain symmey (odd and arguments and critique the| functions. Students may explain (orally or written format) their understanding of symmet
even) and periodicity of reasoning of others. and periodicity of trigonometric functions.

trigonometric functions. HS.MP.5Use appropriate

Connections:ETHSS1C1; tools strategically.
11-12.WHST.2c

~

Functions: Trigonometric Functions 1 (F-TF)

Model period ic phenomena with trigopnometric functions

Standards Label | Mathematical Practices | Explanations and Examples

Students are expected to:

HS.FTF.5.Choose trigonometric Al M Il | HS.MP.4Model with Students may use graphing calculators or programs, spreadsheets, or computer algebr
functions to model periodic < < mathematics. systemdo model trigopnometric functions and periodic phenomena.

phenpmena with specified HS.MP.5Use appropriate | Example:
amplitude, frequency, and .
tools strategically.

midline. f The temperature of a chemical reaction oscillates between a lo@G3fC and a

ConnectionETHSS1CD1 HS.MP.7Look for and high of 120%C. The temperature is at its lowest point when 0 and com[etes one
make use of structure. cycle over a six hour period.

a. Sketch the temperaturel, against the elapsed timg, over a 12 hour period.
b. Find the period, amplitude, and the midline of the graph you drew in part a)
c. Write a function to represent the relationship between tiraed temperature.
d. What will the temperature of the reaction be 14 hours after it began?

€. Atwhat point during a 24 hour day will the reaction have a temperature of
602C?
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Functions: Trigonometric Functions

Model periodic phenom ena with trigopnometric functions

=

I (F-TF)

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.FTF.6.Understand that + + Students may use graphing calculators or programs, spreadsheets, or computer algebr
restricting a trigonometric systems to model trigonometric functions.
function to a domain on which i .
) . . Examples:
is always increasing or alway
decreasing allows its inverse to 1 Identify a domaindr the sine function that would permit an inverse function to bg
be constructed. constructed.
Connections:ETHSS1C01; f Describe the behavior of the graph of the sine function over this interval.
11-12.WHST.2e . . . .
1 Explain (orally or in written format) why the domain cannot be expanded any
further.
HS.FTF.7.Use nverse functions + + HS.MP.2Reason abstractly| Students may use graphing calculators or programs, spreadsheets, or computer algebr

to solve trigonometric
equations that arise in modeling
contexts evaluate the solutions
using technology, and interpret
them in terms of the context.

Connections:ETHSS1C1;
11-12.WHST.1a

and quanitatively.

HS.MP.5Use appropriate
tools strategically.

systems to model trigopnometric functions and solve trigonometric equations.

Example:

il

Two physics students set up @xperiment with a spring. In their experiment, a
weighted ball attached to the bottom of the spring was pulled downward 6 inche
from the rest position. It rose to 6 inches above the rest position and returned t
inches below the rest position onceey 6 seconds. The equation

h=- GCosg%tg accurately models the height above and below the rest positio
Q -

every 6 seconds. Students may explain, orally or in written format, when the

weighted ball first will be at a height of 3 inches, 4 inclaesl 5 inches above rest

position.
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Functions: Trigonometric Functions
Prove and apply trigopnometric identities

=

I (F-TF)

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:

HS.FTF.8.Prove the All M Il | HS.MP.3Construct viable
Pythagorean idetity sinz(‘ )+ arguments and critique the
co€(*) = 1 and use ib find reasoning of others.

sin(* ), cos(), or tan() given

sin(* ), cos(), or tan() and the

guadrant of the angle.

Connection11-12.WHST.14e

HS.FTF.9.Prove the addition + + HS.MP.3Construct viable
and subtraction formulas for arguments and critique the
sine, cosine, and tangent and reasoning of others.

use them to solve problems.

Connection11-12.WHST.1de
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High School: Mathematics Standds ¢ Mathematical Practiceg Explanations and Examples
Modeling

Modeling links classroom mathematics and statistics to everyday life, work, amlatanaking. Modeling is the process of choosing and using appropriate mathematics and
statistics to analye empirical situations, to understand them better, and to improve decisions. Quantities and their relationships in pro@icahic, public policy, social, and
everyday situations can be modeled using mathematical and statistical methods. When makiegnaiécal models, technology is valuable for varying assumptioqéoing
consequences, and comparing preiins with data.

A model can be very simple, such as writing total cost as a product of unit price and number bought, or using a geopeetaaskaribe a physicabgect like a coin. Even such
simple models involve making choices. It is up to us whether to model a coin as alimeesional cylinder, or whether a twdimensional disk works well enough for our
purposes. Other situationsmodelng a delivery route, a production schedule, or anparison of loan amortationst need more elaborate models that use other tools from the
mathematical sciences. Reabrld situations are not organized and labeled for analysis; formulating tractable meodptesenting such models, and analyzing them is
appropriately a creative process. Like every such process, this depends on acquired expertise as vetiNias cre

Some examples of such situations might include:

Estimating how much water and food is mieel for emergency relief in a devastated city of 3iom people, and how it might be distributed.
Planning a table tennis tournament for 7 players at a club with 4 tables, where each player plays against eachyether pla

Designing the layout of the dtain a school fair so as to raise as much money as possible.

Analyzing stopping giance for a car.

Modeling savings account balance, bacterial colony growth, or investment growth.

Engaging in critical path analysis, e.g., applied to turnaround of araiiat an airport.

Analyzing risk in situations such as extreme sports, pandemics, and terrorism.

=A =4 =4 4 4 -4 -4 -4

Relating population statistics to individual pretihns.

In situations like these, the models devised depend on a humber of factors: Hog@an answedo we want or need? What aspects of the situation do we most need to
understand, control, or optimize? Whatgources of time and tools do we have? The range of models that we can create and analyze is also constrained by thes tifndatio
mathematicd, statistical, and technical skills, and our ability to recognize significant variables and relationships among themsifigasious kinds, spreadsheets and other
technology, and algebra are powerful tools for understanding and solvirngegms drawnfrom different types of reaivorld situations.

One of the insights provided by mathematical modeling is that essentially the same mathematical or statistical structoreatanes model seemingly different situations.
Models can also shed light on theathematical structures themselves, for example, as when a modelaéttia growth makes more vivid the explosive growth of the
exponential function.
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High School: Modelingcontinued)

The basic modeling cycle is summarized in the diagram. It involvige(tifying variables in the situation and selecting those that represent essential features, (2) formulating a
model by creating and selecting geometric, grigah tabular, algebraic, or statistical representations thegatibe relationships between ¢hvariables, (3) analyzing and

performing operations on these relationships to draw conclusions, (4) interpreting the results of the mathematics in tdrensrigfinal situation, (5) validating the conclusions

by comparing them with the situation, andeh either improving the model or, if it is acceptable, (6) reépm on the conclusions and the reasoning behind them. Choices,
assumptions, and approximations are present throughout this cycle.

.'//fprnhlern }| |{ Heport -H\'.
L , X N
—Lb Formulate Q—@—f
o - Rl
Compute Interpret

e, -

In descriptive modeling, a modsimply describes the phenomena or summarizes them in a compact form. Graphs of observations are a familiar descriptivienexdsiple,
graphs of global temperature and atrggheric CQover time.

Analytic modeling seeks to explain data on the basisepér theoretical ideas, albeit with parameteshiichare empirically based; for example, exponential growth of bacterial
colonies (until cubff mechanisms such as pollution or starvation intervene) follows from a constant reproduction ratioRsmrean important tool for analyzing such

problems.

Graphing utilities, spreadsheets, computer algebra systems, and dynamic geometry software are powerful tools that catdomodelpurely mathematical phenomena (e.g.,
the behavior of polynomials) as wab physical phenomena.

Modeling Standards

Modeling is best interpreted not as a collection of isolated topics but rather in relation to other standards. Making ntiaélenadels is a Standard for Mathematical Practice,
and specific modeling standardpgear throughout the high school standardsisated by a star symbof}.
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High School: Geometry Overview

Congruence (€0) Mathematical Practices (MP)

1 Experiment with transformations in the plane Make sense of problems and persevere in solving them.

1 Understand congruence in terms of rigid motions Reason abstractly and quantitatively.
T Prove geometric theorems Construct viable arguments and critique the reasoning of others.
1 Make geometric constructions

Similarity, Right Triangles, and Trigonometry-8RT)

Model with mathematics.

o o _ Use appropriate tools strategically.
1 Understand similarity in terms of similarity transformations o
. . Lo Attend to precision.
1 Prove theorems involving similarity

1 Define trigonometric ratios and solve problems involving right triangles Look for and make use of structure.

© N o o0 bk 0w NP

1  Apply trigonometry to general triangles Look for and express regularity in repeated reasoning.

Circles (&C)

1 Understand and apply theorems altocircles

1 Find arc lengths and areas of sectors of circles
Expressing Geometric Properties with Equations@PE)

1 Translate between the geometric description and the equation for a coni

section

1 Use coordinates to prove simple geometric theorems algebhgic

Geometric Measurement and Dimension {GMD)

1 Explain volume formulas and use them to solve problems

91 Visualize relationships between twimensional and threglimensional
objects

Modeling with Geometry (GVIG)
1 Apply geometric concepts in modeling situats
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High School: Mathematics StandardsVlathematical Practiceg Explanations and Examples

Geometry

An understanding of the attributes and relationgh of geometric objects can beglied in diverse contextsinterpreting a schematic drawing, estimating the amount of wood
needed to frame a sloping roof, rendering computer graphics, or designingiagpatern for the most efficient use of material.

Although there are many types of geometry, school mathematics is devoted primarily to plane Euclideatrgesiudied both synthetically (without coordinates) and
analytically (with coordinates). Euclidean geometry igreleterized most importantly by thParallel Postulatehat through a point not on a given line there is exactly one
parallel line. (Spherical geometry, in contrast, has nlbal lines.)

During high school, students begin to formalize their getignexperiences from ementary and midd school, using more precise definitions and developing careful proofs.
Later in college some students develop Euclidean and other geometries carefully from a small sehsf ax

The concepts of congruence, similarity, and symmetry can be understoodtieperspective of geometric transformation. Fundamental are the rigid motions: translations,
rotations, reflections, and combinations of these, all of which are here assume@derge dstance and angles (and therefore shapes generally). Reflectionsotattbns each
explain a particular type of symmetry, and the symmetries of an object offer insight into its attribasewhen the réective symmetry of an isosceles triangle assures that its
base angles are congruent.

In the approach taken here, two gmetric figures are defined to be congruent if there is a sequence of rigttbns that carries one onto the other. This is the principle of
superposition. For triangles, congruence means the equality of all corresponding pairs of sides and all cdimggpairs of angles. During the middle grades, through
expeliences drawing triangles from given conditions, students notice ways to specify enough measuréngle to ensure that all triangles drawn with those measures are
conguent. Once these triagle congruence criteria (ASA, SAS, and SSS) are established using rigid motions, they can be used to prove theoreanglabpguéilrilaterals,
and other geometric fures.

Similarity transformations (rigid motions followed by dilations) define shitylén the same way that rigid ations define congruence, thereby formalizing the similarity ideas of
GalyS akKlkLISé¢d FyR aalOltS TF Ol2NE RSadbdleadds tRe chtgfionfok tBangieisimififiy@hatwalpatrS aiesponding 8gieSareli NI y &
congruent.

The definitions of sine, cosine, and tangent for acute angles are founded on ragtgles and similarity, and, with the Pythagorean Theorem, are fundamental in many real
world and theoretical situations. The PythagoreBmeorem is generalized to naight triangles by the Law of Cosines. Together, the Laws of Sines and Cosindy &msb
triangle congruence criteria for the cases where three pieces of information sufficenpletely solve a triangle. Furthermore, thelsavs yield two possible solutions in the
ambiguous case, illustrating that Sig&ideAngle is not a congruence criterion.

Analytic geometry connects algebra and geometry, resulting in powerful methods of analysis and prokieg 3ost as the numbenk associates numbers with locations in
one dimension, a pair of perpendicular axes associates pairs of numbers with locations in two dimensions. This correspetwtscaumerical cootidates and geometric
points allows methods from algebra to be ajgplito geometry and vice versa. Theutmn set of an equation becomes a geometric curve, making visualization a tool for doing
and wnderstanding algebra. Geometric shapes can be described by equations, migidhgac manipulation into a tool for geoméatrunderstanding, modeling, and proof.
Geometric transformations of the graphs of equationsrespond to algebraic changes in their equations.

Dynamic geometry environments provide students with experimental and modeling tools that allow thawestigde geometric phenomena in much the same way as
computer algebra systems allow them to experiment with algebraenphmena.
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High School: Geometrycontinued

Connections to Equations

The correspondence between numerical coordinates and geometric pdintgssamethods from algebra to be applied to geometry and vice versa. The solution set of an equation
becomes a geometric curve, making visualization a tool for doing and understanding algebra. Geometric shapes can bebyesgubtoins, making algebcamanipulation

into a tool for geometric understating, modeling, and proof.
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Geometry: Congruence (G-CO)
Experiment with transformations in the plane

Standards

Students are expected to:

TRAD

INT

Mathematical Practices

Explanations and Examples

HS.GCOL1. Know precise
definitions of angle, circle,
perpendicular line, parallel line,
and line segment, based on thg
undefined notions of point, line,
distance along a line, and
distance around a circular arc.

Connection9-10.RST.4

G

M I

HS.MP.6Attend to
precision.

HS.GCO.2Represent
transformations in the plane
using, e.g., transparencies and
geometry software; describe
transformations as functions
that take points in the plane as
inputs and give other points as
outputs. Compare
transformations that presrve
distance and angle to those tha
do not (e.g., translation versus
horizontal stretch).

ConnectionETHSS6C103

M1

HS.MP.5Use appropriate
tools strategically.

Students may use geometry software and/or manipulatives to model and compare
transformdions.

HS.GCO.3Given a rectangle,
parallelogram, trapezoid, or
regular polygons, describe the
rotations and reflections that
carry it onto itself.

ConnectionsETHSS6C103;
9-10.WHST.2¢c

M1

HS.MP.Zonstruct viable
arguments and critique the
reasoning of others.

HS.MP.5Use appropriate
tools strategically.

Students may use geometry software and/or manipulatives to model transformations.
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Geometry: Congruence (G-CO)
Experiment with transformations in the plane

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students ae expected to:
HS.GCO.4Develop definitions G M1 HS.MP.6Attend to Students may use geometry software and/or manipulatives to model transformations.
of rotations, reflections, and precision. Students may observe patterns and develop definitions of rotationkatbns, and
tr.anslatlons in tgrms of angles, HS.MP.7Look for and translations.
circles, perpendicular lines,
. . make use of structure.
parallel lines, and line segment
ConnectionsETHSS6C103;
9-10.WHST .4
HS.GCO.5Given a geometric G M I HS.MP.3Construct viable | Students may wesgeometry software and/or manipulatives to model transformations and

figure and a rotation, reflection,
or translation, draw the
transformed figure using, e.g.,
graph paper, tracing paper, or
geometry software. Specify a
sequence of transformations
that will carry agiven figure
onto another.

ConnectionsETHSS6C103;
9-10.WHST.3

arguments and critique the
reasoning of others.

HS.MP.5Use appropriate
tools strategically.

HS.MP.7Look for and
make use of structure.

demonstrate a sequence of transformations that will carry a given figure onto another.
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Geometry: Congruence (G-CO)
Understand congruence in terms of rigid motions

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Studens are expected to:
HS.GCO.6Use geometric G M1 HS.MP.3Construct viable | A rigid motion isa transformation of points in space consisting of a sequence of one or nj
descriptions of rigid motions to arguments and critique the| translations, reflections, and/or rotations. Rigid motions are assumed to preserve distan
transform figures and to predict reasoning of others. and angle measures.
the gffect of agiven “g'd_ : HS.MP.5Use appropriate | Students mayise geometric software to explore the effects of rigid motion on a figure(s)
motion on a given figure; given .

. L tools strategically.
two figures, use the defition
of congruence in terms of rigid HS.MP.7Look for and
motions to decide if they are make use of structure.
congruent.
ConnectionsETHSS1C1,;
9-10.WHST.1e
HS.GCO.7 Use the definition of G M HS.MP.3Construct viable | A rigid motionis a transformation of points in space consisting of a sequence of one or n
congruence in terms of rigid arguments and critique the| translations, reflections, afior rotations. Rigid motions are assumed to preserve distance
motions to show that two reasoning of others. and angle measures.
triangles are congruent if and .

X . . Congruence of triangles
only if corresponding pairs of
sides and corresponding paiof Two triangles are said to be congruent if one can be exactly superimposed on the other
angles are congruent. rigid motion, and the congruence theorems specify thaditions under which this can
Connection9-10.WHST.1e oceur:
HS.GCO.8Explain how the G Ml HS.MP.3Construct viable

criteria for triangle congruence
(ASA, SAS, and SSS) follow frd
the definition of congruence in
terms of rigid motions.

Connection9-10.WHST.1e

arguments andritique the
reasoning of others.
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Geometry: Congruence (G-CO)

Prove geometric theorems

Standards

Students are expected to:

TRAD

—

Mathematical Practices

Explanations and Examples

HS.GCO.9Prove theorems
about lines and angles.
Theorems includeevtical
angles are congruent; when a
transversal crosses parallel ling
alternate interior angles are
congruent and corresponding
angles are congruent; points or]
a perpendicular bisector of a lin
segment are exactly those
SlidARAAGE Y
endpoints.
ConnectionsETHSS1C1,;
9-10.WHST.1de

TN

G

<

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.5Use appropriate
tools strategically.

Students may use geometric simulations (computer software or graphing dalQutta

explore theorems about lines and angles.

HS.GCO.10Prove theorems
about trianglesTheorems
include: measures of interior
angles of a triangle sum to 180
base angles of isosceles
triangles are congruenthe
segment joining midpoints of
two sides of a triangle is paralle]
to the third side and half the
length; the medians of a triang|
meet at a point.

ConnectionsETHSS1C01;
9-10.WHST.1de

M1

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.5Use appropate
tools strategically.

Students may use geometric simulations (computer software or graphing calculator) to

explore theorems about triangles.
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Geometry: Congruence (G-CO)

Prove geometric theorems continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GCO.11Prove theorems G M I HS.MP.3Construct viable | Students may use geometric simulations (computer sofen@rgraphing calculator) to

about parallelogramsTheorems
include: opposite sides are
congruent, opposite angles are
congruent, the diagonals of a
parallelogram bisect each othel
and conversely, rectanglese
parallelograms with congruent
diagonals.

Connection9-10.WHST.14de

arguments and critique the| explore theorems about parallelograms.

reasoning of others.

HS.MP.5Use appropriate
tools strategically.
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Geometry: Congruence (G-CO)
Make geometric constructions

—

Standards TRAD Mathematical Practices | Explanations and Examples

Students are expected to:

HS.GCO.12Make formal G M Il | HS.MP.5Use appropriate | Students may use geometric software to make geometric constructions.
geometiic constructions with a tools strategically.
variety of tools and- methods HS.MP.6Attend to
(compass and straightedge, .

: . . precison.
string, reflective devices, paper|
folding, dynamic geometric
software, etc.)Copying a
segment; copying an angle;
bisecting a segment; bisecting
an angle; constructing
perpendcular lines, including
the perpendicular bisector of a
line segment; and constructing
line parallel to a given line
through a point not on the line.

ConnectionETHSS6C103

Examples:

1 Construct a triangle given the lengths of two sides and the measure of the ang
between the two sides.

9 Construct the circumcenter of a given triangle.

HS.GCO.13Constuct an G M Il | HS.MP.5Use appropriate | Students may use geometric software to make geometric constmst
equilateral triangle, a square, tools strategically.
and a regular hexagon inscribe HS.MP 6Attend to

in a circle. ..
precision.
ConnectionETHSS6C103
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Geometry: Similarity, Right Triangles, and Trigonometry

(G-SRT)

Understand similarity in terms of similarity transformations

Standards

Students are expected to:

TRAD

INT

Mathematical Practices

Explanations and Examples

HS.GSRT.1Verify
experimentally the properties of
dilations given by a center and
scale factor:

ConnectionsETHSS1C1;
9-10.WHST.1i®-10.WHST.1e

G

M I

a.Dilation takes a line not
passing through the center of
the dilation to a parallel line,
and leaves a line passing
through the center
unchanged.

M1

b. The dilation of a line segmen
is longer orshorter in the
ratio given by the scale facto

M I

HS.MP.2Reason abstractly
and quantitatively.

HS.MP.5Use appropriate
tools strategically.

Dilationis a transformatio that moves each point along the ray through the point
emanating from a fixed center, and multiplies distances from the center by a common 1
factor.

Students may use geometric simulation software to model transformations. Students
observe patternand verify experimentally the properties of dilations.

HS.GSRT.2Given two figures,
use the definition of similarity in
terms ofsimilarity
transformationsto decide if
they are similar; explain using
similarity transformations the
meaning of similaty for
triangles as the equality of all
corresponding pairs of angles
and the proportionality of all
corresponding pairs of sides.

ConnectionsETHSS1C01;
9-10.RST.H-10.WHST.1c

M1l

HS.MP.3Construct viable
arguments and critique the
reasoning obthers.

HS.MP.5Use appropriate
tools strategically.

HS.MP.7Look for and
make use of structure.

A similarity transformatioris a rigid motion followed by dilation.

Students may use geometric simulation software to model transformations and
demonstrate asequence of transformations to show congruence or similarity of figures.
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Geometry: Similarity, Right Triangles, and Trigonometry  (G-SRT)

Understand similarity in terms of similarity transformations

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GSRT.3Use the properties G M I HS.MP.3Construct viable

of similarity transformations to
establish the AA criterion for
two triangles to be similar.

ConnectionsETHSS1C1;
9-10.RST.7

argumentsand critique the
reasoning of others.
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Geometry: Similarity, Right Triangles, and Trigonometry

Prove theorems involving similarity

(G-SRT)

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GSRT.4Provetheorems G M Il HS.MP.3Construct viable | Students may use geometric simulation software to model transformations and demons
about trianglesTheorems arguments and critique the| a sequence of transformations to show congruence oiilanity of figures.
include: a line parallel to one reasoning of others.
side of a triangle _d|V|des the HS.MP.5Use appropriate
other two proportionally, and .
i tools strategically.
conversely; the Pythagorean
Theorem proved using triangle
similarity.
ConnectionsETHSS1C01,;
9-10.WHST.lde
HS.GSRT.5Use congruence G M I HS.MP.3Construct viable | Similarity postulates include SSS, SAS, and AA.

and similarity criteria for
triangles to solve problems and
to prove relationships in
geometric figures.

ConnectionsETHSS1C01;
9-10.WHST.14de

arguments and critique the
reasoning of others.

HS.MP.5. Use appropriate
tools strategically.

Congruence postulates include SSS, SAS, ASA, AAY,.and H

Students may use geometric simulation software to model transformations and deratss
a sequence of transformations to show congruence or similarity of figures.
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Geometry: Similarity, Right Triangles, and Trigonometry  (G-SRT)
Define trigopnometric ratios and solve problems involving right triangles

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expectedt
HS.GSRT.6Understand that by| G M Il HS.MP.6Attend to {ddzRSyGa YlIe& dzasS FLLX Sda G2 SELX 2NB GKS
similarity, side ratios in right precision. ranges from 0 to 90 degrees.
triangles are properties of the
angles in the triangle, leading t¢ st'xzﬁléozlggtr a}gd hypotenuse _
definitions of trigonometric P 9 Y opposite of &
. repeated reasoning.
ratios for acute angles.
Connectbn: ETHSS6C103 Adjacent to &
aAyS 7= OPPQSIte, 'te“f\ ‘ 02aS0Fyi Zupoten.ue o}
hypotenuse opposite
O2arys 272U 554 5501 ya 2 FYROEIUSE £
hypotenuse adjacent
ityasyd 2RS4y v spgryasyq %peen
adjacent opposite
HS.GSRT.7Explain and use thg G M Il HS.MP.3Construct viable | Geometricsimulation software, applets, and graphing calculators can be used to explore
relationship between the sine arguments and critique the| relationship between sine and cosine.
and cosine of complementary reasoning of others.
angles.
ConnectionsETHSS1C01,;
ETHSS6C103;9-10.WHST.%c
9-10.WHST.1e
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Geometry: Similarity, Right Triangles, and Trigonometry  (G-SRT)

Define trigopnometric ratios and solve problems involving right trian les continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.GSRT.8Use trigonometric G Ml HS.MP.1Make sense of Students may use graphing calculators or programs, tables, spreadsheets, or computer
ratios and the Pythagorean i i problems and persevere in| algebra systms to solve right triangle problems.

Theorem to solve right triangles solving them. Example:

in applied problems. HS.MP.4Model with

ConnectionsETHSS6C3; mathematics.
9-10.RS.7

Find the height of a tree to the nearest tenth if the angle of elevation of the sun is 28° an
shadow of the tree is 50 ft.

HS.MP.5Use appropriate
tools strategically.

"

50 feet
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Geometry: Circles (G-SRT)

Apply trigonometry to general triangles

Standads TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GSRT.9Derive the formula + + HS.MP.3Construct viable
A= Y2absin(C) for the area of a arguments and critique the
triangle by drawing an auxiliary reasoning of others.
line from a v-erte>-< perpendicula HS.MP. 7Look for and
to the opposite side.
make use of structure.
ConnectionETHS-S6C103
HS.GSRT.10Prove the Laws of + + HS.MP.3Construct viable

Sines and Cosines and use the
to solve problems.

ConnectionsETHSS6C103;
11-12.WHSTLa-1e

arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

HS.MP.8Look fa and
express regularity in
repeated reasoning.
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Geometry: Circles (G-SRT)

Apply trigopnometry to general triangles  continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:

HS.GSRT.11Understand and + + HS.MP.1. Make sense of | Example:

apply the Law of Sines and the
Law of Cosines to find unknowr
measurements in right and nen
right triangles (e.g., surveying
problems, resultant forces).

Connections11-12.WHST.2c
11-12.WHST.2e

problems and persevere in
solving hem.

HS.MP.4. Model with
mathematics.

1 Tara wants to fix the location of a mountain by taking measurements from two
positions 3 miles apart. From the first position, the angle between the mountain
the second position is 78From the second pd#n, the angle between the
mountain and the first position is 53How can Tara determine the distance of the|
mountain from each position, and what is the distance from each position?

53¢ 78e

2 3 miles
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Geometry: Circles (G-C)

Understand and apply theore ms about circles

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GC.1.Prove that all circles G M Il | HS.MP.3Construct viable | Students may use geometric simulation software to model transformations and demons
are similar. arguments and critjue the | a sequence of transformations to show congruence or similarity of figures.
ConnectionsETHSS1C1: reasoning of others.
9-10.WHST.1de HS.MP.5Use appropriate
tools strategically.

HS.GC.2.Identify and describe G M Il | HS.MP.3Construct viable | Examples:
relat|onsh|p§ among inscribed argumgnts and critique the 1 Given the circle below with radius &0 and chord length of 12, find the distance
angles, radii, and chordBiclude reasoning of others. X
the relationship between _ from the chord to the center of the circle.

. . HS.MP.5Use appropriate
central, inscribed, and tools strategically f
circumscribed angles; inscribed '
angles on a diameter are right
angles; the radius of a circle is
perpendicular to the tangent . . :
where the radius intersects the 1 Find the unknown length in the picture below.
circle. /’\ 10 |
Connections9-10.WHST.1c; W
11-12. WHST.1c X
HS.GC.3.Construct the G M Il | HS.MP.3Construct viable | Students may use geometric simulation software to make geometric constructions.

inscribed and circumscribed
circles of a triangle, and prove
properties of angles for a
guadrilateral inscribed in a
circle.

arguments and critique the
reasoning of others.

HS.MP.5Use appropriate
tools strategically.
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Geometry: Circles (G-C)

Understand and apply theorems about circles continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GC.4.Construct a tangent + + HS.MP.3Construct viable | Students may use geometric simulation software to make geometric constructions.

line from a point outside a giver
circle to the circle.

Connetion: ETHSS6C103

arguments and critique the
reasoning of others.

HS.MP.5Use appropriate
tools strategically.

Geometry: Circles (G-C)

Find arc lengths and areas of sectors of circles

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GC.5.Derive using similarity G M Il | HS.MP.Reason abstractly | Students can use geometric simulation software to explore angle and radian measures

the fact that the length of the
arc intercepted by an angle is
proportional tothe radius, and
define the radian measure of
the angle as the constant of
proportionality; derive the
formula for the area of a sector

ConnectionsETHSS1CA01;
11-12.RST.4

and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

derive the formula for the area of a sector.
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Geometry: Expressing Geometric Properties with Equations
Transla te between the geometric description and the equation for a conic section

(G-GPE)

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GGPE.1Derive the G M Il | HS.MP.7Look for and Students may use geometric simulation software to explore the connection between circlg
equation of a circlef given make use of structure. and the Pythagorean Theorem.
center and radius usm.g the HS.MP.8. Look for and Examples:
Pythagorean Theorem; express regularity in
complete the square to find the P g9 Y 1 Write an equation for a circle with a radius of 2 units and center at (1, 3).
. . repeated reasoning.
center and radius of a circle . . . . .
given by an equation. 1 Write an equation for a circle given that the eraipts of the diameter are
(-2, 7) and (4;8).

ConnectionsETHSS1CD; ' Find the center and radius of the circle’4x4y - 4x + 2y 1 = 0.
11-12.RST.4
HS.GGPE.2Derive the All M Il | HS.MP.7Look for and Students may use geometric simulation software to explore parabolas.
eqguation of a parabola given a make use of structure. )

. . Examples:
focus and directrix. HS.MP 8. Look for and
ConnectionsETHSS1CDL: express regularity in 1 Write and graph an equation for a parabola with focus (2, 3) and directyix 1.
11-12.RST .4 repeated reasoning.
HS.GGPE.3Derive the + + HS.MP.7Look for and Students may use geometric simulation software to explore conic sections.

equations of ellipses and
hyperbolas given the foci, using
the fact that the sum or
difference of distances from thg
foci is constant.

ConnectionsETHSS1CA01;
11-12.RST.4

make use of strucire.

HS.MP.8. Look for and
express regularity in
repeated reasoning.

Example:

9 Write an equation in standard form for an ellipse with foci at (0, 5) and (2, 0) and i
center at the omgin.
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Geometry: Expressing Geometric Properties with Equations

(G-GPE)

Use coordinates to prove simple geometric theorems algebraically

Standards

Students are expected to:

TRAD

INT

Mathematical Practices

Explanations and Examples

HS.GGPE.4Use coorihates to
prove simple geometric
theorems algebraicallyFor
example, prove or disprove tha
a figure defined by four given
points in the coordinate plane ig
a rectangle; prove or disprove
GKIG GKS LRAYG
circle centered at the origin dn
containing the point (0, 2).

ConnectionsETHSS1CA01;
9-10.WHST.14d¥€;
11-12.WHST.l4de

G

M Il

HS.MP.Zonstruct viable
arguments and critique the
reasoning of others.

Students may use geometric simulation software to model figures and proveesgapmetric
theorems.

Example:

9 Use slope and distance formula to verify the polygon formed by connecting the
points  {3,-2), (5, 3), (9, 9), (1, 4) is a parallelogram.

HS.GGPE.5Prove the slope
criteria for parallel and
perpendicular lines and use
them to solve geometric
problems (e.qg., find the
equation of a line parallel or
perpendicular to a given line
that passes through a given
point).

Connection9-10.WHST.1de

Ml

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.8Look for and
express regularity in
repeated reasoning.

Lines can be horizontal, vertical, or neither.

Students may use a variety of different methods to construct a parallel or perpendicular |
to a given line and calculate the slopes to congpire relationships.
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Geometry: Expressing Geometric Properties with Equations
Use coordinates to prove simple geometric theorems algebraically

(G-GPE)

continued

compute perimeters of
polygons and areas of triangleg
and rectangles, e.g., using the
distance formula.

ConnectionsETHSS1CA01;

9-10.RST,311-12.RST.3

and quantitatively.

HS.MP.5Use appropriate
tools drategically.

HS.MP.6Attend to
precision.

Standards TRAD | INT Mathematical Practices | Explanations and Exangs
Students are expected to:
HS.GGPE.6Find the point on a G M Il | HS.MP.2Reason abstractly| Students may use geometric simulation software to model figures or line segments.
directed line segment between and quantitatively. les:
two given points that partitions HS.MP.8Look f d Examples:
X . . .MP.8Look for an .
the segment in a given ratio. express reglarity in 1 Given A(3, 2) and B(6, 11),
ConnectionsETHSS1C01; repeated reasoning. o Find the point that divides the line segment AB tthirds of the way from A to B.
9-10.RST.3 The point twethirds of the way from A to B hascoordinate twethirds of the
way from 3 to 6 ang coordinate twathirds of the way from 2 to 11.
So, (5, 8) is the point that is twthirds from point A to point B.
0 Find the midpoint of line segment AB.
HS.GGPE.7Use coordiates to G M Il | HS.MP.2Reason abstractly| Students may use geometric simulation software to model figures.
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Geometry: Geometric Measurement and Dimension (G-GMD)
Explain volume formulas and use them to solve problems

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expectedt
HS.GGMD.1.Give an informal G M1l | HS.MP.3Constructviable |/ I @F f ASNRA QA LINAYOALX S Aa AT (g 2-secthhahafedat
argument for the formulas for arguments and critique the| every level, then they have the samelume
the circumference of a circle, reasoning of others.
area ofa C|rcle,-volume ofa HS.MP.4Model with
cylinder, pyramid, and cone. :

) ) mathematics.
Use dissection arguments,
[ @1 f ASNRaOE LN HS.MP.5Useappropriate
informal limit arguments. tools strategically.
Connections9-10.RST.4;
9-10.WHST.1c;-20.WHST.1e;
11-12.RST.4; ¥12.WHST.1c;
11-12.WHST.1e
HS.GGMD.2. Give an informal + + HS.MP.3Constructviable |/ I @F £t ASNA Qa LINARYOALX S Aa AT (¢ 2-sectbiahafedat
F NBdzYSy d dzaiy3 arguments and critique the | every level, then they have the s& volume
principle for the formulas for reasoning of others.
the volume of a sphere and HS.MP.4. Model with
other solid figures. :

mathematics.

Connections9-10.RST .4 .
9-10.WHST.1®-10.WHST.1e ;iig/';'ri'teuffaﬂppmp”ate
11-12.RST.411-12.WHST.Z%c gicaly.
11-12.WHST.1e
HS.GGMD.3.Use volume G M Il HS.MP.1Make sense of Missing measures can include but are not limited to slant height, altitude, height, diagor

formulas for cylinders,
pyramids, cones, and spheres {
solve problems.

Connection9-10.RST.4

problems and perseve in
solving them.

HS.MP.2Reason abstractly
and quantitatively.

a prism, edge length, and radius.
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Geometry: Geometric Measurement and Dimension (G-GMD)
Visualize relationships between two -dimensional and three dimensional objects

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.GGMD.4.Identify the G M Il | HS.MP.4Model with Students may use geometric simulatiorfta@re to model figures and create cross section
shapes of twedimensional mathematics. views.

crosssections of three
dimensonal objects, and
identify three-dimensional
objects generated by rotations
of two-dimensional objects.

ConnectionETHSS1C01

HS.MP.5Use appropriate | Example:

tools strategically.
e 1 Identify the shape of the vertical, horizontal, and other cross sections of a cyling
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Geometry: Geometric Measurement and Dimension 1 (G-MG)
Apply geometric concepts in modeling situ ations

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.GMG.1.Use geometric G M Il | HS.MP.4Model with Students may use simulation software and modeling software to explore whichlrhede
shapes, their measures, and i i mathematics. describes a set of data or situation.
thgw properties to dgscnbe HS.MP.5Use appropriate
objects (e.g., modeling a tree .
tools strategically.
trunk or a human torso as a
cylinder). HS.MP.7Look for and
Connections: ETHSS1CDL; make use of structure.
9-10.WHST.2c
HS.GMG.2 Apply concepts of G M Il | HS.MP.4Model with Students may use simulation software and modeling software to explore which model be
density based on area and i i mathematics. describes a set of data or situation.
volume in modeling S|tuat|or_1$ HS.MP.5Use appropriate
(e.g., persons per square mile, tools strateqicall
BTUs per cubic foot). gicaly.
ConnectionETHSS1C01 HS.MP.7Look for and
make use of structure.
HS.GMG.3.Apply geometric G M Il | HS.MP.1Make sense of Students may use simulation software and modeling software to explore which model bg

methods to stve design

problems (e.g., designing an
object or structure to satisfy
physical constraints or minimizg
cost; working with typographic
grid systems based on ratios).

ConnectionETHSS1C01

problems and persevere in
sohing them.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

describes a set of data or situation.
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High SchoolStatistics and ProbabilityOverview

Interpreting Categorical and Quantitative Data{B) Mathematical Practices (MP)

1 Summarize, represent, and interpret data on a single count or measurer Make sense of problems and persevere in solving them.

variable Reason abstractly and quantitatively.

1 Summarize, represent, and interpret data on two categorical and

- : Construct viable arguemts and critique the reasoning of others.
guantitative variables
) Model with mathematics.
1 Interpret linear moded
. i . Use appropriate tools strategically.
Making Inferences and Justifying ConclusiondC$
. o Attend to precision.
1 Understand and evaluate random processes underlying statistical

experiments Look for and make use of structure.

© N o o0 bk 0w NP

f  Make inferences and justify conclusions from sample surveys, experime Look for and express regularity in repeated reasoning.

and observational studies
Conditional Probability andhe Rules of Probability (£P)

1 Understand independence and conditional probability and use them to
interpret data

I Use the rules of probability to compute probabilities of compound events
a uniform probability model

Using Probability to Make DecisioSMD)
1 Calculate expected values and use them to solve problems

1 Use probability to evaluate outcomes of decisions
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High School: Mathematics StandardsdViathematical Practiceg, Explanations and Examples
Statistics and Probability 1

Decisions or predictions are often based on dataimbers in context. These decisions or predictions would be easy if the data always sent a clear message, but the message i
often obscured by variability. Statistics provides tools for describing variability in data and for making informed dduasitaletit into account.

Data are gathered, displayed, summarized, examined, and interpreted to discover patterns and deviatiopatferns. Quantitative data can be described in terms of key
characteristics: measures of shape, center, and spread. The shape of a data distribution might be described as symwedrifiasker bell shaped, and it might be

summarized by a statigt measuring center (such as mean or median) and a statistic measuring spread (such as standard deviation or interegertigffarent distributions

can be compared numerically using these statistics or compared visually using plots. Knowledderarakapread are not enough to describe a distribution. Which statistics to
compare, which plots to use, and what the results of a comparison might mean, depend on the question to be investigdiedeaitife actions to be taken.

Randomization hasmo important uses in drawing statistical conclusions. First, collecting data from a random sample of a population makését toadraw valid conclusions
about the whole population, taking variability into account. Second, randomly assigning individaifferent treatments allows a fair comparison of the effectiveness of those
treatments. A statistically significant outcome is one that is unlikely to be due to chance alone, and this can be ewalyateder the condition of randomness. The coiudis
under which data are collected are important in drawing conclusions from the data; in critically reviewing uses of stapistitic media and other reports, it is important to
consider the study design, how the data were gathered, and the anatyspkyed as well as the data summaries and the conclusions drawn.

Random processes can be described mathematically by using a probability model: a list or description of the possible @iheceample space), each of which is assigned a
probability. Insituations such as flipping a coin, rolling a number cube, or drawing a card, it might be reasonable to assume varioes antcequally likely. In a probability
model, sample points represent outcomes and combine to make up events; probabilitiesni$ €@an be computed by applying the Addition and Multiplication Rules.
Interpreting these probabilities relies on an understanding of independence and conditional probability, which can beleaptberugh the analysis of twavay tables.

Technology playyan important role in statistics and probability by making it possible to generate plots, regression functions, andaoeddficients, and to simulate many
possible outcomes in a short amount of time.

Connections to Functions and Modeling

Functiors may be used to describe data; if the data suggest a linear relationship, the relationship can be modeled with a réigesssiahits strength and direction can be
expressed through a correlation coefficient.
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Statistics and Probability:

Interpreting Categorical and Quantitative Data T (S-ID)

Summarize, represent, and interpret data on a single count or measurement variable

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.9D.1.Represent data with Al M I HS.MP.4Model with
plots on the real number line i i mathematics.
(dot plots, histograms, and box HS.MP.5Use approriate
plots). .
tools strategically.
ConnectionsSCHS1C104;
SCHS1C3; SCHS1CD5;
SCHS1C42; SCHS2C104;
ETHSS6CA3; SSHS1C104;
9-10.RST.7
HS.9D.2.Use statistics Al M I HS.MP.2Reason abstractly] Students may use spreadsheets, graphing calculators and statistical software for calcul

appropriate to the shape of the
data distribution to compare
center (median, mean) and
spread (interquartile range,
standard deviation) of two or
more different data sets.

ConnectionsSCHS1C306;
ETHSS6CA3,SSHS1C101

and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematicsHS.MP.5. Use
appropriate tools
strategically.

HS.MP.7Look for anl
make use of structure.

summaries, and comparisons of data sets.
Examples:

1 The two data sets below depict the housing prices sold in the King River area g
Toly Ranch areas of Pinal County, Arizona. Based on the prices below which p
range can be expected for a home purchased in Toby Ranch? In the King Rive
In Pinal County?

o King River area {1.2 million, 242000, 265500, 140000, 281000, 265000,
211000}

o Toby Ranch homes {Smillion, 154000, 250000, 250000, 200000, 160000,
190000}

i Given a set of test scores: 99, 96, 94, 93, 90, 88, 86, 77, 70, 68, find the mean,
median and standard deviation. Explain how the values vary about the mean a
median. What infomation does this give the teacher?
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Statistics and Probability:

Interpreting Categorical and Quantitative Data
Summarize, represent, and interpret data on a single count or measurement variable

i (SID)
continued

Standards TRA | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.9D.3.Interpret differences Al M1 HS.MP.2Reason abstractly| Students may use spreadsheets, graphing calculators and statistical software to statisti

in shape, center, and spread in

the context of the data sets,

accounting for possible effects

of extreme data points
(outliers).

ConnectionsSSHS1C101;
ETHSS6C23;9-10.WHST.1a

and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.7Look for and
make ug of structure.

identify outliers and analyze data sets with and without outliers as appropriate.
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Statistics and Probability:

Interpreting Categorical and Quan titative Data T (S-ID)
Summarize, represent, and interpret data on a single count or measurement variable

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.9D.4.Use the mean and Al M Il | HS.MP.1Make sense of Students may usspreadsheets, graphing calculators, statistical software and tables to

standard deviatia of a data set
to fit it to a normal distribution
and to estimate population
percentages. Recognize that
there are data sets for which
such a procedure is not
appropriate. Use calculators,
spreadsheets, and tables to
estimate areas under the
normal curve.

ConnectionsETHSS1CA01;
ETHSS6C23;11-12.RST.7
11-12.RST.81-12.WRT.1b

problems and persevere in
solving them.

HS.MP.2Reason abstractly
and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

HS.MP.8Look for and
express regularity in
repeated reasoning.

analyze the fit between a data set and normal distributions and estimate areas under th
curve.

Examples:

1 The bar graph below gives the birth weight of a population of 100 chimpanzees
The line shows how the weights are normally distributed about the mean, 3250
grams. Estimate the percent of baby chimps weighing 388D grams.

Birth Weight Distribution for a Population

50
40
30
20
10

Percent of Births

WE:ight {grams]

9 Determine which situation(s) is best modeled by a normal distribution. Explain y
reasoning.

o Annual inome of a household in the U.S.

0 Weight of babies born in one year in the U.S.
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Statistics and Probability:

Interpreting Categorical and Quantitative Data
Summarize, represent, and interpret data on a single count or measurement variable

i (SID)
continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.9D.5.Summarize Al M I HS.MP.1Make sense of Students may use spreadsheets, graphing calculators, and statistical software to creat

categorical data for two
categories in tweway

frequency tables. Interpret
relative frequencies in the
context of the data (including
joint, marginal, and conditional
relative frequencies). Recogniz
possible associations and treng
in the data.

ConnectionsETHS1C21;
ETHSS6C23;11-12.RST.9
11-12.WHST.14b;
11-12.WHST.1e

problems and persevere in
solving them.

HS.MP.2Reason abstractly
and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.8Look for and
express regularity in
repeated reasoning.

frequency tables and determine associations or trends in the data.
Examples:
Two-way Frequency Table

A two-way frequency table is shown below diaping the relationship between age and
baldness. We took a sample of 100 male subjects, and determined who is or is not bal
also recorded the age of the male subjects by categories.

Two-way Frequency Table

Bald Age Total
Younger than 45 | 45 or older

No 35 11 46

Yes 24 30 54

Total | 59 41 100

Thetotal row andtotal column entries in the table above report tlearginal frequencies,
while entries inthe body of the table are thint frequencies.

Two-way Relative Frequency Table

The relative frequecies in the body of the table are called conditional relative frequenci

Two-way Relative Frequency Table

Bald Age Total
Younger than 45 | 45 or older

No 0.35 0.11 0.46

Yes 0.24 0.30 0.54

Total | 0.59 0.41 1.00
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Statistics and Probability: Interp reting Categorical and Quantitative Data 1 (S-ID)
Summarize, represent, and interpret data on a single count or measurement variable

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.9D.6.Represent datan Al M I HS.MP.2Reason abstractly| The esidual in a regression model is the difference between the observed and the pred
two quantitative variables on a | M I and quantitatively. Y for somex (Y the dependent vanble andrthe independent variable).
scatter plot, and describe how Ml | HS.MP.3Cmstruct viable | s if we have a modél = @ + b, and a data poirft¥i: Yi) the residual is for this point is
tge Va”a,blessaéi'g?é%'s_ I arguments a]:ndhcrlthue the| 7; = y; — (az; + b), students may use spreadsheets, graphing calculators, and statis
s?;&n;;i“co;)sl- ET|:|$1C20’1' LTSS&';'Z?\AO dOtI ert i software to represent data, describe how the variabre related, fit functions to data,
h ’ ' M.aModel wi perform regressions, and calculate residuals.
ETHSS1CP1, ETHS6CA3 mathematics. Example:
a.Fit a function to the data; use Al M I HS.MP.5Use appropriate ' . . .
. . . 9 Measure the wrist and neck size of each person in your class and make a
functions fitted to data to All Ml tools strategically. . T .
. < scatterplot. Find the least squares regression line. Calculate and interpret the
solve problems in the contexf{ | M Il | HS.MP.7Look for and . - . ) )
. 2 correlation coefficient for this linear regression model. Graph the residuals and

of the data.Use given | make use of structure. evaluate the fit of the linear equations

functions or chooses a HS.MP.8Look for and q )

function suggested by the express regularity in

context. Emphasize linear, repeated reasoning.

guadratic, and exponential

models.
Connection11-12.RST.7
b.Informally assess the fit of a Al M

function by plotting and | Ml

analyzing residuals. |
Connections11-12.RST.7
11-12. WHST.1Hic
c. Fit a linear function for a

scatter plot that suggests a
linear association.
Connection11-12.RST.7

-3
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Statistics and Probability:
Interpret linear models

Interpreting Categorical and Quantitative Data

i (SID)

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.9D.7.Interpret the slope Al M I HS.MP.1Make sense of Students may use spreadsheets or graphing calculators to create representations of da
(rate of change) and the i i problems and persevere in| and create linear models.
intercept (constant term) of a solving them. .
. . Example:
linear model in the context of HS.MP.2Reason abstractly
the data. and quéntitatively 9 Lisa lights a candle and records its height in inches every hour. The results rec
ConnectionsSCHS5CD1: .' gs (time,height) gre (0, 20),v(1, 1,8.3), (2, 16.6)’, (3, 14.9), (4 13'2)2(5’ 11.5), (Z,
ETH$1(2-01;ETH$6CZ)£3; HS.MP.4ModeI with 06X n CDT_U  FyR 6wmn Z o b)@saf@tﬁdrﬂksiﬂﬂraeﬁand KS
9-10.RST:H-10.RST.7 mathematics. state the meaning of the slope and the intercept in terms of the burning candle.
9-10.WHST.2f HS.MP.5Use appropriate | Sdution:
tools strategically. h=-17 + 20
HS.MP.6Attend to {ft2LSY ¢tKS OFyRftSQa KSAIKG RSONBI a
precision. Intercept: Before the candle begins to burn, its height is 20 inches.
HS.49D.8.Compute (using Al M HS.MP.4Model with Students may usspreadsheets, graphing calculators, and statistical software to represe
technology) and interpret the i i mathematics. data, describe how the variables are related, fit functions to data, perform regressions,
correlation coefficienbf a . calculate residuals and correlation coefficients.
linear fit. HS.MP.SUSPT appropriate .
tools strategically. Example:
E‘?ar;%tg;)SSE;LHl\%ZSlR%?t HS.MP.8Look f(_)r E}Hd 1 Collect height, shosize, and wrist circumference data for each student. Determir
11-12.WHST?2e ’ express regulant_y in the best way to display the data. Answer the following questions: Is there a
repeated reasoning. correlation between any two of the three indicators? Is there a correlation betwg
all three indicators? What patterns aricends are apparent in the data? What
inferences can be made from the data?
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Statistics and Probability:

Interpret linear models continued

Interpreting Categorical and Quantitative Data

i (SID)

Standards TRAD | INT MathematicalPractices | Explanations and Examples
Students are expected to:
HS.9D.9.Distinguish between Al HS.MP.3Construct viable | Some data leads observers to believe that there is a cause and effect relationship wher

correlation and causation.
Connection9-10.RST.9

_>§

arguments and critique the
reasoning of others.
HS.MP.4Model with
mathematics.
HS.MP.6Attend to

strong relationship is observed. Students should be careful not to assume that correlati
implies causation. The determination that one thing causest@raequires a controlled
randomized experiment.
Example:

5AFyS RAR I F2NJI |

aiddzRe KSI f U #fyéaf nhath &est | 0

precision. scores on height. Based on a graph of her data, she found that there was a direct relati

betweenstzRSy 1aQ YIFGK &a02NXa yR KSAIK(G D -of K
O2dzNBS YIGK GSada YI1Sa @2dz dFffodé La 0
reasoning.

Statistics and Probability: Making Inferences and Justifying Conclusio nsi (S-IC)

Understand and evaluate random processes underlying statistical experiments

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.9C.1.Understand statistics| Al M Il | HS.MP.4Model with

as a process for making 1 ] mathematics.

inferences tdbe made about HS.MP.6Attend to

population parameters based precision.

on a random sample from that

population.
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Statistics and Probability: Making Inferences and Justifying Conclusions 1 (S-IC)

Understand and evaluate random processes underlying statistical experiments

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.9C.2.Decide if a specified All M Il | HS.MP.1Make sense of Possible datayenerating processes include (but are not limited to): flipping coins, spinn

model is consistent with results
from a given da-generating
process, e.g., using simulation.
For example, a model says a
spinning coin will fall heads up
with probability 0.5. Would a
result of 5 tails in a row cause
you to question the model?

ConnectionsETHSS6CA3;
9-10.WHST.2®d-10.WHST.2f

problems and persevere in
solving them.

HS.MP.2Reason abstractly
and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

HS.MP.8Look for and
express regularity in
repeated reasoning.

spinnas, rolling a number cube, and simulations using the random number generators
Students may use graphing calculators, spreadsheet programs, or applets to conduct
simulations and quickly perform large numbers of trials.

The law of large numbers states thag the sample size increases, the experimental
probability will approach the theoretical probability. Comparison of data from repetition
the same experiment is part of the model building verification process.

Example:

T Have multiple groups flip coin®ne group flips a coin 5 times, one group flips a
O2AY Hn GAYSazZ FyR 2yS INRdzL) Ff ALk
likely approach the theoretical probability?
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Statistics and Probability: Making Inferences and Justifying Conclusion si (S-IC)
Make inferences and justify conclusions from sample surveys, experiments, and observational studies

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.9C.3.Recognize the All M Il | HS.MP.3Construct viable | Students should be able to explain techniques/applications for randomly selecting stug

purposes of and differezes i i arguments and critique the | subjects from a population and how those techniques/applications differ from those us

among sample surveys, reasoning of others. to randomly assign existing subjedb control groups or experimental groups in a statisti

:;:deeiggiztsl,a?glﬂé)ﬁservatlona HS.MP.4Model with experiment.

: €XP mathematics. In statistics, an observational study draws inferences about the possible effect of a

randomization relates to each. . . ; .

treatment on subjects, where the assignment of subjects into a treated group versus a
. ) HS.MP.6Attend to ; ; : . .

Connections11-12.RST.9 recision control graup is outside the control of the investigator (for example, observing data on

11-12.WHST.2b P ' academic achievement and so@oonomic status to see if there is a relationship betwee
them). This is in contrast to controlled experiments, such as randomized controlley trig
where each subject is randomly assigned to a treated group or a control group before
start of the treatment.

HS.9C.4.Use data from a All M Il | HS.MP.1Make sense of Students may se computer generated simulation models based upon sample surveys

sample survey to estimate a i i problems and persevere in| results to estimate population statistics and margins of error.

population mean or proportion; solving them.

develop a margin of_error . HS.MP.4Model with

through the use of simulatin :

. mathematics.

models for random sampling.

ConnectionsETHSS6CD3; ;ii's\”;}gisﬁczﬂpmp”ate

11-12.RST.A11-12.WHST.1e gicaly.

HS.9C.5.Use data from a All M Il | HS.MP.1Make sense of Students may use computer generated simulation models to decide how likely it is tha

randomized experiment to
compare two treatments; use
simulations to decide if
differences between
parameters are significant.

ConnectionETHS6CA3;
11-12.RSTA411-12.RST.5
11-12.WHST.1e

—_—)

—_—)

problems and persevere in
solving them.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MR3. Look for and
express regularity in
repeated reasoning.

observed differences in a randomized experiment are due to chance.

Treatment is a term used in the context of experimental design to refer to any
prescribed combination of values of explanatory variables. For example, one wants to
determine the effectiveness of weed killer. Two equal parcels of land in a neighborhog
are treated; one with a placebo and one witkeed killer to determine whether there is a
significant difference in effectiveness in eliminating weeds.

Arizona Department of EducatianHigh Academic Standards for Students | NA T 2 y | Q&

| 2 Y'Y % WMatherahids

{ G| wsRkBohidRApproved June 2010  September2012 Publicaon 97 of 138



o
i ‘i ARIZONA’S

COMMON CORE STANDARDS

Arizonr Qa

| 2YYZ2Yy

| AaBemftitst HigR ISMHBOR

Statistics and Probability: Making Inferences and Justifying Conclusions 1 (S-IC)
Make inferences and justify conclusions from sample surveys, expe

riments, and observational studies continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.9C.6.Evaluate reports All M Il | HS.MP.1Make sense of Explanations can include but are not limited to sample size, biased survey sample, int

based on data.

Connections11-12.RSH;
11-12.RST.A1-12.WHST.1b
11-12.WHST.1e

problems and persevere in
solving them.

HS.MP.2. Reason abstractl
and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

HS.MP.8Look for and
express regularity in
repeated reasoning.

scale, mlabeled scale, uneven scale, and outliers that distort thediflkestfit. In a
pictogram the symbol scale used can also be a source of distortion.

As a strategy, collect reports published in the media and ask students to consider the
source of the datathe design of the study, and the way the data are analyzed and
displayed.

Example:

1 Avreporter used the two data sets below to calculate the mean housing price ir
Arizona as $629,000. Why is this calculation not representative of the typical
housing pricen Arizona?

o King River area {1.2 million, 242000, 265500, 140000, 281000, 265000,
211000}

0 Toby Ranch homes {Smillion, 154000, 250000, 250000, 200000, 160000,
190000}
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Statistics and Probability: Conditional Probability and the Rules of Probability
Understand independence and conditional probability and use them to interpret data

i (SCP)

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.SCP.1Describe events as All M HS.MP.2Reason abstractly| Intersection Theintersectionof two setsAandBis the set of elements that are common

subsets of a sample space (the
set of outomes) using
characteristics (or categories) g
the outcomes, or as unions,
intersections, or complements
2F 20KSNJ S@Syi
Gy2G¢ 0o
Connection11-12.WHST.2e

and quantitatively.

HS.MP.4Model with
mathematics.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

to both setAandsetB. Itis denoted byA Bl Y R A AintéigedtidhBOuD
1 A Binthediagramis {1, 5}
9 this means: BOTH/AND

)

Union Theunion of two setsA andBis the set of elements, which are &orin Bor in
both. It is

denoted byA Bl Y R A AunNdBR® W
1 A° Binthediagramis{1, 2, 3,4, 5, 7}
1 this means: EITHER/OR/ANY
1 couldbe both

Complement Thecomplement of the setA® Bis the set of elements that are members o
the universal set U but are not v’ B. It is denoted byA" BU Q

1 (A" B0 Q AdiAgrainis$s}
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Statistics and Probability: Conditional Probability and the Rules of Probability 1 (S-CP)
Understand independence and conditional probability and use them to interpret data continued

Standards

Students are expected to:

TRAD

INT

Mathematical Practices

Explanations and Examples

HS.SCP.2Understand that two All M I HS.MP.2Reason abstractly
eventsAandBare independent i i and quantitatively.

if the probablhty oanndB HS.MP.4Model with
occurring together is the mathematics

product of their probabilities, '

and use this characterization to HS.MP.6Attend to
determine if they are precision.

independen. HS.MP.7Look for and
Connection11-12.WHST.le make use of structure.
HS.SCP.3Understand the All M Il HS.MP.2Reason abstractly

conditional probability ofA
givenBasP(A andB)/P(B), and
interpret independence of
andBas saying that the
conditional probability oA
givenBis the same as the
probability ofA, and the
conditional probability oB
givenAis the same as the
probability ofB.

Connections11-12.RST.5
11-12.WHST.1e

and quantitatively.

HS.MP.4Model with
mathematics.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.
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Statistics and Probability: Conditional Probability and the Rules of Probability T (S-CP)

Understand independence and conditional probability and use them to interpret data

continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.SCP.4Construct and All M Il HS.MP.1Make sense of Students may use spreadsheets, graphing calculators, and simulations to create frequ

interpret two-way frequency
tables of data when two
categories are associated with
each object being classified. Ug
the two-way table as a sample
space to decide if events are
independent and to
approximate conditional
probabilities For example,
collect data from aandom
sample of students in your
school on their favorite subject
among math, science, and
English. Estimate the probabilit
that a randomly selected
student from your school will
favor science given that the
student is in tenth grade. Do
the same for ther subjects and
compare the results.

ConnectionsETHSS6C3;
11-12.RST.A1-12.RST.9
11-12.WHST.1e

problems and persevere in
solving them.

HS.MP.2Reason abstractly
and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

HS.MP.8Look for and
express regularity in
repeated easoning.

tables and conduct analyses to determine if events are independent or determine
approximate conditional probabilities.
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Statistics and Probability: Conditi onal Probability and the Rules of Probability
Understand independence and conditional probability and use them to interpret data

T (SCP)
continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.SCP.5Recognize and All Ml HS.MP.1Make sense of Examples:

explain the concepts of
conditional probability and
independence in everyday
language and everyday
situations.For example,
compare the chance of having
lung cancer if you are a smoke
with the chance of being a
smoker if you have lung cancern

Connections11-12.RST.4
11-12.RST.A1-12.WHST.1e

problems and persevere in
solving them.

HS.MP.4Model with
mathematics.

HS.MP.6Attend to
precision.

HS.MP.8Look for and
express regularity in
repeated reasoning.

1 What is the probability of drawing a heart from a standard deck of cards on a
second draw, given that a heart was drawn on the first draw and not replaced?
these events independent or dependent?

i At Johnson Middle School, the probability treastudent takes computer science
and French is 0.062. The probability that a student takes computer science is O
What is the probability that a student takes French given that the student is taki
computer science?

Statistics and Probability: Conditional Probability and the Rules of Probability

7 (SCP)

Use the rules of probability to compute probabilities of compound events in a uniform probability model

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.SCP.6Find the conditional All M HS.MP.1Make sense of Students could use graphing calculators, simulations, or applatstiel probability
probability ofA givenBa; tbe i i problems and persevere in| experiments and interpret the outcomes.

fraction ofBQa 2 dzu O2 Y solving them.

also belong tdA, and interpret
the answer in terms of the
model.
ConnectionsETHS1C21;
ETHSS6C23;11-12.RST.9
11-12. WHST.181-12.WHST.1e

HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools strategically.
HS.MP.7Look for and
make use of structure.
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Statistics and Probability: Conditional Probability and the Rules of Probability
Use the rules of probability to compute probabilities of compound events in a uniform probability model

T (SCP)
continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

HS.SCP.7 Apply the Addition All Ml HS.MP.4Model with Students could use graphing calculators, simulations, or appdetnodel probability

Rule,P(Aor B) =P(A) +P(B) ¢ i i mathematics. experiments and interpret the outcomes.

P(AandB), and interpret the HS.MP .5Use appropriate | gyample:

answer in terms of the model. tools strategically.

ConnectionsETHSS1CD1L: HS.MP.6Attend to 1 In a math class of 32 students, 18 are boys and 14 are girls. On a unit test, 5 k

ETHSS6CD3; 11-12.RST.9 precision. and 7 girls made an A grade. If a student is chosen at random from the class,
HS.MP.7Look for and is the probabilly of choosing a girl or an A student?
make use of structure.

HS.SCP.8 Apply the general + + HS.MP.4Model with Students could use graphing calculators, simulations, or applets to model probability

Multiplication Rule in a uniform R R mathematics. experiments and interpret the outcomes.

probability model P(AandB) = | | HS.MP.5Use appropriate

PARB| A) =AB)P(A B), and tools strategically.

interpret the answer in terms of] HS.MP.6Attend to

the model. precision.

ConnectionsETHSS1C1,; HS.MP.7Look for and

ETHSS6C23;11-12.RSB make use of structure.

HS.SCP.9Use permutations + + HS.MP.1Make sense of Students may use calculators or computers to determine sample spackegrobabilities.

and combinations to compute
probabilities of compound
events and solve problems.

ConnectionsETHSS1C201;
ETHSS6CA3; 11-12.RST.9

problems and perseveria
solving them.
HS.MP.2Reason abstractly
and quantitatively.
HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools strategically.
HS.MP.7Look for and
make use of structure.

Example:

You and two friends go to the grocery store and each buys a soda. If there arg
different kinds of soda, and each friend is equally likely to buy each variety, wh
the probability that no one buys the same kind?
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Statistics and Probability: Using Probability to Make Decisions 1 (S-MD)
Calculate expected values and use them to solve problems

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.SMID.1.Define a random + + HS.MP.1Make sense of Students may use spreadsheets, graphing calculators and statistitehs®to represent

variablefor a quantity of
interest by assigning a
numerical value to each event i
a sample space; graph the
corresponding probability
distribution using the same
graphical displays as for data
distributions.

ConnectionsETHSS6CA3;
11-12.RST.511-12.RST.9
11-12. WHST.11-12.WHST. 1€

T

T

problems and persevere in
solving them.

HS.MP.2Reason abstractly
and quantitatively.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.

HS.MP.8Look for and
express regularity in
repeated reasoning.

data in multiple forms.

Example:

1 Suppose you are working for a contractor who is designing new homes. She W
to ensure that the home models match the demographics for the area. She as
you to research the size of households in thgion in order to better inform the
floor plans of the home.

Solution:
1 A possible solution could be the result of research organized in a variety of for,
In this case, the results of the research are shown in a table and graph. The st
has defined heir variable as x as the number of people per household.

People per Household | Proportion of Households
1 0.026
2 0.031
3 0.132
4 0.567
5 0.181
6 0.048
7 0.015

35 o.6f

[=]

£ 0.5

3

3 0.4

L o3

[=]

c 0.2

o

£ 01

[=]

g o

& 1 2 3 4 5 6 7

People per Household
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Statistics and Probability: Using Probability to Make Decisions 1 (S-MD)
Calculate expected values and use them to solve problems continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.SVID.2. Calculate the + + HS.MP.4Model with Students may use spreadsheets or graphing calculators to complete calculations or cr

expected value of a random
variable; interpret it as the
mean ofthe probability
distribution.

ConnectionsETHSS1C201;
ETHSS6C23; 11-12.RST.3L1-
12.RST.411-12.RST.9

T

T

mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.6Attend to
precision.

HS.MP.7Look for and
makeuse of structure.

probability models.

The expected value of an uncertain event is the sum of the possible points earned
Ydzf GALX ASR o0& SIOK LR2AyGiQa OKIFIyOS 27F 2
Example:
1 Inagame, you roll a six sided number cube numbered with 1, 2, 3, 4, 5and 6
earn 3 points if a 6 comes up, 6 points if a 2, 4 or 5 come up and nothing

otherwise. Since there is a 1/6 chance of each number coming up, the outcom
probabilties and payoffs look like this:

Outcome | Probability | Points

1 1/6 0 points
2 1/6 6 points
3 1/6 0 points
4 1/6 6 points
5 1/6 6 points
6 1/6 3 points

The expected value is sum of the products of the probability and points earneg
each outcome (th entries in the last two columns multiplied together):

24 000+ 54 816+ 24 810+ 25 816 + - 896 + 2 313 =3.50 points
96+ Q6+ ¢+ ¢b+ cb+ 96+

Arizona Department of EducatianHigh Academic Standards for Students! NA T 2 y I Q&

| 2 YY % WMatherBalidS  {tgfelBgarilAppFo¥ed June 201QJanuary 201Publicaion  1050f 138



o
i ‘i ARIZONA’S

COMMON CORE STANDARDS

I NAT 2y Qa

[ 2 Y Y Watheaidsc Higli Schyod | NR

Statistics and Probability: Using Probability to Make Decisions 1 (S-MD)
Calculate expected values and use them to solve problems continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expectetb:
HS.SVID.3.Develop a + + HS.MP.1Make sense of Students may use graphing calculators or programs, spreadsheets, or computer algeb

probability distribution for a
random variable defined for a
sample space in which
theoretical probabilities can be
calculated; find the expected
value.For example, findhe
theoretical probability
distribution for the number of
correct answers obtained by
guessing on all five questions g
a multiplechoice test where
each question has four choices
and find the expected grade
under various grading schemeg

ConnectionsETHES1C1;
ETHSS6C23;11-12.RST 3
11-12.RST.A11-12.WHST.1b
11-12.WHST.1e

T

T

problems and persevere in
solving them.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathemdics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.7Look for and
make use of structure.

systems to model and interpret parameters in linear, quadratic or expdakfunctions.
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Statistics and Probability: Using Probability to Make Decisions 1 (S-MD)
Calculate expected values and use them to solve problems continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HSSMD.4.Develop a + + HS.MP.1Make sense of Stucents may use graphing calculators or programs, spreadsheets, or computer algel

probability distribution for a
random variable defined for a
sample space in which
probabilities are assigned
empirically; find the expected
value.For example, find a
current data distribution on the
number of TV sets per
household inhie United States,
and calculate the expected
number of sets per household.
How many TV sets would you
expect to find in 100 randomly
selected households?

ConnectionsETHSS1C201;
ETHSS6CA3; 11-12.RST.9
11-12. WHST.111-12.WHST.1¢

T

T

problems and persevere in
solving them.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

HS.MP.4Model with
mathematics.

HS.MP.5Use appropriate
tools strategically.

HS.MP.7Look for and
make use of structure.

systems to model and interpret parameters in linear, quadratic or exponential function
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Statistics and Probability: Using Probability to Make Decisions 1 (S-MD)
Use probability to evaluate outcomes of decisions

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.SMD.5. Weigh the possible + + HS.MP.1Make sense of Different types of insurance to be discussed include but are not limited to: health,
outcomes of a decision by | | problems and persevere in| automobile, property, rental, and life insurance.
assighing prpbgb|l|t|es to payof solving them. Students may use graphing calculators or programs, spreadsheets, or computer algeb
values and finding expected . L : . i
values HS.MP.ZReagon abstractly| systems to model and interpret parameters in linequadratic or exponential functions
' and quantitatively.
ConnectionsSSHS5C3, .
e
ETHSS1CD1 ETHSS6CD3 gume a
reasoning of others.
a.Find the expected payoff for N N .
game of chanceFor example,| | I HS.MP.4Model with
find the expected winnings mathematics.
from a state lottery ticket or & HS.MP.5Use appropriate
game at a fasfood tools strategically.
restaurant.
HS.MP.6Attend to
Connections: 1112.RST.3; precision.
11-12.RST.A11-12.WHST.1b
11-12.WHSTLe HS.MP.7Look for and
make use of structure.
b.Evaluate and compare + +

strategies on the basis of
expected valued-or example,
compare a highdeductible
versus a lowdeductible
automobile insurance policy
using various, but reasonablg
chances of having a minor or|
a major accident.

Connecions:11-12.RST.3
11-12.RST.911-12.WHST.1b
11-12.WHST.1e

HS.MP.8Look for and
express regularity in
repeated reasoning.
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Statistics and Probability: Using Probability to Make Decisions 1 (S-MD)

Use probability to evaluate outcomes of decisions continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
HS.SMID.6. Use probabilities to + + HS.MP.1Make sense of Students may use graphing calculators or programs, spreadsheets, or computer algeb
make fair decisions (e.g., T T problems and persevere in| systems to model and interpret parameters in linear, quadratic or exponential functiong
drawing by lots, using a randon solving them.
number generator). HS.MP.2Reason abstractly
ConnectionsETHSS1C01; and quantitatively.
ETHSS6CA3; 11-12.RST.3 HS.MP.3Construct viable
11-12.RST.A1-12. WHST.1b arguments and critique the
11-12.WHST.1e reasoning of others.
HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools grategically.
HS.MP.7Look for and
make use of structure.
HS.SMID.7. Analyze deisions + + HS.MP.1Make sense of Students may use gphing calculators or programs, spreadsheets, or computer algebra

and strategies using probability
concepts (e.g., product testing,
medical testing, pulling a hocke
goalie at the end of a game).
ConnectionsETHSS1C01,;
ETHSS6C3

problems and persevere in
solving them.
HS.MP.2Reason abstractly
and quantitatively.
HS.MP.3Construct viable
arguments and critique the
reasoning of others.
HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools strategically.
HS.MP.7Look for and
make use of structure.

systems to model and interpret parameters in linear, quadratic or exponential functiong
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High SchoolContemporary Mathematics OvervieWArizona addition)

Discrete Mathematics (CNDM) Mathematical Practices (MP)

Make sense of problems and persevere in solving them.
Reason abstractly and quantitatively.

Construct viable arguments and critique the reasoning of others.
Model with mathematics.

Useappropriate tools strategically.

Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated reasoning.

1 Undestand and applyertexedge graph topics

© N gk wbdE

High SchoolContemporary Mathematics

Discrete mathematics is contemporary mathematics. This area of mathérh 04 A & @GSNE NBt SOl yld Ay (2RIFeQa (SOKyz2ft23A0l
underpinnings for many features of the Internet, from encryption of card numbers to decompression and compression ofgphstagusic, and video. Itsal informs the

efficiency of our communication and transportation systems, such as determining the shortest path through a network fyindethi most cost effective design of airline or

bus routes. The power of discrete mathematics is exemplifiedupinahe motivational impact on students. They are not only immersed in interesting mathematics but are
FOGA@Ste Sy3alFr3aSR Ay GKS aR2Ay3Ié 2F YIGKSYFGAOad al GKSYIFGAOa Aa y20 | oeaill yR!
Discrete mathematics topics, particularly vertedge graphs, affal students the opportunity to access problem solving in a meaningful context. Students strengthen their skills
in problem solving, reasoning, conjecturing, communication, analysis, and proof. They apply the Standards for MathenwitieabPthey soévdiscrete mathematics

problems. Discrete mathematics courses play an increasingly important role in the high school curriculum as possible foattheagsstudents who seek meaningful + courses
that connect to technology and the needs of the’zentury learner.

Graph theory is the formal study of vertexige graphs. Unlike graphs used in data analysis, verdgr graphs are used to visually represent problem situations. \fedgg
graphs are used to model and solve problems related to paths, @rauithe relationship among a set of objects.

Connections to Modeling

Mathematical modeling occurs when students follow a multistep process of solving problems and represent the key ideasthisuahrepresentation. These visual
representations atiw students multiple entry points for solving a problem, ensuring material that is both engaging and accessible. Exasgile®af situations that could be
modeled using a vertegdge graph are 1) planning a table tennis tournament for 7 players labanith 4 tables, where each player plays against each other player or 2)
engaging in critical path analysis, e.g., applied to turnaround of an aircraft at an airport.
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Contemporary Mathematics: Discrete Mathematics |

=

(CM-DM)

Understand and apply vertex -edge graph topics

Standards TRAD | INT Mathematical Practices | Explanations and Examples

Students are expected to:

AZ.HS.CMDM.1. Study the + + HS.MP.1Make sense of Students may use graphing calculators or computer algebra systems to assist with

following topics related to
vertexedge graphs: Euler
circuits, Hamilton circuits, the
Travelling Salesperson Problen
(TSP), minimum weight
spanning trees, shortest paths,
vertex coloring, and adjacency
matrices.
ConnectionsETHSS6C3;
11-12.RST.A41-12.RST.5
11-12.RST.A11-12.WHST.1b
11-12. WHST.1e

problems and persevere in
solvingthem.
HS.MP.2Reason abstractly
and quantitatively.
HS.MP.3Construct viable
arguments and critique the
reasoning of others.
HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools strategically.
HS.MP.6Attend to
precision.

HS.MP.7Look for amul

make use of structure.
HS.MP.8Look for and
express regularity in
repeated reasoning.

computations.
Examples:

1 A businesswoman in Phoenix is planning a trip to visit clierfgattle, Los Angele
and New York City before returning to Phoenix. The figure below gives the cog
dollars of traveling from one city to another. Find the order in which these citie
should be visited so the total travel cost is at a minimum.

Phoenix
0dzaAySaag2Yl yQa
(Phoenix), visits each other vertex exactly once, and returns to vertex 1. In ot

NotS GKI G GKS 0NR LI A

G2NREAZ GKS OANDdzAG A& F 1 FYAEG2YALY
the Hamiltonian circuit of least total weight (given the weighted graph)

Continued on next page
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Contemporary Mathematics: Discrete Mathematics 1 (CM-DM)
Understand and apply vertex -edge graph topics continued

Explanations and Examples

Standards TRAD | INT Mathematical Practices

Students are expected to:

AZ.HS.CMDM.1. continued

1 Which directed graph below representsairnament on four vertices, where all
players but one are champions?

AR X

Graph 1 Graph 2 Graph 3 Graph 4

1 Build a tournament on 5 vertices where all ygas but one are champions.

I Juanita claims that the graph below has an Euler path but not an Euler circuit.
Justify her claim.
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Contemporary Mathematics: Discrete Mathematics 1 (CM-DM)
Understand and apply vertex -edge graph topics continued

Standards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
AZ.HS.CMDM.2. Understand, + + HS.MP.1Make sense of Students may use graphing calculators or computer algebra systems to assist with
analyze, and apply verteedge 1 T problems and persevere in| computations.
graphs to model and solve solving them. Examples:
problems related to paths, HS.MP.2Reason abstractly| 1 Find a minimal route that includes every street (e.g., for trash-pjpk
circuits, networks, and and quantitatively. 1 Find the shortest network connecting specified sites.
relationships among a finite HS.MP.3Constrict viable
numberof elements, in real arguments and critique the
world and abstract settings. reasoning of others.
ConnectionsETHSS6C3; HS.MP.4Model with
11-12.RSTA1-12. WHST.1b mathematics.
11-12. WHST.Le HS.MP.5Use appropriate
tools strategically.
HS.MP.6Attend to
precision.
HS.MP.7Look for and
make use of structure.
HS.MP.8Look for and
express regularity in
repeated reasoning.
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Contemporary Mathematics: Discrete Mathematics

Understand and apply vertex -edge

i (CM-DM)

raph topics continued

Standards INT TRAD | Mathematical Practices | Explanations and Examples
Students are expected to:
AZ.HS.CMDM.3. Devise, + + HS.MP.1Make sense of In exploring minimum spanning tree situations students devise, analyze, and apply

analyze, and apply algthms

for solving vertexedge graph
problems.
ConnectionsETHSS6C3;
11-12.RST.311-12.RST A
11-12.RST.A11-12.WHST.1a
11-12. WHST.1HL1-12. WHST. 1¢

problems and persevere in
solving them.
HS.MP.2Reason abstractly
and quantitatively.
HS.MP.3Construct viable
arguments and critique the
reasoning of others.
HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools strategically.
HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.
HS.MP.8Look for and
express regularity in
repeated reasoning

algorithms as they adopt strategies to confront the problem. Such strategies can lead {
YNHzA 1 F f Qa I f 2ZANRKNKRETZ 2INNKKSa alyfSA NS aid yS
Students may use graphing calculators or computer algebra systems to assist with
computations.
Example:
I Susan is a city planner in charge of the development of roads for a recreationg
area. The graph shows ktions in the area, the possible roads that could be bu
between locations, and the cost in thousands of dollars to build each road. Fin
the smallest possible cost of building enough roads to connect the locations.
Algorithm to Find a Minimum Spanning&e in a Connected Graph
Given a connected graph with weights on the edges:

Step 1. List the edges of the graph by increasing weights.

Step 2. Choose the edge with the smallest weight.

Step 3. Continue to choose the next edge with the smallest weigbhgsas

choosing that edge does not create a circuit.

Step 4. Stop when the result is a spanning tree.
The graph shown is the original graph and also shows the spanning tree (bolded edge|
would be produced by applying the algorithm. The smallesssjime cost to build roads
connecting all the sites would be to build a road between the theater and restaurant (2
between the restaurant and amusement park (3), between the amusement park and h
(8), between the hotel and the sports complex (9), &etiveen the sports complex and th
museum (10). There is a minimum total cost of $32,000 to build the roads at the
recreational area.
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Contemporary Mathematics: Discrete Mathematics

Understand and apply vertex -edge

i (CM-DM)

raph topics continued

Sandards TRAD | INT Mathematical Practices | Explanations and Examples
Students are expected to:
AZ .HS.CMDM.4.Extend work + + HS.MP.1Make sense of The adjacency matrix of a simple graph is a matrix with rows and columns labeled by ¢

with adjacency matrices for
graphs, such as interpreting roy
sums and using the nth power
of the adjacency matrix to coun
paths of lemyth nin a graph.
ConnectionsETHSS6C3;
11-12.RST.411-12.RST.5
11-12.RST.A11-12.WHST.1a
11-12.WHST. 11 1-12.WHST.1¢

problems and persevere in
solving them.
HS.MP.2Reason abstractly
and quantitatively.
HS.MP.3Construct viable
arguments and critique the
reasoning of others.
HS.MP.4Model with
mathematics.
HS.MP.5Use appropriate
tools strategically.
HS.MP.6Attend to
precision.

HS.MP.7Look for and
make use of structure.
HS.MP.8Look for and
express regulaty in
repeated reasoning.

vertices, with a 1 or a 0 in position,(v;) according to whethey, andyv; are adjacent or not.
I amé AYRAOFNGSE YKIOBI@ESNB G KE 10 6@2 ¢b S0
there is no connection.

Students may use graphing calculators or computer algebra systems to assist with
computations.
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Standards for Mathematical Practice (MP)

Standards

Students are expected to:

Mathematical Practices

Explanations and Examples

are listed throughout the grade
level document in the 2nd column
to reflect the need to connect the
mathematical practices to
mathematical content in
instruction.

HS.MP.1Make sense of
problems and perseverin
solving them.

High school students start to examine problems by explaining to themselves the meaning of a problem a
looking for entry points to its solution. They analyze givens, constraints, relationships, and goals. They mji
conjectures about th form and meaning of the solution and plan a solution pathway rather than simply jumn
into a solution attempt. They consider analogous problems, and try special cases and simpler forms of th
original problem in order to gain insight into its solutidiney monitor and evaluate their progress and chang
course if necessary. Older students might, depending on the context of the problem, transform algebraic
expressions or change the viewing window on their graphing calculator to get the informationebady By

high school, students can explain correspondences between equations, verbal descriptions, tables, and d
or draw diagrams of important features and relationships, graph data, and search for regularity or trends.
check their answerstopiof SY&4 dzaAy3 RAFFSNBYyG YSGiK2R& FyR O2
aSyasSké ¢KSe Oly dzyRSNERGFIYR GKS I LIINRIOKSa 2F 2
correspondences between different approaches.

HS.MP.2Reason abstractly and
guantitatively.

High school students seek to make sense of quantities and their relationships in problem situations. They
abstract a given situation and represent it symbolically, manipulate the representing symbols, and pause
needed during the manipulatioprocess in order to probe into the referents for the symbols involved. Stude
use quantitative reasoning to create coherent representations of the problem at hand; consider the units
involved; attend to the meaning of quantities, not just how to compiiitem; and know and flexibly use
different properties of operations and objects.

HS.MP.3Construct viable
arguments and critique the
reasoning of others.

High school students understand and use stated assumptions, definitions, and previously estabbsittsdn
constructing arguments. They make conjectures and build a logical progression of statements to explore
truth of their conjectures. They are able to analyze situations by breaking them into cases, and can recog
and use counterexamples. & justify their conclusions, communicate them to others, and respond to the
arguments of others. They reason inductively about data, making plausible arguments that take into acco
context from which the data arose. High school students are alsotaldlompare the effectiveness of two
plausible arguments, distinguish correct logic or reasoning from that which is flawed itiere is a flaw in
an argument explain what it is. High school students learn to determine domains, to which an argument
applies, listen or read the arguments of others, decide whether they make sense, and ask useful question
clarify or improve the arguments.
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Standards for Mathematical Practice (MP) continued

Standards

Students are expected to:

Mathematical Practices

Explanations and Examples

are listed throughout the grade
level document in the 2nd column
to reflect the need to connect the
mathematical practices to
mathematical content in
instruction.

HS.MP.4Model with
mathematics.

High school students can apply thethematics they know to solve problems arising in everyday life, societ
and the workplace. By high school, a student might use geometry to solve a design problem or use a fung
describe how one quantity of interest depends on another. High scftadents making assumptions and
approximations to simplify a complicated situation, realizing that these may need revision later. They are
identify important quantities in a practical situation and map their relationships using such tools aanasagr
two-way tables, graphs, flowcharts and formulas. They can analyze those relationships mathematically to
conclusions. They routinely interpret their mathematical results in the context of the situation and reflect g
whether the results make senspossibly improving the model if it has not served its purpose.

HS.MP.5Use appropriate tools
strategically.

High school students consider the available tools when solving a mathematical problem. These tools mig
include pencil and paper, concrete nald, a ruler, a protractor, a calculator, a spreadsheet, a computer alggq
system, a statistical package, or dynamic geometry software. High school students should be sufficiently
with tools appropriate for their grade or course to make soundisieas about when each of these tools migh
be helpful, recognizing both the insight to be gained and their limitations. For example, high school studel
analyze graphs of functions and solutions generated using a graphing calculator. They detect possiley
strategically using estimation and other mathematical knowledge. When making mathematical models, th
know that technology can enable them to visualize the results of varying assumptions, explore consequet
and compare predictions with datdhey are able to identify relevant external mathematical resources, sucl
digital content located on a website, and use them to pose or solve problems. They are able to use techn
tools to explore and deepen their understanding of concepts.

HS.MP.6.Attend to precision.

High school students try to communicate precisely to others by using clear definitions in discussion with @
and in their own reasoning. They state the meaning of the symbols they choose, specifying units of meas
and labding axes to clarify the correspondence with quantities in a problem. They calculate accurately an
efficiently, express numerical answers with a degree of precision appropriate for the problem context. By
time they reach high school they have learrtedexamine claims and make explicit use of definitions.
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