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Introduction

Toward greater focus and coherence

Mallanahcd argarm@aices O ey Shrafhocd sphivigs showhd concemhrale o

1 Awrdiar Ceich Rclacies gohole ombers oaeationg, and re@iong) sma (4]
Setmaing soaba selalions, S MEASIETIAL WITh mare mathematis fearning
fame cevoend [0 mnibiar that fo ofher fopucs. Mathematical process goals
shown ke integraded m thess confend arsas

— Mationel Research Cogncdl, 2009

The cormpasie standands fof Hong Kong, Korea and Sagapore) have a nurmsber
of faaturas thad can aorm an internabonmal benchmarking process for e
deveiopment of K-56 mathermadics stanoieds i ffe LS Fiest e carmpasifo
standards concentrate [he aarly Baoing of Maramaics an (he dummben
FPIEAR ST, AT Gaoirhairy ARt it RBEE Smpiass v dals Angdess and
iiftfe erpagura (o aigelus, The Hong Ko standans e graoes -3 chwote
aoywaringhaly Bal the farpeled frme ta aumibers and afeost all the bre
FEMATING O e mEly and messererment.

— Girslourg, Leinwand ard Declker, 2002

Because the mattenurbcs concends v FULE T ferfDooks ame affen weak, He
Bracantalion becaries siore mechanica! [han @ imaad, Ve spaded &f Doth
fracifional and non-fackiioral fataooks sseg i dhe LS ang faund s
corCeniug Wadwinass in (kith

— Ginsburg ot al, H0E

There sre mavy Wars (0 orerdane Currtina. The challsnge, ,ow araly mel, 15 M
Aot thoss eal dbsdoed adferoalios and farn ofl sfiacents
— Stean, 2007

Forr over o decade, research studies of mathematics education in high-parrforming
CounAries have poimied to The conchugion (hat the mathermatics curagulum in the
United Stabes must becorme sybsiantally more focused and coherent inorder o
wnprove mathematics achievement in this country. To deliver on the promise of
comrmon standards, the standards must address the problem of & curriculum that
& "a mae wide and an mch deep” Thase Stardarnds are a substantial anewer £a that
challarige

It i important 1o recogreze that “fewer standards” are no substitule for Peoused
standards. Achieving “fewer standards” would e easy 10 do by rasarting to broad,
aeneral stalements, Instead, these Standands am for clarity and specificity.

Assessing the coberence of 3 58t of standands is more difficult than assessing
ther Fodus, Willism Schmidt and Richard Howang {2002) have zaid that content
standards and curricula are comearenl iF ey are

artielaredt peer. e as 2 seprance of fonics and oeyformances [Hal ang
Ingical snd reflect, whore apagvoprte, the feguenine oF figrarciica! nate
off P giscoiinacy covdant frorn wiicl fhe subject rmatter Jevivas Tl o,
vl A0 Moy SIS ane feaghtt sl reficct nof ondy e topics that faY
wikhin @ carawn acarmariic oiscicline. bt afso The Fey ideas (et clsfarnming
o freronleciops A crdanizen and generalen’ wattun thar ovscinlme. This impiies
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that fo be conerent, @ sod of confent standands mos! evodve from pacicwiacs
ey, tha meanyig and aperalions of whole nsmbers, mckobing simaols rmath
facks and routne caomaikational proceoiures assocmied avkh pohale numbers

amt fractions] bo deamer straciures mitrenal i fthe divcipine. These oiespnar

sPraciures fhan soree as a means for caonneching fhe partioiers such a5  An

uncierstanciyng af e mtional ember spstem and £5 properlies). (emphass
ackcled)

Thesa Standards endeavor ba follow such a design, not anby by stressing conceplusd
understandmg of key idess, but alsa by cantinuafly sefurming 1o organizing
principles such as place value ar the propearties of Soerations bo siucture those
[0 14

b acaition, the “sequence of topics and performances” that o outlined in a body of
mathematics standards srust alsa respact what is kndgeyn aDoul how stisdents learm,
Ad Confrey {2007 poents oul, developing "seguanced clestackes and challenges

tar stwdents, plxsent the insights about meaning that derve from careful study of
lgarming, wiild be unfortunate and ureisa” I recognition of thes, the development
of thase Standards hegan with research-based learning progressions detailing
what is known today about how students’ mathernatical knowledas, skill, and
understanding devalap oves Limea

Understanding mathematics

These Standards define what students should wndarstand and be able to do in

thair stwdy of mathematics. Asking a studant to understand something means
asking & teachar 1o assass whather the student has snderstood it. Bul what does
mathamatical uncerstanding look like? One helfmark of mathamatical understanding
15 the alality to pustify, in & way approgeigte 1o the students mathamatical matuity,
why a porticular mathematicel sisterrvent is Iree oF where a3 mathemaiss rule
comes fram, There € a warld of difference between a studant who can summon a
mnemonic device to expand a product such as (@ + Blx + 1) and a student who
can explain whara the mnemonic comes from. The student who can expdain the rule
understands the mathematics, and mey have a betier chance to succead at a kass
farnilisr [ask such a3 expanding (3 + b + oXx + ). Mathamatical undarstanding ard
procadural skill are egually impaortant, and both are assessable using math=malical
tasks of sufficint richnass.

The Standards 2= grace-specilic standards but @0 not dafine the intarventon
mathods o rraterials necestary 1o support students who ane will below or weldl
abiove grade leval expectations, It is also beyond the scope of the Slandards 1o
dafine thae full range of supports appropriale for English lasvage legimars and

for students with special neads, AL tha cama time, all students must have the
apearlunily Lo kearn and meat Lhe same high stangards if they are to sccess the
kmvaledpe and skifls necessary in their post-school lives, The Standards shogll

b raaed @ allswing Tor the widast possible rmnge of students to participate fully
from the outset, along with appeopriate accommoadations DG ensune Maxinmem
participalon of sludents with gpesial education nesds. For E!WF“E. for students
with desahilitas reading shoubd allow for use of Hraille, screen reader bechraloay, o
otner assistrve devices, while writing sfwould inchude e uge of a SCrDe, CoMpUTar,
ar wpeaci-lo-lel tachnaloay, b a similar vein, speakng and listening should be
interprated broadly o include sign langueage. Mo set of grade-specific standards
can fully reflect the great varnety in abilithes, needs lsarming rates, and achiguemant
levisls af students in any given classeoom. However, the Standards do provide clear
slgnpasts along the way to tha goal of college and career readiness for all sTedents

The Stardards Begin an gage 6 with aight Standards for Mathematical Practice.
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How to read the grade level standards

deting what studants should understand and be abla to do,

ara groups of ralated standards, Mote that standards from dibberent clusters
may sometimes ba closely related, becanrse mathematics
is & cannected subpacl.

arg larger groups of related standards. Standards from diffarent domains
may sometimes be closely related.

‘Number and Operations in Base Ten IHBT
Use place value uhderstanding and properties of uperations to
perform multi-digit arithmetie.

1. Use place value understanding to roond whole nombers to the nearest
10 o B0,

2, Fluently add and sultract withdn 1000 ysing stratagies and ﬁlgﬂrimr"-i
bazed on place value, properties of ocperations. andfor the relationship
etwesn addition and subtraction

3 Mugtiply one-digit whale numbars by maltiples of 10 in the range B-
S0 (eg. 9= B0 5 « E0) uging slrategset based o place value and
propertieas of operaticons.

Thesa Standards do not dictate curricubam ar Leaching methods. For avampde, just
bBacauie topic & appesrs belfore tognd B in the standards ior 8 given grade, it Goes
noL nacassardy mean that topic & must De tawght betoea 1ooic 8, A teachar migh?
prater to teach topic B hefons topic &, or might choose to highlight conmections by
temchirsg topec & and tapsc B at the sarme time, Or, 8 leachers maght prefer Lo teach a
foped of hes or her own choosing that leads, as a byproducth, to students reachirg the
standards for bopecs A and B,

What students can learn at eny particuler grade leve! depends ugon what thay
e learmned before, [deally then, sach stendard in this Jodument maghi have Dean
phrased in the Form, "Stedents who already know - should next come to leamn
Hut at presont this apgeaach is unrealistic=not lpast bacause awisting cducation
rasearch cannat spacify all such learming pathways. OF necessity therefore,

grade placerments for spocific topics Rave Bean made an T basis of Llale and
international camparisans and [he callective exgerance and collactive prodessional
nedgment of educaiors, resaarchars and mathamaticians. Ong promise of common
state standards is that owar tima thay will allow research on learning progressions
to infarm and improes the design of stendards 16 e much graalr gxtent than is
poseible today Laarning coportunities will continue to vary across schools and
school sysfems, and educatars should make every effork fo meel the aseds of
mdividyal shudents based on thes cusrren] understanding,

These Stendards are fol inlesudaed [0 Ge rewy narmes for ald ways of doing Buisineass,
They ara a call to take tha next stei It is tirme for stabes to work 1ogathar fo baild
on lessons legrnad from two decades of standards based reforms, 1§ is bme Lo
racasgmize thal standards are not just peamises Lo Gur childran, bul oromizes we
sndand fo keep,
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Mathematics | Standards
for Mathematical Practice

T Standards for Mathematical Prectice describe varsebias of axparisa (hal
mathematics educators at all leveds showld 3eek 1o develsn in their students,

These practices rest on important “precesses and proficienciss” with longstanding
importanca n mathematics education, The first of these are the RCTM process
standards of problem sohang, reasening and proof, communication, represaentation,
and connections. The second are the strands ol mathermatscal proficiancy spacibad
i thi National Research Council’s raport AdoWag it L adaptive rgasonimg, strategec
competance, conceniual urderstanding (comprehension of mathematical conoepis.
aperaticns and salations), procedural fluency (skill in cerrying oul proceduras
flexibly, accurately, efficiently and appropriately], and productive dispasition
thabitual inclination to see mathernatics as sansible. Eaful, pud worthwhile, couplad
with a belief in difgence and ane’s own afficacyl

1 Make sense of problems and persevere in solving them.

Mathamatically proficient studants slor? by explairang Lo thamgalvas the maanirg

af a prablern arnd lecking Tos anlry poants [0 58 solution ':h'E:r' analyze I;iwm.
canstraints, relatenships, and goals, They make conjeciures abowt the form and
maaning of the scluten and plan a solution pathway rather than simpdy proping o
a solution attemet, They consider analogous problems, and try Special cases and
semipler forms of the original problem n order 0o gain maight o 03 Solubaon, Thay
manitor and svaluate their progress and changs courss (T ppoassary, Clder shedents
might. depanding on the comtaxt af the problaem, transform algabmn: AXIESSI0NS OF
change the viewing window on their gragheng calculator 1o get the information thay
e, Matiarmnatically proficsent stedents can explain cormaspondences between
equations, warbal descriptsant, tables. and granhs or draw diagrarms of rmpartant
taatras and ralationshins, graph data, and search for regularity or trends, Younger
students rmight refy o wseg concrele abjects oF pictures to help concentualize

prd sodve & problem Matharmatscally proficent studants check thair answers to
proklams using a differant method, and they contnually ask thermsebees, “Doss his
make sense?” Thay can undearstard the approacheas of olhers 1S solving complas
problems and sdentaly correspandances Babtwesn Jiftaren] aporoachas,

2 Reason abstractly and quantitatively.

Mathematically proficient students rmake sense of guantities snd ther relationships
i problen situations, They Bring twe complemantary abilitees 1o bear on probiarns
invalwing guantitative relationships: the ability to decontertealize—Lo abstract

a given situation and represent it symbolically ard manipulate the representng
symbals as if they heee & life of thair swn, without ecassanly attending ko

thisir raferants—and the ability 1o contertuaize, to pauss as nesded during The
rmanipulation progess o ordar to probe inko the referents for the symbai imdalved
Quantitalive regsomng entads habils of creating a coherant reprasentatiaon af

tha profdem at hand; consiclering the units involved; attendmeg Lo the meaning of
quantities, not st how to compate theo: and knowing and flesibly using diffarent
properlied of aperptions &nd olbacEs,

3 Construct viable arguments and critique the reasoning of others,
Mathernatically pealciant studants understand and use stated assumptions,
dafinitions, and previously established resalts in constructing argurments, Thay
makee corjeciures and Build 4 kegical progression of statements to explore 1ng
fruth of thew conjectisrss, Thay ara abla 1o analyze situations by breaksng them inta
casas, #d can recognize and use counteresamplas. They justily thair conclusions,

15 FOHYONTLS
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communicate them to others, and respond to the arguments of otfears, They ragion

inductresfy about data, making plausibbe arguments that take inlo sccount The
condaxt fromm o which the data arose. Fathematically proficient students are also abla
to comparg the effectvenass of two plausible arguments, distinguish cormect logse or
reasonming from that which is flowed, and—if there s 2 faw in enargumsent—esglain
wihiat it 15. Elementary students can construct argurments using corcrele referents
such as obgects, drevworige, disgrerms, and actions, Such argumants can maks 3ense
and ki corresst, avan though thay are nat generalized or made toemad until latar
arades, Later, stydents lgam 19 determing domains 10 which an argumant applies.
Studants at all grades can Estan o read the arguments of others, decide whether
tray make sense, and ask useful questions to clamfy of impeoss Ba srgumants.

4 Modal with mathematics.,

HMathamatically proficient stedents can apply the mathematics they know to sobee
problams arisng noeveryday e, society, and the workplace, In sarly grades, tha might
e an srnple as writirg an addition egquation to gescribe g Galuataon, In meddie grades,
& gtoedent msght apply proportesnal reasonng Tﬂ:l:ll-ill'l a sl auant o analyie a
protdam i the community. By high school, a student might wusa geometry o soboe a
gasign problem or use a function to descnbe how ona gquantity of mterest depends
on arcther. Mathematically proficeent students who can apply whal ey know ane
comiortable making assumalions and approximations to simpdly 8 complicated
siuataon, realizing that these may need revtsion latar They gre abla o idendidy
nipartant guaniitens in & practical sitwation and map their relationships wsing such
tonds as diagrams, beceway tables, graphs, flowcharts and formulas. They can anabyee
those relationships mathematically to drasy conclusions. They rostmeby intesgret their
mathematical results n the context of the siluation end refact onowhether e segeite
make sense, possibdy imaroving the madal if 0 hes not served L8 purposa,

5 Use appropriate tools strategleally.

Mathematically proficient students consider the available roals when salvng &
mathermatscal profdern, These tools might include gancl and papern, concrate
muacdield, & ruler. B profracior, a colculator, a spraadsheat, a computer algebra systemn,
a statencal package, or dynamic geomatry software. Proficient students are
sufficienthy familiar with tools appropriate for their grads or course o make sound
decisions about when each of thesa tools meght Be helpfed, recognizing bath fha
insight 1o be gained and their Bmitations, For example, mathematcally proficient
high schood students analyze graphs of functions and solutions generated using &
graphirg calcidator. They detect possible errors by strabegecafy using eshimalon
ardd other mathematical khowledge Wihan making mathamatical madets, Thay o
that technology can enabile them ta visuahze the rasults of Wl g aEsumptions,
axplore consaquances, and compare predictions with data. Mathematically
prodficient stidents at various grade levels are able to sdentify relesant axiamal
rmathemalical resourced, Juch pd digitel content located on a wabxEs1a, ardd use thiem
1 pose or sobee probfems. They are able to use technological tools to esxplore 2nd
deepen thair understanding af cancepls,

& Attend to precision,

Mathsamatically proficlant siucants try (o communicate precisely to athers. They
iy o use clear definitions n discussion with others and in thes ows reasoning,
They state the meaneng af the symbals By choods, inchiding wsing the agual segn
consstantly and apnrmprately, They ara caraful ahout specifying units of measure,
and labehrg axes to clarify the correspondence with quantitias in a prollen, They
calcudate aocurately and efficiently, oxprass numarical answers with a degras of
pracisnn appropriate for tha oroblem context. In the elementary grades, students
gave carehully formuleted explanations o each ather, By the Limea ey reach hegh
4chaal they have learmad 10 examing Clgems and maka axpacit use of dafinitions,

Ulal 904 SOHPONTLS
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7 Look for and make use of structure.

Mathamatically proficient students look choesaly to discern & pallern or siruciurne,
oung students, for sxample, mighl nobice Thal thres ard 9even more 19 tha samea
amaunl as deven and thrse mara, ar they ey 40 & collaction of shapas accarding
1 Py gy Sidas tha shapes hase Labar, Stedants will coa 7 < § aguals the

well resmesmared 7 = 5+ T ® §, i praparatson hor learning alput the distriputwe
prooerty. In the axprassion ¥ + S+ 14, oldar stedents can see the 18 as 2 = 7 and
tha 9 as 2 + 7. They recograze the significence of an axstang line in 2 gesmelric
liegure ardd can g the sirategy ol drawing an auxiligry lime Ide solveng probiamns
They alsdo can step hack for an overviaw and shilt perspective, They Can o
compdcatad things, such as some algebrac axorassions, a6 single ohjects or as
being composed of several objects. For example, they cansee &5 - J(v - pPas 5
minus & positive number Bemes & sgusre aRd ke hat b realize thal itd yalus ©pnnol
e mare that S far any real sumbers x aned .

B Loaok for and express regularity in repeated reasoning.

Mathematically proficient students notice if calculations are repeated, and look
both for general methods and for shorteuls. Upper emantary students might
matice whien divicdirsg 25 By 11 that thay ate fepsealing the ame Calculations ouwar
and owver ggain, and corchude they have g repealing decimal, By pay s gllenison
to the calculabion of slope as thay repeatedly check whethar points are on the line
thronegh (1, 23 with slopa 3, middle schood students might abstract the equation

{w = 20 = 13 = I Nodicing the regulanity in the way terms cancel whan expanding
(= Talar 4 00, G- W b g 4 B0, and (o = Ta® 4 2% 0 1) reaghht baad thesn o the
genaral formula foar the swn of & geomalrnig fanas, A5 ay work (o solve & probdam,
mathermatically proficsant stedents maintain oyvarsight of the process. whilka
attanding 1o the datails, They continually avaluata tha raasonablenass of theair
intermediate resulls.

Connecting the Standards for Mathematical Practice to the Standards for
Mathematical Content

The Standards for Mathematicsl Practice describae ways in which develcpeng student
practitenars of the discwline of mat mimatscs increasingly cught ta angage with

thie subject mattar as they grow in mathematical maturity and expertise theoughout
the efermentary, middle and hegh school years, Desigrers of eurrscula, agsessiments,
ancd professional devalopraent should all attand o the need (9 connect The
mathematical praciices o mathematical content in mathematics instruction

Thig Stancards for Mathematical Content are a balanced combmation of procedure
ard understanding. Expectations that begim with the word “understand” gra often
especially good copportunities 1o connacl the prachicet 1o the content. Students
whio lack understanding of a togic may raly on proceduras foo baavily, Without

a flexible ase from which o work, thay may be less likely to consider analagaous
probilems, represent problems coherenthy justify comclusions, spely the mathamarics
12 practical situations, use Rohnolegy mindfully to wark with the mathematics;
eapdain the mathematics acourately to ather students, step back Tar an ayer g, o
chigle from g Bnown procedyne 19 find a shorgut, In short, a lack of undarstanding
affactivaly prevents a student fram engageng in the mathematical practices.

I this respect, Thodae content standands which sat an expectation of undarstanding
arg potential “poants of intersechion” between the Standards for Mathemetical
Content gnd Che Slardards for Mathematical Practice, Thage paints of intercaction
arg intandad 1o be wesghted toward cantral and generative concepts in the

sonood mathematics currtculum that most ment the tima, rescwrces, mnovative
mnergies and focus neceddary bo quallalreedy anproes The Sorricubim, Instr e
assasament, professional develnprant, and stedent achavamant in mathamatics.
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Mathematics | Kindergarten

In Kindergarten, instructional time should focus on twe critical areas! (1
representing and comparirg whale numbers, initially with sets af objects:
{2y describing shapes and space. More learning fime in Kindergarten
should be devoted to rumber tham te other topics.

1) Stuchents use numbers, incledirg wrtben numerals, o represenl
guantities and to solve guantitative problems, duch ag couwtlemg alyacts in
& sl countirg aul 8 given number of sibjects; comparing sets or numerals;
and rmodeling simple ppening and senarating situations with sets of cbjects,
or pvenfually with aguations such as 5+ 2= 7 and 7 - 2 = & [Kindergarien
students should see addition ard subtraction equations, and stugdent
writeg afl equalions in Kindeargarten i encouresed, but i€ 15 not required,}
Stucdents chodse, combing, ardd apply affective stratageas for answarnng
guantitative questicns, ingluding guickly recognizing the cardinalites of
srnall sele of objects, counting and producing sets of given sizes, countimg
tha nurniber of objecks in combined sets, or counting the aumbar of abpacts
that rermain in & set after some are Laken Bwiy.

£21 Sredents desoripe thes physical waorld using Qeametric ideas (8.0,
shape, orkentation, spatial relations) and wocatulary. Thay dentily, name,
ard decorlbe basio tac-dimansional shapes, such as squares, trangles,
circles, rectangles, and hexagons, presented in a waricty of ways (eg., with
differant s:zes and oriantations), as well as three-dimensionel dhapeas such
as cubas, comms, cylinders, and spheres, Theay e Badic shapes and spatiph
reasoning to model abgects in Lheir environment and [0 COMEIrECT mare
complax thapas,
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Grade K Overview

Counting and Cardinality

= Know number names and the count sequence,
= Count to el the number of objects.

= Compare numbers.,

COperations and Algebraic Thinking

* Understand addition as putting together and
adding to, and understand subtraction as
taking apart and taking from.

Mumber and Operations in Base Ten

+ Work with numbers 11=19 to gain foundations
for place value,

Measurement and Data
+ Dpscribe and compare measurabla attributes,

* Classify abjects and count the numbear of
objects in categories.

Geoamaetry
« Identify and describe shapes,

= Analyze, compare, create, and compose
shapes,

RS For HMaTHEMATHLS

Mathematical Practices

1.  Make senge af prul:lhrm.'a- and persevenrs n
sedwing them,

2. Reason abstractly and gquantitativeby,

3. Construct wiable argurments and criligue
the reaszoning of others,

4, Model with mathematics.

Use appropriate tools strategically.

o h

Attend to precision
7 Look for and make use of structurg.

8, Look lar and express regulartly in repeated
PEAZoMIng.
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Counting and Cardinality

Know number names and the count seguence.

|
d

Count to ¥20 by onas and by tens.

Count Torward begmning from a given numier within the Engwn
Lefuance Dinstead of hawving o bﬁ“'gil'l at 1k,

Wil npgmbars frgen O 1o 20, Reprasant a npmber of ohjacts with a
written numeral G-20 {with O representing a count af ng chjects],

Count to tell the number of objects.

4,

Understand the ralationship bebswaan numbers and ﬂlJFll'lriTlﬁ‘Ei connact
counting to cardinality.

4. Whan counting objecls, say tha pumber names in the standand
ordar, pairing sach abject with one and only one rumber neme
and sach number name with gne and only one abject.

b, Understand that the last numbes name said telis tha number of
objects counted. The number of abyects is the sama regardless of
their arrangement ar tha ander m which they were counted,

€. Undarstand that each swecoessive number name rafers to a quantity
that is one larger.

Cownt to answar "how many?” guestions about as many as 20 things
arrangesd in a ling, & rectangular array, or 3 Circha, Or a5 many a5 101
thinps in a scattered configuration; gnvan a numbar frarm 1-20, count
el that many abjects,

Compare numbers,

L

Oparations and Algebraic Thinking
Understand addition as putting together and adding ta, and under-

Identify whother the nember of nobjects n one group is greater than,
ks than, or egual b the nurmber of abjects in anather group, 84, by
ugang matching and counting strategics,”

Compare ted numbers betwaen 1and 10 presented as written
numerals.

stand subtraction as taking apart and taking from.

Faoresent addition and subtraction with abjects, Hngers, mentsl
impges, drawings’, saunds (e.g., claps), acting out sibuatons, varbal
prplanations, expressions, or egquationd

Sohva addition and subtraction word problams, aad add and susdtract
within 10, &.5., by using obgects of drawings to rapresent the problem

Decompose mombers: l&gs than or equeal 0 WD N1 pars in more
than one way. &g, by using objects or drawings, and record each
decormpasition by a deawing oF equation {eg, 5=+ 2and 5= 4 + 1)

For any mumber from 1to 9, find the number that makes 10 wihan
added to the given number, e.g. by using chj=cts or drawings, and
racaord the answer with a drawing or aguation.

Fluently add and subtract withan 5.

Include groups with up 13 [en olyects.

Drawings nesd fol show details, but should show the mathematics in tha problem,

{This applies wherever drawings are rmentiorsed in the SEEndands. ]

K.CC
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Number and Operations in Base Ten HK.MBT

Wiork with numbers 11-19 to gain foundations for place value.

1, Composa and decompose numbears from T 0o 19 inte ten anes and
sorme further anes, g, by using objects or drawings. and record each
compasitian OF decomposition by & drawing ar equetion (e.g., 1B =10 +
8); understand that thass numbers are composad of ten anes and one,
Tl thress, Four, Tove, six, Seven, esghl or nine oneas,

Measurement and Data K.MD

Degscribe and compare measurable attributes.

1. Descrhe measurable attrbutes of obhjects, such ps langth ar weight
Deseribe several measuraole attributes of a single object,

2. Directly compare bwo ohjacts with a measurabie attribute in common,
b see whech ohjecl has "mare of S less of” the attribuete, and describe
tha diffarance. Far examiode, drectly campara fhe haighls af Hvo
chiidrgn ani gascriDe ang child a3 faleniiarber

Classify objects and count the number of objects in each category.

I Classity obpects into glven categores: count the numbars of obiscts in
epch category and sort the categaories by count.?

Geometry Kz

Identify and deseribe shapes (squares, circles, triangles, rectangles,
hexagons, cubes, cones, cylinders, and spheares).

1 Descrbe abjects in the spvireament using names of shapes, and
describe the relative positiions of thase objscts using tarms such as
above, baiow, esioa, in rord of, bafdng, and faxr o,

2. Coreectly name shapes regardless of their onentations or overall size.

X ldentity shapas as two-dimansional Jying in 3 plana, “Nlat™ or three-
dimendsanal {Usolad"

Analyze, compare, create, and compose shapes.

4, -‘:'-ﬂal'!.'?'? and compars Dwide and three-dimensional shages, @
dilferanl dizes and orenlations, wsing informal language to describe
thair similarities. differances, parts (a.g. numbar of sldes and
wartices/ “"corners™ and ather atiributes (i, having sides of equal
lmngyiid

b, Model shapes in the world By budding shapes drom components {eq,,
sticks and clay Bals)y and deawing shapes.

6. Compose simple shapes to form larger shapes. Sor exampde, “Can you
Join thase fua rriamgias wWath ful sules fopohing Io maka 3 radlanghka?”

Timit category counts b0 e less than or aguel to 10,

fal ]
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Mathematics | Grade 1

In Grade 1, instructional time showld focus on four critical areas; (1)

ileveloping undaerstanding of addition, subtraction, and strateqies for
addditian and subtraction within 20; (20 developing understanding of whaole
nurrdier refabionships and place valees, including grouping in tens and

ones; (3 devalopng understanding of hnsar masasurement and maeasunng
lengths as iterating length units; and (43 reasoning about atinbuates of, and
composing and decompesing geometbric shapes.

{11 Students develop strategies for adding and sulctracting whole nuembars

Daded cn thes pror work with srmall nombers, They use a vanety of models,

wetluding discrate alsjects and kength-based modeds {ege. cubes connected
to Formm lersiths), to model add-to, teke-fram, pul-tosether, take-apart, and
somoang situabions 1o develop meaning tae the gparations ol addition armd
mibtraction, and i3 l.'|F.'""\-'E'|l:I|'.| wprategies [ sadve arthmetic problams with
thase aperations. Students undarstand cormactions betwaen counting

and addition ard subtraction (2.0, adding twao is the same as counting on
vk They uge progerties of addition to add whale numbers and o create
and use increasingly sopieciicated stratagiag Based on [hate proparliag
{mg., “making tans) e salve addivon and sulbtraction prokdems within

20 By comparing a waraty of solition stratagess, childran huald thair
understanding of the relabonshen between sddition and subtractson

§21 Shudents develon, Jecuss, ang use efMcant, accurale, and genaralizaile
migthods e add within 100 and subtract multiples of 10, They compare
whale numbers {at least 1o 100} to develop understandeng of and solva
problems mvolvng their relative szes. Thay think of whole numbars
Between 10 and 100 in terrms of tens and ones (especialby recogrzing the
mgmiess 10 0o 19 b campoded ol & Len and some aredl Theough activilies
that Dipild numer sensg, they undersiand the ordes of the countng
nurmbers and their relative magnitudes.

(3] Stedents develop an understanding of the meaning ard procedges of
mgasuremant, ll'll'.-ll.l'l.'-'ll'lg wndgriying concapts such as derating (the mental
activity of building up the length of an objact with equal-sized wets) and
the transitrvity principle for ndrect measurament.”

{40 Students compase and decompose plane o solid bguras (a.0,, put

tw trimngles togather 1o make a guadnlateral} and build understanding

of part-whole relationshans as well as the properties of the origenal and
camposite shapes, A they combine shapeas, they racagnize Lthem lrom
differant perspsctives and orientations, describe ther gaomalris attribietes,
and deterrmine how they are alike ard different, to develop the backgroond
Tae mepturament snd far imitial vnderdtandings of propesties sush as
CONQIUENCE S 5ymmatng

'Students should apply the principle of transtivity of measurement to make indirect
COMparisnng, ut fhay nigad not use this techmecal ferm,

1 AdwHs
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Grade 1 Overview

Operations and Algebraic Thinking

* Represent and solve problems involving
addition and subtraction.

+ Linderstand and apply properties of cperations
and the relationship between addition and
subtraction,

« Add and subtract within 20.

« Waork with addition and subtraction equations.

Humber and Operations in Base Ten
« Exbend [he I:D-Uﬂtil"lﬂ SEgQUEnce.
« Understand place value.

* Usa place value understanding and properties
of operations ta add and subtrast.

Measurement and Data

+ Measure lengths indirectly and by iterating
length units.

« Tell and write time.

+ Represent and Interpret data.

Geamelry

i Reason with shapes and thelr attributes.

Mathematical Practices

1

;e

Make sense of problems and persevers in
salving thern

Reason abstractly and quantitatively,

Construct viable arguments and critigue
the reasoning of others,

Madeal with mathematics,

Lise appropriate tools strategically,
Attenc to precision

Lok far ang make use of slruciure,

Look for and express regularity in repeated
reasoning.

1 30¥dD
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Operations and Algebraic Thinking 1004

Represent and solve problems Involving addition and subtraction.

. ‘se addibion and subtraction within 23 to solve word pro@lems emeclving
srfuabtione of adding to, taking fram, putling egether, taking apart,
and comparnni, with unknowns in all PosIt0ng, &9, by using chjacts,
Arawings. and aguations with a symbaol for the unkrown number to
rgprasant tha problem.®

2, Solve word pronlems that call for additicn of [hrad wisals members
wifbose i s less than or egual to 20, 2.g., by using obéects, drawings,
and squations with a symbod for the unknown number be represant the
parGkslem

Understand and apply properties of operations and the relationship
between addition and subtraction.

3. Apply properties of operations as strategees 1o add and subtract.? Examales:
P+ 5= i ko, than I+ 8 = 7T 18 gl Enowa, [Tommlalive oraoenly of
adotian.) To add 2+ B & J, fhe second bwo numbers can be adoed o smake
aten 5o+ B+ 423+ N2 17 fAssociative Dvanertl oF ol J

4, Understand subiradtion as an unkrown-addend problem. For axampie,
surbtrack 10 - 8 by fnding Phe rwvmber thal makas 10 when added o 8

Add and subtract within 20.

5, Relate couwsling 1o additicn and subtractics (e.ge by cowenting on 2 1o
midd 20,

6. Add and subract wathin 20, demanstrating Nuency Tor sddslion ard
subtraction within 0. Use strategies such as counting on; making tan
(2,83 +*6=8+2Z+4=10+4 =14 decompasing a numbar leading o
atenfeg, 13-4 =213 -3-1=213-1= 9% using the relationship between
additon and subbraction (a.g., knowing that 8 + 4 = 12, one keows 12 =« B
= 4); and creating equivalent bt easier or known sums (e.g. adding G +
7 by craating the known aguivalent 5+ B+ 1=12+ 1= 13%

Wark with addition and subtraction equations.,

7. Understand the meaning of the equal sign, and determina if aguations
|ﬂ'i'l:||'l-'|ﬂ"g additign and subtrachon are tree or false, For avamods, which
af the fofawimg eguvalions are frue and whiich are @Alse? G =& F= 2 - 1
BA2=2+8 4485 +2

4, Determing the unknown whola mpemzar n @ addition or suldFaction
agquatian relating to thres whale numbers. For exarmoie, defermine the
LTHRGWT e e makes e eguabon true i esch of Hhe equations & +
Fansa]-36+6=[]

Mumber and Operations in Base Ten 1.MET

Extend the counting sequance.

1. Cowent 1o 120, starting at any numiler kess than 120, In this range, read
and wrile numearals and represent & rember of objects with & writtan
numaral

Understand place valug.

2. Understand that the two digits of a two-digit numbar rapresent amounts
of tans angd anes, Understand the Iodlowing as spacial cases

g. 13 can be thought of as & bundle of ten ones — called a “ten”

b, The numbers from 10 60 19 are composed of & ten and ane, Ty,
three, four, five, sik, seven, eight, or nine ones.

€. The pumiers 30, 20, 33, 40, 50, 60, 70, B0, 90 relar Lo one, Dad,
threes, fowr, five, sik, seven, eight, or nine tens (and O ones)

"o Glogsary, Taale 1
iudents need not use formal terms for thase propartaes.

MATHEMATICS
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3. Compare two Deo-digil numbers based on measnengs of the tens end cnes
digits, recording the results of comparisons with the syrbols =, = and <,

Use place value understanding and properties of operations to add
and subtract.

4, Add within 100, ingluding adding a teo-digh numioer and a one-<igit
Aumber, ond addemg & two-digit ruomber and a multiple of 10, using concrete
models or drawings and strategies based on place vahse, propesties of
opsarations, andder the ralationship betwesen sdditicn and subtraction;
redate the strategy boa written method and axplain the reasonng used,
Lindarstand that = adding teo-digit numbers, one pods teps g tems, ones
arnd ones; and somatimes it s necessary o Compose & bR,

o

Ghran a bacedegit numben mantally fing 10 maore of 10 kess than the
rdrnbeer, withoul hevirg Lo count: explain the reasoning used.

& Subtract mydtiplas of 13 in the rangs 10-90 from multiples of 10 in tha
range M0-90 (posEtive ar gera differences), using concrete models or
drawinQs and strategies based on place value, properties of oparatians,
and/or tha relatianshio balwean additias and subtraction: relale the
stratagy 1o a written mathod and exnlain the reasoning used.

Measurement and Data 1MD

Measure lengths indirectly and by iterating length units,

1. Qrder three ohjacts Iy length; compare thie langths of two ohjacts
indiractly by uding & third object,

2. Express the length of an object as a whole number of length units, by
|E|:|I'|I'IE| raaltila copias of 3 sharter ohject (the langth unit) end b and;
understand that the length mezsurement of an object is the number
of same=gize |IEI'I'§'IU"I units that span o with no gaps or ovarlaos, Lol i
candexts where the obiect being measwed 5 spanned by o whole nurmbear of
AR LWAIFE WALl A0 930S OF SWErians

Tell and write time.

3. Tell and wrnite Bsme in howrs and half-howrs using analog and digatal
clochke,

Represent and interpret data,

4. Organza, reprasant, and nterpret data with up to three categornes; ask
and answear quasiEons about the toatal numbar of data points, how many
in each category, and how many mare or less are inone category than in
angther,

Geomelry 1.G

Reason with shapes and their atiributes,

1. Distinguish batween defining attributas (e.g., tnangles are closed and
Thrse-gichedy vardys nor-delining attribules (eg., color, orsnlalion,
cwverall sized ; build and draw shapes to possess defining attributes

1. Composa two-dimansional shapas (rectanglas, squaras, trapazoids
triangles. half-circles, and guartar-circlas) or thres-dimeansicnal shapas
{cubres, Fight rectangular prisms, right circulas conas, and right circular
cylinders) to create a composite shepe, and compose new shapes from
the composite shape.*

i Partition circles and rectangles inte two and four egual shares, describa
the sharas using the words hahves, fioorths, and quarters, and use tha
phrases hal of, fourth of, and guarter of. Dascribe the whole a2 twa ol
or four of the sharas. Undarstand for thasa sxamples that decomposing
N0 more aqual shares craales emaller sharas

‘Students do not need 1o BEarn formal names such &8 “reand reciangndar prism.”




Mathematics | Grade 2

Im Grade 2, instructional time shiould focus on four critical areas: (1)
extanding understanding of baze-ten notaticn; (23 building fusncy with
addition and subtraction: {3} using standard units of measure; and (43
describing ard analyzing shapes.

{1} Students extend their tmderstanding of the basa-ten system, This
ingludes ideas of counting = fives, tens, and multiples of hundreds, tens,
and onas, a5 well as numer redaticnships mwalving thede units, inchedirg
comparang. Studants undarstand miult=degit numbsas (up be D00 writkan
in base-ten notation, recognizing that the digats in each place reoresant
armaunts of thoudands, hundreds, tens, or ones (eq., B52 is 8 hundreds + &
tens + 3 anetl,

[2) Stisdents usa thes undarstanding of addition to davalap Maancy with
addition and subtraction within 190, Thay solve problems within 1000

by apolying their understanding of models for acdition and subitracton,
and they develop, discuss, and die efficiant, accurate, and generalizabie
methods 1o compube sume and differencas of whale numbars in bada-ten
notatsor, Esing thalr yncgarstanding of place value and the groperties of
operatrcns. [hay select and a'll'-'!.'-lu-lrﬂ“ﬂl:r' -EI-DEI|:|I' mpthods Lsal are aoproprabe
for the context and the numbers imvobesd to mentally calculate sems ard
differences for members with only tens or gnly hurdregs

(33 Srudents recagrize the nead For standard nits of measure (Cenfemeter
and irch} and they use ralers and othes measarameant [ooks with [he
understanding that lingar maasira involves an iberation of units, They
recognize that the smaller the unit, the more iterations they maed o covar a
given length.

{45 Studants dascrize and anadyTe shapes Oy esarmeung [heir cides gnd
angles, Students meostigate, descoribe, and reason abowl decempasing
and comiBinirg shapes Lo make other shapes, Thraugh buildmg, drawing,
and analyzird Bwos and threasdimansonal shapes slecdents develop &
foundation for understanding area, volume, congruence, similarity, and
syrmmetry in bater grades.

DS For MATHEMATECS
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Grade 2 Overview
Operations and Algebrale Thinking

*  Represent and salve problems invalving
acddition and subtraction,

= Add and subtract within 20,

«  Work with equal groups af objects ta gain
foundations for multiplication.

Mumber and Operafions in Base Ten
*  Understand place value.

= Use place value understanding and
properties of operations to add and subtracl.

Measurement and Data

+  Measure and estimate lengths in standard
units,

*  Relate addition and subtraction to lenath.
*  Work with time and mongy.

- Represent and interpret data,

Gasmetry

- Reason with !.hﬂp't!- and their attributes.

i MATHEMATICS

Mathematical Practices

1

- T R ST |

Make sense of problems and persevera in
solving them

Reascn abstractly and guantitatively.

Construct viable arguments and critigue
the reasoning of obhars.

Madel with mathematics,

s appropriate baals '\-Irﬂl.ug'r:ﬂlhr
attend 1o pracitian.

Look for and make use of struciure.

Loo# for and express regulanty in repeated
reasoning



Operations and Algebraic Thinking 2,04

Reprasent and solve problems involving addition and subtraction.

L Use addition and subtraction within 100 to sodve one- and two-sten
waord proiiems invclving situations of adding to, takimg from, putting
togethear, taking apart, and companng, with wknowns inall postions,
&g, Oy using drawings and equations with a symbol for tha unlosown
numbar to represent the problem.'

Add and subtract within 20.

2 Fluently add and subtract within 20 using mentad strategies.” By end of
Gracs 2, Enow from memoey all sums aF el Seve-digil numbsers,

Work with egual groups of ohjects to gain foundations for
multiplication.

3. Determene whether a group of cbjects (ua o 207 has an odd ar gven
numbar ot membars, 8.g. by pairing chjects ar counting them by 25;
whle an equation to express an even nember a5 a sum of Hwa acgual
wil danels,

4, Llga addition o find the total nurmber of sbjects arrenged in
rectanqular arrays with up to 5 rows and up to 5 columns; write an
equation 1o exprecs The total 22 & fum of egqual addends.

Humb-er and Cperations in Base Ten LMET

Understand place value.

I Undersland that e three digils of 8 three-digit member represent
amounts of hundreds, tans, and cnas; .0, 736 eguals 7 hundrads. 0
tens, and & ones, Understand the following as special cadas:

a. 100 can e thowght of ag a bundla of Ten tang — called a
“hundred.”

. The nurmbers 100, 200, 300, 400, 500, &00, 700, 800, 900 refer to
one, bwo, theer, fouws, five, 5ix, sevan, @ight, or nine hundrads (and 0
tand and O araEg)

2. Count within 100 skip-count by Ss, B and 100,

3. Read and write rumbers to 1300 using base-ten numerals, number
namas, and expandad form,

4, Cormpars bwo three-digil nembers Based cn meanmgs of the hundreds,
tens, and ones digits. using >, =, and < symbols to record the results of
COMparEans.

Use place value understanding and proporties of operations to add
and subtract.

5. Fluently add and subtract vthim 100 using strategees based on place
valus, propartias of aperations, andfos the ralationship betwesn
adcalion and sukbtractan,

6. Add up to four two-digit mumbers using strategies based on place
valys and properties of operations.

7. Add andd subtract wirthin 1000, using concrete models or drawings
and strategies based on place value, oroperties of oparations, andfor
th redaticnehip Datween addition and cubtracton: relate the stralagy
to g wrrtten method, Understand that in adding or subtracting three-
digit numbers, one adds or subtracts hundreds and hundreds, tans
and tens, cnes and ones; and sametimeas it s NEcessary 10 COmpose oF
dacompose Tens or hiendreds,

B. Mentally add 10 or WD (o a given number 100-900, and meantally
subtract 10 or 20 from a given number 100-900.

8. Explaim why addition and subitrachon strategias waork, using place walue
angl the properties of cparatians,!

'Sea Glossary, Takla 1,
S ttandard LOAG Tar & il ol menlal Alrabegie
‘Explanations may be supported by drawings o objects

R5 rorMalHEMATIDS




Measurement and Data 2.MD

Measure and estimate lengths in standard units.

1. Measure the length of an object by saelecting and uding appraprale
tonls such as rulers, yargdshicks, mater sticks, ang maasunng tapas,

2, Measure the length of an object twice, using length units of
gifferant lengths tor tha bwe meaturements; descrite how tha Two
measuraments relate to the sice of the unit chosen,

3. Estimate lengths using umits of mches, feet, cenbmaters, and meters.

4. Moasure to determing how maoch longoer one abject is than anot her,
axpragging the lengih diffarance in tarms of 8 standard length unit

Relate addition and subtraction to length.

L. Use addition and subtraction within 1304 to solve word problems
invelving lengths that aoe given in the same unifs, &g, By using
drawings (such as drawings of rulers) and eguations with a symbol for
the unknown numiser To represent the proklem,

G, Rapresent whole numbers as lengths from © on 2 number line diggaram
with gqually spaced podnts corresponding o the numbers 0,1, 2 .., and
regpresent whole-nurmiiser suims and differances within 100 an a membar
line diggram,

Wark with time and money.

T Tell and writa time from analng and digital clocks to the nearest fivae
FuAubas, wsing am. and oo,

B. Solbve word problems involving dollar bills, cuarters, dimes, nickels, and
panniad, using ¥ and ¢ symbols aporoarately. Exaanaie IF pow fawe
dimes and T peamies, how many cents do yow Aaee?

Represent and interpret data.

9. Ganerate measuremaent data oy measuring lengths of several abpacts
to the meargst whala wunit, or by makng repeated measurements of the
samsa gbject. Show [he measurements Dy making a ling oplot, wharg tha
homzontal scale is marked off in whole-numbar units.

13, Draw a picture graph and a bar graph (with single-unit scale) o
rapresent a data et with up 0o four Cateqarniasg, Solve Eh"ﬂﬂll? plits
tagether, take-apart, and compare problems? wsing informatsan
prazantad i a bar graph.

Geameatry 2G

Reason with shapes and their attributes.

1, Recopnize and draw shapes having specified attriootes, such as a given
nurmbsar of angles o a glven rumbar of equal fages® ientify triangles,
guadrilaterals. pentagons, hexagons, and cubses,

2. Partition a rectanghe into rows and columns of same-size sguares pnd
count b lind the fatal rumbaes of fham,

3, Partitton civclas and ractanglas into bwia, thraa, or four equal shares
dascriba tha fhares uging the words halvas, irgls, hal? of, a Third o,
gte., and describe the whole as two halves, thres thirds, foor Tourthe,
Recognizae that aqual shares of identical wholas need not have the
Samie shape

‘Lea Glossary, Tahbla 1,
*Siges are commpared directly or visually, not cormmarad By measuring,




Mathematics | Grade 3

In Grade 3, instruchicnal Tirme should Feous on four critical argas: (1}
develaping und&r.ﬂ.‘m-ﬂrng ol multiplicatian and division and strategios
far mdltiplication and divigion within 100 (2% devalaping understanding
of rractians, especially unit fractions (fractions with numeratos Ty {33
developing understanding of the structure of reckangular arrays and of
area; and (4% describing and analyzing two-dimensional shapes.

{1 Stuedents develop an understanding of tha meanings of multinlicatkon
and divisson of whole numbers through actreities and problams irvolving
sgual-sized groups, arrays, and ares modals; meftiplication is fnding

an unkrnown peaduct, and divigion i3 Tedims e enkitown [Bclar ey [heds
sitisations, For aquad-si2ed group sityations, division can reguine fnding
the unknown number of groups or Ethe unknown group size. Sudants usa
properties of operaticns to cabculate products of whols numbers, wsmg
ncreasingly sophisticated strategies based on these properties to solve
multiphcation and deyvigion problems irmeolvineg gingle-digit Tactars, By
compareg a variaty of sohstion strategies, studants logen the ralationship
oetween multiplication and divison

(21 Students develop an understardirg of Tractions, Begnning with

unit fractions, Students view fractiong m genaral pd Deng built eut of
unit fractiong, ard they use fragbions -Elll:ll'l'g with wigual Trachon modals

to represant cacts of a whobs, Studaents undarstang that the size of a
fractional part 15 relative to the size of the whole. For examiple, /2 of the
piend it a small bucke? could be less paint than 3 of the paert in a larger
Ducker, Bul 173 of a ribkson is longer than /S of Tha same ribion becausse
winan tha rinbon & divided o 3 equal parts, the parts arg longer [han
whan the ribbon & divided mio 5 equal parts. Students are able to usae
fractions to represent nurnbers equal to, less than, and greater than one.
They solve problems that invelve companrs fresctions By using viswal
Fraction models and strategies based on nobicireg egqual namerators oF
denominators.

(33 Students recodgnize prag g5 an attribute of fwo-dirmensional regions.
They measure [he area oF 8 shape by finding e Total namiber oF same-
glze umits of graa requingd 0o cower the Bhape withogt gans oF overlame,
a squara with sides of unit length being tha standard @it for measuring

eroa. Students understand that rectangular arrays can be decomposed nto

identical rews o inta destical calumns, By decompoding recandglasy into
I'E“'L'-'CF“'*EIU'B'F grra's of sguares, students connect area o multiplication, and
justify wsing maltiplicetion to determine the ares of & rectangle.

(4] Students describe, analyze, and compare properties of two-
dirrmarigional sheges. Thay Coenpare and classily shapes by their sidec and
anglas, and conrmct thase with definitions of shapes. Students ales relate
their Fraction wark o geomety by expressing the area of part of & shape
a4 A unit fraction of the whole.




Grade 3 Overview
Operations and Algebraic Thinking

= Represent and solve problems invalving
multiplicatian and division,

= Understand properties of multiplication and
the relationship between multiplication and
divisizn.

= Multiply and divide within 100,

* Solve problams involving the four operations,
and identify and explain patterns in arithmetic,

Humber and Operations in Base Ten

* Usa place value understanding and properties
of operations to perform multi-digit arithmatic.

Humber and QOparations—Fractions

= Develop understanding of fractions as numbaers,

Measurement and Data

+ Solve problems involving measwrement and
astimation of intervals of time, liquid volumes,
and massas of objacts.

* Represent and interprel data,

« Geametric measurement: understand concepls
of area and relate area to multiplication and to
addition,

= Geometric measurement: recognize perimeter

as an attribute of plana figuras and distinguish
between linear and area measures.

Gaomebny

= Reason with shapes and their attributes.

5 For MATHEMATICS

Mathematical Practices

1. Make senze of problems and parsevere in
solving them.

2. Reason abstractly and guantitativedy.

3. Construct viakle arguments and critique
the reasoning of othars,

4, Madel with mathematics,

R Use appropriaie taals siratogically,
&, Attend bo precisian.

7. Loock for and make ute of slructurs,

8. Look for and express regularity in repeated
reascning.
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Operations and Algebraic Thinking T0k

Represent and solve prablems invelving multiplication and division.

L interpret prodwucts of wihaole numbers, @.g., intaroret 5 = 7 as the tatal
sumbar of objects i 5 groups of 7 objects aach. For asamnpie ol
A canfaxt in wiich a lofs! numbar of abjects can be exprassed a5 5 = 7

Pl

Intargrel whoke-number quatiants of whole nurmbees, =g, intarpret
56 + 8 as the number of obgects in each share when 56 obkdects are
parnitigaed gqually inbd 3 shares, or 88 a mumbear of shares whan

56 abjects are parbiticned into egual shares of B objects sach. For
arampe, describe & covdhaxt in wiuch a nunrher af shares or @ numiber of
SrOLDE Can e axpyesiod ag 5G = 8

2 Use multipbeation and division wathin 1040 to salve word problems m
mtuatnng L|'l'-"1:ll'«l'||'|'; BORAE Qrouns, arrays, and maasurameant quaniitias,
el by using drawings and aquations wilh a symbal for the uniknown
rumber to represent tha probilem,!

4, Determing the unkndwn wholde pumber i g smullipBcation or divissan
eguation relating three whale numbers. For ecamole, oefenmne fha
LIRS ALRE (gl aakes the aguadion e i each of e agieliong §
WPedd Sa]r T ExE= 7

Understand properties of multiplication and the relationship
between multiplication and division.

5. Apply propartias of Qperations as stratages [ I'l"llJltll:llfr' andg
divide.? Examoies: (F6 x 4 = 24 is known, Ehen 4 = 6 = 24 5 afso known
(ComLtabive progacty of moitoicalion ) J o 5 & 2 can be fowsd by 3
¥ b =8 then IS x 2 =20 orby § = 2 = 10 then 3 = N = 300 fAssociafiee
praparty of mufioheahion ) Knowess thal 8x 5 = 40300 8 ~ 2 = T8, oma
canfind @ x Pas xS+ 2= (B = 5)+ {8 = 2) = &0 4 16 = S8 [Dyistribubve
progenty }

6. Uncderstand division as an unknown-factor problerm. For esacmobe, g
22 + & by Fnding the numbar that makes 57 when moitioieo by 8.

Multiply and divide within 100.

¥, Fluently rmulliply and divide within B0, using strategies soch a5 the
relationship between multiplication and dosion (eg., knowing that B =
5 = A0, ona knaws 40 + 5 = B) or properties of aperatians, By the and
af Grade 3, know from mermary all products of twa one-digit members.

Solve preblems involving the four cperations, and identify and
explain patterns in arithmetic.

8. Sohre two-step word problems using the four coerations. Represant
thege prablems uging equations with a latter stanging for The
unkrown guantity. Assess the reasonableness of answers using mental
computation and estimaton stratagias U'-:H.-'ﬂing- P'Wnﬂlﬂg-:

3. ldentity arithmatic patterns Jncluding patterns in e sdditicn table or
multsplication table), and explain them using properties of cperations.
For aranye ohegrve (el F Irhas o NAMOEF 4§ ahals quan, snd explann
Wl o [In18d @ Aunmer Can b8 deoamodsed i M0 agus! sodenos,

'Sae Glossary, Tahle 2,

Bldents reed ol wse foemal terms for [hese propariies,

Thes standard 15 imited to problems posed with whele nembers and having whole-
e anewers; students should kncw how bo perfonm oparations in the conean
tignad order when thera are no parenthesaes 1o specily a particular ceder (Ordes of
Operations),

for MATHEMS
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S EHEMATICS

Mumber and Operations in Base Ten I.NET
Use place value understanding and properties of operations to
perform multi-digit arithmetic,?

1 Use place valiye understanding (o round whole numbers o e negrest
W ar 1010,

el

Flugntly add and subirast swathin 1000 uging dtrgtegias and algarithms
based on place value, properties of operatsons, anc/or the ralationship
batwaen adldeicn and suotracton,

2. Muloply one-digit whcle numbers by roultiples af 10in the range
=00 {eug., 9 = 20, 5 = 80) using strateqios based on place walue and
promermies of aoaralons,

Humber and Operations—Fractions® IMF

Develop understanding of fractions as numbers.

L Understand & fraction 1/d &5 the guanlity lormead By | part when o
whiole 15 partstioned into & eoual parts; understand a fraction &7 as
the quantity formed by a parts af si2a 148,

2. Understand & fraction as a number on the number line; represent
fractians on a number ling diagram,

a. Reprasent a fraction 178 on a numbar line diagram by defining the
interyal froem O 1o 1 a9 the whala angd partstioning it mia b egual
parts. Recognize that gach part has size Y8 and that the andoomt
ol the part based at & lecatesd the rurmber LVE an the nomber line,

b Raprecent a fracion asb ana numbar ling diagram Dy rmarking off
a lengihs 10 from &. Reconnize that the resulting interval has size
afl and that its endpoint lecates the number 370 on the numizes
Ere.

L, Explan eouivalence of fractions in special cases, and compars
fractions by readaning aboul their size

a. Undarstand tad fractions as aguavalent (adgual) if 1hay are tha
zarma size, or the same point on a romber line

b, Recognize and generate simple scuivakend fractions, ag. 172 =
344, 406 = 2/5% Exnlain why the fractions ara squivalent, a.q. by
uEing & wisual fractiaon madal,

¢, Ewprass whole numbers as frachons, and recognize fractions that
are eguivalent e whale dumbers. Examples: Express I i the farm
3 = B4 recopgrize that 6T = & locade &4 ang ! at the same oaind
af @ punrher e oiagran

d. Compare twe fractions with the sama numadator or the sama
denominator by ressoaning sboul thaer gize, Bacognize (hat
cormparisons are vald only when the two fractions refer to the
game whiola, Recard the results of comparisons with the E-}'mbl:ll'i
=, =, or <, and justify the conclusions, &g, by viing a visual
fractran moadeal

Measuragmant and Data IMD

Solve problems invelving measurement and estimation of intervals
of time, liguid volumes, and masses of objects.
1. Tell and write b to thee nearest minute and measure time intervals
in mirastes. Solve word probdems inwvobeng addition and subtraction
af time mtervals i minetes, 8.9, Oy represanting the problam an a
murmbear e diagram,

A Fane ot gaanthmes rmay e usead,
“arade 3 axpectations in this domain are limited to fractons with denominators 2, 3,
4, &, and 8.

£ 3dwe=a
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2, Maasure and gstimata liguid volumes and masses of cbjects wsing
standard units of grams (4, kilograms (kg), and liters {5° Add,
subbract, madtiply, oF Gividse o sodva one-s1en i pmhlams irnecng
masses or volumes that are given in the same enils, 4., By using
drpwings (2ech as a baaker with & measurgmest scala) o renrasant
thiz probiem”

Represent and interpret data.

I Draw a scaled picture graph and a scaled bar graph Lo represant a
data sat with saveral catagones. Solve ong- and bwo-ptep “how many
racee” and “how rmany e problems oty infarmation peetented in
scaled bar graphs. For exampie, arew a bar gragh & which each sousee 1
e Bar gragh mghid represen! 5 pefs

4, Generate measuremant data by measwring lengths vsing rulers marked
with hadves and fourths of an inch, Show tha data by making a line
plat, wihere the horizontal scale is marked off in appropriate units—
whaola numbers, halves, or quarters

Geomatric measurgment: understand concepts of area and relate
area to multiplication and to addition.

5% Recognize area as an attribube of plane figures aad understand

concapls of area measurameant,

A, A squane with sice langth 1unit, called "a unit sosare,” is said to
haye “one square unit” of arep, snd can be used 1o maasure area,

b, A plane figure which can be coverad without gaps oF overlaps by
7 unit souares is sakd to have an arga of n souare Units

6. Meature araas by counting unil squares (S4guare om, SGUENa m, squang
in, squara ft, and mprovised units).

T Relate area 0 the cparatians of mulbiplication and addition.

8. Find the area of a rectangle with whole-number side lenaths by
tiling it, and show that tha area is the same as would ba found by
mulliplying the side lengin,

b. Multiply side lengihs to find areas of rectangles with wholes
number side lengths in the context &l sefwng real warld and
mathematical prabdems, and represent wholg-number products as
reclangular areas in mathematical regsoning

£, Use tiling ta show in a concrete case that the area of a rectangle
with whole-number side lenglhs & gnd B+ & i2 tha sum of
a = hangd a ® ¢, Use arga mooels to represent the distributiee
praoparty in mathamatical regsomng,

d. Recoanize areg as additiva, Fingd areas of ractibnear flg“l’ﬂﬁ oy
decomposing them into non-overlapping rectengles and adding
tha areas of the non=over|apning parls, snphnng this technigue to
solve real world problems,

Geomatric measurement: recognize perimeter as an attribute of
plane figures and distimgulsh betwean linear and area measures.

& Solve raal warld and mathematical probdems invalving parimeters
af polygons, including Tinding the parimeater given tha sida lengths,
finding an unknown side length, and exhibiting rectandgles with the
garme perimetar and different areas or with the same area and diffsrent
prerirmalars

FExgludes compound units such as cm? and findmg the geometric volurme of &
container,

"Excledes multiphcative comparson problems (problems invalyirdg notions of
“timas as much™; sae Glossary, Table 23
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Gromebry 3.6

Reaszon with shapes and thelr attributes.

. Understand that shapes in different categones (e.q., rhombuses,
rectangles, and athers] may shara attnbutas (2.9, having fioaer sidash,
and that the shared attnbutes can define a larger categary {eg.,
auadrilaterals). Recogrnize rhamouses, eclangles, and squares as
pxpmples of quadrilaterals, and draw examples of guadrilaterals that
oo not belong 0o any of these subcalegorias,

3. Partlion shaped inTo parts weth egiial sreas. Express the area of each
oart as & wnit fraction of the whole, For svamode, partiton a shope info &
parts wilft el aras, a0 escribe [ha arag of gach Sart az AL of the aeda
of the shape.

I Ha
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Mathematics | Grade 4

In Grade 4, instructional time should focus an theee criticsl areas: (13
developing understanding and flusncy with multi-digit multipbeation,
and devaloping understanding of dividing to find guotients insalving
milti=-digit dividends; (27 developing an undaersstanding af fraction
equivalence, addition and subtraction of fractions with like denormanators,
and multiplication of fractions by whalg rumbers: (31 understanding

that geometric figures can be analyzed and classitied based an their
properties. such as having parallel sides, perpendicular sides, particular
armgle measures, and symmekry,

i1 Students generalize their understanding of place walue to 1000000,
understanding the relative sizes of numbers in each place. Thay aoply their
understamding of modals lor multiplication (equal-sized groups, arrays,
area miodeals), place valuee, and properties of oparabons, o particular the
distributiva property, as thay devedop, discuss, and use silicient, accurale,
and generalizable methods to compute products of malti-digit wihoks
numbsers. Depending on the numibers and the context, they salect and
atcuralely apoly eporopriate methads to estimate or mentally calculate
products, They develap fluency with aflficrenl procedures for multiplying
whale numbers; understand and axplaln winy the praceduras work baged on
place valug ard properties of coerations; and use them to solve problems,
Students apply their incerstanding of modals for divison, nlacs vahe,
propictias of operabions, end the relatonship of divisson to multinlication
s they devalop, discuss, and uia alficiant, sceurate, and generalizable
procaduras 1o find guotients irnol g malti-digit dividends, Thay talact
and accurately apply aporopriate mathods to estmate and mantally
caloulate guatients, and mterpret remeanders based upon the contaxt.

(23 Students davalop eederstandmg of fraction aguivalence and
operations with fractions. Thay recogniza that two different fractions can
b mquied (e, 1509 = 573), and they develop methods for generating and
recognidng equivalent fractord. Students extend previows urderstandings
#0out how frachicns are Bl frorm unit fractions, compasing Tractions
from et Frastions, gecomposing racisams indo unt fractions, and using
thie maamng of fractions and tha maaning of mueltiplication to multaly
fraction by a whaole numbies.

(5% Students dascribe, asalyze, comparg, and clagsify Uaa-dimansional
shapas. Through building, drasing, and analyzing beosdimensional shapas,
students deepen thes understancing of propertiss of two-dimansional
abyests and the yse of them Lo zokee probloms vealnng symmetry,

F 30%H0
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Grade 4 Overview

Operations and Algebraic Thinking

* LUge the four operations with whole numbers to
salveg problems.

= Gain familiarity with factors and muktiplas,

= Generate and analyze patterns.

Humber and Operations in Base Ten

+ Generalize place value understanding Tor multi-
digit whole numbers.

+ Use place value understanding and properties of
aperations to perform multi-digit arithmetic.

Mumber and Operatlons—=Fractions

+ Extend understanding of fraction equivalence
and ordaring,

+ Buyild fractions from unit fractions by applving
and extending praviows understandings of
pperations on whole numbaers.

» Understand decimal notation far Fractions, and
compare decimal fractions,

Measurement arnd Data

+ Salve problems involving measurement and

conversion of measurements fram a larger unit to

a smaller unit,

* Represent and interpret data.

 Gegmelric measurement: understand concepts of

angle and measure angles.

Geometry

+ Draw and identify lines and angles, and classify
shapes by proparties of thair linas and angles.

Mathematical Practices

1

Make sense of problems and persevera in
salving them

Reason abstractly and quantitatively,

Construct viable arguments and criticue
the rgaspning of othars,

Madel with mathematies.

Use appropriate tools strategically
Altend 1o grecision.

Lock for and make use of structurs.

Look for and ¢xoress regulanty in repeated
FEASONIng
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WRE STATE STAMDARDS fo

Operations and Algebrale Thinking Bl

Use the four operations with whole numbers to solve problems.

1. Interpret a mwltiplication squation as & companson, a.q. iInterpret 35
= &= T a5 a statemant that 35 is 5 times as many as 7 and ¥ Gimes a5
mary as & Represent werbal statements of multiplicative comparisons
as rmultiplication equations.

2. Multiply or divide to solve word problems mvolving multipBcatieg
compansan, e.g, oy usang drawings and equations with a symibal
figr the unknown number to repres=nt the problem, distinguishing
mulbiplicative companson fram additive comparnsan,

A, Sodhva midbisten wWord prokloms posaed swalh whale aumbers and having
wheole-number answers using the four operations, includieg problems
in which ramainders must ba intarprated. Represent these problems
using aguaticns with a lelter slanding far the unknown guankity.
Azzess the reasonableness of answars using menta computation and
estimation strategies incleding founding.

Gain Familiarity with factors and multiples.

4, Find all Factor pairs for 3 whale rember in the rangg 1-100, Recoanize
that & whole number is a multiple of each of is factors Cetermine
whethar @ Qiven wihala rumbear in tha range 1=100 i a multipde of &
given gne-digil number. Determine whether a given whole number in
tha ramga 1=10) Is prime or composite

Generate and analyze patterns,

5, Gengrata a number or shapa pattern that follews a given rule, idantify
ppparent fegtures of the pattarn thal were ol eacplicit in the rule itseld.
For geampde, given thie rule Ja0n 5 ang the starfing aumber T gengrate
fevaris bt e resonling Seguence ano’ shoarps [Hal the fermms aocasy (o
alternate befween oodo and evan numbers, Exodain informaly why the
npbars will coanfinge o aiternata i Vs wag

HNumber and Opérations in Base Ten 4.NBT

Generalize place value undarstanding for multi-digit wholea numbers.

L Recoqnize that in a multi-digit whode numibser, a digit in one place
represents ten times whatl it represants in the place ta its right, For
mrample, recognize that JO0 = A0 = 1) by aopiying concepts of place il
S GOWEAT,

L Read and write ridfLi-digit whole ndmbers wsing bage-ten humeials,
riumber names, and expanded form. Compara two mudti-digat rumbers
based on medmnngs of the Jegits i aach place, using =, =, g <
symbials to record the reswelts of comparisons.

i1, Use place value understanding to round multi-digit whole numbers to
2y place.

Use place value understanding and properties of operations to
perform multi-digit arithmetic.

4, Fluently add and subtract multi-digit whole numbers wsing the
ctandard alaorithim,

5o Mulbioly a whole number af wp (o Four degits by o onesaigst weinali
number, and multiply two Bweo-digit rembers, using strategies besed
an olace valua and the propertias of operations. kstrate and explain
the caloulation by using edualiang, rectangular arrays, andfor area
miodels.

'Spa Glossary, Table 2.
‘Grade 4 expactabizns in this domain are himatad (o whole members less than or
egual ta 000,000,

Eldb - L]
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1RE STATE STANDARDS for MATHEMATICS

6, Fingd whala-pomber guolients aod remaimders with up Lo four-digit
dividends and ona-digit divisors, using strategles based on place
walipe, the praopearties of operations, and/or the relaticnship between
rraltiplication and division, lustrate and explain the calculation by
using aguations, rectangular arrays, and/or arga models,

HNumiber and Operations—Fractions! 4.MF

Extend understanding of fraction equivalence and ordering.

1. Expdain iy o fraction afh s equivalent to a fraction {mn = El:il.-'ll:."i' = iy
By weing wisual fraction models, with attention to how the numbaer and
size of tha parts ditfer awan thaugh the Dwo Fractions thamaalves ara
tha samie size Use thas principle to recognize and generate equivalent
fracticns.

2. Compang b fractiang with Gifferant numgratars and diffarant
denominators, &.0. by creating common denominators or numerators,
oF b campanng 1o 8 enchmark fraction such ad 1,2 Recognize hat
compansons are vahd only wihen the two fractions refer to the same
wihde, Record thae rasults of companissns with symbads = = o < and
justify the conclusians, eg., by using a visual fraction model.

Bulld fractions from unit fractlons by applying and extending
pravious understandings of operations on whole numbers,

i, Understand a traction 2/8 with a =135 a sum of feacteons 150,

8. Understand addition and subtraction of fractions as joindmg and
separating parts refarving o the same whola

b, Decompose a tracion into a sum of fractions with the
zama denceminastor in more than one way, recording 2ach
decomposition by an equateon, Justify dacompositions, e.q., by
wEing & visual fraction maodel. Examedas: T8 = A8« 18« 13
e T e T o~ B I R B = = O

. Add and subtract mieed numbiers with like denominators, e.g., by
reglacing aach mixed numbar with an equivalent fraction, anddar
by using properties of operations and the relationshio between
addition and subtrachion,

d. Salve word problems invobvng addetion and subtraction
af tractions referving ©o the same whode and hawving Lka
denominators, e.q., by using visual fraction models and equations
to represent the prokblamm,

A Appdy and estend previcus understandings of multplication o
rmultimly a fracticn by a whale mumber.

d. Understand a fraction a/6 a2 a multiple of 1Y, For axarmole, pes
a visual frachion madel g represent 574 as the product 5 = ¢4,
secording Hwe conclasion &y fhe agualion 54 = 5 x (4]

b, Understand a multiple of a/8 as a multiple of 175, and use this
uniderstending to multiply & fraclice by 8 whole numbean For
Arante, wse @ viswal frachon mode! o express I x (2/5) as 6 = (175),
sevdpaizing Mg produet as &5 o general 0 @ a0 = 0 = ah )

€. Zolve word problems invalving mudtiplication of a frection by &
whaolo numbar, g0 By using wisua fraction models and sguations
o rapresant the praolxlem. For exanmole #F pach Devsan 2 @ ety wlf
aal 378 of & pownd of raast Seel, and [fere will e § peods af the
party how many pounds of roast beaf anl be nesgead? Baduean wfunt
Fn wilale NUWMSErs does par anseaar ka7

Yorade d expectations in thes damen are mited o Factiond with dencmindlcss 2,
54,5 6 38 10,12, and 100,

¥ IO9ED
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Understand decimal notation for fractions, and compare decimal
fractions.

& Express g fractaon with genominatos 10 a5 an aguivalant frachicn with
denominator Fo, and use this technigue (o add fwo fracticns with
respactive dencminators 10 and 10007 For acaymorie evoress 3000 o8
JOA, and add /00 + 4700 = 3400

E. Use decimal notation for fractions with denaminalors 10 oo 100, Foy
axample rewnie Q62 as 82100 describe a length as QA2 metors, facale
{LE2 on g number e diagram,

L Tompare two dacimals to hundredihs By reasoning abaul thair sire
Recognize that comparisons are valid only whan the two decimals
refar to the same wihole, Record the results of comparisons with the
cyrmbalg =, =, g < gind judtify the conchusions, edq., oy using a visoad
model.

Measurement and Data 4.MD

Solve problems involving measuremaent and convarsion of
measurements from a larger unit to a smaller unit,

L Hrow relathve sizes of measurement wunits, within one system of wnits
inclading b, m, o kg, g; b oz, L, mil; he min, sec, Within a single
system of measuremeant, express measurements moa larger unit in
terms f a smalier ynit, Record measuremeant afivalants ina twos
codumn table. For exvamoie, know thal 1# s 12 omes 25 ong a5 1 in
Express the fength of a 4 It snake &5 48 fn, Generale a conversion fabia for
feet and mohes isting the number pairs {7, 120, (2 24), (3, 26), ...

1 Use the four oparations to seive word problems invalving distancas,
interedls af Time, hguid volumes, rmaggas of abjects, and moaey,
inchuding problems involving sample fractions or decimals, and
orohlems that reguire exprazsing messyremants givan |h 4 largar unit
in verms of a smaller unit. Represent Measurement gquantites using
diagrams such as numier Ene diagrams thal Teatyre & magsurament
zrala,

A

aApmly the araa and pormater formulas for rectanglas in real world and
malhematical prablems. For evarmide T the widlh of & rectarsidar
roovm given the area of the floonng and the fength, by viewing the arca
formuia as a muitindcation eguation with an aninawn fachan

Represent and Interpret data.

4, Make a hne plot to displey & data set of meesurements in fractions ol
a unit 1/3, 1/4, 1/8), Solve problems involving addinon and subtracticon
af fractions by using inforrmation presented in line plats. For axssmesya
fram a fne plot find and inferovet the of¥ference in langth batwean the
Kengrasr and’ sharras! specinmens o an maaclt Solles fion

Geometric measurement: understand concepts of angle and measure
angles.

B Recocnize angled a5 geamalric shapes Lhat are Tormed wherever [wG
rays share a comman andpaint, and undarstand concapts of angle
mMaasUramant

g, Anangle 15 messured with reference 1o 8 cercle with bS8 center gt
the comman endpoint of the rays, by considening the fracton of
the circular ars Datwesn the paints whara the Two rays iIntersact
the circle S angle that turas through /380 of & Gircle i3 caled 3
“one-degree angle,” and can be used o measure angles

b. &n angle that ternd through @ one-degras angles is said (o have
an angle measure of n degrees.

Students wha can ganaeraia aguivalant fractions can develop stratagees Tor adding
Fractions with unlike dencminalors in general. But addilion and subtraction with we-
like= d=nominators in general is mot & requirement at this grade.

Tefmc)
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6. Megture angles i whole-number degraas wming 8 protractor. Skatch
anglas of spacified maasura.

Recgnize angle meaasurs &5 additive, When an angle s decomposed
into nean-owerlapoing oarts, the angle measure of tha whala is the sum
aff the angle meadures of The pacts. Sohee addition and subtraction
probiems to fingd unknown anglas on 3 diagram in real world and
mathematiced problems, e.q., by using an eguation with a symiool for
tha unknown angla meaasgara,

Geametry 4.

Draw and identify linas and angles, and classify shapes by properties
af their lines and angles.

1

Draw points, lines, line segments, rays, angles {right, acute, obtusal,
and parpendigular and l:lFlri'l"El linas, lentify Thete in Dao-dimengicnal
Figgnares.

Classity two-dimansional figures based on the presence oF absence of
parallel or perpandicular lines, or the presence or absence of angles of
a specified size, Recognize right triangles as a category. and idantify
right trianalas,

RecogmiEes a bine ol dyrmmealry for a lwo-dirmensional figere as a line
across the figura such that the figura can ba folded along the line
intS mgtcRing parts, Identify ling-dymmeateic figures and draw lines of
symmakry,

e D~ P
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o MATHEMA TS

Mathematics | Grade 5

In Grade 5, instructicnal time should foocus on thres critical arsas: (13
developing fluency with addition and subtraction of fractions, and
devalaoping understanding of the multiplication of fractions and of divisian
of fractions in imited cases (unit fractions divided by whale numbers and
whale numbers divided by unit fractions); (23 extending division to 2-digit
divisars, integrating decimal fractions inte the place value system and
developing understanding of operations with decimals 1o hundredihs, and
develaping fluency with whole number and declimal aperations, and (33
dE'-':|u|:|ing: understanding of valume,

{1 Students apply their understanding of fractions and fraction modals 1o
reprisent the addition and subtracton of fractions with unllee denomenators
as efuivalant caleulalicns with Bee denammators. They develop Ausncy

m cakculating surns and differences of fraclicng, and make reasonable
astimatas of tharm, Students akso vse the meaning of fractions, af
miltiplication and division, and tha ralationship Batwean multiplication and
division to understand and exnlain why the procedures for multiplying and
dividing fractions meke sense (Mote: this is limited to the case of dividing
unit fractions by whole rambers and whole nembers by unit fractions.)

(3 Studants dewalop undesstancdhing of why division procedures work
based on the meaning of base-ten rumenals and propartas of operations,
They finalize Huency with multi-digit addition, subtraction, mattiplication,
and division. Thay apply Seir eederstandings of models for decimals,
daecimad notation, and properties of coerations Lo add and subiract
decimals to hundradihs. Thay devalop fluancy in these comautations, and
maka reascnable estimates of ther resulis Studends wsa tha relationshs
bBabwiean decimals and frachon:, as well 85 the relationship between

finite decimals and whale nsmbers {ie, a finite dacirmgd multiplied by 80
appropriate power of 1 i 3 whols nrumber), to understand and explain
whiy the procedures for multiphing and dividing finite decimalks makoe
senda, They comaute products and guetients of decimals to hundradths
efficiently and accurately,

(32 Students recognize volume as an attribute of three-dimeansaonal

space They urederstand that volume can be measurad oy finding the total
numbzar of Lama-size unils of wadume radguirad (o T he space withoul

gaps or ovarlaps. Thay understand that a 1-unit by et by Tamit cube

is the stamdard undt for measuring valume. Thay salect appeciiate units,
strategies, and tools for solving probbems that involee estimating and

g aEsurrg valums, They deomoai theae-dimansianal ahagaes ard find
wolurmaes of right rectangular prisms by wiewing them as decomposed irto
lasders af arrays of Cubas, Theny masdure necasdary aliributes af shapas in
order to determing volurmas to salve real warld and mathematical probbems

5 3TwHa



Grade 5 Overview
Operations and Algebraic Thinking
= Write and inberpret numerical expressions, 1.

» Analyze patterns and relationships,

2,
I

Mumber and Operations in Base Ten
+ Understand the place value system. :
« Parform operations with multl-digit wholas =%
numbers and with decimals to hundredths, ’
8,

Mumbear and Operations—Fractions

= Use aquivalent fractions as a strategy to add
and subfiract fractions,

L] .ﬁ.m‘.}["g' and extend previous understandings

af multiplication and division to multiply and
divide fractions.

Measurament and Data

= Comvert like measuremant wunits within a given
measurement sysbem.

* Reprezent and Interpret data.
= Gaomatric measurement; understand concepts

of volume and relate volume to multiplication
and to addition,

Geamatry

» Graph palnts an the coordinate plane to salve
real=waorld and mathematical problems.

= Classily twao-dimensional figures into categories
based on thelr properties.

COMMIN-CORE STATE STANDARDS for MATHEMATICS

Mathematical Practices

Make sonse of problems and persevers (n
solvimg them.

Reasan abstracty and guantitatively.

Construct viable arguments and eritigque
the reasoning of others

Mesdel with mathernatics.

Use appropriate tools strategically
Abtend bo precision,

Loak for and make use of structure,

Laak for and gxpross regularity in repeated
Fesasaning.

30%HE
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Operabions and Algebraic Thinking

write and Interpret numerical expressions.

Use parentheses, brackets, or braces in numencal sxprassions, and
edahigte axpressans with thete gymilals,

Wnte sample expressions that record calculations with nambers, and
interpret frameerical expressions wWithout evaluatig theme For axamele
sapvass the calcwlaticn “aod 2 and 2 Hhen muatiplp by 2 as 2 2 (B + F)
Fecognize that 5« (T8GI2 + $311 5 three Dimes 55 Bge as TREZZ + 2210,
Erthout having [o calcwale the novealan suvm or peoduic?

Analyze patterns and relationships.
3. Generate Dwa numas el Datterns using twe given rules, identify

Mumbear and Operations in Base Ten

apparent relationshins betwesn corresnonding terms, Form ordered
Dairs EQHEiEHnQ of corraspanding teems from [he Two palterns, and
graph the ordered pairs on a coordinate plane. For example, ghven the
Fidke A £ and [he sfarking nunmbar G ano givedt e adle 5400 67 and’ B
sarting runber O, penssate terms 0 e reswbing sequences, and obsenee
Ihar g 8ITng 1 ane SeQUISTCE 3ra FE0E [N SOres DoV TeRms 1 fha
alfrar faguensce Expl snformally why this s 5o

Understand the place value system.

4

Becognaze Lhal in 8 mult-digit rember, a digit in ona place represents
10 timies as much as it represents in the place to its fight and 1410 of
what it rapresents in the place boits kel

Explain patterns in the number of zercs of tha product when
mulfiplyeeg a numibbes By powers of 10, and explain patieons in e
placament of the decimal pomt when a decimal is mudtipdied or

dividad by 3 power af 10, Lsa whale=number exponents o dencie
powers alf 10,

Resd, write, and compare decimals to thousandths.

3. Read and wrile decimals 1o thousaadths using base-ten numerals,
mumber names, and axpanded form, g, 347392 = T = 100 + 4 =
1= 71+ 3w 00+ 9 x {11000 + 2 % (170000,

h- {:nmpam twi dacimals b thousandths based on meanings of tha
digits in sach place, wsing >, ®, and < symbals to recard the resplts
aof comparisons.

Uza place value understanding b round decimaks [o any place,

Perform operations with multi-digit whole numbers and with
decimals to hundredths.

5.

Flheenlly mmudtiply rmulti-digit whode numbers gesing the standard
algarithim.

Fimd whala=rimibar auotients of whole numbars with up to four=degit
divigdangs and two-diget divigors, using strategies based on place
walue, the properties of operations. andJor the relationship between
rmultiplication and division. llustrate anc explain the calcwlation by
using ecuuaticns, ractangular arrays, and/or araa models,

ackd, sUbirasy l'l'll.lltll'.!i:.f. angd divide decimals 0o hindradths, using
concrele models or deawingd and strategies based on place value,
properties of operatsons, andSor the relationship Betwean addition and
subtraction; relata the stratagy [o a written melhod and explain the
FEASONInG Used,

504
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Number and Dperations—Fractions BNF

Use equilvalent fractions as a strategy to add and subtract fractions.

1. Add end subtract fractions with unbike denominators {ncluding maxad
numbsars] by replacing aiven fractions with equivalent fractions n
such a way as o produce an eguivalent sum of difference of fractans
with like denominators. For axampde, 273 + 54 = G2 + 16792 = 2342 {in
general adb +odd = ad + b))

2. Schva word probdems woelving addition and subtraction of fractions
raferring 1o tha same whole, incleding cases of unlike denominators,
g, Oy USHR visual fraction models ar BLUBlicns To rapresend Lhe
prablam, Use benchmark fractons and romber sense of fractions
ta estirmate meantaily and asssess the reasonableness of answars, For
;:’;DHT'\J'E‘ FECOQIUTE Sl INCOVRSCT Fag Ll LR R 27 by obrarving thal

< 2

Apply and extend previous understandings of multiplication and
division to multiply and divide fractions.

L Intarorat a fraction as divisicn of the numerator by the denominator
{afs = 4 ¢ By Solve word problems inwolwing divisicn of whaola
rambers lgading to answers in the form of fractions or mixed numbers,
e, By using viguel fraction models or equations to reprasant the
proolam. For aeample, interprat 140 &5 the result of oividing 3 fy 4, nofag
that T4 mottioled by 4 equals 3 andg thal wihen 5 wholes are shared
equally arnong 4 prople each person has a shave of 22 34 B pepnia
wanf fo share 8 S0-powid Lock of rice el by wesghl, how many
powds of rice showld each persan ot Botwean whal g wiols mumbers
JRES POUF aniwer heF

4. Apply and extend previous understandings of madtipdication o
miltiply a facton ar whale niember by a fraction.,

@, Interpeet the prodduct [E.I"JZI] = a3 3 parks af a partition of o
into b sgual parts: eguivalently, as the rasult of & seacenca of
operations @ ¥ q + b For gxaniole U588 wisded rastion madsl (o
ahne (24F) = d = 84T and create a story comboxt for this cquation. Do
thie swme wibh (2750 = (480 = BA5. fin generaill fasbd « (oAl = acdhal)

b. Fird the area af & reclangle with fractional side lengths by tiling it
with unit squares of the appropriate unit fraction side lenaths, and
shvw that tha area is the samse a8 would be found by mullipheng
the side lengths. Multiply fractione] side lengths ta find areas of
rectangles. and rapresent fraction products as rectangular araas.

5, Interpeat muktiplication as scaling (resizing?, by:

8. Comparing the size of & product to the size of one factor an
the Basis of the size of the others factor, wilhout parfarming the
indicated multiplicaticn.

b, Explaiving why mudiiplying a given number by a fraction greater
than 1 results in a product greatar than tha given numises
{recognizing rultiplication by whale senbers greater than 1 a2
a femiliar casel; sxplaining why multiphang a given number by
a fraction less than @ results in a product srmsller thaen the given
numper; and relatng the principle of fracton equivalence adh =
{nxa)ihebd o the edfect of multiplying adb by L

6, Sclive real world problems myvelving multiplication of fractions and
mined numbers, eq., by using visual fraction modals or equatians to
reprazant the prablom,

T Aapoply and axtond previous uncerstandings of dividgsan to divide umit
fractions by whaole numbers and whole numbers by unit fractions.!

a. Interpest divison of a unit fraction By & non-2ers whole numibser,

Students akbda to mrdtiply fractsans in ganecl a0 develag shrategias to divide rac-
vty i genaral, by reasoning abowt the relationshp between multiplication and
division. But division of a fraction by a fraction is not a reguirement at this grads,

) L]
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and compute such quatiants, For examole, creaha @ stony confest
For {173) = 4, e use o weial fraction model o show the guoiiend.
Lise the relahonshio batwean muiniicafion amd oivision fo explsin
thar (T3 » f = W12 because (1712) = 4 = /T

B. Interpret division of a2 whole number by @ unit fraction, and
compute such quotients, Far espmple creale a story condosxt for
4+ (15), and wee a visua fraction moded [0 show he quotiant. Lke
e relEhoneio bafwean rmwbpication and dhision fo explam that
d & {15 = 20 bocauwse 20 x (@G = 4.

.. Salve raal waorld prablems involving doasion of wnat frachons by
nom-zern winala numbraers and division of whole numbers by wnit
fractioms, &, By uding visual frgction models and equations to
represont the problem. For exarmpde how moh chocniahe il each
marsan gat i 3 pancde share 2 B of chorolale soquslly? How many
1 I-cup sorvings are m 2 cuns of raisins?

Megsiprement and Data 5.HD

Convaert like measurement units within a given measurement system.

1, Conyvert among differant-sized standard magsurement units within a
given moasurement system (g, convert 5 om ta 0,08 mo, and use
these comdarsions in salving mulbi-afsp, real warld problems.

Represent and interpret data.

2. Make aline plot to display 3 data 585 of measurements in Tractions of
a uet {152, 34, 1/8), Use gperationd on fractions for thiz grade o schee
problems involving information presented in ing pdots. For axsgmpie,
given diffarant measuremenis of oo i deniical beakers, find the
amount of oo each beaker wolls confain & the fofal amant b al the
CEANETS e regialribuied! eguaily

Geometric measurement: understand concepts of valume and raelate
volume to multiplication and to addition.

3. RBecogreze yobume as an ptinbute of salid figures and understand
concepts of volume measwrement,

3. & owboe with side length T umat, callad a "urmt cuba,” is smd ta have
"o cUbeC unitT of wolume, and can De used 15 mesture valurma,

b. & solid figure which can be packed without gaps o ovarlaps
wsing f unit cubed 5 said Lo have a wolume af o cubic units.

4. Measure volumes by counting unit cubes, using cubdc om, owhic én,
cubic ft, and morovised wunits

5, Relate voluma to the operations of multiplcation and addition and
sewe redl wordd and mathematical preblems mvalving voleme.

3. Find the volume af 8 right rectancgudar prisen with whaole-number
sade lengths by packing it with unit cubes, and show that tha
wohuma is the samee as woulld e founa by raltiplying the edoe
langths, aosivalantly by multiplying the height by the area of the
Base Repretent threalold whole-pumber producls ag volumas,
e bo represent the associative property of multipication.

1} Appaly the formulas VW= 0w w o oand We b e b for rectangular
prisms to find vobemes of night rectangulas prismis with whole-
number adgs lengths in the context of solving raal world and

rmathamatical preblams.

L. Recognize volume as adaitive. Find walumes of solid figuras
campoged af two I'II:I'I"l-I'.I'-"'E"ﬂElF}I:I'I"IQ- right rectangular grigms oy
sdding the volurmes af the mon-overfapping oarts, appheing this
techrigue bo solve real world oreblams,

| & 3vyeD
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D5 for MATHEMATICS

Geomatry 5G

Graph points on the coordinate plane to solve real-world and
mathematical problems.

L LUse a pair of perpandicular numbser ines, called axes, to define a
coordinate systermn, with the intersection of the Bnes (the arigind
arrangad to coincide with the O gn sach lina and a given palnt in
the plane lacated Dy using an ardered par all members, called it
coardmeles. Understand that the first nuember indicates how far to
transal From tha argin in tha direction of ane axis, and e secand
mumher indicates how far Lo travel in the direction of the second
axis, with the convention that the names of the Pwo a=es and the
cgardmates corfespond (88, v-avig and s-coardinals, p-axis and
p-coordinate).

2, Rapresent real wiorld and mathematical problams by graphing paints
i the first quadrant of the coordinate plane, and nterpret coordinata
wvalues of poomts in the context of the situation,

Classify two-dimensional figures into categories based on their
properties.

3 Understand Lhat atiributes belonging Lo a category of two-
dimensicnal figuras also belong o all subcategories of that category,
Fow exampie, 3V recfangies havs fowr right angiles and squares are
rectangies, s al sguanas have four raphtd smrkes

4, Classdly twosdirmensional figures in a hierarchy based on properties,

JavH

BE



Mathematics | Grade 6

It Grade &, instructional bime should foous on four critical areas; (1

connecting ratio and rate to whele number mulbiplicabion and division

and uzing concgpts of rabic and rate to sobee problams; (2} complating
wunderstanding of division of fractions and extending the notion of number
ta the systam of rabional numbers, which meludes negative rumies;

(31 writing, interpreting, and using expressions and equatons; and (4]
developing unclerstanding of statisbical thinking,

(1) Students vse regsoning about multiphcaton and division ta salva

v gnd rale proeblems aboul guantities. By vewang eguivalent ratuos
@ rates &5 derlving from, and axtanding, pairs of rows (o caburmmd) in
the multiphcation table, and by analyzing smple drasinags that indicate
the relative size of quantites, students connect thair understanding of
miultiphcatsn and division with ratios and rates. Thus students axpand the
seope of problerns for which they can use multiplication ard division ta
solve problams, and [hey connect raticd and frections. Stedents solee a
widhe variety of problams ireohsing ratics and rates,

(2} Students use the meaning of fractions, the meanmings of migmplication
grd divigicn, and the relalionshap between multiplication and division to
usdarstar] andd axplain winy e precedueras for donding fractions rmakes
FENGE. SiUCents e thase operalsons 1o solve prollems, Students extend
their previous understandings of number ard the arderng of mambers

to the full system of rational numibers, which nclisdes negative rational
members, snd in particolar negative integers. They reason about the ardear
gnd abachile walue of rational rurnbers ard about the location of points in
all forar quadcants of The coordinate plane

(5} Stdents unclarstand tha use of wariahles in mathamatical expressions.
They write expressions and eguations that correspond to given situators,
eiluale axpragsions, end use andredsions aod farmuolas 1o sokve problems,
Studenis yngdarstand fhal exprassions in Jiffarant Foarms Can e aguilvalent
and they use the oroperties of opsrations b0 rewrite eRpressians in
ecuevabent formis. Studerts know that the solutions of an equatian are the
valises of 1ha varigblaes that rmake e agquatice Lriss, Siudenls s peoger] e
of operathons and the lea of mniaining the eguality of botly sidas of

an aguation to solve smpla cne-stem pousations. Students construct and
anahyie tables, such as tables of quantilies that are in equivalent redos,
aingd thay pes aguations (2Uch 55 Ty = ¥ 16 desoribe relationihips Datwesn
fuantitiss,

(4] Budding on angd reinfoeging thair yndarsianding of naméer, stedents
begin to develop thair abeity to think statistically. Students recogneoe that a
tlata detrioution may not have g definite cepter and thal different wiys Lo
measiing entar wiald diffarant walues, Tha madkan measures centar in tha
canse that o is roughly the middle walue. The mean measures center in tha
eanige that of 15 the valie that each data pont would take an il (fa total of
the data values were redistributed equally, and alss in the sanse that if 5 a
balarce point. Students recognize that a measure of wariability (nterguartle
range or mean sbsalute deviation) can also be uselul for =umrmarsirng

data hacaues T vary differant sats of data can have the sams mean angd

R e s
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rmadian yat ba distinguished by thelr variabaity. Students lear o deseribe
and summarize numaencal data sats, igantitying clusters, peaks, gaos, end
symmetry, considgrng the contaxt inowhich the data ware collected,

Students in Grade & also build on their work with area in elementary
schaal by reasanng sbout relationships amang shapes o detarmana arga,
sigface area, ard wohrnre, Thay find areas of right triangles, other triangles,
and speciad quadilatorals by decomoosing thede shapas, rearranging

ar remaowing peaces, and ralating the shapes to rectangles, Using these
methods, students discuss, deselop, and pistify foemulas for areas of
triarales and parallebograoms. Students find areas of polygons and surface
araps of prisms ard pyrarmsds by decomposng them into picces whose
arga they can detarmensa, They regson aboul raht reclangular prisms

with fractional side lengths to externd formulas for the volume of a right
rectangiudar prism to fractional side lengths. They prapare fior work on
seale drevwings and corstructions in Grade 7 by drawing polygors in the
COTFEmnale plansa,

B
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Grade 6 Overview

Ratios and Proportional Relationships

* Understand ratio concepts and use ratio I

reasoning to solve problems,

2.
A
The Mumber System

. . 4,

= Apply and extend previous undarstandings of
multiplication and division to divide fractions 5
by fractions. n
+ Compute fluently with multi-digit numbers and 2
find commaon factors and multiples. !
B

+ Apply and extend previous understandings of
numibers to the system of ratlonal numbers.,

Expressions and Equations

= Apply and extend previous understandings of
arithmetlc to algebraic expressions.

+ Reason about and solve one-varlable equations
and inequalities.

* Represent and analyze guantitative
relationships betwesn depandant and
independent variablas.

Geometry

= Solve real-world and mathematical problems
invelving area, surface area, and volume.

Statistics and Probability
* Develop understanding of statistical variakility,

+ Summarize and describe distributions.

STATE STAMDARDS For MATHEMATICS

Mathematical Practices

Hake sense of problems and persevers in
solving them

Reason abstroctly and quantitatively,

Construck viable arguments and crilique
the reasoning of others.

Madel wilh mathematics.

Usze appropriate tools strategicalh
Atend Lo precision,

Look for and make use of structure,

Look for and axpress regulanity in repeated
FEASGMING.



Ratios and Proportional Relationships

Understand ratio concepts and use ratio reasoning to solve
problems.

kR

The Mumber System

Urnderstand the conocept of a ratio and usa ratio language to describe
a ratio relatisrship belwedn bwa quantities, For examole, “The fabo
of wings Fo beaks in the Dirg Bouse at e Zoo was 2L because for
vy J veingd [hore was 1 heak " “Far svery vofe candicale A recedved,
candicate © recadved nearly threg vodes "

Undarstand the concapt of a unit rate a/h associatad with a ratio ab
with &« 0, and uie rate language in the context of a ratio relatonshin.
For erample, "This recipe has a ratio of 3 cuos of Mol fo 4 cups oF sdgar
50 [hara (& T4 cup of Saur for ageh cue of sugae” “We paid 575 far 15
hamburgars, which 15 @ rafe af £5 par hamburngern

\ree ratio and rate regsonmg o salye seal-waorldd and mathematical
problems, e.g. by reasoning aboat tablas of equivalent ratios, tana
dimgrams, donla numbar line Jiggrams, or equalicn,

a. Maka tables of aguivalent ratios relating guantities with whole-
nurmiber meadurarmantd, find meging valees in the tables, and plot
the pairs of vaklues on the cocrdinate plane, Use takles o compare
rafios

b, Solve unit rate problems including those invalving unit pricing and
constant speed. For exampie, @ ook 7 bowes o moe J Guns, then
ai that rale, Aok many Jawng Could De mosed’ v J5 hours? Al eehal
rale weva Bk being moweo™

C. Fing a parcent of & guantity as a rate per 100 {eg, 30% of a
quantity means 30900 times the quantityy solve preolams
imeving finding the whale, given & peel ged the percent.

d, Use ratio FRsaning to convert maasurement vk, manmipulata
and transform units appropriately wwhen mulbplying or dividing

auantities,

Apply and extend previous understandings of multiplication and
division to divide fractions by fractions.

1.

Compute fuently with multi-digit numbers and find common factors

Interpret and cormpute quoatients of lractions, and solve word
problems inwvolving division of fractions by fractions, a.0.. by using
wisual traction models and aguations 1o reprasent the probdem. For
orxampole, crashe a shory cantext for (23] = (340 and wse & wisual frection
Ihhay [0 show (e quolment oie the reihandhio Babwean rmauwliahcainn
and ansior fo expdain that (230 = (34) = 89 becawse A4 of B9 5 2485
o general (acdhl + fodol = adbc ) How much chaooizhe will aach perann
el if 3 pecpie shara [52 W of chacolale agually® Mow many 3A4-cup
seriangs ane i A2 of a cup of pogurt? Haw wide 15 @ rectanglar sirig of
iated wiIR Teng iy 349 il and ared 142 square T

and multiples.

2
. %

4,

Fluently divide mult-ciget numbers using the standargd algorithrm,

Fluantly add, subtrect, multiply, and divide multi=digit dacimals using
thi standand algarithrm Tor sach aperaticon,

Find the greatest cdmmon faclor of twa whale nurmbsers lags than or
equal 1o 100 and the least common multiple of two whole nembers
less than or egual B0 72, Usa tha distributive progecty to §2press a
saam of pwo whide numbers 1-100 with 8 comman factor 85 a mulliple
al & sum of two whaole prumbers with no commaon factor For evarmoie,
mepvess J6 + S a5 4 (9 + 20

'Expectatsons for unit rates in this grade are limitad to nor-comales fracticns.

6.RP
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Apply and extend previous understandings of numbers to the system
of rational numbers.

5 Understand that positive and negative numbers are used together
o deseribe guanlities having ooposite directions or valuas (e.g.,
tamperatura ahl:l'ul"E'.-"tIHﬂ“' Zer, alpvation above/Balow saa level,
credits/debdts, positve/negative elactne charge); vse posibive and
nagative numbers o represent quantities s real-world contexts,
explaining the meaning af O in each situataon.,

& Understand a raticnal number a5 a point an the namber lina, Extend
nimilzar lime diggrarms and caordinale axes famdliar from previous
grades to represent points on the kne and in the plane with nagative
numbar coordinates,

i. Recognize oppaosite signs of numbers as indicating locations
an appodite sidas af O an the number line; recognize that the
opposite of the opposita of a numibse (s tha number itsalf, e.g.,
=[=31 = 3. and that O is its own opoosite

b, Undarstand signs aof numbers in ordered pairs & indicsting
focations in gquadrants of the coordinate plane: recogmize that
witen DD Corderedd pairs differ anly by signs, the lecations of the
paints are related by reflections across cne or both axes

€. Find and pasition integers and other rational numbers on a
nronzontal o vartical number ling ghagrarm, Tind angd Dosition pairs
al integars and cther raticonasl numbers on a coordinate plana.

7. Understand crdering and absalute valus of rational rimbers,

4. Interpret statements of inequality as stataments about the relative
position of Dwo numbers on 3 numies line diagram. For axamods,
ibarpret -3 > -F a5 g statement that -3 15 focated to the righd of -7 an
a fundar ng grngnfed fram farf s mahl

B Winte, interpret, and exHadn statements of orgder Far rational
rmkers in real-world contaxts, For scsample, wefe -0 = =770 fa
exprass the fact that =510 fs wawmer than =7 20

C. Understeand the sbsclute valua of a rational numbar as its distance
from O on the numbear ling; interprat absalube value as imagnibude
for a pofilive ar negative quantity m & real-world sitwation. For
exarmpie, for an accownt balince of - 30 dolars, write |-30] = 30 o
dascribe (e S0 of Bhe debl in dellars,

d. Crstinguish comparnsons of absoluba value from statemeants about
order For esanyle recognize hat an aocount balince less tha 30
dallars represents o debd greater than I0 dollars,

B Solve real-word and mathematical problems by graphing points i all
faur guadrants of the coardingle plane. Inchede yse of coordinates and
abzolute value to find distances between points with the same first
coordinate or the same second coondinata

Expressions and Equations &.EE

Apply and extend previous understandings of arithmaetic to algebraic
BXprEssions.,
1. wWrite and evalyate numarical exorassions imaolving whale-numies
a3 poneEnls,

20 Write, read. and evaluate expressians enowhich letbers skand for
numbers.

3. Writa aepresgions thal record opedalions with humbers and with
letters standing for numbers. Cor evamoln, exorass Hhe cafcoulaiion
“HSubitrach p from 57 a5 5 = ¢

I
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b. ldentify parts of an expression using mathematical tarms [sum,
term peroduct, factor, gualienl, coefficiant); view one or more
[rarts nf an AXPRassion as a single anbity, For evanmsie, daaceibe (fue
Bxprastion 2 (2 + T as 8 proguct of Fo Sactars: we (8 + F as bath
& SIgnE aniity amd @ S oF fued faimns,

¢, Evaluate expressions at specilic values of their variablas, Include
exprassions that arise from formulas used in real-workd proolams,
Perform arthmetic aperations. including thess invalving whole-
number exponents, in e comeentional order whan thare are no
parenthasas 0o specily a periicdlar asder (Order of OperationsL
Cor evarmple, wse the formoalas V= 57 and & = 6 57 ta o the vollme
Al SLTSCe Sde OF 8 Cube wilh sidhes of agih 3 = E.-".E'

3.0 Apply the properties of oparalions to generate equivelent expresssons.
For sxampie, apply the aistebutive propesty fo the expression 302 + =) to
oragiucd the aguidalen exprassion 6 + Jx apoly the oisirbulnes properfy
fo the exprossion 24y + 18y o prooace the souivaliend erpression
B ¢y + Iyl amply properties of aoeaiens f ¥ £ )+ K To praduce the
arpardalen! erpreswon Sx

4, ldantify whan two axprassions are eguivalent (e, whan the b
eEOredisond name the same nember regardless of which value is
substituted into theml For eramgde, the GEDrEssians i + i + ¥ amd Iy
are editvpkant Decsisga Hray name (e garmse hurmber regardifass of wisch
nurmber ) slands for

Reason about and solve one-variable equations and Inegualities.

5 Urderstand solving an aguation or ineduality 8s a process of
ANSWErng quasticn: wihich values from a specified set, il any, make
the aguatian ar ineguality true? Use substitution to determine whether
a given numiber in a specified set makes an eguation orF Imaguabity trua,

6. Jse variahles [0 repragant numbsers and weile sxpresgions when
solving a real-world or mathematical problem; understand that o
varialde can reprasant an unknown sumoer oF, depanding an the
purpose at hand, any mumber in a specfied set.

% Solve real-world and mathematical problems by writing and schang
eguations of the farm » + 5 = g and ox =g Tor cases i owhich b, 9 and
« are gll nonnegative rational rumbers

& ‘Write an ineguality of tha farm ¢ = £ or x < ¢ to reoresent a constraint
or condition in a real-warld ar matematical problam. Becognize thal
inequalities of the form x > c or & < ¢ have infinitely many sodutions;
remrasent sobpticns of sech inegualitkses on numbear line diagrams,

Represent and analyze guantitative relationships between
dependent and independent variables.

9 e variabled o reprasant Do gubnlites in & real-world prablam that
change in redationship to one ancther; writes an eguation to axpress
e crrantity thought of as the dependant Yariabla, in terms of tha
ather gquantsty, theught of as the indeperndent vareble. Analyze the
ralationship between the dependant and independant variablas using
graghs and tablkes, and ralate thaga (o the eduaticn, For azample mna
T VO RS MGR0N af consfant sieed M50 and’ graoh orderad Lairs
of dislances and firmes, and welte the squation d = 651 {o repvesent the
relaticnshio between oistance and i,

Geametry

Solva real-world and mathematical problems involving area, surface
area, and volume.

L Fird the area of right triangles, other triangles, special guadrilaterals,
and pobygons by comaosing Inta rectanglas o decomaasing into
trignglas and other shapes, apply these techniguas in the contayl of
salving real-world and mathemeaticel problems.

6.G
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2.

Find the valume af 4 right rectangudar prism with fractional edga
lengths by packing it with unit cubes of The appropriale unit fraction
agdge lengths, and show that the volume is tha sama as wauld b
found by multipdying the adge leng e of tha prism. Appdy tha
formulas ¥ = iw hand V¥ = B & to find olumas of right rectangudar
prisms with fractional edge langths in The contaxt of sobeing real-world
and mathematical oroblams.

Draw polygons in the cocedinate plane given coordinates far the
werkices; use coordinetes to find the length of a side joining points wit
the sami first coordinata or tha same second coardinale, Anply thaga
technigques in the context of sobnng real-worid and mathematical
problems.

Hapresent three-dimensional tigures using nets made up of reclangles
and trigfgles, and use the nets to fing the surface area of these
figures, Apply thasa tachnigues i the contaxt of solving real-world
and mathermatical problems.

Statistics and Frabability 6.5

Develop understanding of statistical variability,

1.

1

Recogrize a statistical question as one that anticipates varability in
the data related be the guestion and acoounts Tar it in the amwers, For
axgérnle, “Mosy obd B 7Y i nod e statishoal gueshion, bt “How ald are Hhe
studienis i my schaol? s a slatisical QUestion bacauss ome anfciares
warigbnity m slidents’ Ages

Understand that a set of data collected to answer o statistical question
has a distribution which can be deseribed by s center. speead, and
cwerell shape.

Hnmgnraa thgt a3 mieasura of Centar for a numarncal data set
surmrmarizes all of its wislues with & sinale rmomber, whils 2 measure of
wariation describes how its valuas vary with a single nemiboer,

Summarize and describe distributions.

d.

Q.

Creplay nuemencel data in plots on a member line, including dat plots,
histograms, and box plots,

Summarze numarical data sats in ralation 1o Thetr fontexl, such ag by
8. Reporting the number of observations.

b. Describing the natere of the attribute under inwestigation,
inchuding hons of was magsured and ks units of measiremant

t. Giving quantitative measuras of canter (median and/ or maan} and
varability (intargquartla range and/ar maan abeolute dawation), as
well as describing any overall pattern and any striking deviakions
trom the gvarall pattem with reference [ the Context In which the
data were gathered.

d. Relating the cholce of measures of center and variability to fhe
shape of the data distribation and the context in which the data
ware gatherad.

r MATHEMATICS




Mathematics | Grade 7

In Grade 7, inskructional tirme should facus on four ertical areas: (13

cleveloping understanding of and applyving proportional relationships

(23 develooing understanding of operations with rational nrumbers and
warking with expressions and linear eguations: (3} salving problems
irvolving scale dravings and informal gesmetric constrections, anc
warking with twa- and thres-dimensional shapes to solve problems
imvalving area, surface area, and volume:, and 43 drewing imferences about
populations based on samples.

(1) Students extend thair urderstanding of ratios and develon
understanding of proporteonality to solva singla- and rafti-step proldams
Studants use thewr undarstandirng of ratics send proportionality to scofve

& wade '-'ﬁfiﬂ'tﬁl' of parcent probdams, inchiding those mwealying discounts,
interast, taxes, 1S, and pRrcant increase or decrease. Sludents solve
problems sbout scale drawings by relating corresponding lengthe hetween
the abjests or by usiesg the fact that relationsheps of lengths within an
ohjeck ara pragaryad in dimiler abpects, Students gragh propartional
retationships and wdarstand the vt rate sfarmblly as & megsure of the
staapness of the ralated line, called the slogse. They distinguish propartional
relationships froem othar relateonships.,

(2} Sludents develop a unified understanding of numiber, recagnizng
tractions. decimals (thal have a finite ar o repealing decimal
repragantation), and pergents a5 different representalions of rational
ranmbers, Studants axtand addition, subtractian, multiphcation, and divigin
to all rational numbsars, maintasmng the properties of cperations and the
refationships between addition and subtraction, and multiplication and
divegipn. By applving these propertias, snd by viewing negatove rembers
i terms of everyday ContExTE (e, amounts owed o lermparaturas bBalaw
zero), students expdain and sntarpret the rules for sdding, subtracting.
multiplying, and dividing with negatree rembers. They use the anthmetic
of retional faurmbers as theay lormulate expressions and equations in one
varigkdle and yee these aguations bo solve probbemas,

{3) Students continue thair work with area frem Grade 6, salving prohilems
mveabying the prea and circumferance of a circle and surface area of three-
dimensional abjects, In preparation for work an Comgreence ard similarily
m Graca & they reason ahout ralationshins among two-demeansional figures
using scale drawings and informal geometric constrisctions, ard thay gasn
Familiarity with the relabionships between angles farmed by intersacting
s, Studants wark with threg-demensssnal figuras, retating tham o fwoe
dimerarcnal Fgures by examirming croms-sections. They solve real-vwarkd
and mathematical prokdams iInvaiving area, sursce arag, and voluimsa of
twn- and three-demensional objects composed of trangles, guadsilaterals,
podygang, cubes and righl prens,

{4} Students bulkd on their previous waork with single data distributons (o
eompare bwo data distributions and address guestons about differences
Balwien pooulationg. They Bagen informal work with randorm sarmpling

ta genorate data sats and learn abouk the importance of repraseniative
sarnples for draening inferences,

gy o)
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Grade 7 Overview

Ratios and Proportional Relationships

+ Amalyze proportional relationships and use
them to solve real=world and mathematical
problems.

The Humber System

+ Apply and extend previous understandings
of operations with fractions to add, subtract,
multiply, and divide rational numbers,

Expressions and Eguations

* Use properties of operations to generate
equivalent expressions.

= Sodve real-life and mathematical problems
using numerical and algebraic expressions and
aquations.

Geometry

= Draw, construct and describe geometrical
figures and describa the relationships betweaen
thizm.

= Solve real-life and mathematical problems
Imealving angle measure, area, surlace arca,
and valume,

Statistics and Probabsility

= Use random sampling to draw inferences about
a population.

+ [Draw informal comparative inferences about
two populations.

* Investigate chance processes and develop, use,
and evaluate probability models,

i CORE STATE STAR DS For MATHEMATICS

Mathematical Practices

1.

~ &

i

Make sense of problems and persevers in
zolving them.

Feason abstractly and guantitatively

Construct viable arguments and critique
the reagoning of athars

Model with mathematics.

Use apprapriabe tools strategically,
Attend bo precision,

Lack for and make use of structure,

Look Tor and express regularity in repgated
reasoning.

L 37eHT

7



Ratios and Proportional Relationships T.RP

Analyze proportional relationships and use them to solve real-world
and mathematical problems,

Compute unit rates asscocrated with ratios of fractions, includirg retios
of |E|'IB'-'J'IE. araas and other quantities maasured in like orF ditferent
unils. For axdvigade oF 8 persan walls 22 mofe i cach A9 hoor, comowie
the wit rbe as Fhe complier fraciion ¥ miles por hooe adguivataaty 2
DOUEE Dar L

RagoamEes and represent proporbonal relationships oetweoen
gquantities.

3. Decide whether bwo guantities are in a progortional relaticnshin,
a.q., by testing for equivalant ratias in a table or graphing an a
cogrdinate plans and abserving whether the graph is a straight
lime through the origin.

b, ldentify the constant of proportionality Cunit rate) i takles,
granhs, equattons, diagrams, and verkal desermptions af
proportional relationshios.

L. Repretant prepoarlions] relalionships by equations. For gxamods, o
tobal cost b is progortianz o Bhe aumbers m ol el puschased af
2 conddan! arice B, e ralglionship between the todal cosk and the
numbes of items can be pxprassed 25 ¢ = 0N,

d. Explain what a point fx ¥l on the granh of a prooortional
ralatianshio maans in tarrmd of the Liluation, with special aitantion
to the points (0, O and (1, £) whara ris the wnit rate,

Jse proportional ralationships 1o solve multisten raleo and percend
problems, Examples simple mterest, fox markuos and markaowns,
SrAtUTRS At CONTIMUESANS, TPds, Sorcenil orgade ang' dicnsace, Daseevd
[-lageis

The Mumber Systom THS

Apply and extend previous understandings of operations with
fractions to add, subtract, multiply, and divide rational numbers,

Apply and axtend previous understandings of additian and subtrachion
to addd and subieact ralranal numbers] represent addition and
sulbtraction on a horizontal or vertical member line dizgram,

3. Describe stuations in which apposite guantitias combine to
rmatkie (. For eawmiode, A Aydrogen atam bas O charge hacause ifs fwa
conshifuears ane aoooaifal charged

b. Understand g = g as the numbsr lecated a distance lgl trom o,
in the positive g negalive direclion depeanding on whalber q is
pasitive or negative, Show that & number and its opposite have
a sum af O (are additive irvarges), Interoret gurms of rationsl
nurmbears by dascribing real-world contexts.

L. Understand subiractun of rational numbers as adding the
additive inverss, p - g = p+ (-g). Show that the distance bebwaan
Lwo rational numbers on the mumber lina is the absclute value of
their differenca, and apply this onncinle in real-world contexts,

d. Apply proparties of operations as stretegies to add and subtrack
rational numb-sers.

2 Apply and extand pravices undarstandings of multiolicaticn and

divigion aned of fractlionsg o multiply and dresde ratiansd numbers,

4. Undarstand that muhiplw:,amn is gatended from fracticns o
ratsanal numibars by reguiring thal operatons continue to
satisfy the properties of coerations, particularky the distribative
pEroperty, |ﬂﬂl:"=|'lE to praducts 2uch a6 (=1=1} = 1 and thea rulas
for multiphang sianed numbers, Intarpral preducts of rational
nurmbers by describing real-waorld contexts.

£ 30wyD

By



b. Lincgrstand that mtegers can be divided, providead thal the divisor
is mol 2era, and every guoticnt of integars (with non-zero divisor)
is a raticnal number It o and @ are integars, then -{o/g) = (-plifg =

£/ 0=, Interpret guatients of raticnal numbers by describing resl-
waarld gontexis

L. Apply praperiies of aperations as strategies to multiply and
divicle rational numbsrs,

d. Conwert & rational nuomber to a decimal using long division; know
that tha decimal form of a raticnal numbser barminates in Os or
evEnlually repeats,

3. Solve real-world and mathamatical oreblams imvvolving The feur
omerations with raticnal nurmbsers!

Expressions and Equations 7.EE

Use properties of operations to generate eguivalent sxpressions,

1. Apphy properlies of operations as strategees 80 add, subtract, factor,
and expand linear sxpressicns with rational costhoants

£ Understand that rewriling an expresskan m dilferent forms in a
problem context can shed light an the greblem and how the guastities
in it are related. For exarmole 3 + 053 = LOSa means that “increase Sy
SHT g the same as “mottody by LO8°

Solve real-life and mathematical problems using numerical and
algebraic expressions and eguations,

i Sobee multi-sten real-life and mathematical problems posed with
positive and negative ralianal numbers in aay form (whole numbers,
frections, and decimals), using tools strategically. Apply properties of
aperatons o caloulate with numbears in any form; convert between
forms as appropriate; and assess the reasonablanass of answers LsInG
mantad computation and edlimeticn strategies, For evamale: IF & woman
making 525 an bowr gets a IO ise she will mabkd an sokafions' e of
har galane an hour or 250, for @ new Saigvy of 2750 IF oo wand fo place
& fowvgl bar O 34 inches laag in the canter of a door that is 27 12 inches
widle, your will need o piace Ehe Dar sbowd 8 nches from each sotga: B
astimate can b wieg' ad a check o fhe evac! compowiaiion

4, LUge variabded to represant guantities in a real-world or mathematical
nroblem, and construct simpla auaticns and inegualities 1o 2olwe
prznlams Dy reasaning aboul the guantitias,

A, Saohsg word problems leading 1o eguaticas ol the farm ge + g = ¢
and plx* ) = .o where g, 9, and r are specibc rational numbears,
Solva equatians of thass forms Muantly, Compare an algebraic
gedulicn to an arithmetic solutron, dentifyving the seguence of the
operatiens used in aach approach. For axamnle, the oesrmater of a
restangle s 54 oo i85 g 8 & ond WhAT S il eeilth®

b. Sohve word problems leading to inequalities of the form gx + g = ¢
ar ox + < r,owhera oG, and rare specific rational nombers. Graph
tha solution set of the inecuality and interprat It in the context of
tha problam, For eeanhsda: A8 & fal0sneviot, P s Dand F50 per
ek Dl BT Der sole. TIVE waek ol wanl pouv e (o be ol fager
S0, Wie an fmeogualify for e aurrber oF safes woo meed fo make,
ang descnbie the sohkitions.

Geametry 75

Dirawe, construct, and describe goometrical figures and describe the
relationships between them.

L Scbve oroflems imealving scale drawings of geometric figurss,
including computing actual lengths and areas from a scale drawing
and reoreducing a scala drawing at a different acale

'Computations with rational numines s extand the ralas far rmeniplating fractons to
compex achions

£ 30vHD
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Solve real-life and mathematical problems involving angle measure,

Drrawe (freehend, with ruler and protractor, and with tachnology?
oeametns shapes with given conditsons. Focus on constructing
wriangles from three measuras of angles or sides, noticing when The
conditians datermine a unigue triangle, more than ona trangle, or no
triangla.

Desoriba tha two-dimeandzanal figures that result from shicing three-
dimensional figures, as in plane secticns of rght rectargular prisms
and right rectangular pyramids.

area, surface area, and volume,

A,

EStatistics and Probability

Krgw the formulas for the area and circumference af a circle and use
them to solve proolams; gree an informal desivation of the relatianshio
BaEtwesn the circumlerence and sres of & circle.

Lise facts about supplementary, complementary, vartical. and adjacent
angles in a multe=aian oroblem 1o write ard salve simple eguations for
an unknown angie in a igure.

Sodva real-world and mathematical problems evvalvintg aroa, valume
ard surface ares of Bwo- and three-dimensional objects composed of
triangles, quadrilkatasals, polygons, cubas, and right prisms,

Use random sampling to draw inferences about a population.

1.

LUnderstand that statisbics can be used o gein mfarmation aboul a
population by examining a sample of the populaton; generalizations
abcut a pooulatan frorm a sample are valid anly if the sample is
representative of that population. Understand that random sampding
tands bo produce representative samplas and suppor D valid infarencas,

Usa data from a rendam sample bo draw inferences abowst a pooulation
with an unknown characteristic of interest, Generate multole samples
[ov simiakated samples) of the same size 1o gauge the varislion in
estimates or predictions. For exampile, estimare fhe mean word dangih in
a hook by rangomdy sampiing word's fram Bha books sredier tha winmer of
& el eleciion based on randamiy sampled suneey date. Gouge how far
off the estimade or gredicton migihl b,

Draw informal comparative Inferences about two populations.

&

Infarmally assags the degres of visual averlap al two numencal

data distributions with similar variabilitias, measuring the difference
Detween the cantars by exprassing it as & multiple af 8 meadura of
variability. For evamole, the mear height of players on the baesketbal
raam &5 M e gragzhar (han [he mean hoight of oEysars o0 Iha saocer feam
abdul Iece (e wahalility (rnean absolule devialion on eitheyr (eam, on

a oot piot, the separation bedweoen the bwo distabubions of Hedghts is
nohcealia

CdsE rmeasurey of center and measuras of varnability for numerical data

from random samples to draw informal comparative intarances akout
twd populations, For avgyniia, decide whelher (he words in g chadlar
ol & yavenff-grade spiance book are generally fongeyr fhan Hhe woros o a
chapder of & fowih-prade science bools

Investigate chance processes and develop, use, and evaluate
probability models.

5.

Urngderstand that the prebabdity of & chence event = a nember
between O and 1 that expresses tha likelihood of the svant ocourring,
Larger numbers indicate greater likalihood, A probability nesr O
Indicates an unlikely avenl, a probability around 1/2 indicetes an event
that is meither unbikely nor likely, and a probability neas 1 indicatas a
likety ewant.

TEP
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G, Aporoximate the probabiity of a chance event by collecling datas on
thi chance process that produces it and chserving its long-run relative
frequency, and oradict the approximate relative freguency given Bhe
probability. For ecample, when rofing & eember cobe GO0 firmas, preoicr
that a X o 6 anula be roifed rougily 200 fistes, bl probaldly nol exactly
200 firmes.

7. Develop a probability rmodel and wse it o find prebabilities of events,
Compare probabidities from a maodal to observad fraquencies; if tha
agreement 15 not 9G0d, explain possible saudrgas of the desorepsncy.

a. Dowelop a wniform probability model by assigning equal
probability ba all autcameas, and use the moedel to determing
probabilities of avents. For exante, F @ shedent 5 salechad af
i vt @ clisss, nd Fhe probaddy that Jane will be selecied
and the probabdity Phat a gin’ wiil be selachan.

b. Dewelop a probabiity mode (which may not be uniform) by
observing fraquencias in data generated lfram a chance process.
For ssamoe, Fnd the spproeimate probabdliy that a soining panny
Wl ipnd feadls U0 O [hat 3 [ossed Daser Sun Wl land apean-andg
daven. Do the audcomes for the spinming penny angears fa S agually
Ikl hasen on the ohsansad frequencias?

4. Find probabdlities of COMpound avents using argamizead lists, Lables,
tres diggrams, and ssmlstion.

. Understand that, st a2 with simple events, the probability of a
compound gvent is tha fraction of outcomes n the samole space
far which the compounsd evenl occurs,

h. Reprosent sample spacad lor compound events using methods
=uch as organized lists, tables and tree diagrams. For an avent
dascnned In evaryday language (e.g, "roling dowble sixes']),
identify the culcomes i the sample space which compose the
wvant,

t. Design and use a simulation o aenerate freguendcies for
cormpound evants. For evarnole, wre random Jigits as @ simoision
tonl fo appranmate the answar ho the Question I 0% of Sonars
frave fpoe A Bood wiha! @ e prababality hal i ol fake gt ipast 4
donors fo And ane with oo A binog?
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¢ MATHERATICS

Mathematics | Grade 8

In Gracle B, mstructionad time sheuld focus on three critical areas: €17 formaulating
angd reasoning aboul expressions and eguations, including modeling an asseciation
in Pdvariate dats with a linear equation, and solving lingar equations and systems
af linear aquations: {23 grasping the cancept of a function and using functions

to describe guantitative relationships; (31 analyzing two- and three-dimensional
space and figures using distance, angla, similarity, and congruence, ancd
understanding and applying the Pythagorean Thaorem,

0] Studants ute frear aquations and systems of linear aguations to represent,
analyze, and solve 8 variety of problems, Studants recogrize equations for
ErRDROrEEgansS {_'r'.-"k =T Or Y= ) as apaceal Baege eduations O = e = B,
understanding that the constant of proporticnality (m) = the glooe, and the graphs
are lines through the origin. Thay understand that the slopa (ml of aline is a
constant rate of change, so that if the input or x-coordinate changes by an amont
A, the outpul or p-cocrdinete chenges by the amount med. Studerts also use a linear
aquation [0 describze [he pddaciation balwaen two guantrbes o bivariate data (such
a5 arm EDan ve, haight far shudents in a classraam), AT [his grade Titting [he model,
and assessing its fit to tha data are done infarmally, Interprating tha modal in the
cortext of the data regueres studants to express a selationshin bebwean the bwo
guantities in questicn and o sterpeal components of Lhe relationshan (such ss slope
and yeintergent} in farmms of Tha sileation,

Students strategically chonse and efficlently implameant peoceduras 1o solve linear
equations in one variable, understanding that when thay wsa tha oroperties of
agually and the concepl of logical equivalencs, they maintain the solutions of the
cregingl equation, Stedents solve systems of Dwd linear egualiong in Iwo variables
and relate the systems 1o pairs of lines i the plane; thesa ntersect, ara parallel, or
are the same line. Students use linear eguatians, systems of lingar cguations, lincar
furcticnd, and ther understandirng of slope of & line to analyre sitpations and solve
proolens,

(2} Students grasp the conoept of a function as a rule thal asssgns to each Input
Expclly ore gutpat. They understand that functicns describe situations whers on=
guantity determines anoathes, Thay can [ranslale armong represantations and partial
represantations of functions {noting that tabular ard graphical representations
may be partial representations), and they describe how aspects of the function ana
refllected in the different representations.

£33 Studants ude ideas about distance and angles, how they beldse under
translations, rotations, reflections, and ddations, and idaas about Congriance and
similarity to describe and analyre two-demersional figures and to salve problemes.
Students show that tha surn of the angles in a trangle |5 the argle formad by a
straight line, and that verious configurations of Bhes give rise to similar triangles
pecause of the anglet cragted when a transvarsal culs paraial hnes, Students
understand the statament of the Pythagarean Thearsm and b5 corverss, and can
explain why the Pythagorean Theorermn holds, for example, by decomposang a
sfjuiarg in T diffessnt ways, Thay anply the Pythagorazan Thagram 1o ind distances
betwesn paints on the coordinate plane, to tnd lengths, and 1o analyze polygons.
Studentd carmplete their woark an volumea by solving problerms invalving cones.
cylinders, and spheres

o 30vHD
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Grade 8 Qverview

The Humbar Systam

1
* Know that there are numbers that are not

rational, and approximate them by ratlonal

numbers, 2.
L
Expresslons and Equatbons 4.
= Work with radicals and Integer exponents, 5
= Understand the connections betwean G
propartional relationships, lines, and linear 7
oguations.
&,

= Analyze and solve lincar equations and pairs of
simultaneous linear eaguaticns.

Functions
= Dhafife, EUB'UHH. and Campare functions,

= Use functions to model relationships between
guantities,

Geoamelry

* Understand congruence and similasity using
physical models, transparencies, or geometry
software,

= Understand and apply the Pythagorean
Thearem,

+ Salve real-world and mathematical problems
invalving volume of cylinders, cones and
spheres,

Statistics and Probakility

+ Investigate patterns of association in bivariate
data,

Mathematical Practices

Make sense of problems and persevere in
galving therm

Reason abstractly and qusntitalieely

Construct viable arguments and critigue
the reasoning of othars,

Maodel with mathematics.

Usa appropnate tools strategically.
Attend Lo orecision.

Look fiar and make use of structure.

Look far and express regulanty in repeated
reEasonImg.
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LORE BTATE STANL

The Mumbeer System M5

KEnow that there are numbers that are not rational, and approximate
them by rational numbers.

1. Undecstand infarmally that every number has a dacima! expansicn: the
raticnal numilzers are thase with decimal expandions thal tarminale in
0% ar eventually repeat. Know that other numbears are called irratianal,

2 Use ratiocnal approximations of erations! numbers (o compara the siza
of irratkanal mambers, locate tham approgemately on a nomber line
diagram. and sstimate the value of exprassions (8.9 o), For evample
hy fruncaing the dacimal axpansio of vZ show thal +.2 i Selween | and
2, then belweesn L4 and L5 snd explain how B CONBmise o0 fo gat badhar

ArErRations
Expressions and Eguations B.EE

‘Work with radicals and integer exponents.

1, Know and apply tha properties of inleger agponenls o generate
equivalent numerical expressions, For eramals, 17« 5= = 359 = 70 = 1727

i Use square root and cube root symbols 10 represent 2olutions to
eguations af the ferm & = g and 2" = g, where o is a positive ratzonal
numbar, Evaluate souare roots of small perfact squares and cube roats
of small pesfect cubes, Know that +2 i irrational.

i Usie nsmbers expressed in the form of a single digit vmes an integer
posaar of B2 0o astineate wery begea o very smedl quantities. and be
express how many times as much one is than the other For ervamole,
astimaie the popwation of the Uinited Stafes as 3 « M0F and the poplalion
af the workd s 7 & 107 and determyre that the world popadabion s more
than 20 times fargar

4, Partorm coerations with numbers exprested in sciantifhc notation,
including problems where both decimal and scientific notation ara
wsed, Lse scigntific notation and choose units of apprapriate size
far meadureamants of very large or very small guantrties {eg., use
millimeters par year for seafloor soreading ). Interpret sclentific
aatatian that kas Beea genersled by Technaologn.,

Understand the connections between proportional relationships,
lines, and linear equations.

5. Graph proporGonal relationships, interpreting the unit rate as the
slope of tha graph. Compara two different proportional redationsheps
reprasanted im difTerenl weyd For ayamole, comoars o disfance-fime
Fraph 1o o distance-Hime equation ho deferming which of twoe moving
abjerts has graghar §oeog,

£. Ulse similer Uriangles to explain wiv the slope m s the same batwean
any two distinct peants on a none=wertical ling in tha coordmate plase:
darive the agudtion ¥ = my for & line Lthreugh the erigen and the
edquation ¥ = mx + b for a ine intercepting the wertical axis at b.

Analyze and solve linear equations and pairs of simultaneaus linear
equations.

7o Bohye linear egualiong in ane variaksle

a. Give axamplas of linear equations in ane vasdiable with ong
colution, infimitely many solulicns, or nd dodulicns, Show which
of these posasibilities is the case by successively transformeng the
given aquation inta simpder forms, until an aguevalant equatian of
thie form x = 8,8 = & 0f a = B results (where & and b are differant
Mdmiiars,

b. Solve knear aquations with rational numies coafficients, including
aduaticns wnage Loluliond reguire axpanding expressions using
the distributive property and collecting like terms

F I0ves
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4. Aanalyze and solve pairs of simultanacus linear aguatons,

8. Understand that solutons e a sysbam of twid linear equations
in Lwo vanables carrespond to points of intersection of their
araphs, because points of intersacticn satisly balh eguations
sirmultanaously,

b. Solve systems of twao linear eguations in b vanaklos
algeb=aically, and astinmate salutiang By graphing the eguations,
Solve simple cases by inspection. For ecampie, 3 + 2 = 5 ang Jr +
2y = & have no selubion because Jx + Iy canvied samuitaneously be §
and &,

%, Solee real-waorkd and mathematical problems leading to two linear
agualicans in Bwo vanables, For example, given coordnates for o
s ﬂ-’Pﬂlﬂ?‘-ﬁ. dgharming whaether dho dne fhrowalh fhe sl gar of
anlE inferacrs dha line theough the second oo

Functions a.F

Define, evaluate, and compare functions,

L Linderstand that a functicn is a rule that assigns to each input exactly
ong cutput. Tha graph of a function is the et of ordered pairs
cansisting of an input and the earrespanding output.!

2. Compare properties of two functions each represented it a differant
Wy [algart-ralcall:.'. graphically, numarically in tebles, or by werbal
descriptions). For example, given a fnear funchion represanted by a rahks
OF valles and' a Wiear FUnchon reoretanied By a0 Al asnrasram,
delerming which function has the greater rehe of change

I Infarpral the equation i = mx + b as datinig 8 linear fenction, whossa
graph s a straight hine; give examples of functions that are sat linear.
Fiar aramnie the function 4 = 57 iwing [ arag of 3 soquare 9 3 funclion
of s sidke fenoth 05 pof Wear because iz graph contams the pomis (L1,
(41 andg (580 which ara mof an @ siraeghy fne

Use functlons to model relationships between quantities,

4, Construct a function to model a linear relationship between two
Auantities, Detarmene e rata of change and initial sakee of thea
Funsction froem 8 descriplion of & relationship or from two {30 values,
including reading these from a table or from a graph. Interpeet the rata
af changs ang initial value af a linear funclicn in terms of the situation
it madels, aad in terms of ibs graph or a tabbe of values.

5. Describe gualitatively the functicnal relatsonshin Betwesn two
Quanbities by analyzing a graph (8.9, wheara the funcian i incraasing
ar decreasing, linsar or nonbinear). Sketch s graph that exhibits the
qualitativa features of a functian that has baan describad varbally,

Geomeatry B.G
Understand congruence and similarity using physical madels, trans-
parencies, or geometry software.

1, Werily experimentally the properlieg of rolations, refllections, and
tranglaticng

2. Linas are taken to linas, and line segments to line sagmants of tha
came langth,

h- -ﬁ-nw_:lles arg taken [o -'"'l';lBE af tThe same maasura,
€. Parallzl hnes are taken to parallal lines.

2. Understand that a two-dimensional figure is congreent to anather if
tha second can be obtalinad from the first by a sacuence af ratatians,
raflacticng, and translalions: givan Lwa congreent figures, describe &
seguence that exhibits the congruence betwean tham,

Functian natation is nod required in Grade B

2 3dvHa
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5 For MAATHEM ATHCS

Dagcnbe the effect of dilations, translations, rotetions, and reflections
on two-dimensional figures using coordinates,

Understand that & two-dimendional ligure is similar to another if the
second can ba abtainad from the first by 3 sequence of ratations,
reflections, translations, and dilations: grvan two simdlar teeo-
dimansianal figures, describe a sequance that exhibits the similarity
Balwaarn tham,

Usa informal argumaents to sstablsh facts about tha angle svn and
extarnor angle of trigngles, abaut the snales created when parallel lines
mre cut by a transeersal, and tha angla=angle cnterion for similarty of
""--ﬂ-"l"glﬂs. For gegiiia, arfange Dhred cooies of dhe savme ridvigls 5o phat
the £14m of e Hhree angles sppears fo form a fing, and géee an angursant
1 PRrms of [ransvarsals Wiy [hiE I5 50,

Understand and apply the Pythagorean Theorem,

E.
L

Explain a proaf of the Pythagorean Theorarm and its converse

Apoly the Pythagorean Theorem to determine unknown side lengths
in right triangles in real-warld and mathematical grotlems in bag and
thres dirmiensicns,

Apdly the Pythagorean Theorem Lo find the destance between two
paints in a coordinate System,

Solve real-world and mathematical problems involving volume of
cylindars, cones, and spheares.

B, Hnow the formalas far the volumes of cones, eylinders, and spheres
arid use them to solve reab-world and mathemabcal problams,
Statistics and Probability g.s5p

Investigate patterns of association in bivariate data.

.

Construct and interpret scatter plots for bivariate measurgment
data o inveshirgate paltierns of association babwaan Twd quantities,
Deseribe patlerns such as clustering, outliers, positive or negative
associatian, lingar association, and nonlinegar associabion

Knonw That stradght nes are widely usad o model relationships

between two quantitative variables. For scatter plots that suggest a
lingar association, informally fit 3 stralght line, and Intormally assess
the rnadel Bt by pedging the closenaess of the data points to the linea.

s the aguation of a inear modal to salve prabdems in the conbext
af bivariate measuramant data. inlerpreting the slope and intercepl.
For prampie, 1n 2 finear moded for a dvology expenmaent, smberpret 3 slape
of L0 e a5 Measmg et a0 aochlongd our oF silagphd each dap iz
aseacidlad wilf g addifional LS om i mslere slant el

Jrderstand that patterns of association can also be seen in bivariate
Citﬂgﬂ"ﬁﬁl data by digpdaying Frequancias aang relative reguencias in
& woa-way lable. Construct and interpret & Pec-way table summarizing
data on bwo categorical variablas collected from the same subjects,
\rae ralativa HEQUEHCIE‘E- caloulated for rows o Columas 1o describa
possinle assaciation Betwean the Dwd variables. For axamode oollacT
data from sfudenls in youwr class on whether or not they heve a corfew on
schaad nephts and Wwhether or nat thay huve assgnad chores at hame. I
Hharg evidence Ial hose who iave a curfa 5050 fend I have Cihovas?

9% | 830vED



Mathematics Standards for High School

The high school standards specify the mathemaiscs that all students shauld
study m order o ba college and caresr ready. Additional mathamalics that
studants should learmn in ardar ta take advanced ooursas such as catculus,
advanced statistscs, or discreta mathematics is indscatad by {+), a5 in this
@y iriphe:

+] Hepresant complax mambers o0 e complas plana in rectangular
and polar form (cluding real and imaginary numbars),

Al standards wilhoul & (+) aymbal should b2 s the common mathematics
cisrriculgr for all college and career ready sledents, Standasds withoul &
[+) symbol may #lED anpear i cowsss intended for all students Tha high
school stancards ara listed in conceptual categories

¥ Murmber and Cuantity

+  Algebra

= Functions

= Modeling

. Goormedry

= Sratistics and Probability

Conceptual categories portray a coherent view of high schood
mathematics: & student's work with functions, for example, crossas a
Aumbsar al traditssnal course beundaries, potentially up throegh ang
Inchechrg calculus

Modeling = best interprated not as o callect:on af isalatad topics but n
reletson to other standards. Makirg mathematical modeds 1= @ Standard for
Matfarnatical Pracise, gad spacific modeling standards appagrs throughout
the high school standards mdcated by a skar symibol (), The ctar symibal
sometimes appears on the heading for a group of standards; in that case, it
should e undarstood to apply ta all standards in that graap.

FIACHDS HDIH



Mathematics | High School—Number and
Quantity

Numbers and Number Systems. During the years troem kindergartan oo eighth
grade, students must rapeatedly extend their conception af numbsar. At first,
“numEDerT means oounting raenlzerT 1, 3, 3., Soon alter thal, Qi uged Do represant
“nane” and the whole numbers are farmad by the counting numbars tegeter

with zero. The next extension is fractions. &t first, fractions ana barely members

grud Cied strangly U0 piclorial representationa. Yet by the tene stedents uncerstand
diviskon of fractions, thapy hignvi 3 strong concepl of Fraction: & nurmibers and hawe
connected them, via thair decimal represantations, with the hasas-tan system usad
to represent the whole numbers. During meddle school, fractons are sugmentad by
negative fractond 1o forrm the rational numibers. In Grade B, students extend this
BYELET GNCE more, gugmeanting the ratssmal numibers with Lhe irraticnal numbers.
o farm the real nurnbiers, In nigh scheol, students will be exposed 10 yal another
extension of number, when the real nembars are aogmented by tha maginary
raimbers to form the complex numbers.

With each extension of srurnber, the meanings of addition, subtraction,
multiplcation, and division are extanded, In each new imbers gysism—inlagers,
rattanal numizars, raal numbers, and complax numners=1tha four soerations shay
thie same n two important weys: They have the commutative, asscsiative, and
distributive properties and their few meanings are consistent with their previous
[HETRTRISER

Extonding tha properties of whola-numiber exponents leads to new and productive
restation. For example, properties of whole-numbsr axponants suggest that (5V9¢
should be 597 = 51 = § and that 5 should ba the cube roat of 5,

Calculators, spreadsheets, and computer algebra systems can provide ways for
sfsdents 10 becorme better acguaainted with these new number systems and their
malalsorn Thay can be used 1o ganerale data for numencel experements Lo help
undarstand the workinegs of matrix, wactar, and compbax mumber algebea, and 1o
mxpeviment with nan-intager axponents

Quantities., In real workd problems, the answers are uswally not numbers bt
guantities: nismbars with units, which involvas measuramant. n thair wark in
measurement up through Grade 8, students primarily measure commaonly used
attrfoutes such a3 kength, ares, and valume. In high school, stedents ancaunter a
whdar varialy of ynits in modeding, eg. acceleration, curmancy convarsions, derivad
quantities such as person-haours and heateng degres days, social science rates such
A% peEr-copdy oome, and rates n everyvdey Ble such as pomts scored per games or
DAy feersged, Thay olsd encountar movel situalicns in which they tharnselves
miust concslve the attrfbires of Interast, For example, to fingd & good measure of
arverall highway cafety, they might propode measgres such as fatalities per paar,
tataltas par year per drives, or fatalities par vehicle-mile travaled. Such a concentual
process 15 sometimes called quantshcation. Cuartification is important for sciance,
as when surfgce aras suddanty “slands out” a2 an important varigle o egaporation,
Quantification is also mporiant for companies, which must concaptualize relavant
attributes and creata o choosa suitable measwras for thaem

5 HEHE
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Number and Quantity Overview

The Real Number System

+ Extend the properties of exponants to rational
sipznants

= Llse properties of rational and irrational
Aumbers.

Quantities

* Reason guantitatively and use units bo solve
prablems

The Complax Number System

= Perform arithmatic operations with complex
numbers

= F!EI!IFE!-H‘III complex numbers and their
operations on the complex plane

+ Use complex numbers In polynomial identities
and equations

Wector and Matrix Quantities
* Represent and model with vector guantities.
» Perform operations on vectors.

+ Perform operaticns on matrices and use
matrices in applications.

Mathematical Practices

1.

oo

|

Hake sense of problems and persavare in
salving them.

Reazon abstractly and quantitatively.

Construct viable arguments and crtique
the reasaning of others,

HMadel with mathematics

Use appropriate tools strategically.
Atbend to precision.

Lok for and make use of struchure,

Loaok far and express régulsnty in repeatad
RSN
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The Real Number System H-RM

Extend the properties of exponents to rational exponents.

1. Explan how the definition of the meaning of rational exponents
foliows fram axtending the propertias of inlegar exponants o
thase walues, allowing for a notation for radicals in terms of ratianad
ExpOnentE. Far srample, we deling 597 fo he the cube roof of 5
bacause wa want (5VH = 5V kg hald, so (547 must egual 5

2 Rowrlte exprescsions invclving radecals and rational expanents using
the properlies of sxpanents.

Use proparties of rational and irraticnal numbers,

3. Expdaan wivy the sum or prodiest of D rational numibers |5 miional;
that the “um of a rational number and an irrationz] nurmber i= irational;
ard that the preduct of a nonzars rabonal nember and an irrational
numibear ig irrational.

Quantitins™ M=G

Reason quantitatively and use units to salve problems.

1. Usa gnits &5 8 way to understand problems and bo guede the scodution
of madti=stap probdems; choose and interpret units consistently in
Farmuias, choose and interpret the scale and the origin in graghs and
data disnlays

2. Defime appropriale guantities for The purpose of desorobive modeling,

3. Choose a level of accuracy aporooriate to imitatons on measdurement
whan reposting guantitias

The Complex Mumber System M-CH

Perform arithmetic operations with complex numbers,

1. Know there s a complbes noembear @ 2ech that 7 = =1, and avary l:l:'!l“"-'l:l'l!:l
numkbser has the form & + b with a and & real.

2. Usa the redation @ = -1 and tha commutative, associative, and
gestnoutive properties [0 add, subtract, and sdtiply complax
numkbsers,

1. (+) Find the conpugate of 2 complex number; use conjugates to find
madidi and quatients of Complex fumbars.

Represent comples pumbers and their operations on the complex
plane.

A () Regregaent comples numbars an the complex plane in 'I'E'CT-EJ'"-E]LILEII'
and polar form {including real and imagirary numbers), and explain
why the ractangular and polar forms of a given compdes number
rapeetend The 3ame mumber,

5. (+) Represent addition, subtracticn, multiplcation, and conjugation of
complex Aumbars QE!}“"‘E‘[I"I{G"'_'.' on the comples plana: WER propartias
of this representation for computation. For exsamole O - 30 = @
fecause {1 - 4300 has ooy 2 ang argerraent 120°,

G (v} Calculste the distance belween rumbars in the comples plane as
thar reoduius of the difference, and the midpoint of a segment as the
gvarage af the sdimbers at itz endpoints,

Use complex numbers in polynomial identities and eguations.

7. Solve guadratic equatsons with real coelficents that haye comalax
solutions

8. (+) Extend polynomial identities to the complex numbers. For cassmpie,
rerita xF = 8 a5 (& + 200y = 20,

8. (+) Krgnw The Fundameantal Thearem ol Algebes; show That it i orue Tor
guadratic polynomeals,

HalH
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Vector and Matrix Guantities M=

Represant and modal with vector gquantities.

. {#) Becognize veaclor quantities as having both magmtude and
dirgction, Represent weohor quantities by directed line segments, and
wie appropriate symvbols far vactors sod their madgmiludes (eg. v, (v,
vl v,

2 {+) Find the companents of g vactor by sublracting the coordinates of
an initial point from the coordmnates of & tarming! point.

3 {+)1Solve problems imeclving welocity and othar guantities that can ba
repraganted by wectord

Parform operations on vectors,
4, (+) add and sublbracth vectors.

a, Addd vectars end=to=and, comppnent-wise, and by thie
parallelaogram rule. Understand that the maanitude of 8 sum af
mwn wectaors is typically not tha sum of tha magnitudes.

B Given bwo vectors in magnitude and direction form, determine the
magritude and Jiraction of e sunm

., Uedarstand wactor subtraction v = was v+ (=w), whare -w is the
addithee imserse af W, with e same megnitede as w end pointing
in tha opposite dirsciion, Reprasant wector subbraction graphically
by connecting the tips in the appropriate crder, and parform
wictar subtraction componant-wise.

S () Multiply 3 vegtor by a scalar,

a. Represent scalar multiplication graphically by scaling wectors and
possibly revarsing thesr direchion; parfanm scalar mudtiplication
COMPOnNent-wisd, c.g., a5 civ, v 1= (0w, :'.-':__':l.

B, Compute the magnitude of a scalar multiple o using ||low|] = leslw.
Compute the direction of ov knowing that whan |civ = O, the
direction of cif is gither alang v (far ¢ > O} or against ¢ (o e O3

Perform operations on matrices and use makrices in applications.

6. () Use matrices [0 réorsant and manipidate data, £.4., 1o raprasent
pavolifs or incidenca relationships m a network,

¥ (+) Multiply matrices oy scalars o produece new matrices, a.g., as when
all of the puyodls in & gme are doukblad,

9. (+) Add, subtract, and muftiply matrices of appropriate denendians,

9 (+) Understand that, unlike multipbcation of numbers, matrix
multiplizatian far square matrcas is nal a commutative cpenation, but
skl satisfigs the associative and distributive properbiss,

100 (+Y Uncerstanad $hat the zerg and identity matrices play a role in matrix
additiaon and multiplicaticn similas 1o the rale of O and 10 tha real
numbers, The determinant of a square matriz i nonzero if and only if
tha matrix has a mudtiplicative myvorse,

11 (4} Multiply & vector (regarded o= a matri with one oolumn) by a
matrix of suitabde dimensicons to produce another vector Waork with
raatrices as transfarmatians of vactors,

12, (+) Wark with 7 = 7 matrices as a transformations of the plane, and
interprat the shsalute valee of the determnaant in barms of araa,

I8 HEH

=rHlaIMit —

MY D 0N o

Adll



Mathematics | High School—Algebra

Expressions. &n expression s @ recond of a computation with numbers, symisols
that represant numbers, arithmatic corations, exponentiaton, and, at more
advarnced levels, the aparalion of edalualing a function, Convernlions aisoul the
use of parenthases and the ordar of oparations assure that each expression =
unarmbiguous. Creating an expressson that desenbes 8 computation invaliving a
ganeral guantity requires the ahility to exprass the computation in geraral tarms,
abatracting from specil dlanceas,

Reading an expression with comorehansion invelves anatysis of s underhing
structra. This may sugoest a differant but agquivalent way of writing the axpression
thatl exhibits sceme different aipect of itd rmeaning. For example, o + 0050 can be
interpreted as the addition of & 5% tax to a price 5. Rawriting & + QU050 as 1050
shows that addsng o fax g the game as madliplying the prsce by o constant factos,

Algebraic manipulations are governed by the prooerties of operations and
exponents, and the convenbions of algebrass notation, AL Timeas, an aapression & the
result of applving cperations to simpler axpressions. For eample, o+ G050 is the
sum of the simpder expressions p and D5E Viewing an expression as tha rasult of
operation on simoler expressions cen sometimaes clanfy its underlying strecture

A sorgadshest or a computar abgebra system (CA%5) can ba used to axparsment
with algebras: axprassions, perform complicaled algebraic manipulatses, and
wunderstand how algabraic manipulations bahaes.

Eguations and Ineguallities. An equsation is a statement of cguality betwesn Do
axpragsiong, often viewad B3 g question asking for which values of the vl lahles the
gupressions on either side are in fact equal These values are the solutions to the
equation, Anodantify, in oeavteast, is troa for all valises of the variabdas; idantitas are
oftan developed by rewriting an sxpressicn in an equivalent farm

The soluticns of an equation i one varlable form a set of members; the solutions of
an equation in bwo vartables form & sel of ordered paics of numbers, which can be
plotted in the coordinate plama, Two or mome equations and Ao inegualities form a
systor & solubcn far such o system muost 48Esfy every adqualn and ineguality in
g Sy sam

Aot edpdation can alian Be solvad by EI.PEEE'EEJUE"!.I' degducing frgm it ona o Mmarne
simipler equations. For example, one can add the same constant to both sides
without changing the solutlens, but squaring bath sides meght lead to extrarmous
aclutiond, Strateqic competense in saiving includes lookseg ahaad fr Wiﬁti'-‘ﬁ
manipulations ard anticnoatng the nature and numicer of solutions.

Loimie egwations have no sodutions in a grven member system, but have a scluton
v a larger aystarm, For exaimmle, The saluticn of 5 + 1= 0 s an integer, nak a whole
mumbgr; the solution of 2x + 1 = 0 is a rational number, not &n integear; the solutiong
of x4 - 2 = 0 are real numbsers, not raticonal numbsers; and the solutions of »? = 2 = 0
are camplex numbers, nol real pumbsers,

The same solution technegises isad to solve scuations can be used o rearramge
farrmiulas. For exarmple, the farmula For the arnea of a8 tragezoid, A = i{h;h__],.l"‘;"]h. can
be solved for b psng the same deductive process.

Inequalities can be sodved by reasoning about the properties of ineguality. Mamy,
but not all, of the propertas of eqeally cantinue to hold Tos inegualities and Can Da
isgaful in solving theame

Connections o Functions and Modeling. Expressions can define functions,
and aguivalenl expressions dafine the 3ame funchon, Adking when Twd flunctions
have the same value For the same nput leads bo an equstion; araphing The Twve
tunctions allgws for feding approximate solutions of the eguation. Comeerting a
viral dedsription Lo an aqualion, inegquality, or tystem of [hase is an assentiad skill
n madeling.
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Algebra Overview
Seeing Struciure in Expressions
= Intarpret the structure of expressions

= Write exprassions in equivalent forms to solve
problams

Arithmetic with Polynomials and Raticnal Func-
tions

= Perfarm arithmetic operations an palynomials

= Understand the relationship between zeras and
factors of polynamials

+ Uisa polynomial identities to solve problams

* Rewrite rational expressions

Croating Equations

= Create equations that describe numbers or
relationships

Reasoning with Equations and Ineqgualities

* Undarstand solving equations as a process of
reasoning and explain the reasoning

= Solve equations and inegualities in ane variable
+ Solve systems of equations

* Represent and solve equations and inequalities
graphically

ot MAaTHEMATESS

Mathematical Practices

1. ™ake sense of problems and persevere in
solving tham.

2. Reason abstractly and quantitabively.

I, Construct viable argumants and critigue
the Feasonimg ot athars.

4.  Model with mathematics,
5. s appropriabe tools strategicalkhy,

Attend to precision

Laak Tar and make use of structure

oo oo

Look for and expross regulanty in repeated
raasoning,
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Seing Structure jn Expressions A-55E

Interpret the structure of expressions

. Interpret expressions that represent a quantity in terms of its context,”

8. Interpret parts of an expression, such as terms, factors, and
coetficients,

I:l- Interprat complicated edprassions by viewing ona or mare of thair
arts as a single antity. For asample, lampeat PO an the prodoc!
of P and' & facfor not degending on £

2. Use the structure of an exprassion to santify ways to revwrite it, For
axgmpie Sgd x? - 1 5 (e - O s recognising of o g oiference of
squares that car be factared as {x¥ = p23xf = L

Write expressions in egulvalent forms to solve problems

3. Choose and produce an eguivalant form of an expression bo reveal and
axplain propartias of tha quantity reprasantad by the axprassean,

& Factor a guadratic axprasseon to reveal the zercs of tha functicn it
detinges

b Complete the square in a quadratic axpraggion o ravaal the
maxirnum ar minenum value of the function it defines.

L. Use the properties of exponents to transform sspressions fos
exponantigd fanctions. For exampde (e axprassion 1158 can he
Fewriiian s (LY w 1012 fd remadd fhe Siarovirmale squivaiant
monthly interest rafe IF tha grnnual rale 15 15%

4. Derive the formula for the sem of a finste geometne series {when the
common ratig s not 13, and use the formada 0o sclve grolams, For
sraTIDE calcwale morigage oaprments

Arithmietic with Polynomials and Rational Expressions A-AFPR

Perform arithmetic operations on polynomiais

1. Usgdarstand thal polyndmiald form a fvatar analegous to the infegers,
namiely, they are closad under the operatsons of addition, subktractan,
and mulviplication; add, subfract, and maultioly polynomials

Understand the relationship betweesn 2eros and factors of
polynomials

2. Hrewr and appdy the Ramainder Thearam! Foar 8 polynamial ply) and a
nwember a, the remainder on dovision by 2 - ais plal, so plad = O0f and
anly it (¥ = g} is a factor of g,

3. ldentily 2eros of polymomials whan soitabde factonzations ara
avadabla, and use the Zeros to construct a raugh graph of the function
daefinad by tha polynamial,

Use polynomial identities to solve problems

4, Prove polynomial identitios and wee them to describe numancal
relationships, For examods the polvnomia! idenbdy (0 + 70 = (27 - 19 =
2] can BE weed fo gefiarale Pyifagoraan [npoles,

5. ) Know and spply the Binomial Theoram for the expancion of (¥
4y powers of x and ¥ for a positive intbeger n, where @ and ¥ are
any numbers, with coafficiants detarminad for axamples by Pascal's
Triangle)

The Binomial Theorem can be proved by mathemnatecal induction or by a com-
Eenatorial argumeant.
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Rewrite rational expressions

G, Rewrite simple rational expressions in diffesent forms; write a0 B
in tha form g} + FX e wihare o{x0, blx), gl and fAx) are
polynomials with the degree of rix) less than the degree of blx), usag
inspection, long division, o, for the more complcatad examiples, &
computer algebra systerm.

¥ R} Understand that raticnal expraggions form a sydbarm analegols
tes the rational numbers, dosed under addstion, subtraction,
multiplication, ang divisian by a ronTero rational exprassion; add,
substract, mulliply, aad divide ralional exprecsions.

Creating Equations® A-CED

Create equations that describe numbers or relationships

1. Create aguations and inequalities in orne variable and uge tharm to
solve problems. nclude eguaiions ansing frorm (near and quacratic
funetians, and simade reiang! snd sxpaneniiied e fiang

2. Craate aguplions in Bwo o mare vanables (o represent relationsheps
between guantities: graph eqguations on coordenate anes with labels
and scalas.

3. Repradent constraintd by equations or inedgualities, and by syastems of
equations and/or ingcuealities, and interprat solations as viable or non-
wighle apligns in & moedaling contexl. For axample rapresenl Hegoahies
digscribing refntinnal and copt constrants on combiunations of differant
[ielatels

4. Rearrange formulas to highlight a quantity of interest, using the same
naas-:uning a5 1n EIIIJ"-'l-ﬂE equations, For g¥pmnig, redrrange Chim's law ¥ =
A5 e vl ol rasisionce 7

Reasoning with Equations and Inequalities A-REI

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

1. Edplain each step in salving 3 simple agquation as Following from the
equality of numbers asserted at the previous step, starting from the
assumption that the original ecuation has a saluban, Constnect a
wighla argurment o justify 8 sedution mathad,

2 Scbve simple rational and radical equaticns in one variable, and give
examples shownng how exiraneous sobutions Mgy Arise

Zolve equations and inegualities in one variable

3. Schva linear equations and inequalities in one wariable, inchuding
eauatans with coefficients regresentad by lettars

4, Sodve quadeatic aouations i gne variabke,

a. Use the method of complating tha squara to transform any
quadratic aqualion in ¥ inbo an equatica of tha Tarm (g = II:I-J =g
that fuas the same solutions. Darnse the quadratic formula from
this farm,

b. Solve gusdratic eguations by inspecton (eg., tar @ = 491 taking
souare roots, completing the square, the gquedratic formuola and
factoring, as appropriate to tha initial form of the eguation.
Recognize when the guadratic farmula aives complex solutions
and writa them as @ * & for real numbers 2 and &

Solve systems of equations

5, PFrova that, given a system of Two Sguations In bwo variakles, F‘Bﬁlﬁl.'il'lg
one edquation By the surm of that eguation and & multiple of the ather
produces a system with the same solutions.

THEIADTY — TOCHIE H2IH
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Solve systems of lnear equations exactly and approximataly {e.g., with
graphs) foCugeng on palrs of bnear aqualiand in Lwo variables.

Solve & simple systern consisting of a linkar aguation and a quadratic
agisaban in two variaoles slgebraically and graphically. For evampils,
fing the points of intersechon Delween the ling ¥ = =3x and the circle = +
w3

(+} Reprasant a systam of lingar eouwations as a single malriz aguation
In @ wasior varable,

(+} Find the inverse of & matrix if it exists and use it to solve systems
of linear equateons {using technology for matrices of ddmeansion 3 = 3
oF greater).

Represent and solve equations and inequalities graphically
1. Lnderstand that the graph of an equaticn in twao variables is the sel of

iz,

all its solutions pdotted in the coordinate plane, oftan forming a curva
Cwhich cauld ke a line)

Explaan wiy the s-coordinates of [the poants where tha graphs of
the equations ¥ = fx} and ¥ = @x) intarsect are the solutions ot the
equatikan Ayl = 0% Tind [he solutions appresimately, =o., usemg
techrology to graph the functions, make tables of values, or find
SUCCassive approRimabons, [nchegde casas where flx0 anddar oix)
gre linear, palvnamial, rational, absolube valua, sxponential, and
logarithmic functions,*

Graph [he solulions 1o & linear inequsdity in two variables as a half-
plane {excluding the boundary in tha case of a strict ineguealilyl, and
graph the scluticn 587 U0 a system of linear inequalities in bwo varables
as the intersection of the corresoonding half-olanes.
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35 For MATHEMATICS

Mathematics | High School—Functions

Funclions describe siluations where e qubntity determanes apother. For scample,
the rafurm on EHLEE0 imsasted at an anngalizad percentage ri3le of4.25% 15 3
function af the kength of time the money is nvested. Because we contiraeally makeg
thiearsag aboul dependancied Delwaan quantitie in nature arsd socaly, Tunctiong
are importart taols in the comstructhon of mathematical models

In schodd mathamatsss, functions usuaity have numarical mpats and sulnuts and are
alten delined by an plaebrare axpreassion. For example, the tima o hours it takes far
a car to drive 100 miles is a function of the car's speed in miles per hour, v tha raba
fvd = 100w exoresses this relaticnship alaebraically and defines 8 funclbon whosea
mamea g T

The set of inputs to a function is called its damain, 'We often infar the domain §o he
all mguts for which the axpression dafiniteg a function has a value, o For wihicks the
furclion makes sense e given context.

A furction can be describegd in various ways such as by a gragn {g.9.. tha trace of
a seismographk by B verbal rode, as i, "TH give you & stale, you give me the capital
city;” by an algebras axpression like 8x} = a = b ar by a recursive rule, The graph
at 3 lunction is ¢an a usehsl way of visualizing the relationshsg of the funcion
muodels, and manipulating a mathematical expression for a function can theoe Baht
o the Tunction's propartsas,

Furictions presentied as expressicns can model mary emportant phenomena. Two
impartant familas of functions characterized by laws of growth are linear functions,
which grow 8t & canstant rate, and expaonentiel flunctions, which grow at a constant
percant rate, Lingar functions with a constant term of 2e00 describs proporbional
relationsbeps,

& graphing utility or a compatar abgebra system can ba used 10 axperement with
properfies of thase Tenclions and ther graphs and [o budld eampulatianal modals
of functions, including recursvely defined functions.

Connections to Expressions, Eguations, Modeling, and Coordinates.

Determming an cartput walue for a particular mpat involves evaluating an expressson;
lengieng inpuats that yield a given outpal involves sofiing an aquialsie, Questions
about when two funciions hewe the same value for the seme input lead to
aquatinns, whaosa sohutions can be visualized from the intersaction of thair graphs
Beacauss function: descrfe relationships babwaan quantities, thay ara fregquenily
used n modeling. Sometimes functions are defined by a recursrve process, which
<ot pe displayed affectively using 3 spreadshest or Sthar tadPmdlomy
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Functions Overview

Interpreting Functions

« Understand the concept of & function and use
function notatien

= Interpret functlons that arise in applications in
terms of the context

+ Analyze functions using different
reprasentations

Building Functions

= Build a function that models a relationship
batween two quantities

* Baild new functions from existing functions

Linear, Quadratic, and Exponential Models

= Construct and campare lingar and expanential
madels and solve problems

= Interpret expressions Tor functions in terms of
the sibuation thay model

Trigonametric Functions

= Extend the domain of trigonometric functions
using the wnit circle

* Model periodic phenomeana with trigonomatric
functions

= Prave and apply trigonemetric identities

Mathematical Practices

I

Sl

Make sense of problems and persevere in
salving them.

Reason abstractly and quantitabively

Constrect viable arguments and critique
the reasoning of atheys

Model with mathematics,

Use apprapriabe tools strategically,
Attend bo precision.

Laok for and make usa of structure,

Look for and express r-EHL.ﬂEI"II'{ n repeated
réasoning.
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Interpreting Functions

Understand the concept of a function and use function notation

Interpret functions that arise in applications in terms of the context

Understand that a function from ona set {called the domain] o
angthar sat (called the range) assikbns to sach alement of the domain
exactly one gloment of tha ranga. If Fis a function and = 05 an elamest
af its darnain, then Mx) derotes the output of F corresponding to the
nput & The graph of £ is the graph of the equation ¥ = A,

Use function notatbon, pealuate functions for inouts in thelr domains,
and InTerpret statementy thal use fenclion notaton m terms of a
contaxk,

Racognize that sequancaes are funciions, sometimes definad
raciirsivaly. whase domain is 2 subset af the integers. For evamoie, the
Fiboraccy sequenog s defined recursively By 00 = A1 = il = iy »
fnTafornaT

4. For a function that madels a relaticnship bebween Lwo quantities,

interpret key leatures of graphs and tables in tarms of tha quantities,
and sketch gramhs showang kay leabures givien a warbal descriplios

of the relationship. Koy featires inclsde infercends; fervals whene e
funcion 5 INEraasmg, Hecreasing, DOSIve. OF NEsativa, frelalive maximunms
andf i, sprmetnes; end Setunior, and periooicife

Relate the domain of a function ta its graph and, where apolicable, o
the quantitarive relaliceship il desoribes. For ecample, i Fhe function
fifnd gives the nureber of parson-haors & fales fo assanida o anginegs in @
fac oy Bhan the oosifive infegers walhd be it aoarsoriahe doamant for the
fursefign™

Calculate and interpret tha averaga rate of chanae of a tunction
foragantad symisalically or as a tabie) over & spacifiad interval.
Estimate the rate of change from a gragh.®

Analyze functions using different representations

7. Graph funclionsd expressad syrmbalically and show key features of

the graph, by hand in simpde cases and usng technalogy for morg
comaplicatad caset

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

b, Graph square ook cube roat, and piecawisa-gafinad funciang,
ingluding step functions and absolute value functicns.

£, Graph palymnoamial Tunelions, identifving 2eros when suitable
factorizations are availlable, and showing end behavior,

d, ¢+ Gepah rational functions, identifying reros and asymptotes
whaen suitanle factonzations arg available, and shaowing end
Behayior

e Graph exponeniial and koganthric funchions, showing intercepls
and and befiavian and triganometris funciions, showeng period,
raidling, and amplitude,

B. Write a function defined by an axpression in different but equivalent

farms to revaal and sxplain diffarant propertias of the function,

3. Usa the process of factorsng and completing the souare in a
gquadratic function to show Zeros. extrems valuas, and symmatny
of tha graph, and interprat thesea in terms of & context,

k. Use the properties of exponents bo interprat expressions for
erponanial functions, o examode, ekl parcanl rale of changa
in functiond soch a5 i = (LO2F, ¥ = (097Y, = (L™, p = (L21Y and
classify tham as representing exoonential growth ar decay
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ar MATHEMATICS

3, Compare properties of two functions each representad in a diffarant
way {elgebraically, graphicelly, numerizally in tables, or by varbal
descriptions), For axama given & granh of one guadvabic fvachon and
an algebraic oxpression far anothern sap which has $he fanger maximiam,

Building Functions F-BF

Bwild a function that models a relationship between two guantities
1. Write a function that deacribes a relalicnship balwean two quantities.®

&, Determing an expliclt eworassion, 8 recursive process, or staps for
caloulation froem & context

k. Combing standard function byt gy arithrmatic aperatians, For
exarnpie buid a fimction Hhar models the femperatuee of @ cooding
fhinay by sdoing a cansfant fuaction b a decapng sspomantis) ang
relare fhase functions ho the moded

L. [+) Compase iumcliong. For svarmpi= oF Tiw) is the fampoerafure in
the atmosnhene as a fanchon of haight, ang Ak s tha heighl of a
woshiar Haloowt 35 8 AVICian of Time, than TIREL i [he farmpesaiure
at the Iocation of the woathor balloon as a functan of Bme

2. Write arithmetic and geomatric sequences both secursivaly and
with an expdicit farmiuda, ude tham to modal situatsons, and trenslate
Eatwenn the two forms.”

Build new functlons from existing functions

5. ldentify the offect on Bhe graph of replacing fx) by 8x) + & &k fxd,
fika), and fx + k) for spacific values of & {oth pesitive and negativel
fired thei wakie al & given the graphs. Experiment with cases and
illustrate an explanation of the affacts on the graph wsing tachnalogy
FhCiache FECOQNETG Svan and’ Goldl fumchiond frovm herr grapis and
alpebraic expressions for hem

4. Fingd inverss tunchions,

& Solve an equation of the form f(x) = ¢ for a simple ftunction f
that as an invarse and wribe an ekpression for the imeerse, For
exarphe, ) =2 %% for v > Dor fx) = e+ Tx-T fpr x e T,

b, {42 Werily by compozitian that one funckion is the inverse of
anathar,

L. {#*)Head values of an inverse function from a graph or a table,
given that the function has an INverse,

d. {43 Produce an invertibde function from a nonsireartibla function
oy rastricting the domain

5. (+] Undarstand the inversa relationship Betwesn exponents and
Ieegarithend and use thig relationshep (o salyve problems invalving
logarithms and exponents.

Linear and Exponential Models® F-LE

Construct and compare linear and expoanential models and salve
problems

L Distinguizh between situations that can be modebed with insar

functions and with exponential functions. I.IT!E
a, Prove that linear function:s grow by egual differences over edual |:r\|
intervals, and that exponential functions grow oy egual factors T
ower aqual intervals, ]
[
b. Recognize satuations in which one guantity changes at a constan:
rate per unit interval ralatea to anothar, _!I

L
L. Recognize situations in which a gquantity grows or decays by a "":.
constant percant rate par unat interval relativa to anather I_q
o
=
L%
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2. Construct lin=ar and exponential functions, includeng arithmetic and
ganm-ﬂric sequances, given a gragh, a descrpticn of B relaticnship, o
e inprut-cutput pairs {inclede reading these from a tablalk

A, Qbsarvg using graphs and takles that a quantly increasing
exponantiafly eventually exceeds a guantity incraasing Enearly,
auadratically, or (mare genarally) a3 8 polynomial fanctian.

4, For exponential modeds, express as a logarithm the solution to
b = g whara a, £, and o are numbers and the base b is 2, 10, ar &
evalijate the lbagarithrm using techaolody.

Interpret expressions for functions in terms of the situation they

model
5. Interprat the parameters ina linear or exponential function in terms of
& contaxt,
TI'|ﬁI:II'IE'.‘II"I"Il‘."H|E Functions F-TF

Extend the domain of trigonometric functions using the unit clircle

1. Understand radian rmeasure of an angle as the lefngath of the arc on the
unit circle suthtended by tha angla,

7. Explagen how the unit gircle in tha coordinate plane engilas tha
exlandion of tngonometnc functions to all real nomboers, interpreted as

radian measures of angles travarsed counterclockwiss around the unit
circie

A, (4] Use speciad triangles to determime geometrically the vabues of sine,
cosing, Tangant for o3, 254 and /6, and use the unit circle 1o exprass
the valuas of sine, cosines, and tangent for x, o+x, and 2a-x in Sarms of
thair wvalues for x, whare ¥ 5 any regl numker,

4, [+) Use the unit cirgle 0o exolain symimalry (odd and even) and
pernodicity of trigonomatric functions

Mode| periodic phenomena with trigonometric functlions

5 Choose triganometric functions bo model perodic phesamesng with
specificd amplitude. frequency, and midline.”

b, {+) Undarstand that rastricting a trigonametic function to & doman
anwiEch T i3 always increasing or slways decreadisg allows i18 nvwarga
to be construchad,

£ {+) Use inverse functions 1o solve trigonomatric equations that arise
i mcdeling contesdis) avabuabe the solubiang using technaligy, and
interpret them m terms of the context.™

Prove and apply trigonometric identities

BE. Prove the Pythagaraan identity in(8) + coa™0) = 1 and use i 1o
calculate tngonometric ratios.

9, {+1 Prove the addinon and subtraction formulas for sina, cosme, and
tangent and use them Lo solve problems,

3 HOIH
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Mathematics | High School—Modeling

Modehing links classroom mathematics and statistics bo avareday life, work, and
desidian-rmakirdg. Madaling 1 the process of cheosmg and 1sing aporopriate
mathemaisss and stalistics Lo analyze empinc sl siluatoens, 1o understand tham
better, and to mprove decisions. Quantities and their relationships o physical,
economic, public podicy, 2ocial, and evaryaay situations can be modelad uding
mathematical and statistical methods. When making mathamatical models,
tfﬂhnﬂlﬂ'ﬂ'ﬂ' 15 waluable for W e SIESUMDLICNS, eXpEIng CoviaEguenond, and
compareng prediclions with doeta,

A rmoded can be very simple, such as writing total cost as a product of unit price
and number hought, of Wsing a geamalrd shape o describe 8 physical akdect e
& £ain. Even such simpde madels imolese making choices. It 15 up $o us whather

to medel a coin as a three-dimensional cylmdar, or whether a two-dimansional

digk warks wall engugh for gur purposas, Other situations—modeling a delivery
rowte, a procection schecule, or a comparsan of loan amartizations=—naad more
alaborata madals that use offer tools from the mathematical scienceas, Real-world
slpations are hot organized and lsbeled for analysis; formulating tractable models,
reprasentng such modals, and anglyZing them ic aapropriately a crealive process,
Like pwiry such process, this depends on acouired expertise as well as creativity

Some examples of such situations might mclude:

. Estimating how much water and foad is neaded foar ermergency
refief in a devastated city of 3 million people, and how it mighs be
distribautad,

+  Planning a table tennes tournament for 7 playvers at a chily with 4
Labdled, where apch player plays against @ach other playver

. Dresicirmneg the Fayoul of the stalls in & schoal fair 20 84 1o ranse as
much monay as possibla,

+ Analyrng stoppang dstance for a car,

. Modeding savings account balance, bacterial colony growth, ar
irdesTmant growih

e, Engaging = crtical path anadysis, @4, spolied o unnaround of an
Aircrpft at an prpork

" Analyzing risk in Sifealions such ad exlearme igarls, pandemics,
and berrorism.

. Relatws populatan statishics o individual presdicticons,

In situatesns like thass, the modals dovised dapand o0 a aumiber of Tactors; Hiw
Crecise ar arswer g wee want ar need? 'What aspects of the situatson do we most
need to understand, control, or opiimize? What rescurcas of time and tocls oo we
ave? Thee Fange of models Thal wee cen craale amd analyze is ades conatraimed by
the limitatiors of cur mathematical, statistical, and technacad skills, and our abdity
b recognize significant varizbles aend relationships amang them, Chagrams of
wirsoud kinds, spreadsheats and other techrolagy, and algebra are posverfud toals
for uvndarstanding and solving probéems draven fromn ddfarent Tyoes of real-world
ijuations.

One of the insights provided by mathematical modeling 15 that essentially the same
mathematical or statistical structura can sometimsas maded sefmemngly diffarant
auations. Models can also shed light an

tha rrathematical strectures thamaalwes,
for exampda, as when a model of bactarial Probiem i Farmulata  |=— Valicnta — Report
growth makas more vivigd the explosive

i i

growth of [he exponental Tunction,

The basi: rmodeling cyele is summarizad in the diagram. 1# ( :: : "‘-I
invalves {11 entifying varianles in the situation and selecting Computae Interprat
thiose that represant agsentizl Featuras, (23 formulating _fJI
a made] by crestng and selecting geomeatric, graphical,

tabular, algebraic, or statistical raprasentations that describe

relatsaships bebween the variables, (3 analyzing and gedforming eparations

an these relationships 1o draw conclusions, {4) misrpreting the results of the

rmathematics in terms of the original steaton, {51 validating the conclusions by

compading them with the situation, and than aither imgroving tha rnoded ar, i1 T
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o MATHERIATICS

B aceeptebds, (6} reporting on the conclusions and the reasoning baehind tham
Chaices, assumplions, and approsimations are prasent throwghoul this cycle,

In descriptve madeling, & mode] simoly descrbes the phanomeana or sumMMarizes
tham in g compack toem, Sraphs of chEarvalnons are & familiar desoriplive modal—
for example, graphs of gicbal temperature and atmosoberes CI:;ZIJ onar Hirmsa,

Analytic modeling 2aeks ta axplain dala on the badis o desper theoretical sieas,
albeit with parameters that are empirically based: for axample, eeponeaniial orowih
! macteral colanies (untd cut=off mechanisms sech as pallution o siervation
milervena) lollows from a constant reproduction rate. Functions are an imoortant
tond for analyzing sich problems,

araphing ulibties, toreadsheets, cormputar algebra systems, and dynamic geometry
software are powerful tools that can be used bo modsl puraly mathermatcal
phanomena (8.9, the beravior of palynomiala) as well gs physical phapomana,

Modeling Standards Moceling s best inferprelad Aol a3 a collschion of Aofabed
fapies o rather i redation bo other standards. Making marbematica' mooiels is

a Standard for Mathamatics! Prachice, amr Epecific modaing siamdanis anoaas
thrgugphout $he hioh school standaeds indicaded by 2 star sembaod (7).
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Mathematics | High School—Geometry

Ao undaratarding of the attributes and relationsheps of geamalrss obsects can ba
applied i diverse contexts—interpreting a schematic drawing. estimating the amount
of waad medded o fearme o sloping rof, rendering compuler gropiecs, or dedkgning a
sewing patterm for the mast affickant wea of material,

Although thers are many Lypes of geomelry, school mathermatics is devaled prirmerily
to plane Euclidean geometry, studied both synthetically (without coordinatas) and
analylically Cwith coardingbes), Evclidean gaomatry i characterizad rmost wapartantly
by the Paralial Postulate, that throwgh a point not on a given lire there is exacthy one
parailal ling, (Spherical gagmelry, in conlrast, has e parallel lines,)

Crurirg Fegh school, stedents bagin o formalze [heir geomelry esparigncaed Iroem
alementary and middle school, using more precise definitions and developng careful
prosats, Later in college soms stedents develop Euclidean and oihar geoimetries carghylly
fram a small set of axioms.

The concapts of congruencs, similarity, and symmetry can e understooad from

the parspective of geometnc transfeemation, Fundamertal are the riged mations:
translafions, rotatons, reflactions, andd combinations of thase, all of which ara bars
ascurmed [0 pradgarga diclance and angles {and [harafora shapas ganerally). RBaflections
and rofations each explain a particular typa of syrmmetry, and the syrmmetries of an
ciect offer ingight inta its attribubes=gs whan the reflective symmatry of an sosoeles
triangle assures that its base angles are corgruent.

in the aproach taken heeg, two geomatng figures are defined 1o be congruant of thora
= o sequence of ngid moticns that carres ane anto the otiar. Thas s the prnciple

of superposition, For tianales, congrugnce means the aegquality of all corasoending
pairs of sides and all corresponding pairs of avales. Duerirg the middle grades, theosah
axparsnces drawtng triangles fnom given condibions, shedants nonce ways 1o EFIF"r.l;:p'
enough measuras i a triangle to ensure that @l traangles drswn with (hods rmsasures sra
congruent. Once these wiangls congruance criteria (A5A, 545, and 555) are established
wsing rigid motions, they can be used Lo prove Ehedrerrs sbout Criamsgled, quadsilptarals,
and gthar gesmetrc figures.

Srnilarily tramdfarmalions (rigid meaetione FMollowsad by dilatkons) detna similanty

in the sama way that rigid maotions dafine congruence, theseby formalizng the
caniladity Ideas of “same shapa® and "scale fachor” developed In e middle gradas,
These transformations lead to tha criterion for triangle similarity that Do pairs af
gorresnondhing anglea g COongruant,

Tha dalinitions of 2aea, casire, and [anoent for acule @nglas are lowndad on nghs
trizngles and similarity, and, with the Pythagorean Theorem, are fundamenlal inomairy
raalworll and theoretical siteations. Tha Pythagoraan Theorem is generalized to non-
right triangles by tha Law of Cosines. Together, The Laws of Sinas angd Cosings ﬂmhﬂﬂ'&'
the friangle congruence criteria for the cases whers theae pieces of inforrmation seffice
o completely solve a trianale, Furthermore, thesa laws yiald two possiole solutions in
the ambiguous case illustrating that Side-Side-fArgle s not & congreence erifarion,

Analytic geometry cormacts algebra and gaomatry, resulting =y powerful methoos

af analydis and proilem solving, Judl a5 the nurbes ling associates nembars with
locations in ane denensson, 2 par of perpendicular ases associates pars of pumMbers
with locations in two dimensicns, This comespondence betwaen rumerical coordinates
and geometric points allows methcds Frorm algelea 1o be aoplied [0 gecmetry and vige
viarsa, Tha sclution sat of an equation bacomes a geometric curve, making viswali zation
& Lol for doirk and understanding algeiira, Geometns shages Can hg describad by
equatians, makmes abgelrest rranspulalson into a todl e geametric understanding,
madaling, and proof. Geometric transformations of the graphs of aquatians correspand
to algenrail changes in theair soiaalsnng.

Diyprmamic geamaelry anmvisanments pravide studants with exparimantal and modeling
tools that allow them to investigale geomsabre phapomang @ much The Lamsa way 35
comoustar algatra systams allow them to experiment with algebraic phenonsena

Connections to Equations. The comespondence Detwesn numancal coordinates
and gewmetric points allows methads from algelrd 1o be applied 1o gedmelry and vice
viersd, The solution sat of an equation bacomes a geometric cure, rmakireg «iswil 2atson
& taal Por diaira and understarding algebra, Geometrc shages can be describad by
equations, making slgebrasc rmanipulation into 8 togl Tor geasmatnc underctanding,
modaling, ard proof,
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Geometry Overview

Congruance
* Experiment with transformations in the plane

* Understand congruence in terms of rigid
motions

* Prove geomatric theorams

= Make geomelric constructions

5Im|lar[t'|l', Right Triangles, and Trigonometry

= Understand similarity in terms of similarity
transfarmatians

* Prove theorems involving similarity

+ Defing trigonometric ratios and solve problems
imvolving right triangles

= Apply trigonometry to general trianglas

Circles
» Understand and apply thearems about circles

+ Find arc lengths and areas of sectors of circles

Expressing Geometric Properties with Equaticns

+ Translate between the geometric description
and the equation for a conic section

= Uie coordinates to prove simple geometric
thearems algebraically

Geometric Measurement snd Dimenzion

+ Explain volume formulas and use them to solve
problems

+ Visualize relationships between twao-
dimensicnal and three-dimansional ohjects

Madeling with Geometry

= Apply geometric concants in modeling
situations

Mathematical Practices

1

&h

wom s W

Apply gecmelnc cancepls in madeling
gituations

Mathematical Practices

Make sense of problems and persevere In
salving therm.

Reascn abstractly and quantitativedy,

Construct viable arguments and critigue
the reasoning af others,

Madal with mathematics.

Use appropriate tools strategically
Attand to precision.

Look for and make use of structure

Lo Tar and express regularity in repealed
reasomirng
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Congrusnce

Experiment with transformations In the plane

1.

Know precize dafinitions of angle, circle, peroendicular lina, parallal
lire, angd line segrment. Based an the undefined notions of point, lne,
distanca song a line, and distance araund a circular arg,

Reprasant ansformalions in the plane wsing, eq,, trensparencies
and gecmatry software; describe transformations as functions that
taka points in the plana a5 inouts and gove ather points a5 cutputs.
Compars ranstarmations thal presesya distances and angle Lo those
that do not {e.g., transkation versus horzontal stretch).

Given a rectanghe parahﬂngram pranerced, aF regular palvaon,
dasarioe the ratationg snd reflections that carry it onbo itself.

Develop defmitions of rotations, reflections, and translations in terms
af anglas, cercles, perpendicular lines, parallel lnes, and line seaments

Given a gecmatrie figure and a rotatmon, rellection, or translation,
draw the transformed figure using, Q. graph papar, tracing Dapar, or
gacmelry software, Specity o sequence of [rangformations that sl
carry a given figure onto another,

Understand congruence in terms of rigid motions

.

T

Usa geomatric descrniptions of rigid maotions to transform figures and
ta predict the eltect of a glven nigid motica on g givan figure; given
bwiey figures, use the delinition of congrgence n berms of rigid mations
ta dacide if thay are congruant,

Liga tha delinition of cangruance in tarms of rigid mationd bo show
that two triangles are congreent if and only if corresponding pairs of
sldes and corasponding Dairs of angles are congruant,

Expdasn how the criteria for tripngle congreence (ASA, A5 and 5553
folkow from the definition of congreence in terms of rigid mations,

Prove geometric theorems

2.

iL,

Prona thearerms aboul lines angd anglas, Thearerns mcooe vardicad
angies are congraent whon & fransversal crosses oaradel nos, aternare
NP lEs drg congurued sl COVres0anoing angies ara oorgviant
Doy on o perpenoiclar bisectar of & ine secpmend are avactly those
ppwdlislant fram tha segmend's emoioaints,

Frowa theorams about t"aﬂglﬂs. Thaorams Mclols measiees oF infeeos
Avicies of & bnangle sum bo MB0° base angles of Sosceles fravgles anes
cangrupnt; the segumant jowing medpoines af fwa sioas of a tmange is
Baraitel for [ [Farg sicle and Bal e agdhy e medhans af a frangie
meet &t & pamnt

Frove theorams aoout parallalograms, Thearems nckalas aomosife
LifEr ra congrusal, opodsile anglas are congruer, (e diagonals
off @ parateiogran Disect sach S, and conversely, Feciangies ara
pasaieipgrams wilth congruanl diagonals.

Make geometric constructions

2.

MMake farmal geofmatric construclions with a varialy of oals and
methods {compass and straightedge, string, reflective devices,
papar folding, dynamic geomeatric software, elc.). Comang @ segmeant;
COOATEE AT anga: Bvsseiing A fegimusnl; Digesiing an gk Coviairucing

perpeamcular fines, inclovding the perpendicuiar bisector of 8 e sagrmend;

ang corgbrpcting a Ang paraiiad ho 8 given fne trough @ paint nod on the
AP,

,Construcl an eguitalersl Triangle, a sguara, and & regular hexagon

inscribed ina circle

G=C0
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Similarity, Right Triangles, and Trigonomeatry G-S5RT

Undarstand similarity in terms of similarity transformations

1. Werily sxperdimentally the propertiag of dilatons given by 8 center and
a scala fackor:

a. & dilation takes a line nat passing through the center of the
ditation Lo & paradlal line, and leaves 8 e padsarn throwah the
canter unchanged.

b. The dilation af a line segrment is losger or sharler im the ratio
given by the scale factor

2. Gavan two figures, wse the definition of simalarity in terms of simikarity
tranidformations to decide if they are sirmilar; esplaer using simalarily
ransformations the maaning of similarity for trianglas as tha sguality
of gl correspondng pairs of andgles and the progorGonality of all
corresponding padrs of sides,

i

Lisa the prooartios of sinilardy transformatons 1o astablish tho AL
eriterion for teo Irigngles to be sirmalar.

Prove theorems invelving similarity
4. Prove thadgrems abaul friangles. Thearants eiude g ine pavaligl fo ane
side aof a frangle divides the other fwo proporbonally and converseds the
Aythiagorean Thadvarm ovdsead e triangia sintianty

5. Use pongruence and similanby criteres for tniengles to solve problems
and to prove relationshins in geometric figuras,

Define trigonametric ratios and selve problems invalving right
triangles

6 Understand that by samalarity, side ratics in rght triangles are
propertias of tha anglas in tha triangle, ikading to definitions of
rigancmalric ratiog for acute anglas,

7. Euwplain and use the relationship betwesn the sine and cosine of
aomplemantary anglas.

# e lrigomamelric ralkos and the Pythagorean Thearem Lo solve right
triangles in applied problems.

Apply trigonometry to general triangles

D ) Darive tha Tormula A = 142 ab Sin{C} for tha arga of 3 triangle by
drawing an auxiliary line from a vertes perpendicular o the sppasits
sigle,

0L CF) Prove Tha Lawes of Simes and Cocines and use them 10 solva
problems.

1. {+} Understand and apply the Law of Sines and the Law of Cosines
o fingd wnknaw'n measurements @ right and non-right rrlan-:,ﬂ?s e,
surveying problems, resultant forcas),

Circlas G-C

Undarstand and apply theorems about circles

1. Prowe that all circles ara similar.

2. Mantify and dascribe relationships among nscribed angles, rads,
and chords, Incluge the relafionahin babwgen canfrad, iIngoitng and
carcurmierbed angles inscrbed angies oor 3 gidmelar are right anadas;
Hhe redivg of a circle o perpendicolar fo the fngent where the rechus
barsecis e cirpha

3. Comstrach the insgerbad and circumscribzed circles of a rl"-a-"l-,-"_lll'.l. and
prove properties of angles for a quadrilateral imgcribad in 8 Gircle,

4. (+) Construct a tangent ine from a point outside 8 green circle o the
cirgle,
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Find arc lengths and areas of sectors of circles

5. Derive using similamty the fact that the length ol the arc inlercepted
oy an angle & proporticnal to the radius, and detine the radian
maasure of the angle as the constant of proportsonality; derve the
tarmula tor the area of 3 sactos,

Expressing Geomelric Properties with Equations G-GPE

Translate between the geometric description and the eguation for a
conic section

. Derive the eguation of a circle of given center and radius using tha
Pythagoraan Thedaram, complete the sgiears 0o Hind tha cantar and
radius of 8 circle given by an equaticon.

A Dareea tha equation of a parabala given a focus and diractrix

3 {#) Derive the aguations of allinges and hyperbolas aivaen Foci and
directrices.

Use coordinates to prove simple geometric theorems algebraically

4. Use coordinates to prove simple geomatric thaeorems algebrascalhe Sar
SEATIENE, pEOVE OF disoiare thal & Moure aefingd by four given Daints (e
coordinals plane is 8 rectangle: prave ar disorove thad the ool (7 V3 e
o the circle canferad aF the arigin and contadming fhe padnt 10, 22

5 Prove the glapa critaria foe parallel and perpendicular lines and uja
them o solve geometrc problems (e.g., find the equation of a line
parallel or parpandicular [o 8 Siven ling thal passes through a given
poimt

6. Find the paint on a diractad ling sagmant etwesn [wio given Doints
thal parbilicns Uhe gagment it 4 given ralio,

1 Use coordinates bo compute perimeters of polygons and areas of
trangles and rectanales, o0, using the dstance formula,®

Geomelrle Measurement and Dimension G=GMDO

Explain volume formulas and use them to solve probleams

L Give an mtormal argueemant for the formulas for the circumference of
a cirche, prea of a circle, volume of a cylnder, pyramid, and cong, Use
dissechion arpuments, Covaleri's principde. and mforrnal ol argumeanfs

I (41 Give an mformal argumant using Cavalian’s principle for the
Farrmulas lfor thea walume of g sphesg and otfer o000 Tigiees,

2 Use vobame formedas for cylinders, pyramids, cones, and spheres 1o
colve proplams®

Visualize relationships between two-dimensional and three-
dimensional objects

4, |dentify the shapes al two-dimansional erect-gactions of thrgas
dimansional objects, and identify three-dimensional cbjects genersted
by ratatians af twosdimansianal abpects.

Modealing with Gaomatry G-MG

Apply geometric concepts in modeling sitwations

I Use geometrc shapes, their measwres, and thair proparties to describe
obpects (eg., madaling 8 tree trank or a hman torsa as a cykndear),®

1. Apply concepls of density based on area a0 valeme in mcdeling
situations {eeg., persons per square mike, BTUs par cubic feot).*

i Apoly geomatric mathods to solve design problems {eg., designing
an akgect o struchire [0 ‘S-E'EiSh' physical constFaints or minamaza cost;
wiorking with Dypograpiuic grid systarms Dased an ratiogh®
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Mathematics | High School—Statistics
and Probability*

Decisions or predictions are often based on data=nurnvbers in conbext, Thoge
decisions or predictions would be easy if the data abwiays sent a cloar massagae, bt
the mestage is often abscurad by variagbility, Statialics pravides Lools Mor describing
variability in data and for making informad decisions that take it @00 account,

[Pata are gatharad, ﬂ|5D|-iI}'E"E|. surmmarized, axamined, and interpretad 1o disooyes
patleras arnd deviatend from patlerns. Queantitative data can be described in t2rms
of key charactersics: measures of shape, canter, ard spread. Tha shaoe of a data
distribitoan might be described as symrmeieic, skewed, Mok, or Ball dhaped, and it
might be summarized by & statistic measuring center (such as mean or median)

and a statistic maaseing spraad (such as standard deviation or interquartile rangel,

Different didtribubions can be comparesd numerically using these statistics or
romparad visually using plots. Knowledge of centar and sgpread are not encuegh (o
deseribe a destribution. Whickh siatistics o eormpare, which plots o use, ard what
thie results of a combarisen meght mean, dapsanc on the queastion 9o be imvestigated
ard [he real-life sclicns 1o ba takan,

Randomizaticn has twa important uses in drawing statistical conclisssons. First,
collectsg dath fram a random sampde of & pogulation makad i1 possible o e
valid conclusions about the whole population, taking vanabdty imto account.
Second, randomly assigning ndividuals to differant treatmeants allows a fair
carmperesan Of the effectiveness of those trealments. & statistically sidgnificant
outcoma s ong that is unlibaly fo he dus o chance alone, and this can ba avaluated
only umidar the conditban of randarmeds, The condilions under which date are
collected are important o drawing conclesions from the data; in oritically reviawing
uges of statistics in public meades and other redorka, il is imdortant [o candsder the
study design, how the data were gathered, and the analyses employed a5 well as
thie data surnmarnies and the consluglons Seawn

Random processes can ba describad mathematically by asing a probatbility moedek:
2 list or desoripion of The poscible guttomes (tha tampla space], aach of which is
assigned a probabdity. b situations such as flipping a coan, rofling a member cube.
or drawiregg a card, it rmight Be reasonable [0 asseme various oulcomes an ooladly
likzly. In a probability model, sample points represent outcomes and combine to
make up avents; probakddities of awants can be computad by apolying the Additicn
erd Mulsplication Sules, Interpeating Lhese probatilities relies on an understanding
of independence and conditional probahility, which car be approached through thae
analysis of two-way takbles

Technslogy plays an impartant «ale in stalistice and probaility by makag it
possible to generate plots, regression functions, and correlation coefficients. and to
simulate many pocsible outcomes In a sharf amalnt of fime,

Connactions to Functions and Modeling Functions may be used to describe
data; if the data suggest a linear redationship, tha relationshio can be modeled
wilh & regpragdion Faa, ardd 118 strecgth and deaction can ba axprascad through &
correlation cosfficient.
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for MAaTHEMATICS

Statistics and Probability Overview

Interpreting Categorical and QGuantitative Data

= Summarize, represent, and Interpret data cn a
single count or measurement varlable

= Sumrmarize, represent, and Inberpret data on
two categarical and quantitative varlables

+ |ntarpret linear modals

Making Inferences and Justifying Conclusions

+ Understand and evaluate random processes
underlying statistical experiments

+ Make inferencas and justify conclusions fram
sampla surveys, experiments and observational
studies

Conditional Probability and the Rules of Prob-
ahility

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

= Use the rules of probability to compute
probabilities of compound evants in a unifarm
probakility modal

Using Probability to Make Decisions

* Calculate expacted values and use them to
solve problems

= Use probability to evaluate cutcomes of
decisiong

Mathematical Practices

1. Make sense of problems and persevers in
salwing them.

2. Reason abstractly and guantitatively,

3. Construct visble arguments and critique
the reasoning of others,

4, Model with mathamatics

5. Uis aporopriate toods strateglcally.
6. Attend to precision,

7. Look Mar ard ke use af struchures.

8. Look for and express regulanty in repeated
reasoning

1DHIS HOIH
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{ CORE STATE STANDARDS far MATHEMATICS

Intarpreting Cabegorical and Guantitative Data S-1D

Summarize, represent, and interpret data on a single count ar
measuramaent variable

1. Represant data with plots on tha real numbes e (daot plots,
histograms, and bax plotsh.

2. Usza siatistics aporppriale 10 the shape of tha data distribution to
compara cantar (median, mean) end spread (nterguartile rangea,
standard doviation) of bwo or more oifferent date seks

L

Interprat differences in shape, centar, and spread in the context of
the data sels, accounTing foe possible etfects of exirema data points
Coatliars].

4. Lsa the maan and standaed devigtion of 3 data sat te fit it to a normal
gistributson and Lo estimate population percenlgges, Racogrize that
there are daia sats for which sech a proceduras is nol approprate.
Uze calculators, spresdshaats, aad takbles to eslimale oreas undes the
nesmal curve,

Summarize, represent, and interpret data an two categerical and
quantitative variables

L. Summarize categorical date for two calegoriay in Two-way freguency
taklas, Intarprat ralasive fraguencies in the context of the data
fincluding joent, marginal, and conditional relative frequencees),
#acogniza possibde associations and trands in the data.

b Raprecent data an two quantitabvg vanablas on a scatter plot, and
describe how the variables are related,

2. Fit a lunction 2o the data; uvse functians Tttad Lo data to salve
prabdems in the cantext of the data, Use given fueciians or
choose & funchicn fuwpoesled by he canfesl Endfasize nnear ang
expaneThal mooads.

k. Infarmally assess the At of a function by platting and snabyzing
ragicuals,

. Fit a lingar function for @ scatter plot that suggests a linear
BssOCiatan,

Interpret linear madels

7. Interoret the slope {rate of change) and he inlercepl (ConsLant [erm}
ol a linear madal in tha context of the data

B Computle (using technalogy} and interoret tha correlation cosfficient
of a linaar fit.

9, Distinguesh between corralation and causation.
Making Inferences and Justifylng Conclusions 5-1C

Understand and svaluate random processes underlying statistical
euperiments
1. Understand statistics as a process for making inferences about

population paramelers based an a randcmn sampla trom that
populatian.

T

7. Dacide it a spacified model 15 consistent with resslts Trom a given i

data-genarating orecass. a.g. using simulation. For esampie, & mooe LJ’-'

EAET A Sednvting cof fais hagds un with orobahaliny 05 Waod' a resuit of & al

Fals I row cause pao o guesbon the ook ? o
Make inferences and justify canclusicns from sample surveys,

experiments, and observational studies w

1

I Recognize tha porpoges of and diffargnces among sampla SUrveys, 3

expmriments, and observationsl studies; sxplain how randamiézation i

relates o aach,

=21



Use daka from a sampde survay to estimate a populaticn mean or
proportion; deselop a margin of error through the use of samadetion
radels tor randam samipding

Use data from a randomized experniment to compare bwo treatments;
uie gimolationsg (o decide iT differances batweaan paramalers ana
significant.

£ Ewaluate reparls Baded on data.

Conditional Probability and the Rules of Probability 5-CP

Understand independence and conditional probability and use them
to interpret data

1.

o

Describe pvents as subsets of a sample space (the set of outcormes)
using characteristics (o categaores) of The outocemas, or &5 unkons,

intersections, or complements of cther events (Yor” “and,” “not™).

Understand that twe events A and 2 are indepandent if tha probabdity
ol & and B accurring Llogether is the preduct of their orebabilktiag, and
use this characterizaticn o determing if they are independant.

Understand the conditbanal pronatiiity of A given d as FlA and
BP0, and interprel independence of 4 and 5 a3 saying thel the
condibional probakility of 4 givan B is tha same as tha probability
ol A, and the canditional prabalsility of B geven A is the 3ame ag tha
probability of 8.

Constiect and Interprat Dwo-way trequancy fables of data when Two
categorias are associated with each object being classified. Use the
twosway [akla as a sample space to dacide it avEnts ara Indapendant
and Lo approximate conditional probakbilities. For axampla collscf

data from & reokon samade of students in your sohool an thair favonte
subec! among rmath, scence and EnolEh. Eslimahs tha oradabivly thal a
randamdy selecteg studlent from your schood wall Savar science given thaet
[ slind@nt & o fendh grade, Do [ sana fae oifar siinacts and combarg
fha resuits

Fecognize and explain the concapts of condibonzl probability and
independence in everydeny lancuadge and averyday situations, Foy
axrampie compare e chance of kaving g carcer IF Yo ane a smoker
weidh [he chdnce GF Bandg & drmdker F pou Aded IS Coukisd

Use the rules of probahbility to compute probabilities of campound
events in & uniform probabllity model

E.

Find the conditione] prebability of A ghven 5 a4 the Traction of 8's
autcomes that also belong to 4 and interpeet the answer in terms of
thi el

Apoly the Addition Rule, PLA or BY ® PLAY + P(EY - PLA and B, and
interpret the answar in tarms of the model

{+1 Apply the general Multnlicaton Fuls in a unifgrm probatality
madel, PCA and By = PLAIRE|A] = PIBWPLAIE] and enterpeet the answer
in terms of the model.

{47 s permutations end combinations to compute orokbabilitieg of
coempound avents and solve problems.

Lising Probability to Make Decisions S-MD

Calculate expected values and use them to solve problems

(=3 Daline a random varialde for a quantity of intarast 4y assegning
a numerical value to each event in & sample space. aranh the
corresponding probability distribution wsing the same graphical
digplays e fior dala distribyutiansg,

(&3 Calceulate the expected value of 8 randam vanaile; infergpret it as
thiz maan of the probahilty distributicn,

H=}H
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L L D"E'-'E'll:lﬂ a probality dstrbution tor 8 mndam vanable definad
for a sample space in which thecretical probasnilities can be caloudated;
fingd the aexpacted value, Fov examphe, o the thearphica! prababity
cistrbution for the nember of correct answers ohiained by Quessing on
all frve quaastions of 3 monhipde-chota fast wiheas agch gueshon has four
chohces, and fnd the expechod grade Wdler vanows grading schemes,

a4, (¥} Develop a probabddity dstriputon lor & randam varsble defined
fior a sample space in which probakdlities are assigned empircally; find
thie axpected valus, For axanyde, i g currant dala SErabuion an M
Aummiar of TV sebs par househald i The Uaited States, and calcwlate the
qepected number af sets per househal, Row many TV s wauld o
axpadt 1o find i 100 randami)y selaclad B aiols?

Use probability to evaluate coutcomes of decisions

L £+ Wewgh the possipde cutcomes of a decsion by assianing
probabilities Lo payoff values and finding expected values.

3. Firsd the axpacted payall for 8 game of chance. For erampde, fing
thie FEDRCIRD Winnings from @ siale Initery Dokal or 8 game al a fag!
oo rasisuvant.

b. Ewvaluate and compare strateges on the basis af expacted valees,
For aramode. compans 8 high—deduciible varsus & low-deduchbie
SUhvnolie MEUFEICE DONTYF WSN0 vavlous, DUl redsonsbds, chancas of
fBaving & minor or a fmajor sccacdiEnd,

& (+} Use probabilites to make fair decisions {e.g., drawing by lots, using
a random mumber geseralor).

Lo ) Analvre deosions and strategies using probability concepts [e.q.,
product festing, madical asting, pulling a hackey goabie al the and of
A Qarmed,
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Note on courses and transitions

The high scheal portion of the Standands for Mathamatical Content specifies the
mathematics all stusdents should study for college and carecr readmess. These
standards do rol mandate the sequence al Digh sohoad courses, Hoveyear, tha
organization of hegh schood courses i 2 critical componant to Emplemantation

o Lhe standards. To thal end, sprmple Righ séhaol patheays v mathermatics - in
bBoth a tracfitional course sequence CAlgebra |, Grometry, and Algebra 1) as well

ag an integrated coprse sogeencs (Mathamalios 1, Mathamarics 3, Mathematics 3

- will be made ayailaile shortly afler tha raleade of The final Commeet Cora Slale
Srandards. It is expectad that additional model pathways based on these standards
will Decame ayailakle a5 waall,

The stendards themsebves do nol dectate curmiculum, pedagogy. o delivery of
contant, n particular. statas may handle tha fransition by high school in different
ways For axample, rmeevy studentd in the US, Doday [eke Algebra |in the 8th
grade, and in somde states thes is a requirement. The K-7 standards contain the
pErarequisiles [0 prapare students for &lgebra | by Bth grade, and tha standands org
aesigned o permit states to continee exasting policies concarning Akseloes | in 855
grada,

&, secornd majar transtion i9 Uhe rangilon fram Megh school 19 podt-gecandary
aducation for collage and caraers, Tha avedence concerning coflege and career
raadinegs shaws clasily that the krowladge, tkills, and pracices impartant Tor
raadingss inclisde a great dead of mathematics prior ta tha boundary defined by
(i) aymbsods in these standardd. Indesd, some of the highest priority contant for
college and carear readiness comes from Grades B-8, This body of matenal includes
powerfully vialul peoftiemncias Juch B apolyimag Fatio reasoning in real-woa and
mathamatical problams, computing fheently with positive and negative fractions
and decimals, asd solving real-wordld and mathamatical problems nesdding

angle measwra, area, surface area, and volums, Because important standards for
callege and carser readiness are distributed BEross grades and Gourses, syshems
for evaluating college and career readiness should reach as far back in the
standards as Grades 6-8, It = important 0o note as well that cut sCores or gthar
information gernerated by assessment systems for college and carear readineds
shanild be developed n collahoration with reprasentatves from higher education
grid worklorce development progearme, and shouid be alidated by subsadeant
performance of studants in college and the worlforce.
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Glossary

Addition and subtraction within 5, 10, 20, 100, oF 1300, Acdition or subtraction
of twg whale numipers with whole numbar answears, and with sum or mineend

i e range O-5, 0-10, 0-20, or O-100, respectively. Exampla: 8+ 7 =10 s an
addithon withen 10, 14 = 5 = 9 s a subtrachion withan 20, angd 55 - 18 =37 isa
subtractson withan 100,

Additiva Inverses. Two sumbers whose sum is O are additve inverses of one
another, Exarmple:; 344 and - 34 are additive inversas of ana annther hecass
s -y - 3y B e

Astagiative property of addition. See Table 3in thes Glossary
Asseclative property of multiplication, See Talzla 3 in thes Glossary

Bivarlate data, Pairz of linked nismernical observations, Exampda: a st of heeghts
and weights for =ach player on a football tearm.

Bax plot. A method of viseally displaying o distribution of deta vabues By using
the median, guartidas, and extremes of tha data set. & box shows the middie
0% of the dale!

Commatative property. See Talle 3 in thiz Glossary
Complax fraction, & fraction ALE where 4 anddor 8 are fractions (8 nonrerc).

Computation algorithm, A set of predefined steps applicabéa to a class of
problems that gives the correct result in eyvery case whan Lhe steps ara carfigd
ot W"'Eﬂtl:.f. Seg Mgy computation sirateqy,

Computation strategy. Purposeful manipulations that may be chosen for
specilic problems, may not have g MNked order, and may be aimed af conwarfing
ane oroblem nto anothar. See alsos computation algorithm

Congruent. Two plane or solid figures are congruent if ane can be clxtained from
the other by rigid motion (a saquance of rotations, reflactons, and translatsons).

Counting on & sirategy for tnding the numbaer of abjects in a group without
havimg Lo cownt svery member af e group, For examgde, of 8 stack of books
|5 lnewer bo e A Dooks and 3 more books are addad to the top, it is not
necedsary 1o count the siack afl ovar again, One <an tird the total By cownting
on—pointing o the top book and saying “eight,” following this with “nine. 1en,
Eavan, Thore are alevan Dooks mnov”

Dot plat, 5ag line plot.

Dilation. & transformation that moves each point along The cay throwah The
pnk emanating from a flwed centar, and maltiplies distances from the center by
a comman scaba factor,

Expanded form. A malli-digil numoer i3 axprassed In axpanded form winan it is
writtan as 3 sum of single-digit multiples of powers of ten, For axamphe, G435 =
GO0 + 40 = 3,

Expected value, For a random varable, the wesghted average of its possiole
walues, with weights given by Thair respeciive probatilities,

First quartile. For a data sel with median M, the first guartile is tha median of

the data valeas less than M. Example: For Uhe data set {1, 3, 6, 7,10, 12, 14,15, 22,
1207, thia tirst quartile is 65 Ses alsoy madian, third guartile, interquartide range.
Fractlon, & npmber axoressible in the form 270 where a'is a whole member and

b iz & positive whole purmber, {The woed Faction @ these standards always refers
o g non-negative nomber] See afio raticnal numbsar

ldentity property of 0. Sea Takde 3 in this Glossary

Independently combined probablity madels Ted grobabslity modals are
saed b B combingd independently if the probakility of sach ordered pair in
the cambined maodel eqguals the prodect of the original probabilites of the two
individual outcomes in the arderaed pair,

larlaptad from Wisconsan Departmant of Public krstruction, httpoddo wiagne
stenclarda mathglas bl gecassed March 3, 200140,

Marmy different methods for compuling guartiles are in use Tha methad definegd
hiera 5 sometimas called thie Moora and McCaba method. See Langford, E.,
“Quiarliles in Elemantary Statistics” fownal of Srahshes Eotucarian Volume 14,
Mumbser 2 (20085,

68 | AHVSS0T



Inkeger. A nombar expressible in the form & or =3 1oy soma whole memier a.

Inkerguartile Range. & maasure of variation in a set of numencal data, the
mierquartile ranga is the distance beatwern the first and third creartiles of
thaer cdata set. Exarmmple: For the data set {1, 5, 6, 710,12, 14,15, 22120}, the
aerguaetile range 5 15 = 6 = 9 See alsor fest quartile, third guartila,

Linag phu-t A method ot wvisually dsplaying a Setribution of Sata values whare
aach dats value is shown sz & dot or mark aboss g numser line, Alos known @i 8
dot plot.”

Mean A measwre of center in 2 set of numencal data, computed by adding the
valuas in a list and then dividing Dy the rembar of valuas in tha lst.* Examgla;
For the date set 1, 2.6, 7, 10,12,14, 15, 22, 1203, the meanis 21,

Maan abgolute deviation, & measuse of vanation in a set of surmerical data,
compaubted by addesg the destances between each data value end Lhe meean, than
divicing by the membar of data values, Exarmole: For the data set {3 5 6, 710,
12,14, 15, 22, 120}, the mean absolule devialon is 20,

Median. A maasures of center in g a8t ol nemearical data, The madian of & lisf of
valuas is tha value appaaring at the center af a sorfed versson of the list—or the
meart af the tyed certral valoes, if Ethe i3t contains en evan number oF vadees,
Exampla: For the data set {2, 3, 6.7 H1,12, 14, 15, 22, 90}, the median is iL

Midlinag. In tha graph of a trigonomatric function, the horizontad line halfway
betwimen il mazimuom and mensmum values,
Multipdlcation and division within 100 Murtiplication o division of two whole

rambers with whole nomber answers, and with product or dividend in the rangse
0100 Examiple; 72+ 8= 1,

Multipllcative Immmrses. Two numibers whose product is 1are multiplicative
irverses of ore another. Example: 374 ancd 443 are mulbiphc ptoe inversad ol one
ancther bacause 3,4 = 43 = 4/3 = 34 =,

Mumbar line diagram., & diagram of the number line used 52 represent numbers
ard supgort reasamng abboul Thern, Ina mumber line diagram for measurement
guantitses, tha intardal from O to 1 on the diagram represents the dnit of measure
Far the gijantily.

Percent rate of change. 4 rate of change axoressed as a percent. Example: if &
papulation grows fram S0 ta 55 @ p year, 1T grows by 5750 = 109 par year

Probability distribution, The set of possible walues of a rendomn wariable with a
probability asssgned to each.

Propertied of operalions, Soe Table 3 in this Glossany
Properties of equality. Sea Takls 4 0 this Glossary.,

Proparties of iIneguality. Ses Table 5 in this Glossary.
Properties of operations. Sce Table 3, this Glassan

Prabability. & rumber between O and 1 used Lo guantily likelivaed for processes
that hawa uncartaln cutcomas (sisch as kossing a coin, sebecting a person al
remcicen frarm & group of peopke, [ossing a ball at a targed, or testing for a
madical condition

Prabability model. & probability modal & used o ascan probabilitles e
autcomias of & chance process by examining the nature of the process, The at
of all suteames is callad the sampbs space, and thalr orobakilities s1m 101 See
also uralorm prabatbility model,

Random varlable. &n assignmant of a numencal vakie (0 gach cutcome in a
seeriple space

Rationad expression, A Gudtient of Two ::-:-Iy'-rmmls with @ none-zero
denominator.,

Rationsd number, 4 number exoressibale in the form 3 or - #/p for some
fraction 97k, The rational rmembers e lude tha inlegers,

Rectilinear ligure, & polyaon all angles of which are right anglas,

Rigid mothon. & ransformation of points in space condesting of & sequeance of

Tadagtad from Wisoonsn Departmant of Public instruction, og. ot
T ke i pracida, this dalines The aaiffymnanc maan,
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ane ar more translations, reflactions, andfor rotaticn Rigad mations ara hare
assurmed to preserve distances and angle measures.

Repeating declmal. The decemal form of a rational nember. Sae &lsoy terminating

dacirmal

Sample space. ko b probabiltty mocdal for a randim process, g bet of the
individuat outcomes that ama to ba considered

Scatter phot. & graph in the coordinate plane represanting a set of bovariate
data, For exampe, the haights and waights of a group of peadle could e
displayed on a scatter plot®

Similarity transformation. A rigid mation followed by a gilation.
Tape diagram. A drawsa thal looks e & seament of tape, used Lo ilusirale

number relationships. Also known as a strio dagram, Bar model, fraction strig, or

largth resgsched
Terminating decimal. & decirmal is called terminating If 13 repspating digst is 0.

Third guartile, For & data sel with median M, the thied guartila is the median of
the date values greater than & Example: For the dabs set {2 2 6, §, 10,12, 14,
15, 22,1200, the third guartile is 15, 5ae also; madian, first quartile, intesgueartls
FAanH,

Transitivity principle for indirect measurarment, IF the length of object & s
greatar than the lkength of object B, and the kength of object B = greater than
the length of clhject ©. than the length of ooject A |5 greater than tha kength of
ghjact C. This principle apphes to measurement of other guantities s well,
Unifarm probability model, A probability model which assigns ecoal
probabibty to all autcomes. Sae alsor probability madel.

Vector & quantity with magnitude and direction s the plane or in space,
dafined by an arderad palr o treple of real numbears,

Wiswal traction moded, & tape diagram, number e diagram, oF area modal
Whale numbers. The numbers 01, 2 5,

"adapted from Wisconsn Departmant of Public struction, ao, of,
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Tanik 1. Common adaition and subtraction situations =

Take from

Put Together!

Take Apart®

Compara®

Result Unknown

T Baptrias sal oo Lhe grass, |
Thegg more Bunnjes hopped

there. How many bunnias are |
an Ehe grass now?

ZrFay

Change Lnknown

Twn bunnies were sitking

an bhe gress, Soane mare
bunnéas hoppad thera, Then
thera were live Durmisadg, Flow
many bunnies hopped over
ta Ehe First two?

ztT=a5

Start Unknown

Lome bunnies ware sitking
e the grass. Thiee more
Eminias hopged [hera, Thean
Ehvare weere five bunnios, How
rmany bunnies ware on the
grasy before?

eIz b

Five appied wore on thea
takde. | ate bwo apples. How
may apples are on the fakle
[10=

E=2z=7 |

| appies. How many apoles did

Five apples ware on tha
takda. | ate some apnles,
Thaary tharg woare Lhrss

| epg?
E-7=3

Some anples ware on thi
talde, | ata el apgias, Then
there were three spples. How
many aoplas were an the
tabla bafore?

P=d=k

Tatal Unknown

Thrge rad apoles and Do
green apples are an the
table. How many apales are
on the tabla?

T+R=P

| Five apples are an the teble

| are green?
| 3+ ¥=E 6E=3=7

Addend Unknown

Three ane rad and tha rast
are green, How many apples

Both Addends Unknown'

Grandma has five Nowars,
How many can she put in har
rivd wada and how many i
her bhise vasg?
S=0+55=5+0

S2l+4, 5xd+]

S5=3+ 3 5=8+7

Differance Unknown

CTHOWY MEny FMore version))
Lucy has two epples. Julie
has five apoles. How many
rrare applas does Julie hawa
than Lucy?

Mo rany Teser?® yersson
Lucy has two apnles Julis
has five apoles. How many
fewer apples does Lucy have
than Jihe?

2+FE5 5-2&7

Bigger Unknown

{ergion with “mara™

Julie has three mare apples
than Lucy, Lucy has Dwo
apphas, How many apples
does Julie hava?

Eersion with “fawer™)

Lucy has 3 fewer aoples than
Jdidig, Lucy has bwo apples, |
Heoww many apeles does Julie
have? I
2+T8F Ze2m?

Smaller Unknown

{Wiarcian wilh “rone™)

Julie has three mare apples
than Lucy. Juke nas five
epples. How many apobes
doas Lucy have?

{erwson with “fewer]:

Lucy has 3 fewer apples than
Jdulia, Julie has T aopdas,
How many apples does Lucy
Figee T

5-Zs7 Fe3Fseh

These tale: apart siteations can be wsed to show all the decompozitions of & green nemicer. The pssoomted equations, which

lave the Lotal or the left of the equal sign belg children understand that the = sgn does Bt blways retpn maked ar resalls in

Bus abwpys dioes med iy [he darme rimber a8
Edbgr addend can B paknceen 20 [hgre arg three variations of these prabilam sitiesaticns Babh Addends Lnlnosssa is g groe
discties extension af this basic situation, essscially far small rambers lass than or equal 1o 10,

For the Bigger Unkmgwn or Smaller Uaknowen sibuations, cne eerdsn dmails the correcl aperalsen (The war@an using mara
far tha Bggper unknaown and weing less for the emaliar wnknown), The other varsions are moee difficult.

tadapted from Box 2-4 of Natonal Ressarch Council (2005, oo, cit., pp. 32, 35,
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Taowz 2. Common multiplcation and dvislon situations.”

Equal
Graups

Gemneral

Unknown Product

Izb=7

Thera are 5 lags with & plums
Inegch bag, How mary plums
are thers in all?

Measremant axsmog, You
read 2 lereggths of string, asch
B inchas long, How much strirg
will wou need sitogether?

e LUinkmosn

[ i)

= 18, and I8 + 3= 7
It 1B pluris are shased squally
e I bads, then Fowe many
plums will ba i sach bag?
Magstranianl evamoie Yoy
have 1B inches of string, which
o wll cut into I aqual piaces,
Moy bong willl each piece of
string be?

Thera are 3 rows of apoles
wilth G apples in each row. How
many apples ara thara

Arpa axariole Whal is the ares
of a 3 cm by & cm rectangle?

I 1B agples are arrangad into 3

equal rows, how many aonles
will b In pach row?

Arag sxarmols, & rectangle has
area 18 sauare centimetess. If
one side is Jem lorng, how lang
B A sicha naut b it?

ML ARG Tor MaiTHEMA

Mumber of
e o

fxG=ig, and 1B+ 6=

IT1E plurme gra 1o be pachad &
ta & bag, then how many bags
arg naeded?

Mogturasrianl axampie You
hawe 18 inches of streng, which
worn willl eut into piecas [Fal are
& nches long, How many pRcas

B aopled are arremeped inlo
equad rows of G apples, how
sany rows will therg Da?

Area pxarmpie. A rectangle has
arga 18 souare cantimatess, IF
orie side is & om kg, by Tang
i5 A sicks maxt to 4?7

A bhee hat costs $25 A rad hat
20ats 3 tirrsed a3 rmuoch a3 The
blue hat How mach doas tha
vad hat cosy?

HMeasprement prampio. A
fubber Band |5 & om long, How
larg will the rubbar band be
whan if |5 strefched (o be 3
Limeas ax bong?

g e F

A rect hat costs 318 and that is
3 times b much as a bBlue hat
costs How much doss a bles
hat cost?

Moasuremend eramole, &
rubiner band s stratehed 1o be
18 cm long and that is 3 omes
as long as it was at firal, How
long was the rubber band at
I

anFEpandpean?

A qgd hak costs $13 and a blue
het costs &6, How marmy times
as much does the red hat cost
g the blue ha?

Measurement prarnois. A
Py band was 6 2 lormg al
first, Mowe it is strefchad to e
1B o by, How' marry Times ag
long is the rubber band now as
it wag al firgt?

PubEp adpsfheF

“Tha language in the array examples shows the eassast Tarm of array probéame & hasder Torm 66 [0 use [he [arms roes and
calumins: The applas inthe grecary windas are in 3 raws and B oolumng, How many acedas are in thara? Sath foems arg

wvalusile

“hren irmedslees arepys ol squares that have been pushed together =o that there are no Gops o overlaps. =0 array problems
ncliafo Thess aspacialy imporfon] measurarmesl siludlaone

"Tha first examples in each call are examplas of discrate things, Thesa are easier for students and should s green
befora thea measurement exampbes,
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Tamiz 3. The properties of operatons. Hera a, b and © stand for arbetrary numioers in a given rember systam. T
properties of Gpevaticns apply Lo the rational numbser syslerm, the real number system, snd the complex numbsaer
systRm,

Associative property of aodibion
Covnmuslative orogerty of adoitaon
Acelilave idendity properiy of O
Exisrancd of aadifivg siparaag
Assochative praperty of muitiolcabion
Camrnilalive progenty of muiiiodcabo
Mfipestne idenfity property of |
Exiilaniod af rmuhplicatnee verses

Déstrbubve property of moitolication avar acaibos

f@tai+e=a+{b+c)
a+h=LH+a

a+d=0+m=a

For gvary a therg exisls -pso thata + [-ake (-al+ a= 0o

(@xb}ec=aeibhac)
AEO=Das

axl=lda=a

Far every a = O there exists /e so that 8 = 1_."d' =lgwa=1

guibreysawbh v gue

Taere 4. The progerties of equality. Here &, b and ¢ stand for acbitrary nembisrs in the rational, raal, or comples nurmbsar

systems,

Raflesive oroparty of egualiy
Simedns progarty of agusliny
Tranzifive oroperty oF agusiily
Addition proparty of aouamiy
Subiraction property of eguaily
Mathphcation property of eguaily
FUwEmn pronerty of sguainy
Sphsitution property af egualiiy

a=a
IF& = f, then b= a
Waspandb=c hena s
ta=hthena+c=b+c
fa=b& thena-c=b-c
fTa=lthenawcebuno
FTagahand cxDLtheng+ &= b+ g,
if @ = b, than b may b substibuted for a

I any expresLen I:\'_""'.Iil'lil'lg a.

Tapiz 5. The properties of meguality. Here a, & and ¢ stand for arbitrary nombers m the rational or real nember

syslems

Exmctly o of the foflowing S rue g<b, a= b a = b
IFa>band b>cthens»C
IFa>bh than b < 2

If & > b, than -a < -k

IFexb thanatec>btc

Fa=bandor0, hanasc> b

Farbandc<0 thenaxc<sbag
MaxBandexthepng+ o= DHeg

fa*bandc<= . thena+c< b+
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