Traditional Pathway: High School Algebra |

The fundamental purpose of this course Is to formalize and extend the mathematics that students learned in the
middle grades, Because i is built on the middie grades standards, this is a more ambitious version of Algebra |

than has generally been offerad, The critical areas, called units, deepen and extend understanding of linear and
exponential relationships by contrasting them with each other and by applying finear models to data that exhibit a
finear trend, and students engage in methods for analyzing, soiving, and using guadratic functions. The Mathematical
Practice Standards apply throughout each course and, together with the content standards, prescribe that students
experience mathematics as a coherent, useful, and logical subject that makes use of their ability to make sense of
problem situations.

Critical Area 1 By the end of eighth grade, students have learned to solve linear aquations in one variable and have
appiied graphical and algebraic methods to analyze and solve systems of linear equations in two variables. Now,
students analyze and explain the process of solving an eqguation. Students develop fluency writing, interpreting, and
transiating between varicus forms of linear equations and Inequalities, and using them to solve problems. They master
the solution of linear equations and apply related solution technicues and the laws of exponents to the creation and
solution of simple exponential aguations.

Critical Area 2: I earlier grades, students define, evaluate, and compare functions, and use them to model
relationships between guantities. In this unit, students will learn function notation and develop the concents of
domain and range. They explore many examples of functions, including sequences; they interpret functions given
graphically, numericaily, symbolically, and verbally, transiate between representations, and understand the limitations
of various representations. Students bulid on and informally extend their understanding of integer exponents

to consider exponential functions. Thay compare and contrast linear and exponential functions, distinguishing
between additive and multiplicative change. Students explore systems of equations and inequalities. and thay find
and interpret their solutions. They interpret arithmetic sequences as linear functions and geometric sequences as
exponential functions.

Crifical Area 3: This unit builds upon pricor students” prior experiences with data, providing students with more
formal means of assessing how a model fits data. Students use regression technigues to describe approximately
linear relationships between quantities. They use graphical representations and knowledge of the context to make
judgments about the appropriateness of linear models. With linear modeis, they ook at residuals to analyze the
goodness of fit,

Critical Area 4 In this unit, students build on thair knowledge from unit 2, where they extendsd the laws of exponents
to rational exponents, Students apply this new understanding of number and strengthen theair ability to see structure
in and create quadratic and exponential expressions. They create and solve equations, inequalities, and systems of
eguations involving quadratic expressians,

Critical Area 5: In this unit, students consider quadratic functions, comparing the key characteristics of quadratic
functions to those of linear and exponential functions, They select from among these functions to model phenomena.
Students iearn to anticipate the graph of a quadratic function by interpreting various forms of guadratic expressions.
In particular, they identify the real solutions of a quadratic equation as the zeros of a related quadratic function.
Students expand their experience with functions to include more specialized functions—absaoiute value, step, and
those that are piecewise-definad,
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Unit 1

Ralationships
Between Guantities
and Reasoning with

bguations

Unit 2
Linear and Exponential
Relationships

Unit 3
Dascriptive Statistics

Unit 4
:Expressions and
- Eqguations

Unit s

Quadratic Functions and
Meodeling

“in some cases clusters appear in more than one unit within a course or in more than one course. instructional notes will indicate how

“'Solve systerns of equations

: -Represen‘f and so ve sguations and mequalttses

.Construct and compare i'i'neaf, c;uédrat%c :an'd

: ':'-';mterpret the structure of expressrons

: .;'Per_fc_rm a_rxthmetic operations on.polynomials,

Reason guantitatively and use units to solve
orobilems.

Interpret the structure of expressions,

Create eguations that describe numbers or
relationships.

Understand solving squations as a process of
reasoning and expiain the reasoning.

Salve equations and inequalities in one variable.

ﬁxtend the properttms of exponents to 1at¢ona¥
exponents ;

graph;ral% Make sense of problems

; and persevere in solving
them.

Understand the oncep
§unct§on no‘fation

uncticif;'aa_d use
nterpret functnons hat "app!tt'__ations-m

terms Of 2 context  Reason abstractly and

Analyze functxons using dlfferent rewesentatfons. guantitatively.

Buid a funchon that modeis a retatso hlp
between two guantities.

: : Construct viable
Build new f_uﬂctsons from exést%ng'funct;{)_ns.

reasoning of others,

exponential models and solve pmblems

Interpret expressions for functaons n terms of the ~ Model with mathematics,
situation they model :

Use appropriate tocls

Summarize, represent, and interpret data on a a
sirategically.

single count or measurement variable,

Summarize, represent, and interpret data on two
categorical and quantitative variables. Attend to precision.

interpret Bnear models,

- Look for and make use of
' structure,

Write ﬂxpress:ons an equtvalent forms to 501 ve
_prob ems. L :

l.ook for and express
regularity in repesated

" Create ecuations that describe numbers or reasoning.
-.reiataoashtps

Selve equatuons Bﬁd mequaht!es in one vartable.

- Solve systems of eq_uatrons.

Use properties of rational and rrational numbers,

interpret functions that arise in applications in
terms of & context.

Analvze functions using different representations.

Bulid a function that models a relationship
petweaen two guantities,

Build new functions from existing functions,

Construct and compare linear, gquadratic, and
exponential models and solve probiems.

these standards grow over time. in some cases oniy certain stendards within a cluster are inciuded in 2 unit.

arguments and critique the
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Unit 1: Relationships Between Quantities and Reasoning with Equations

By the end of eighth grade students have {earned to solve linear eguations in one variable and have applied graphical
and algebraic methods to analvze and solve systems of linear eguations in two variakles. This unit builds on these ear-
lier experiences by asking students to analyze and explain the process of solving an eguation. Students develop fu-
ency writing, interpreting, and transiating between various forms of linear eguations and inequalities, and using them
to solve problems. They master the solution of Hnear eguations and apply related solution technigues and the laws of
exponents to the creation and solution of simple exponential equations. All of this work s grounded on understand-
ing guantities and on relationships between them,

SKILLS TO MAINTAIN

Reinforce understanding of the
properties of integer exponents. The
inifial experience with exponential
expressions, equations, and functions
involves integer exponents and builds
on this uhderstanding.™

Reaaon quaﬂtitatwely and use units to
SO :

-prob BMS.;

Workmg w:fh quant:fies ang the

] elanonshrps bﬂtwee'n therrprovides
grounding for. work with expressions,
gquations, and functions,

-

Interpret the structure of expressions.

Limit Yo linear expressions and to
exponerttial expressions with infeger
exponents.

Create equations that describe num-
Ders or relationships.

Limit ACEDT and ACED.Z to linear
and exponential equations, and, in the
case of exponential equations, fimit

to situations requiring evaluation of

; ;_ex,oonenrfa! functions at integer inputs.
cimit ACED. to linesr equations and

inequalities. Limit ACED.4 to formu.fas
which are Im@ar m the vaanab{e of
interest. I

N2 Define appro;mate quantxt;es for the purpose of descnptave
: modeling. [

L combinations of different foods.

N.Q7Use units as A WRY m'uﬁderstand prob ems and to guide the -

“solution-of multi-step problems; choose:and interpret units cores:sterst%y
lin formutas; choose ang mtemret the sca!e and theorigin in graphs aﬂd )
Cdata displays. in . o

N.AQL3 Choose a lé-v_éi of accuracy 'a'ppr'opriate to Emitations on
measurement when reporting guantities.

ASSE] Interpret expressions that represent a quantity in terms of its
context.*

a. interpret parts of an expression, such as terms, factors, and coef-
ficients. )

x. Interpret complicated expressions by viewing one or more of
thelr parts as a single entity. For example, interpret P{1+r} as the
praguct of P and a factor not depending on £

AUCEDS Create eguations and in'eq._sé'!‘t'ie's'iﬁ bhe variable and use them
te soive problems. Jnciude .equations arising from linear and quadzaa‘;c
funcffons and 5/mpfe ranonal and exponential functions. :

A CED 2 Creat@ equat;ons in two or more yariables to represent
relationships between guantities; graph equdtions on coordinate axes
with labels and scales.

ACED3 Represent constraints by 'equ-a'tibn's dr inequalities, and by

systems of equations and/or inegualities, and interpret solutions as

viable or hon-viable options in a modeling context. For example,
represent inequaiities describing nutritional and cosz‘ consrramfs on

o | ACED.4 Rearrange formulas to h%ghiéqht a guantity of inferest, using the
i-same reasoning as in solving equati ons. For exam,m/e rearmngo Ohm 3
faw V' = (R to highiight resistance R.

“instructional suggestions will be found initalics in this column throughout the docurment.
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- Understanc solving equations as a AREL Explain each step in solving a simple equation as following from
process of reasoning and explain the the equality of numbers asserted at the previous step, starting from the
reasoning. assumplion that the original equation has a solution. Construct a viable

argument to justify a selution method.
Students should focus on and master
A RELT For linear equations ang
be able to extend and apply their
reasching to other types of eguations
in future courses. Students will solve
exponetitial equations with logarithms
in Algebra il

.

< ARE! L3 Solve linear equations and inequalities in one variab!e mcludmg
equat:ons with coefﬁc:ents represented by Iotters

Soive equatlons and mequalmes m AR
one variable, o

Exteno’ Qamer Wcrk w:rh sof vmg }mear §
equat:ons to salvmg i.'ﬁear mequahnms
in one. varfaofe and to soivmg jiteral.
equaifons that.are fmear n the arfabio
being sofved for, Inc/ude s;mpfo
exponent;af equat:ons=
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Linit 2! Linear and Exponential Relationships

In earlier grades, students define, evaluate, and compare functions, and use them to mode! relationships between
cuantities. In this unit, students will learn function notation and develop the concepts of domain and range. They

move peyond viewing functions as processes that take inputs and vield outputs and start viewing functions as objects

in thelr own right, They explore many examples of functions, including sequences; they interpret functions given

graphically, numerically, symbolically, and verbally, translate between representations, and understand the limitations

of various representations. They work with functions given by graphs and tables, keeping in mind that, depending
upon the context, these representations are ikely to be approximate and incomplete, Thelr work includes functions
that can be described or approximated by formulas as well as those that cannot. Whean funclions describe relation-
ships between gquantities arising from a context, students reason with the units in which those quantities are mea-
sured. Students explore systems of eguations and inequalities, and they find and interpret their solutions. Students
budld en and informally extend their understanding of integer exponents to consider exponential functions, They
compare and contrast linear and exponential functions, distinguishing between additive and muitiplicative change.
They interpret arithmetic sequences as linear functions and geometric sequences as exponential functions.

»

“where two eguations describe paralfel
silines (yelding no solution);.connect 1o o
CGRES whenitis taught in Geometry,
s iwhich requires students to prove the
- slope criteria forparailel lines..

Extend the properties of exponents to
rational exponeantis.

In implementing the standards in
curriculum, these standards shouwld
occur before discussing exponential
functions with continuous domains.

Solve systems of equations.

Build on student experiences
graphing and solving systerms of fin
eguations from middle school to 5
on justification of the methods used,
include cases where the two eguati
describe the sameiine (yielding
infinitely many solutions) and cases

Represent and solve equations and
inequalities graphically.

For A RELID, focus on lingar and
exponential equations and be able to
adapt and apply that iearning fo other
types of equations in future courses.
For A.RELT]L focus on cases where f(x)
and gx) are linear or exponential.

A RE! 5 vae that, givena system
:repéacsng one equation:by the sum

. of the equations y =

N.RN Explain how the 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
exponents. For exampie, we define 577 to be the cube roof of 5 because
we want (5770 = 5("3) to hold, so (58Y%)* must equal 5.

N.RN.2 Rewrite expressions involving radmais and rational exponents

-using the properties of exponents.

B aiaons in two variables,
tha equatlon and a ‘muitiple of

he other produces a systermn with’

R RE% 6 Soive systems of linear equatmns xactiy am:i approxamaie!y
{e. g wuth graphs) focusing on pasrs £3i imear.equat;ons in two variables.

ARELID Understand that the graph of an eguation in two variables is
the set of all #ts solutions plotted in the coordinate plane, often forming
a curve {which could be a line).

ARELT Explain why the x-coordinates of the points where the graphs
fix) and y = g(x) intersect are the solutions of

the equation TG0 = g(x); find the sofutions approximately, ¢.g., using
technology to graph the functions, make tables of values, or find
successive approximations. Include cases where f(x) and/or g(x) are
linear, polynomial, rational, absclule value, exponential, and logarithmic
functions.®

ARENZ2 Graph the solulions to a Hnear ineguality in two variables as 2
half-plane (excluding the boundary in the case of a strict ineguality),
and graph the solution sef to a systermn of linear inequalities in two
variables as the intersection of the corresponding half-planes,
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+ Understand the concep_ of kS func’mm
and use functxon'notat;on

Sfudenis shcula’ experience.s varfery
of types of sn‘uatfcms mc}def&d by
functions. Detalled snalysis of any
particular ciass of functions, ar this
stage is not adwsed Srudenrs ‘should
apply these concepfs rhroughour their
fulure mathemalics courses.

Draw examples from lmeér-.and_._
exponential functions. In FIF.3, draw
connectfon o BRE2, Whrf:h requ.'res

geomemc sequences Emphastze :
arithrmetic and geomemc seqguences

asexamples-of Imear and ex.oononr.'ai

Fun cffons

.

Interpret functions that arise in appli-
cations in ferms of a context.

For FiF4d and 5, focus on linear and
exponential functions. For FIEG, focus
on lingar funclions and exponential
functions whose domain Is a subsef of
the integers, Unit 5 in this course and
the Algebra Il course address other
types of functions.

.

Analyze functuons usang dafferent rep-
feseatat:ons :

For FiF, 7a ?e and G focus oniinear
Cand expcnenbafs functions. lnclude

comparisons of two funchons . .
Lpresented a/gebrafcai.ﬁz For example

- romplicated cases®

: exact%y o'ﬂe eEement of the raﬂge Hfisa functacn and x is an element of
its doma:n then f(x) denotes the oulput of fcorrespondmg to the input

X, The graph of fts the graph of the equatlony f(x)

i— iF. 2 Use funcnon nota‘uon eva tuate functoons for inputs in their
domains, and m{erp H statements that use funct:on nmanon interms of
a ccnt@xt

 are funtéic}ns, sometimes defined
subset of the integars. For example, the
ined recursively by 00 = FI) = 1. F(n+D = f(n)

FIF4 For a function that models a relationship between two auantities,
{interpret key features of graphs and tables in terms of the guantities,

and skeich graphs showing key features given a verbal descrintion
of the relationship. Key features include: intercepts; intervals where
the function is increasing, decreasing, positive, or negative; relative
maximums and minimums; symmotries, end behavior; and periodicity.™®

'FIF.S Relate the domain of 5 function fo Hs graph and, where anplicabie

to the guantitative relationship it describes. For example, if the function
hin) gives the number of person-hours it takes to assemble n engines in
& factory, then the positive integers would be an appropriate domain for
the function.*

FIF.6 Calculate and interpret the average rate of change of a function
(presented symbolically or as a table) over a speciied interval, Estimate
the rate of change from a graph.*

F IF.7:Graph functions expressed symbolically and show key fééfgres :

of the graph, by hand in simple cases and usmg technology fo

ore

a, Graph linear and quadratfc ﬂmctaons and show mtercepts

maxima,:;a_ : ;

e, Graph expor‘;eﬂ iallan
and end behavior, and iﬂgonometrac functions, showmg penod

K medime, and.amplitude.

FQ Compare propemes oflwso funct:ons each representeci ina
d;fferent way (algebraicaily, graphically, numerically in tables, or by
verbat. descr;ptiom} Forexample, given a graph of one Guadratic
funcnon and an algebraic expressron for.anather, say which has z‘he

. «’arger max;m U,

iogar'thmlc unctsons showmg mtercepts :
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+ Bulld a function that models a reiation-
ship between two guantities.

Limit to F.BF1a, 1k, and 2 to fingar

and exponential funclions. In FBF2,
connect arithmetic sequences to inear
funrctions and geomefric sequences to
exponential functions,

--Buud new functio

from existing func-

: Focus or vertical f;ansfat,vons. F:
-gra,ohs ofiinear arci exponentfai

rans!affcm of afinear funct;o gﬁ_}'its :
'-mrercept

.'to aiinear.graphis appropriate atthis
fewe/ it.may-be difficult forstudent
to fdentffy or.gistinguist befween_fhe
effects of the other f:ransformarton
.-ncluded in ihis standard.

.

i, and exponential models and solve
orobioms,

For FLE.3, limif to comparisons
betweert finear and exponential
models. in constructing iincar
functions in F.LE.Z, draw on and
consolidate previous work in Grade
8 on finding equations for fines and
linear functions (8.EES, 8.F4).

' --_-ihter;jret expressions for functions in
terms of the situation they modsl,
Limit expdhénffél functions to those of
the form fx) = &+ k.

SWhile ap,of_wng other rransformaf/ons i

Construct and compare linear, quadrat-

FBFI Write a function that describes a relationship between two
quantities *

a. Determine an explicit expression, a recursive process, or steps for
catculation from a context.

b. Combine standard function types using arithmetic aperations.
For exarnple, build @ function that models the temperature of a
cooling body by adding a consiant function o & decaying expo-
nential, and refate these functions fo the model,

CEBE.2 Write arithmetic and geometric sequences both recursively and
“with an explicit formula, use them to model situations, and translate
- hetween the two forms.®

F EF 3 Edentify the. effe(:t omthe graph of replacing f(x) by Foxy + K, :
ke A0, Frion; and P+ for = specific values of k {both positive and
negative), find the value of k given theigraphs: Expefiment with "

SEs ustrate an explanation of the effects onthe graph using
techﬁo G Includle recognizing even arxd odd funcfmns from thefr
graphs ng algeblatc express;ons for them

s LET Distinguish between situations that can be modeled with linear
- functions and with exponential functions,

a. Prove that linear functions grow by equal differences over sgual
intervals; and that exponential functions grow by equal factors
over egual intervals,

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

¢, Recognize situations in which a quantity grows or decays by a
constant percent rate per unit interval relative to another,

FLE.2 Construct Hnear and exponential functions, including arithmetic
and geometric sequences, given a graph, a description of a relationship,
or two nput-output paws (include reading these from a table).

FLE.3 Observe using graphs and tables that & guantity increasing
exponentially eventually exceeds a quantity increasing Hnearly,

quadratically, or {more generally) as a poiynomial function,

' Fiﬁ 5 interpret the parameters ina hnear or exponentia% function in
: ierms o£ a context :
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Unit 3: Descriptive Statistics

Experience with descriptive statistics began as sarly as Grade 6. Students were expected to display numerical data
and summarize it using measures of center and vartability. By the end of middle schoo! they were creating scatter-
plots and recognizing linear trends in data. This unit builds upon that prior experience, providing students with more
formal means of assessing how a model fits data. Students use regression techniques to describe approximately lingar
relationships between quantities, They use graphical representations and knowledge of the context to make judg-
ments about the appropriateness of linear models. With linear models, they lock at residuals to analyze the goodness
of fit.

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

in grades 6 -~ 8, students describe
center and spread in & data
distribution. Here Fhey choose a
summary statistic appropriate to the
characteristics of the data distribution,
such as the shape of the distribution or
the existence of extreme data points,

P

Summarize, represent, and inferpret
data on two categorical and quantita-
“tive variables.

Students take a more sophisticated
“look at using @ finear function to
~model the relationship hetween two
- numerical variables. in addition to
- Lfitting @ fine to data, students assess
‘how.well the model fits by anaiyzmg
: ;resrdua/s

o modlels, but may be used:to prewew '
~quadratic functions in Unit 5 of thi
. sourse

interpret linear modsls.

Burld on students’ work with linear
relationships in eighth grads and
introduce the correlation coefficient.
The focus hore is on the computation
and interpretation of the correlation
coefficient as a measure of how well
the data fit the relationship. The
important distinction between a
statistical relationship and & cause-
and-effect relaticnship arises in 5.10.2.

- S1D5 Summarize categorical data for two'Categories in twoway
‘freguency tables. Interpret relative frequencies inthe context fithe

| Recognize possible associations and:trenids in'the data)’

51D.6 Représeht data on twe quantitative variables.on a's_c:at_t

USID.6E should be facused an fmear S

- 5001 Represent data with plots on the real numizer line (dot plots,
"histograms, and box plots).

$.10.2 Use statistics appropriate to the shape of the data distribution
to compare center (median, mean) and spread {interguartile range,
standard deviation) of two or more different data sets.

SA0.3 Interpret differences in shape, center, and spread in the context
of the data sets, accounting for possible effects of extreme data points
(outliers),

data (including ioint, marginal, and conditionat relative frequeﬂcnés)

Piot,

and describe how the variables are re_lated.

a. Fit'afunction to the data: use functions fitted 1o data to solve -1
problems in the context of the data. Use given functions or -7
choose a function suggested by the conrexf Emphasize imear
-angd exponential models,

b, énformaﬂy assess the fit-of & function b,f nplotting and analyzmg :_: E
residuals, -

oA Fit e linear function for a scatter plot that suggests a lmeal Aas-
socsatlor:

SAD.7 interpret the siope (rate of change) and the intercept (constant
torm) of a lincar model in the contaxt of the data.

S.D.8 Computs (using technology) and inferpret the correlation
coefficient of a2 Hnear fit,

5.00D.9 Distinguish between correlation and causation.
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Unit 4: Expressions and Equations

in this unit, students build on their knowledge from unit 2, where they extended the laws of exponents to rational

exponents. Students apply this new understanding of number and strengthen their ability to see structure in and cre-

ate gquadratic and exponential expressions. They create and solve equations, inegualities, and systems of equations

involving quadratic exprassions,

uadrai:c and exponential

expr@ss:ons For A:55E7b, pronents
are-extended from.the integer
exponents found inUnit'1 to rational
exponents focusing on those that
o represent square or cube roofs.

-

Write expressions in eguivalent forms
{o solve problems.

it is important to balance conceptual
understanding and procedural fluency
iy work with equivalent expressions,
For example, development of skill in
factoring and completing the squars

goes hand-in-hand with understanding

what different forms of a guadratic
@XPIession reveal,

perform arithmetic operations on
cpolynomials. |

%

: .r?rfq&ifs on pelynomial expressions that
simplify toforms that are linear or

;f uadrahc in a pcrsmve infeger power
~OF X, :

.

Create eqguations that describe num-
bers or relationships.

Extend work on linear and exponential
eqgualions in Unit 1 to guadratic
equations. Extend ACED.4 to formulas
involving squared variables.

+ Solve eguations and mequal;tles in one
; var;able

Srudents should fsarn of the existence
of the complex number system, but
will not sofve quadratics with compfnx
sofutions u.rmfAfgebra il

b interpret comp!icczted exprecsmns by viewing one or more of
“their parts as a- single entity. For example, mrerprer P{Fw)f as the
proguct of P ano‘ E] factor nor de,oendmg onk

A SSE 2 Use'the stmcture of an expressmn 1o zdentify ways 1o rewrite
it. For example, see x ~wyf ay (3 - (3 thus recognizing it as a
difference of squares that can be factored as (x% =y (x? +3/2),

ASSES Choose and produce an equivalent form of an expression
to reveal and explain properties of the guantity represented by the
expression.®

a. Factor a guadratic expression {o reveal the zeros of the function
it defines.

. Complete the square in a guadratic expression 1o reveal the maxi-
mum or minimum value of the function it defines.

c. Use the properties of exponents 1o transform exprassions for
exponential functions. For example the expression 115 can be re-
written as (11599 = 10127 to reveal the spproximate eqguivalent
rronthly interest rate §F the annual rate is 15%.

AAPRI U?adersiéﬁd that polynomials form a sﬁ,tstem anatogous to the
Lintegers, namely, they are ciosed under the operations of addition,
| subtraction, and multiplication; add, subtract, and multiply polynomiais.

ACEDT Create equations and inequalities in one variable and use them
to solve problems. Inciude eguations arising from linear and quadratic
functions, and simple rational and exponential functions.

ACED.2 Create eguations in two or more variables to represent
retationships between quantities; graph equations. on coordinate axes
with tabels and scales.

ACED.4 Rearrange formulas to highlight a quantity of interest, using the
same reasaning as in solving egquations. For exampte, rearrange Ohm’s
law V = IR to highlight resistance R,

AREL4 Scfve quadramc equat:ons in one variable

a. Use the method of '“Gmpletmg the square to transform any gua-
dratic equation in x into an equation of the form {x - p)¥ = ¢ that
has the same so!uhoﬂc Denw the guadratic formula fron" this
form. " T

square roots, complating the squareg, the c;uadratsc formu ia and

factoring, as appropriate to the initial form of the equation, Rec-
ognize when the guadratic formula gives complex solutlom and
write them as a # B/ for real numbers a and b.
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» Solve systems of equations.

Include systems consisting of gne
linear and one quadratic equation.
inciude systems that lead to work with
fractions. For example, finding the
intersections between x*+y*=f and y =
(x+11/2 leads to the pont (375, 4/5) on
the unit circle, corresponding to the
Pythagorean triple 3 +47 =57

.7 Solve a simple system consisting of a linear equation and a
quadratic equation in two variables algebraically and graphically, For
example, find the points of intersection between fthe fine |
cirgle x3 + y? = 3
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Unit 5: Quadratic Functions and Modeling

in preparation for work with guadratic relationships students explore distinctions between rational and irrational num-

bers. They consider guadratic functions, comparing the key characteristics of quadratic functions to those of linear

and exponential functions. They select from among these functions to model phenomena. Students learn to anticipate

the graph of a quadratic function by interpreting various forms of quadratic expressions, In particular, they identify
the real sclutions of a quadratic equation as the zeros of a related quadratic function. Students learn that when qua-
dratic equations do not have real solutions the number system must be extended so that solutions exist, analogous

o the way in which extending the whaole numbers to the negative numbers allows x+1 =

O to have a solution, Formal

work with complex numbers comes in Algebra H. Students expand their experience with functions to include more
specialized functions—absclute value, step, and those that are piecewise-defined.

-

.F"ocus on f;ruadratfc 'func
swithidinear and exponenfsa Functions. '_

Use properties of rational and irrationsl
numbers.

Connect N.RN.3 to phvsical situations,
e.g., finding the perimeter of a square
of area 2.

interpretfunctions that. anse in apph-
cations-interms of a corstext

studied.in Unit 2,

Analyze functions using different rep-
resentations.

For FIF 78, compare and confrast
absolute value, step and plecewise-
defined functions with finear,
quadratic, and exponential functions.
Highlight issues of dlomaln, range, and
usefulness when examining piecowise-
defined functions. Note that this unit,
and in particular in FIF8h, extenas the
work begun in Unit 2 on exponontiol
functions with integer exponents. For
FIF.8, focus on expanding the typos of
functions considered to include, lingar,
exponential, and quadratic.

Extend work with quadratics to includie
the relationship between coefficients
and roots, and thal once roots are
known, a gquadratic equation can be
factored.

N.RN.3 Explain why the sum or product of two rational numbers is
rational; that the sum of & rational number and an irrational number is
irrational; and that the product of a2 nonzero rationat number and an
irrational number is irrational.

Y nnchan that models a relatlmsh:p betweeﬁ Lo quantitles
re key features of: graph% and tabies interms of the Quant;ties :

the number of wperson-hours:it. rakes to assemb/e fn -:angmos in

L& faémry, then the positive integers would be'an appmpmae dcmam for -

the funcz.'on *

F IF 6 Calcu atc and mtemret the average rate of changa of a funct:cn
" Hpresented symbolicaliy or as a tabie) over a specified fnterva§ Esttmate

the rate of change £rom a graph *

FIF.7 Graph functions expressed symbolically and show key features
of the graph, by hand in simple cases and using technology for more
complicated cases®

a. Graph linear and guadratic functions and show ntercepts,
maxima, and minima.

t. Graph sguare root, cube root, and piscewise-defined functions,
including step functions and absolute value functions.

FIF.8 Write a funclion defined by an exprassion in different but
eguivalent forms to reveal and explain different properties of the
function.

a Use the process of factoring and completing the square in a gua-
dratic function to show zZercs, extrerne values, and symmetry of
the graph, and interpret these in ferms of a context,

b, Use the properties of @xponems to ‘nterpset AXGressions fox ex-
in funci“ions such c¢y (’F,OZ)Q y (0.97), y (F.OT) ,y = (.'/'.2')'
and classify them as representing exponential growth or decay.

FIFS Compare properties of two functions each represanted in a
different way (algebraically, graphically, numerically in tables, or by
verbal descriptions). For example, given & graph of one guadratic
function and an algebraic expression for another. say which has the
larger maximunm.
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.

Buiid 2 function that models a relation-
ship between two guantities,

Focus on sflualions thal exiibit &
uadratic relationship.

Build new functions from existing func-
tions.

For F8F3 focus on quadratic
functions, and consider including
absolute value functions, For F.BF 43,
focus on linear functions but consider
simple situations where the domain
of the function must be restricied in
order for the inverse Yo exist, such as
fex) = x5 50

Construct and compare linear, guadrat-
ic, and exponential models and solve
problems.

Compar{-} linear and exponential
qrowth to guadratic growth.

CEBEY Write o function that describes a relstionship t:ae_i’wéerj two

quantities.® R S

a. Determine an explicit expression, a recursive process, or sieps for
caleuistion from a context, :

b, Combine standard function types using arithmetic operations,
For axamoie, bulld & function that modals the temperature of a
ceoding body by adding a constant funclion to a decaying expo-
nenfial, and relate these functions to the modsl,

F.BFZ identify the effect on the graph of replacing Foo by Fxd + k,
k), fikxd, and fix + & for specific values of & (both positive and
negative); find the value of £ given the graphs. Experiment with
cases and ilustrate an explanation of the effects on the graph using
tachnoloay. Include recognizing even and add functions frorms their
graphs and algebraic expressions for Fhem.

FBF4 Find inverse functions.

a. Solve an equation of the form frx) = ¢ far a simple function 7
that has an inverse and write an expression for the inverse. For
examole, fx) = 2 %" or FO0 = G D/ -1 for x # 1.

FLEZ Observe using graphs and tables that & guantity in;réasir;g
exponentially eventually exceeds a guantity increasing linearly,
guadratically, or {more generally} as a polynomial function,
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Traditional Pathway: Geometry

TheThe fundamentai purpose of the course in Geometry is to formalize and extend students’ gecmetric experiences
from the middle grades. Students explore more complex geometric situations and deepen their explanations of geo-
metric refationships, moving towards formal mathematical arguments, Important differences exist between this Ge-
ometry course and the historical approach taken in Geometry classes. For example, transformations are emphasized
early in this course. Close attention should be paid to the introductory content for the Geometry conceptual category
found in the high school CCSS. The Mathematical Practice Standards apply throughout each course and, together
with the content standards, prescribe that students expertence mathematics as a coherent, useful, and logical subject
that makes use of their ability te make sense of problem situations, The critical areas, organized into six units are as
follows,

Critical Area 1) In previous grades, students were asked to draw triangles based on given measurements, They also
have prior experience with rigid motions: translations, reflections, and rotations and have used these to develop no-
tions about what it means for two objects to be congruent. in this unit, students establish triangle congruence critaria,
based on analyses of rigid motions and formal constructions. They use triangle congruence as a familiar foundation
for the development of formal proof. Students prove theorems—using a variety of forrmats—and solve problems about
triangles, quadrilaterals, and other polygons, They apply reasoning to complete geometric constructions and explain
why they work.

Critical Area 2: Students apply their earier experience with dilations and proportiona! reasoning to build a formal
understanding of similarity. They identify criteria for similarity of triangles, use similarity to solve problams, and apply
similarity in right triangles to understand right triangle trigonometry, with particular attention to special right trian-
gles and the Pythagorsan theorem, Students develop the Laws of Sines and Cosines in order to find missing mea-
sures of general (not necessarily right) triangles, building on students’ work with quadratic equations done in the first
course. They are able to distinguish whether three given measures (angles or sides) define 0, 1, 2, or Infinitely many
triangies.

Critical Area 3! Students’ experience with two-dimensional and three-dimensional objects is extended to include
informal explanations of circumference, area and volume formulas. Additionally, students apply their knowledge of
two-cimensional shapes to consider the shapes of cross-sections and the result of rotating a two-dimensional obiect
about a Hng,

Critical Area 4: Building on their work with the Pythagorean theorem in 8" grade to find distances, students use a
rectangular coordinate system to verify geometric relationships, including properties of special triangles and quadg-
rifaterais and siopes of parallel and perpendicular lines, which relates back to work done in the first course, Students
continue their study of quadratics by connecting the geometric and algebraic definitions of the parabola.

Critical Area 50 in this unit students prove basic theorems about circles, such as a tangent line is perpendicular to a
radius, inscribed angle theorem, and theorems about chords, secants, and tangents dealing with segment lengths

and angle measures. They study relationships arnong segments on chords, secants, and tangents as an application of
similarity. In the Cartesian coordinate system, students use the distance formuia to write the equation of & circle when
given the radius and the coordinates of its center, Given an equation of a circle, they draw the graph in the coordinate
plane, and apply technigues for solving quadratic equations, which relates back o work done in the first course, to
determine intersections between lines and circles or parabolas and between two circles.

Critical Area 6! Building on probabiiity concepts that began in the middle grades, students use the languages of sef
theory fo expand thelr ability to compute and interpret theoretical and experimental probabilities for compound
events, attending to mutually exciusive events, independent events, and conditional probability. Students should make
use of geomatric probability models wherever possible. They use probability to make informed decisions.
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Unit 3

Congruence, Proof, and
Constructions

Unit 2

Sirmilarity, Proof, and
Triganometry

Unit 3

Extending to Three
Dimensions

Unit 4
Connecling Algebra

and Geomatry through |

Coordinates

Unit 8

Circles With and
Without Coordinates

i unit 6
Applications of
‘Probability

Experiment with transformations in the plane.
Understand congruence in terms of rigid motians.
Prove geometric theorems,

Make gecmelric constructions.

Understand similarity in terms of similarity
transformations.

Prove theorems involving similarity.

Define trigonometric ratios and solve problems
involving right friangles,

Anoly geometric concepts in modeling situations.
Apphy trigonometry o general triangles.,

Explain volume formulas and use them to solve
problems,

Visuatize the relation betwean two-dimensional
and three-dimensional objects.

Apphy geometric concepts in modeling situations,

" ‘Use coordinates to prave simﬁié géorﬁetric

theorems algebraically.

Transiate between the geormnetric description and

the equation for a conic section,

Understand and apply theorems about circles,
Find arc lengths and areas of sectors of circles,

Translate between the geometric description and
the aguation for 2 conic section.

Use coordinates (0 prove simpie gecmaetric
theorem algebraically.

Apply geometric concepts in modeling situations.

" inderstand independence and conditional
-probability and use them to interpret data.

Lise the rules of probability to compute
orobabilities of compound ovents in a uniform
probakility model

Use probabiiity to evaluate outcomes of decisions,

Make sense of problems
and persevere in selving
them.

Reason abstractly and

guantitatively.

Construct viable
arguments and critique the
reasoning of others.

Maode! with mathematics.

‘Use appropriate tools
 strategicaiiy.

Attend to precision.

Look for and make use of
struciure,

Look for and express
regufarity in repeated
reasoning.

*1n some cases clusters appear in more than one unit within & course or in more than one course. Instructional notes will indicate how
these stantdards grow over time. In some cases only certain standards within & cluster are included in a unit.
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Unit T Congruence, Procof, and Constructions

in previous grades, studenis were asked to draw triangles based on givan measurements. They also have prior experi-
ence with rigid motions: translations, reflections, and rotations and have used these to develop notions about what it
means for two cbjects te be congrusnt. in this unit, students astablish triangle congruence criteria, based on analyses
of rigid motions and formal constructions. They use triangle congruence as a familiar foundation for the development
of formal proof. Students prove theorems—using a variety of formats—and solve problems about trianglss, quadrilat-
erals, and other polygons, They apply reasoning to complete geometric constructions and explain why they work.

» Expariment with transformations in the
plane,

Build on student experience with rigid
motions frorm earfier grades. Point out
the Hasis of rigid motions in geametric
cancepts, e.g., ransialions move
paints a specified distance aiong a line
paralie! to a specified fline, rotations
move obyects afong & circuiar arc with
a specified cenfer through a specified
angle,

»

Understand congruence in terms of
rigid motions.

Rigid mations are at the foundlaltion of
the definition of congruence, Students
reason from the basic properties of
rigic! motions (that they preserve
distance and anglel, which are assumed
without proof Rigid mofions and their
assumed properties can be used to
asfablish the usual trangle congruence
criteria, whict can then be used fo
prove other thecrems.

BProve geometric theorems.,

Encouwrage multiple wavs of wrifing
prools, such as in narrative paragraphs,
using How diagrams, in two-column
format. and using diagrams without
wiords, Students should be encouraged
to focus on the validity of the
LUnOErYINgG reasoning while exnloring

a variety of formats for expressing

that reasanmg. Imolfementation of
G.O0I0 may be extended Fo include
concurtence of perpendicutar bisectors
and angle Misectors as prenaration for

GCO3mn Unit 4,

M

G.COT Know precise definitions of angle, cirgle, perpendicular ling,
paraliel ine, and line seament, based on the undefined notions of nomt.
iine, distance aiong a line, and distance around a circular arc.

G.CO.2 Represent transformations in the plane using, e.q.,
transparencies and geometry softwars: describe transformations as
functions that take poinis in the plane as inputs and give other points
a5 outputs. Cormpare transformations that preserve distance and angle
ta those that do not (e, transiation versus horizontal stretch).

L0035 Given g rectangle, paralielogram, trapezoid. or reguiar polygon,
describe the rotations and reflections that carry i onto el

GLO4 Develop definitions of ratations, reflections, and transiations
in terms of anglas, circles, perpendicular ines, paraliel lines, and line
segments,

G.LOS Given a geometric figure and a rotatian, reflection, or
transiation, draw the transformed figure using, e.q., graph paper, tracing
paper, or geometry software. Specify a sequence of transformations
that witl carry a given figure onto ancther,

SG.COE Use geometric descriptions of rigid motions to transform
Jfigures and to predict the effect of a given rigid motion on a given

figure; givern two figures, use the definition of congruence in terms of
rigid motions 1o decide if they are congruent.

G.CC.7 Use the definition of congruencs in terms of rigid motions to
show that two triangles are congruent if and only if corresponding
pairs of sides and corresponding pairs of angles are congruent.

G.CO.E Explain how the criteria for triangle tbngmemce {ASA, BAS, and
5557y follow from the definition of congrugnce in terms of rigid motions.

GLO0.9 Prove theorems about lines and angies. Theorems nclude:
ventical angles are congruent; when a transversal crosses paraliel lines,
alternate interior angles are congruent and carresponding angles are
CONGrUent; points on & parpendicwar bisector of & line segment are
oxactly those eguidistant from the segment's endpoints.

G000 Prove theorems about triangles. Theorems include, measures
of interior anglas of a triangle sum o 180% hase angles of [soscelas
triangles are congruent; the segment joining midpoints of two sides of
a triangle is paralle! (o the Hird sitle and halt the length; the medians of
a triangle meastl st a paink.

GLON Prove theorems about paralisiograms. Theorems inciude:
OPRQGLIES sides are congruent, oppasite anglos are congruent, the
diagonals of @ parallelogram bisect each other and conversely
ngles are paralleiograms with congruent diagonals.
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;"G fela k) Make fsrma geometrac constructions with a vaﬂety of toois

fand methods’ {compass and straightedge, string. reflective devices,

_me on pnor sfud@nt oxperfonce paper foiding, .dyna:"nm geom_etnc software, e;c Yo Copving a segrment;

‘with simple constructions. Emphaswze . copying an ang{e;.bgec_rmg a segment; bisg%ctmg an angle; coqsfructﬁng

the ability 16 formalize and expisin : :perpeno’fcufar fines, including the perpendicular bisector of a line

.how Ihese consfruct.'ons resu:’r in rhe (segment; and constructing a !m@ parahfe/ toc a given line through a point
o not on theiine. h : :

. Maké ge-orriéiricﬁ'.constyuctions :

aterai tnangie, a-sguare, and aregular
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Unit 2: Similarity, Proof, and Trigonometry

Students apply thefr earlier experience with dilatlons and proportional reasoning to buiid a formal understanding

of similarity, They identify criterta for simifarity of triangles, use similarity to solve problems, and apply similarity in
right triangles to understand right triangle trigonometry, with particular attention to special right triangles and the
Pythagorean theorem. Students develop the Laws of Sines and Cosines in order to find missing measures of general

(not necessarily right) triangles. They are able to distinguish whether three given measures {angles or sides) define 0O,

1, 2, or infinitely many triangles.

_Clusters and instructional Notes

= Understand similarity in terms of simi-
tarity transformations,

invelving similarity.

© - Define trigonometric ratios and solve
problems involving right triangles.

» Apply geometric concept& in modelmg .

situations,

Focus on situations well modeled by
trigonometric ratios for acute angles.

- Apply trigonometry to general tri-
anglas.

With respect to the general case of
the Laws of Sines and Cosines, the -
definitions of sine and cosine musft Hé
extended fo obtuse angles, :

G.SRTI Verify expenmenlaiéy the properties of d:!atsonr given by a
center and a scale factor.

a. A dilation takes a line not passing through the center of the dila-
tion to & paralle! ling, and leaves a line passing through the center
unchanged.

b. The dilation of a line segment is longer or shorter in the ratio
given by the scale factor

G.5RT.2 Given two figures, use the definition of similarity in terms of
simifarity transformations to decide ¥ they are similar; explain using
similarity transformations the meaning of similarity for triangles as the
equality of alt corresponding pairs of angles and the proportionality of
all corresponding pairs of sides.

| G.SRT.2 Use the properties of similarity transformations to establish the
S AA criterion for two trianglas to be similar.

: GSRTH4 Prcve theorems about tnangies Theorems include: 2 fine -
parallel to'one'side of a'triangle divides the other two proportionaliy,

and converse!y, rhe Pythagorean Theorem proved usmg triangle
similarity. .

G.SRIS5 Use congruence and Simigaﬂty criteria for triangles to soé
problems and to prove reiatsonshlps i) geometr;c Hgures,

G.SRT.E Understand thet by similarity. side rafios in right triangles
are properties of the angles in the triangle. leading to definitions of
trigonometric ratios for acute angles.

G.SRT.7 kxplain and use the relationship betweean the sine and cosine of
compiementary angles.

G.SRT.8 Use trigonometric ratios and the Pythagorean Theorem to scive
right triangles in applied problems.®

G.MGI Use geomnetric shapes, their'méa'sures ahd their properties to
describe objects (e.g.. modeling a tree mmk or ahumantorsoas a
cy linder)*

G.ME.2 Apply concepts of denséty based on area and volume in

P modeling situations {e.g., persons per square mlie BTUS per cubic
; foot) -

. MG 3 Apply geometric methods to smve deslgn probiems {e.g.,
L designing an object or structure to satisfy physical constraints or
3 m@nimize cost; working with typographic grid systems based on ratios)”

G.SRT.€ ¢y Derive the formula A = /; ab sin(C) for the area of & riangle
by drawing an auxiliary tine from a vertex perpendicular to the opposite
sicle.

GERTIC <+ Prove the Laws of Sines and Cosines and use them to.sohve
probiems.

G.SRTHN (+) Understand and apply the Law of Sines and the Law of
Casines to find unknown measurements in right and nan-right triangles
(e.g, surveyving problems, resuitant forces),
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Unit 3: Extending to Three Dimensions

Students’ expearience with two-dimensional and three-dimensional objects is extended to include informal explana-
tions of circumference, area and volume formulas, Additionally, students apply thelr knowledge of twe-dimensional
shapes to consider the shapes of cross-sections and the result of rotating a two-dimensional object about a line,

.

Expiain volume formulas and use them

to solve problems,

Informal arguments for area and
vofume formulas carn make use of the
way In which area and volume scale
under similarity transformations:
whern one figure in the plane resulfs
from another by appiving & simifarity
transformation with scale factor k) its
ared is k7 times the area of the first.
Simitarly, volumes of solid figures scale
by k' under a simifarity fransformation
with scale factor k.

Wisualize the relation between two-
dimensional and three-dimensional
objects, T T

Apply geometric concepts in modeling
situations.

Focus on sifuations that require
refating two- and three-dimensional
ohjects, determining and using
volume, and the trigonometry of
genaral triangles,

tirnit arguments.

GGMGE Use volume formudas for oylmders, pyramids, cones, and

spheras to solve probiems®

GGMD.4 ldent.iﬁ'i th_é shapes of two-dimensional cross-sections of three-
dimensional objects, and identify three-dimensional objects generated

by rotations of two-dimensional objects,

G.MGI Use geomeinge shapes, their measures, and their properties to
describe objects (e.q., modeling a tree trunk or a human torso as a

cylinder)”

G.EMDI Give an mformal argument for the formulas for the
circumference of & circle, area of a circle, volume of a cytinder, pyramid,
and cone. Use dissection arquments, Cavalieri's principde, and informal
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Unit 4: Connecting Algebra and Geometry Through Coordinates

Building on theilr work with the Pythagorean theorem in 8% grade to find distances, students use a rectangular coor-
dinate system fo verify geometric relationships, including properties of special triangles and quadrilaterals and siopes
of parallel and perpendicular lines. Students continue their study of quadratics by connecting the geometric and
atgebraic definitions of the parabola.

+ Use coardinates to prove simple geo-

.

metric theorems algebraically,

This unit has & closs connection
curricuium might merge GGPET and
the Unit 5 treatment of G.ORPE.d with
the standards in this unit. Reasoniing
with triangies in this unit s fimited

to right triangles: e.q., derive the
equation for a fine through two poinis
using simitar right triangles.

Relate wark on parallel fines in
G.GRPE S to work on A RELS in Migh
School Algabra [ invoiving systems

of equations having no sofution or
infinitely many solutions.

G.GPE.7 provides practice with the
distance formuwla and its connection
with the Pythagoraan theorem.

Transiate between the geometric da-
scription and the eguation for & conic
section. .

The directrix should be parallel to a
coordinate axis. :

G.GPE.4 Use coordinates o prove simple geometric theorems
algebraically. For example, prove or disprove that @ figure defined

Ly four given points in the coordinate plene is a rectangle: prove or
disprove that the point (1 v3} fies on the circle centered at the oricir and
cantaining the point (0, 23,

G.GPE.L Prove the slape criteria for paralled andg perpendicular Hnes and
uses them to solve geometric problems (a.g., find the equation of & fine
paraliel or perpendicudar to & given line that passes through a given
pointy

G.GRES Find the point on a directed line segment between two given
points that partitions the segment in a given ratio.

G.GRPE.7 Use coordinates to campute perimeters of polygons and areas
of triangles and rectangles, e.g.. using the distance formula.®

[ G.GPE.Z Derive the equation of a parabola givena focus and directrix,
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Linit 5: Circles With and Without Coordinates

In this unit, students prove basic theorems about circles, with particular attention to perpendicularity and inscribed
angles, in order to see symmaetry in circles and as an application of triangle congruence criteria. They study relation-

ships among segments on chords, secants, and tangents as an application of similarity. In the Cartesian coordinate

systam, students use the distance formula to write the eqguation of a circle when given the radius and the coordinates
of its center. Given an equation of a circle, they draw the graph in tha coordinate plane, and apply technigues for solv-
ing quadratic eguations to determine intersactions between lines and circles ar parabolas and between two circles.

- Understand and apply theorems about
circies.

e Eind arc lengths ancﬁ areas of sectors
of . f"arues o

Emphasize the similarity of all circles.
Note that by similarity of sectors with
the same central angle, arc lengths are
proportional to the radius. Use this as
a basis for introducing radian as & unit
of measure. It is not intended that it be
applied to the development of Cff’CU:af’
trigonometry it this course.

« Transiate between the geometric de-
scription and the equation for a conic
section.

Use coordinates to prove simple geo-
mairic theorems algebraically.

Include simple proofs involving circles,

.

Apply geometric concepts in modefing
situations.

Foous on situations nowhich Fhe
analysis of circles is requirad,

L0 Prove that all circles are similar,

G.C.2 ldentify and describe relationships among msoribed angles, radil

and chords. include the relationshin helfween central, inscribed, and
circumscribed angles, inscribed angles on a diameler are right angles;
the radius of 8 circle is perpendicular Fo the tangent where the radiuz
infersects the circle,

G.C.3 Construct the nscribed and crcumscribed circies of a trisngle.
and prove properties of angles for s guadrilateral inscribed in a circie,

G.C4 o Conglruct & tangent Hne from a point outside & given circle to
the circle.

GIC.E Darive using similarity the.'?fa'c't that thelength of the arc
intercepted by an.angle is proportions! to the radius, and define the

- radian measure of the angle as the ccmstant of p?o;:)ortlormi ty) lerive
[ the formula for the area of a sef'iof e

G.GPE] Derive the eqguatian of a circle of given centar and radius using
the Pythagorean Theorem; compiate the squars to find the center and
radius of a circle given by an eguation.

[ GGPE.4 Use coordinates to prove simple geometric theorems
atgebraically, For example prove or disprove that a figure defined

by four given points in the coordinate plane is a rectangle; prove or

disprove that the point (1 V30 lies on the circle centered at the origin
fand containing the poing (0, 2).

- GMGY Use geometric shapes, their measures, and their properties to

describe objects (2.g9., modeling a tree trunk or & human torso as a
cylinder).®
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Unit &: Applications of Probability

Building on probability concepts that began in the middle grades, students uss the languages of set theory to expand

their ability to compute and interpret theoretical and experimental probabilities for compound events, attending to
mutually exclusive events, independent events, and conditicnal probability. Students should make use of geometric
probability models wherever possible, They use probabiiity to make informed decisions.

» Understand independence and con-
ditional probability and use them to
interpret data.

suilcd on work with two-way tables
from Algebra I Unit 3 (S.1D.5) to
develop understanding of conditional
probability and independence.

+ Use the rdles of probability to compute
. probabilities of compound evems m a ’
unxform probability modei S

« Use probability to evaluate outcomes
of decisions.

This unit sefs the stage for work

in Algehra i, where the ideas of
statistical inference are introduced.
Evaluaring the risks associated with
conclusions drawn from sample data
{re. incemplete information) requires
an understanding of probability
conceplts.

S.CPY Describe events as subsets of a sample space (the set of
outcomes) using characteristics (or categories) of the outcomes, or
as urnions, intersections, or complements of other avents (“or,” “and”
“not™).

S.CP.2 Understand that two evenis 4 and £ are independent if the
probabkility of A and £ oceurring together is the preduct of their
probabilities, and use this characterization 1o determine if they are
independent.

S.CPR.3 Understand the conditional probability of 4 given B as P{A
and 8)/P(B), and interpret independence of 4 and B as saying that
the conditional probability of A given 8 is the same as the probability
of A, and the conditional probability of 8 given A is the same as the
probability of B

S5.CP4 Construct and interpret two-way frequency tables of data when
two categories are associated with sach object being classified. Use the
two-way tabie as a sample space to decide if events are independent
and to approximate conditional probabilities. For example, collect

data from a random sample of students in your school on their favorite
subject armong math, science, and English, Estimate the probability that
a randomiy selected student from your school will favor science given
that the student Is in tenth grade. Do the same for other subjects and
compare the resuits.

S.CR.5 Recagnize and 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 smoker
with the chance of being a smoker if vou have lung cancer,

s, CPE Find the conditional mrobabmty of Agiven B as the frartaon of B's

outsomes ti"at also'belong o A, and mterpret the:answer m forms of the
mf}del !

S CP? Apply the Addit@on Ru[@ P(A org) = P(A) + P(B) P(A and 595

Land mterpret the answew in terms of the model.

8. CPS {w Appiy the general Mait;pimataon Rule in a umform probabxi;ty

model, PlA and B = PLAP{RIA) = P(B}P(Ats) and mterpret the answer -

in terms of the model

S, CP 9 ey Use permutatmﬁs and combmat:or}s io compute prcbabzéitses
of. compound evmnts and soive problems,

5.MD.6 +) Use probabilities to make fair decisions {g.¢.. drawing by iots,
using a random number generator).

S.MOT7 (+) Analyze decisions and strategies using probability concepts
{&.¢., product testing, medical testing, pulling a hockey goalie at the end

of a game).
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Traditional Pathway: Algebra 1l

Buiiding on their work with linear, quadratic, and exponential functions, students extend their repertoire of functions
to include polynomial, rational, and radical functions.” Students work closely with the expressions that define the
functions, and continue to expand and hone their abilitfes to model situations and to solve equations, inciuding
solving guadratic equations over the set of complex numbers and solving exponential eqguations using the properties
of logarithms. The Mathematical Practice Standards apply throughout each course and, together with the content
standards, prescribe that studenis experience mathematics as a coherent, useful, and ogical subject that makes use
of their ability to make sense of problem situations. The critical areas for this course, organized into four units, are as
follows:

Critical Area T This unit develops the structural similarities between the system of polynomials and the system

of integers. Students draw on analogies between polynomial arithmetic and base-ten computation, focusing on
properties of operations, particularly the distributive property. Students connect multiptication of polynomials with
multiplication of multi-digit integers, and division of polynomials with long division of integers. Students identify
zeros of polynomials, including complex zercs of quadratic polynomials, and make connections between zeros of
polynomials and solutions of polynomial eguations. The unit culminates with the fundamental thecrem of algebra. A
central theme of this unit is that the arithmetic of rational expressions is governed by the same rules as the arithmetic
of rational numbers,

Critical Area 2 Building on their previous work with functions, and on their work with trigonometric ratios and circles
in Geometry, students now use the coordinate plane to extend trigonometry to model pericdic phenomena.

Critical Area 3 in this unit students synthesize and generatize what they have learned about a variety of function
famnilies. They extend their work with exponential functions to include solving exponential equations with logarithms.
They explore the effects of transformations on graphs of diverse functions, including functions arising in an
application, in order to abstract the ganeral principle that transformations on a graph always have the same effect
regardless of the type of the underlying function. They identify appropriate types of functions to mode! a situation,
they adjust parameters to improve the model, and thay compare models by analyzing appropriateness of fit and
rmaking judgments about the domain over which a model is a good fit. The description of modeaiing as "the process
of choosing and using mathematics and stalistics to analyze empirical situations, to understand them better, and to
make decisions” is at the heart of this unit. The narrative discussion and diagram of the modaling cycle should be
considerad when knowledge of functions, statistics, and geometry is applied in a modeling context.

Critical Area 4 in this unit, students see how the visual displays and summary statistics they learned in earlier grades
relate to different types of data and to probability distributions, They identify different ways of collecting data—
including samplie surveys, experiments, and simulations—and the role that randomness and careful design play in the
conclusions that can be drawn.

*in this course raticnal functions are limited to those whose numerators are of degree 8t most 1 ang deneminators of degree at most 2;
radical functions are limited to square roots or cube roots of at most quadratic polynomials.
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unit 1

Polynomial, Rational,
and Radical
Relationships

Cynit2

[ Trigonometric Functions |

{nit 3
Modeling with Functions

Unit 4

Inferences and
Conciusions from Data

Extﬂnd the Homain of trigonometric functmm : :

Perfarm arithmetic operations with complex
numbors,

Use complex numbers i polynomial dentities and

eguations,
interpret the structure of expressions.

WFTe xpressions in edguivalent forms to sojve
probiems

Parform arithmetic operations on palvnomals.

Linderstand the relationship befween zeros and
faciors of polynomials.

Use polynomial identities to solve problems,
Rewrite rational exprassions,

Linderstand solving equations as a process of
reasoning and expisin the reasoning.
Represent and scive eguations and inequalities
araphically.

Anatyze functions using different representations.

usmg the umt circle,

Mc)dei 9ersodfc phenomeﬁa with trlgor}ometﬂc ;
fur‘sct:on : )

Drove and apply trlgonometrr identites,
Create eguations that describe numbers or
relationships,

Interpret functions that arise in applications n
terms of a context,

natyze functions using different represeniations,

Build a function that models a relationship
betweaen two quantities,

Buld new functions from existing functions.

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

Summarize, represent, and interpret data on single

count of measurament variable.

Understand and evaluate random processes

- undertying siatistical experiments.

“Make inferences and jistify conchusions from
- sample surveys, experiments and ebservat:ondt

studies.

Use probability to evaluate cutcomes of decisions.

Make sense of problems
and persevere in solving
them.

Reason abstractly and
quantitatively.

Construct viable
arguments and critigue the

; reasoning of others,
 Model with mathematics.,

Use appropriate toois

strategically.

Attend {o precision,

Look for and make use of
structure.

Look for and express
reguiarity in repeated
reasoning.,

*in some cases clusters appear in more thar one unif within a course or in more than one course. Instructional notes will indicate how

these standards grow over time. In some cases only ¢ertain standards within a cluster are

included in a unit.,
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Unit 1: Polynomial, Rational, and Radical Relationships

This unit develops the structural similarities between the system of polynomials and the system of infegers. Students
draw on analogies between polynomial arithmetic and base-ten computation, focusing on properties of operations,

particularly the distributive property. Students connect multiplication of polynomiais with multiplication of multi-digit

integers, and division of polynomiais with long division of integers, Students identify zeros of polynomials, including
complex zeros of quadratic polynomials, and make connections befween zeros of polynomials and solutions of poly-
nomial equations. The unit culminates with the fundamental thecrem of algebra. Rational numbers extend the arith-

metic of integers by allowing division by all numbers except Q. Sirmidlarly, rational expressions extend the arithmetic of
potynomials by allowing division by all polynomials except the zero polvnomial. A central theme of this unit is that the

arithmetic of rational expressions is governed by the same rules as the arithmetic of rational numbers.

s

.

.

Perform arithmetic operations with
compiex numbers,

Use complex numbers in polvnomial
identities and sguations.

Litnit fo polvnorrials with real
coafficients.
Interprat the structure of expressions.

Extend to polvnomial and rational
EXIrESSIONS,

Write éxpressions in eqguivalent forms |

o solve problems,

Consider extending A SSE. 4 fo
dnfinife geometric series in curricular
implementations of this course
description. o

Parform arithmetic operations on
polynomials.,

Extend beyvond the guadratic
pofvnomials found in Algebra i

Understand the relationship between
raros and factors of polvnomials.

CMNCRT Know there is a complex number / such that # = ~1 and every
compilex number has the form a « L with @ and b real.

CNGCNL2 Use the relation /2 = -1 and the commutative, associative, and

distributive properties to add. subtract, and multiply complex numbers.

MN.CKY Solve guadratic squations with real coefficients that have
complex solutions,

MN.CN.B (+; Extend polynomial identities to the complex numbers. For
example, rewrite X%+ 485 (x + 20(x ~ 20},

NCNS () Know the Fur;da.méﬁtai Theorem of Algebra; show that i is
true for guadratic polynomials. -

ASSE] Interpret expressions that represent & guantity in terms of its
context*
a. interpret parts of an exprassion, such as terms, factors, and coef-
ficients,
b interpret complicated expressions by viewing one or more of
their parts as a single entity. For example, interpret PU7+ry as the
rroduct of P and a factor not dopending on £

ASSE.Z Use the structure of an exprassion to identify ways to rewrite
it For example, see x* - v as (X7 - ('Y, thus recognizing it as a

- difference of squares Fhat can be factored as (x% - vy (x? + 7).

ASS5E.4 Derive the formila for the sum of a finite geometric series
{when the common ratic is not 1), and use the formuia to solve

problems, For example, calculate mortgage payments.™

AAPRT Understand that polynomials form & system analogous to the
integers, namely, they are closed under the operations of addition,

Csubtraction. and multiplication: add, subtract, and multiply polynomials.

AAPR.Z Know and apply the Remainder Theorerm: For & polynomial

oix) and & number &, the remainder on division by ¥ ~ a is Ba), 50 pla) =

G if anct onby if O - a) is a factar of p(xg,

AAPR.E identify veros of polynomials when suitable factorizations are
available. and use the zeros o construct a rough graph of the function
defined by the polynamial
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2

+ Use polynomiat identities to solve
problems.

This cluster has many possibiffities for
optional enrichment, such as refating

the example in AAPR 4 to the solulion

of the system y'Hvia] v = U+,
refating the Pascal triangle property
of Linomial coefficients to (xty)y! =
Cxy 3 (x4 30 deriving explicit formulas
for the cosflicients, or proving the
binoamial theorem by induction.

Rewrite rational expressions & .

The Hmitations on rational functions

apply to the rational expressions in .

AAPRE A APRT requires the general :
givision algorithm for polynomials .

Understand solving equations as a
process of reasoning and axplain the
reasoning.

Extend to simple rational and radical
equations.

Hepresent and solve eguations and
inggualities graphicalty.

Include combinations of linear,
polvnomial, rational, radical, absolute
value, and exponential functions.

Analyze functions using different rep-
rasentations,

Realate FIF 7o to the relationship
befween zeros ofF guadratic functions
and their factored forms

ALPR4 Prove polynomial identitias and use

using inspection, long division, ¢
i computer algebra system.

AAPRS (» Know and apply the Binomial Theorem for the expansion
of O+ )" in powers of x and ¥ for a positive integer n, where x and v
are any numbers, with ceefficients determined for example by Pazcal's

JALAPRE Rewrite simple ratianal expressions n different forms; write
Lalx)/bix) in the form gl +T00/b00, where ate), B, x), and rix)

: are polynomials with the degree of rix) less than the degres of b(x),

¥, for the more complicated examples, a

ALAPR.Y oy Understand that rational expressions form a system
analogous to the rational numbers, ‘closed under addition, subtraction,
Emuttiplication, and division by 2 nonzero rational expression: add,

% subtract. multiply, and divide rational expressions. :

ARELZ Solve simpla rational and radical eguations in one variable, and
give examples showing how extranecus solutions may arise.

AREIT Explain why the x-coordinates of the points where the graphs

of the equations v = fix) and v = gx) intersect are the selutions of

the equation f(x) = g(xJ; lind the solutions approximately, e.g., using
Ctechnology to graph the functions, make tables of values, or fing
successive approximations. include cases where fO0 and/ar gix) are
Clinear, polynomual, rational, absolute value, exponential, and logarithmic

CFIET7 Graph functions expressed symbolically and show key features
of the graph, by hand in simpie cases and using technology for more
complicated cases. ¥

CGraph poiynomial functions, identifving zeros when suitable fac-

re availabile, and showing end behaviorn

them to describe
numerical relationships. For example, the polynomial identity (xf+ v
= (- )7+ (Zxy)ican be used to generate Pythagorean triples.
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WUnit 20 Trigonometric Functions

Building on their pravicus work with functions, and on their work with trigonometric ratios and cirgles in Geometry,
students now use the coordinate plane to extend trigonometry to model periodic phenomena.

« mxtend the domain of trigonometric
functions using the unit circla. ti

J Understand radian measure of an angle as the length of the arc on
unit circle subtanded by the angle.

FIF.Z Explain how the unit circle in the coordinate plane enabies the
extension of trigonorrﬁtnc functions te all real numbers, interprated as
radian measures of angles traversed counterclockwise around the unit
circle,

FTF.5 Choose trigonometric functions to model periodic phenomena
Fwith specified amplitude, freguency, and midine® -~

- Model periodic phenomana with ’cr:go~
nometric fungtions. )

» Prove and apply trigonometng identi- FTF.8 Brove the Pythagorean identily sin?(8) + cos’(8) = 1 and use it {o
ties, find sin (B), cos (8), or tan (), agiven sin (83, cos (B), or tan (8], and the
squadrant of the angle,

An Algebra Il course with an additional
focus on trigonometry could incluide
the (+) standard FTF.S: Prove fthe
addition and subtraction formulas

for sine, cosine, and tangent and use
thom to sofve problems, This could be
fimited to acute angles in Algebra I,
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Unit 3: Modeling with Functions

in this unit students synthesize and generalize what they have learned about a variety of function famities, They
extend their work with exponential functions to include solving exponential equations with logarithms, They explore
the effects of transformations on graphs of diverse functions, including functions arising in an application, In order to
abstract the general principle that transformations on a graph always have the same effect regardless of the typs of
the underlying function. They identify appropriate types of functions to model a situation, they adjust parameters to
improve the model, and they compare models by analyzing appropriateness of fit and making judgments about the
domain over which a model is a good fit. The description of modeling as "the process of choosing and using math-
ematics and statistics to analyze empirical situations, to understand therm better, and to make decisions” is at the
heart of this unit. The narrative discussion and diagram of the modeling cycie should be considered when knowledge
of functions, statistics, and geometry is applied in & modeling context.

- Create eqguations that describe nwm-
bers or refationships.

Far A.CED], use alf available tvpes of
funciions to create such eguations,
including roof functions, but constrain
fo simpie cases. White funictions used
in ALEDZ 3 and 4 will often be
linear, exponential. or guadratic the
fypas of probiems should draw from
more complex situations than those
sodressed in Algebrs | For example,
finding the equation of a line through
& given point perpendicular o another
line alfows one to find the distance
from & point o a line. Note that the
example given for ACEDA appiies to
earlier instances of this standard, not
fo the current Couwrse.

-

Interprat functions that arise in appli-
cations in terms of & context.

Emphasize the selection of & moded
function based on hehavior of data
and context.

ALEDRT Create sguations and inequalities i one variable and use them
1o solve probiems, Inciude equalions arising from iinear and quadratic
functions, and simple rational and exponentisl functions.

ACEDZ Create equations in two or more variables to represent
relationships between guantities; graph equations on coordinate axes
with labels and scales.

ACED.Z Reprasent constraints by equations or inequalities, and by
systemns of equations and/or mequalities, and interpret solutions as
vialxle or non-viable options in a modeling context. For example,
represent inegualities describing nutritional and cost constramis on
combinations of different foods.

ALCED4 Rearrange formulas to highlight o guantity of intersst, using the
same reasoning as in sclving equations, For example, rearrange Ohm's
faw V' = IR to highlight resistance R,

| FiF.4 For a function that models a relationship between two quantities,

interpret kuy features of graphs and tabigs in terms of the quantities,
and sketch graphs showing key features given a verbal gescription

of the reiationship. Key features include: infercepts; intervals where

the function is increasing, decreasing. positive, or negative: relative
maximums and minimums; symimetries; end behavior; and periodicity*

FIFE Relate the domain of a function to its graph and, where applicable,
to the guantitative relationship it describes. For exampie, if the function
hin) gives the number of parsan-hours it takes fo assemble n engines in

- @ factory, then the positive integers would be sn appropriate domain for

the function®

RIRG Caleculate and interpret the average rate of change of a function
H{presented symibolically or as a 1able) over & specified interval. Tstimate
i the rate of changs from a graph*
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- Analyze functions using different rep-
resentations.

Focus on applications and how key
features relate ro characteristics of
& situanion. meking selection of &
particular type of funclion model
ALLFGLrate.

Build a furact;or‘ that modeif a renat!on—
shlp be*ween tw o qaai"i tie

Devofop muodels for more comp]ﬁsx N
ar sophisticated situations fﬁan m :
prewcus COUFSEs. o

.

Build new functions from existing func-
tions.

Use transformations of functions to
find models as students consider
increasingly more complax situations,
For FREFE note the effect of multiple
transformations on a single graph
and the common effect of sach
transformation acress function types.
Extend F.BF4s Lo simple rational,
sirmple ractical, and simple exponential
functions, connect FEF 4a to FILE4.

Construct and compare linear, E&mdra%
ic, and exponentlai models and solve
prot}lems :

- Consider exrendmg this unit to inciude

. the relationship between propertics
of logarithms and propertios of
EXDONents, such as the connection
batwean the properties of exponents
and the basic logarithm property that
log xy = jog x +log y.

E7 Graph functions expressed symbolically and show key feafures
of the graph. by hand in simple cases and using technoiogy for more
complicated cases ®

b, Graph square root, cube root, and piecewise-defined funciions,
mcluding step functions and absolute value functions.

2, Graph exponential and logarithmic functions, showing intergepts
and end brehaviar, and trigenometric functions, showing period,
raicting and amplitude.

RIS Write a Tunction defined by an expression in different but
eguivatent forms to reveal and explain different properties of the
function.

FiF.2 Compare properties of two functions each represented in a
different way (aigebraically, graphically, numerically in tables, or by
verbal descriptions). For example, given a graph of one guadratic
function and an algebraic expression for another, say which has the
larger maximum.

CEBFI Write a function that describes a rciahonshlp betweeﬂ two !
i quantltles . . :

b Combine stanc:ard fuﬂction tynes using aﬂthmnt;c operatlor*s

: For example, build a function thaet models the temporamre of & '
caoling body by adding a constant function 1o a decaving axpo-
nential, and refate these functions to the model.. . )

F.BFE.3 ldentlfy the effect on the graph of replacing ) by flx) + &,
k f(x), flkx), and o + k) tor specific values of & (both positive and
negative); find the value of k given the graphs. Experiment with
cases and illustrate an explanation of the effects an the graph using
tachnology. include recognizing even and odd functions from their
graphs and algebraic exprassions for them,

FBE4 Find mverse functions.

a. Solve an equation of the form FO0 = ¢ for a simple funciion 7
that has an inverse and write an exprassion for the inverse, For
example, fx) = 2 x7 or f(x) = (et 1) x-1) for x = |

FL‘: 4 For exponential models, express as a jogarithm the solution to
a b = o where a, ¢, and ¢ are numbers and the base b is 2, ;O or &;
svaluate the logarithm using techﬂology
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Unit 4: Inferences and Conclusions from Data

In this unit, students see how the visual displays and summary statistics they learned in earlier grades relate to differ-

ent types of data and to probability distributions. They dentify different ways of collecting data—including sampie
surveys, experiments, and simulations—and the role that randomness and careful design play in the conclusions that
can be drawn.

.

i

.

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

Whife studants may have heard of the normal
distribution, it is uniikely that they will have prior
exparience using it 1o make specific estimates. Build on
students’ understanding of data distributions to fhielp
them see how the normat distribution uses area o make
estimates of frequencies (which can be expressed as
probabilities). Emphasize that only some date are well
described by & normal distribution.

Understand and evaluate random processes ur‘c:erlymg
_,tatfsucaf experrments -

For S.fC.Z, f‘nbz’ua‘;@ comparmg theoretical and empirical
resuits to evaluate the effectiveness of a treatment,

5.1D.¢ Use the mean and standard deviation of a data
set to fit it to & normal distribution and to astimate
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.

801 Understand statistics és.-'a._r.;}.rocess for making
inferences about population parameters based on a
rancﬁom sample from zhat popuéat;on

S IC.2 Drecidde if g spec:fie” model is consistent wxfh
esults from a given data~generaling process, e.g., -
using simulation. For example, 8 model says a spinning

_: L coin falls heads up with probability 0.5, Would a resuft
BT tails in & row cause you {o question the model?

Make inferences and justify conclusions from sampie
surveys, experiments, and ohservational sturdies,

In earlier grades, students are introduced 1o different
ways of collecting data and use grophical displays and
swmimary statistics o make comparisons. These ideas
are revisiled with a focus on how the way in which
data is collected defermings the scope and nature

of the conciusions that can be drawn from that data.
The concept of statistical significance /s developed
mformally through simulation as meaning & result that
15 undikely 1o have occurred solely as a resuft of random
selaction i sampling or randam assignment in an
EXDErIMmant.

For S04 and 5, focus on the variability of results from
experiments—that is, focus on statistics as a way of
dealing with, not elminaling, inherent randomness.

Use probability to svaluate cutcomes of decisions.

Extend to more complex probability maodels. include
situations such 55 those invelving guality control, or
diagnostic tests that yvield both false positive and false
negative resulls.

S1C3 Recognize the purposes of and differences
among sample surveys, experimaents, and observational
studies; explain how randomization relates to each,

$.4C 4 Use data from a sample survey to estimate a
popiation mean or proportion; deveiop a margin of
arror through the use of simulation models for random
sampling.

SAC.S Use data from a randomized experiment to
compare two treatments; use simulations to decide if
differences between pararmeters are significant.

S1C.6 Evaluate reports based on data.

S.MDE 43 Use probabilities to make fair dec
drawing by lots, using & random number generator).

5.MD7 {+) Analyze decisions and strategies using
rrobability concepts {e.q.. product testing, medical
testing, pulling & hockay goalie at the end of & game).

isions {euy.,

| SARVANYLS 3ivLS FHOD NOWNWOD FHL NO 43578 SASHNOD SOV IWIHIVI TOOHDS HOIM ORINDISAG 7 XIANTddY

£



Overview of the Integrated Pathway for the
Common Core State Mathematics Standards

This takle shows the domains and clusters in each course in the integrated Pathway. The standards from each cluster included
in that course are lsted below each cluster, For each course, limits and focus for the clusters are shown in italics.

Mumber
Sysiem

Quantities

E The Complex
| MNurnber
System

Niimber and Guantity

' vaciar
- Guuantities and
: Matrices

The Real - o

i «Extend the properties
i of exponents Lo
“rational exponents,

CLUNRNG 2

«Use properties of

numbers.

NRN3

CrReason guantitatively
and use units to sofve
probiems.

Foundation for work
) with expressions,
eguations and functions
NG 23
«Perform arithmetic
operations with
complex numbers,
' as highest power of |
MNOND 2
+Lse complex numbers

in polynomiat identities
- Jand equations.

Guadratics with real .

“coefficients

NONT (#38,{+39

rational and irrational |

e {se complex numbers | «Perform arithmstic

in polynomialidentities
and equations.

operations with
complex numbers,

Polynomials with real (43 MONG
coefficlents; apply o
MCN.9 to higher degree

pokmornials
(FIMCN. 8. 5

i = Represent complex
numbers and their
operations on the
complex plane.

(+3 N.CN4, 5, 6

*Represent and mode!
with vector quantities.

() NVMI 2%

*Perform operalicns on

vectors.
[+ RAMM 4a, 4, 40, 5a,
Gix

«Perform aperations
on matrices and
use matrices in
appiicalions,
(+) NVM.E, 7, 8 %106,

iz

*The (+) standards in this colurmn are those In the Common Core State Standards that are not Included in any of the Integrated Pathway courses.
They would be used in additionsl courses developed to follow Mathematics ilL
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