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PREFACE

The2010Alabama Course of Studyathematicgprovides the framework for tHeradeK-12

mat hematics program in Al abamads public school s.
required Code of Alabamal 975,816-35-4). They are fundamental and spegifiat not exhaustive. In
developing local curriculum, school systemsyrireclude additional content standards to reflect local
philosophies and add implementation guidelines, resources, and activities; which, by design, are not
contained in this document.

The 2010Alabama Mathematics Common Core State Standeadk Force mde extensive use of the
2010Common Core State Standards for Mathematarsument In additionthe Task Force reviewed

the 2009Alabama Course of Study: Mathematfiosadditional content not specified by tGemmon

Core State Standardssed eaclme mber 6 s academi ¢ anahddisgupsedissiesnit i al k
among themselves and with colleagues. Findlhgk Forcenembers compdd what they believe to be

the best possi bl e mat he mBtstuderdass. curri cul um for Al ab
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ALABAMBOURSE OF STMBYHEMATICS
GENERAL INTRODUCTION

The 2010Alabama Course of Study: Mathematiedines the knowledge and skills students shckidw

and be able to do upon graduation frioigh schoal Mastery of the standards enables students to succeed
in entrylevel, creditbearing academic college courses and in workforce training programs. High school
courses addressed in this document includ€tdramon Core State Standards for Mathematgcsel as
additional mathematics content. Thdditional content is noted in the high school mathematics courses
by a map symbol of the state of Alabalﬂ';\ (), which follows the content standards. All standards
contained in this document are:

o Aligned with ollege and work expectations;

e Written inaclear, understandablend consisterformat

e Designed to includggorous content and application of knowledge through-bigler skills;
e Formulated upostrengths and lessons of current state standards;

¢ Informedby high-performingmathematics curricula in other countrieehsureall students are
prepared to succeed in our global economy and society; and

e Grounded on soungvidencebasedesearch

What students can learn at any particular grade level dependgrigolearning Ideally, each standard

in this document might have been phrased in the
t o | e dowever, as research indicattss approach is unrealistiecausell students do not learn

in exactly the same way or at exactly the same time in their developmeate @acements for specific

topics have been made on the basis of state and international comparisonghantbllective

experience and professional judgment of educators, oksrarand mathematicians. Learning

opportunities will continue to vary across schools and school systems, and educators should make every
effort to meet the needs of individual students based on their current understanding.

Mastery of the standards enables students to build a solid foundation of knowledge, skills, and
understanding in mathematics. To ensure student success, effective implementati@0bdfiabama
Course of StudyMathematicgequires local education agcies to utilize the minimum required content
of this document to develop local curriculum guides.

2010Alabama Course of Study: Mathematics 1
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AL ABAMANAAHBMATICS CURRICULUM
CONCEPTUAL FRAMEWORK

The goal o f1 2A Imaabt ahnearmdast ikc s curricul um, faBhes | di ng Ma
across the topf the graphic on thpreviouspage. Student achievement of this goal enhances future

opportunities and options for the workplace and for everyday life by enabling all students to be college

and career readyMathematics content ctained in this document is both rigorous and aligned

throughout the grades, thus providing students with the necessary steps to acquire the knowledge and

skills for developing a strong foundation in mathematics.

The organization of this course of studyp&sed upon the eigBtandards for Mathematical Practice

adopted from the Common Core State Stand@@SS)and the siPrinciples for School Mathematics
foundintheNat i onal Counci | o f NCTMadodumantPrindples dicStamdantsa t i ¢ s 0
for School Mathematics (PSSMJyhe eightCCSSs t a n d a r denseMfgoblems angersevere in

solving them, Reasonbatractly andjuantitatively, Constructiable arguments andritique thereasoning

of others, Model withmathematics, Usappropriatetools strategically, Attend to precision, Loo&rfand

makeuse ofstructure, and Look for anelxpresse&gularity inrepeatede a s o n i depicted orethe

graphic as théoundational blocks of themathematicprogramleading to goal achievementhese

standards describe varietieseafertise that mathematics educators at all levels should seek to develop in

their students. The SNCTMpr i nci pl es ' Equi ty, CurAsdessmentyamd Teachi
Technology buil d up gihedetord lelvedai blodkd ey reflect basicaenetsi n
fundamental to the design of a quality mathematics program that allows all students the opportunity to

reach their mathematical potenti&@ach of the six principles is further addressed in thetiBosi

Statements section found on pagées 4

The blocks continue to build upon one another and on the third and fourth levels appe8rbenains

of Study, which include content describing what students should know and be able to do for each grade
or caurse. TheK-8 domains ostrang around which groupd related standardse organized are

Counting and Cardinality, Operations and Algebraic Thinking, Number and Operations in Base Ten,
Measurement and Data, Geometry, Number and Operations: FraRiios, and Proportional

Rdationships The Number System, Expressions and Equations, Statistics and Probability, and Functions.
The fifth layer of blocks addresses B2 Conceptual Categories The9-12 conceptual dagoriesor

strands, also providing organization for groups of related standard$yienteer and Quantity, Algebra,
Functions, Modeling, Geometry, and Statistics and Probability.

Thehigh schoobraduatestanding on the highest blodBpllege and Career Readines represents
achievement of the goal of developing a strong foundation in mathematicsud&lhts who successfully
compl et e AlR mdihematicd grogitéare weltequipped for postsecondary mathematics
courses as well as prepared for future caraad life situations involving mathematics.

2010Alabama Course of Study: Mathematics 3



POSITION STATEMENTS

Equity

All Alabama students, with no exception, must have the opportunity to learn relevant and challenging
mathematics.In planning for instructionteachers must set high expectatifmmsstudentsand be mindful

of theindividual needs, interests, and abilities of all studaattheystructure their classrooms, plan
lessonsdesign learning activitiegnd provide reasonable accommodations with the goal of meeting the
needs okvery sudent To this end, content contained within this docunedesignedo support
differentiated instruction that enables and motivamnumstudentachievemenin the learning of
meaningful mathematics.

Curriculum

The2010Alabama Carse of Sudy: Mathematicss intended to serve aframeworkfor the

developmenbf the mathematics curriculum local school systemdn addition, teacheralsoshould
incorporate into the mathematics curriculum the Literacy Standards found in Apgeoidilis

doc ument . These standards are designed to suppl em
by helping them meet the challenges of reading, writing, speaking, listening, and language in the field of
mathematics. Altontent contained irhts documentis coheret, rigorouswell-articulated across the
gradesandfocuses omnabling students tmake connections between important mathematical ideas.

is essential for@ucatordo selectanddevelop resources thahsurestudentsare capable of nking these
connections siwell asrecogniing and appling mathematics concepts in contexts outside the area of
mathematics.The mathematics curriculum also must provide students with opportunities to participate in
mathematical investigations that lead frenmowledge offacts and skills tacquisition ofconceptual
understanding and problesolving techniquethatenable hemto understand how mathematical ideas
interconnect and build on one another to produce a eothahole.

Teaching

The gquality and effectiveness of mathematics education in Alabama is influenced by choices made by
local school systems and teachers. Effective mathematics teachers develop and maintain their
mathematical and pedagogical knowledgglaborate with colleagues, and seek higlality professional
development opportunities. Effective mathematics teacheith@sequired content found this
documento plan lessons that engage all students in learning. In elementary gféetive
mathematics teachers recognizeithportarce of students evelopng an earlyinterest in and enjoyment
of mathematics. In the middle grades and high scleffective mathematidgachers plan relevant
classroom activitiesuch as mwjects and problersolving situationghatrequire active participation by all
students and help themakeimportantconnections between mathematics dweif personalives. In
addition, €fective mathematicseachersonsistentlyreflect on lessogontent, lesson activitse and
lesson assessments to make necessary adjustments for enhancing student mastery of content.

2010Alabama Course of Study: Mathematics 4



Learning

Students learn mathematics best when they understand what they are learning. To build upon prior
knowledge and experiences, they musattévely engaged in the learning process with meaningful,

worthwhile tasks. This engagement affords students opportunities to become confident in their learning

and to develop a genuine interest in pursuing ways to solve increasingly difficult prohleansing

mathematics through the use of multiple representations, including algebraic, numerical, graphical, and
ver bal met hods, increases studentsodo abilities to
communicators of mathematics.

Assessment

Assessment provides teachers and students with information to guide and improve instruction and

learning. Effective assessment is planned concurrently with instructional ealshers must plan to

use formative assessments during the instructionabpsoand summative assessments at the conclusion

of a unit of instruction. Formative assessment is considered a hallmark of effective mathematics

instruction and involves the ongoing monitoring of student learning to inform instruction. Information
gainedfrom formative assessment is useful to teachers in providing differentiated instruction and to

students in the provision of frequent feedback. Varied types of formative assessment should be an
integr al component of i nshematicstlassrovas. Assassnent includes, i n A
but is not limited to, opeended problems, constructessponse tasks, selectexbponse tasks,

performance assessments, observations, discussions, journals, and portfolios.

Technology

Technology is an essert@mponent in the teaching and learning of mathematics. Teachers must take
advantage of opportunities to heighten student understanding by planning lessons using available
technology and making sound instructional decisions about meaningful projetésksdh which

learning is enhanced through the appropriate use of technology. Technology, when used effectively,
increases students6é understanding of fundament al
appreciation of mathematics, and inspires thepursue the study of mathematics for a lifetime.

2010Alabama Course of Study: Mathematics 5



STANDARDS FOR MATHEMATICAL PRACTICE

The Standards for Mathematical Practice describe varieties of expertise that mathematics educators at all
levels should seek to develop in their students. These praamtebasedon mpor t ant @A pr ocess:e
pr of i cthat medongssanding importare in mathematics education. The first of these are the

Nati onal Counci | o f NTTMamobess sandards of [dralilem solwiag, reasmifg  (

and proof, communication, representation, and connections. The second are the strands of cahthemati
proficiency specified in tAddingNbpg HetpingaChildrBreLeaenar c h Co
Mathematics These proficiencies includalaptivereasoning, strategic competence, conceptual

understanding (comprehension of mathematical conagpésationsand relations), procedural fluency

(skill in carrying out procedures flexibly, accurately, efficienigd appropriately), and productive

disposition (habitual inclination to see mathematics as sensible, useful, and worthwhile, coupled with a
belief in dil i gencEheeghtbtandards fosMathematicad Prdctice amedisted .

below along with a description of behaviors and performances of mathematically proficient students.

Mathematically proficient students

1. Make senseof problems and persevere in solving them.

These studentstart by explaining to themselves the meaning of a problem and looking for entry points to
its solution. They analyze givens, constraints, relationships, and Jdedg.make conjectures about the

form and meaning of the solution and plan a solution pathway rather than simply jumping into a solution
attempt. Thee studentsonsider analogous problems and try special cases and simpler forms of the
original problem in order to gain insight into #islution. They monitor and evaluate their progress and
change course if necessary. Older students might, depending on the context of the problem, transform
algebraic expressions or change the viewing window on their graphing calculalidaittthe

information they need. Mathematically proficient students can explain correspondences between
equations, verbal descriptions, tables, and graphs or draw diagrams of important features and
relationships, graph data, and search for regularity or trends. Mustngents might rely on using

concrete objects or pictures to help conceptualize and solve a problem. Mathematically proficient
students check their answers to problems using a different method, and they continually ask themselves,
fiDoes t hi sO malkhee ys ecnasne 2under st and etcommex prgblpmsaradc hes o f
identify correspondences between different approaches.

2. Reason abstractly and quantitatively.

Mathematically proficient studentsake sense of quantities and their relatigpsim problem situations.

They bring two complementary abilities to bear on problems involving quantitative relation€hipds

the ability todecontextualizeo abstract a given situation and represent it symbolically and manipulate

the representingymbols as if they have a life of their own, without necessarily attending to their

referents Thesecond is thability to contextualizeto pause as needed during the manipulation process

in order to probe into the referents for the symbols involvedcan@tative reasoning entails habits of

creating a coherent representation of the problem at hand; considering the units involved; attending to the
meaning of quantities, not just how to compute them; and knowing and flexibly using different properties
of operations and objects.

2010Alabama Course of Study: Mathematics 6



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

These studentsnderstand and use stated assumptions, definitions, and previously established results in
constructing arguments. They make conjectures and blatical progression of statements to explore

the truth of their conjectures. They are able to analyze situations by breaking them into cases, and can
recognize and use counterexamples. s€hsudentpustify their conclusions, communicate them to
others,and respond to the arguments of others. They reason inductively about data, making plausible
arguments that take into account the context from which the data arose. Mathematically proficient
students are also able to compare the effectiveness of tugilpgaargumentslistinguish correct logic

or reasoning from that which is flaweahd if there is a flaw in an argumemxplainwhat it is.

Elementary students can construct arguments using concrete referents such as objects, drawings,
diagrams, andaions. Such arguments can make sense and be correct, even though they are not
generalized or made formal uritile middle or uppegrades. Later, students learn to determine domains
to which an argument applies. Students at all grades cantbsteread the arguments of others, decide
whether they make sense, and ask useful questions to clarify or improve the arguments.

4. Model with mathematics.

These studentsan apply the mathematics they know to solve problems arising in everyday life, society,
and the workplace. In early grades, this might be as simple as writing an addition equation to describe a
situation. In middle grades, studentight apply proportional reasoning to plan a school event or analyze

a problem in tB community. By high sclod, studens might use geometry to solve a design problem or

use a function to describe how one quantity of interest depends on ardgtbematically proficient

students who can apply what they know are comfortable making assumptions and approximations
simplify a complicated situation, realizing that these may need revision later. They are able to identify
important quantities in a practical situation and map their relationships using such tools as diagrams, two
way tables, graphs, flowcharend formulasandcan analyze those relationships mathematically to draw
conclusions. They routinely interpret their mathematical results in the context of the situation and reflect
on whether the results make sense, possibly improving the model ifnibhasrved its purpose.

5. Use appropriate tools strategically.

Mathematically proficient student®nsider available tools when solving a mathematical problem. These
tools might include pencil and paper, concrete models, a ruler, a protractor, atogleuspreadsheet, a
computer algebra system, a statistical package, or dynamic geometry software. Proficient students are
sufficiently familiar with tools appropriate for their grade or course to make sound decisions about when
each of these tools mighe helpful, recognizing both the insight to be gained and their limitations. For
example, mathematically proficient high school students analyze graphs of functions and solutions
generated using a graphing calculator. They detect possible erroratbygistily using estimation and

other mathematical knowledge. When making mathematical models, they know that technology can
enable them to visualize the results of varying assumptions, explore consequences, and compare
predictions with data. Mathematilyeproficient students at various grade levels are able to identify
relevant external mathematical resources, such as digital content locatédetisite, and use tiseto

pose or solve problems. They are able to use technological tools to exploexped their

understanding of concepts.
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6. Attend to precision.

These studentsy to communicate precisely to others. They try to use clear definitions in discussion with
others and in their own reasoning. They state the meaning of the symbolsabsg, éhcluding using

the equal sign consistently and appropriatéfiathematically proficienstudentsare careful about

specifying units of measure and labeling axes to clarify the correspondence with quantities in a problem.
They calculate accurateand efficiently,andexpress numerical answers with a degree of precision
appropriate for the problem contexh the elementary grades, students give carefully formulated
explanations to each other. By the time they reach high school they have learachine claims and

make explicit use of definitions.

7. Look for and make use of structure.

Mathematically proficient studenksok closely to discern a pattern or structure. Young students, for
example, might notice that three and seven more is the aemount as seven and three more, or they may
sort a collection of shapes according to how many sides the shapes have. Later,stlideatZ x 8

equals the weltemembered 7 x 5 + 7 x 3, in preparation for learning about the distributive property.

the expressior® + 9x + 14, older students can see the 14 as 2 x 7 and the 9 as 2 + 7. They recognize the
significance of an existing line in a geometric figure and can use the strategy of drawing an auxiliary line
for solving problems.These studestlsocan pause and reflefr an overview and shift perspective.

They carpbserve the complexities of mathematggch as some algebraic expressions as single objects

or as being composed of several objects. For example, they cain 86€i5)? as 5 minus a positive

number times a square and use that to realize that its value cannot be more than 5 for any reat numbers
andy.

8. Look for and express regularity in repeated reasoning.

Theynotice if calculations are repeated, and look both éoregal methods and for shortcuts. Upper
elementary students might notice when dividing 25 by 11 that they are repeating the same calculations
over and over again and conclude they have a repeating decimal. By paying attention to the calculation of
slopeas they repeatedly check whether points are on the line through (1, 2) with slope 3, middle school
students might abstract the equatipit )/(xT7 1) = 3. Noticing the regularity in the way terms cancel

when expandingx(i 1)(x + 1), ki 1)0¢+ x+ 1), and ki 1)(C +x* + x + 1) might lead them to the

general formula for the sunf a geometric series. As studewtsrk to solve a problem, mathematically
proficient students maintain oversight of the processle attending to the details andntinudly

evaluate the reasonableness of their intermediate results.

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

TheeightStandards for Mathematical Practice desdifaethe previous pages indicatays in which
developing student practitioners of the discipline of mathematics increasingtgngage with the

subject matter as they grow in mathematical maturity and expertise throughout the elementary, middle
and high school yeardt is importantthatcurriculum, assessmepand proéssional development

designers be aware of theed to connect the mathematical practicehéomnatrematical content

standards
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The Common Core State Standards for Mathematitso referred to as ti&tandards foMathematical

Content are a balanced combination of procedure and understanding. Expectations that begin with the
word Aunder st an dgoodapperturitiesttoeconneetsnptieematpealticeg to
mathematicatontent. Students who lack unsi&nding of a topic may rely on procedures too heavily.
Without a flexible base from which to work, they may be less likely to consider analogous problems,
represent problems coherently, justify conclusions, apply the mathematics to practical situsgions,
technology mindfully to work with the mathematics, explain the mathematics accurately to other students,
pausefor an overview, or deviate from a known procedure to find a shorfduts a lack of

understanding effectively prevents a student from engaging in the mathematical practices.

In this respect, those content standards which se
intersectiono bet whematicaRrdtteeantd tha Stashdardsdfar Mdthematiclsla t

Content. These points of intersection are intended to be weighted toward central and generative concepts

in the school mathematics curriculum that most merindmessaryime, resources, innovativeergies,

and focus to qualitatively improve the curriculum, instruction, assessment, professional development, and
student achievement in mathematics.

2010Alabama Course of Study: Mathematics 9



DIRECTIONS FOR INTERPRETINIMUNEREQUIRED CONTENT

The illustrations below and on the next page intended to serve as guides for interpreting the Grades
K-12 minimum required content that all students should learn and be able to do in order to bearallege
careerready. Grades 48 content standards are grouped according to domain and €lughde Grades
9-12 standards are grouped by conceptual categories, domains, and clusters.

Domainsare large groups of related clusters and content standards. Sometimes standards from different

domai

Ten.

ns may be closely related. I n t

0

he i

|l ustrat

Clusters are groups of related content standar®ue to the fact that mathematics is a connected subject,
standards from different clusters may sometimes be closely related. In the example below, the cluster is
fiGeneralize pl ace vadiugei tu nwdheorlset annudnibnegr sf.oor

mul t i

Content Standardsare written beneatbach cluster as shown in tfidlowing illustrations Standards

define what students should understand (know) and be able to do at the conclusion of a course or grade.
Content standards in this document contain minimum required ¢orftka order in which standards are

listed within a course or grade is not intended to convey a sequence for instruction. Each content standard
compl et es Studerdsswil dr as e

Standards do not dictate curriculum or teaching methods. For examel®pic may appear before a

second in the standards for a given grade, but this does not necessarily mean that the first must be taught
before the second. A teacher might prefer to teach the second topic before the first topic, or might choose
to highlight connections by teaching both topics at the same time. In addition, a teacher might prefer to
teach a topic of his or her own choosing that leads, agpadalyict, to students reaching the standards for

both topics.

Content Standard Identifiers are bund in the brackets following each content standard. In the

illustration below for Grade 4, this information identifies the student grade level, the national mathematics

Common Core State Standard (CCSS) domain, and the CCSS number. For exampectmaeint

standard in the example is followed by content standard identifidB[HL] to indicate the student grade
level as fourth (4), the CCSS domain as Number and Operations in Base Ten (NBT), and the CCSS
number as one (1).

GRADE 4

Students will:

Quster.

Content
Sandard

<Z@ber and Operations in Base Ten >‘

/

Generalize place vatueunderstanding-formuttdigit whole
numbers.

/
/

6. Recognize that in a mutligit whole number, a digit in one place
represents ten times what i i prace to its right,
[4-NBT1]

~

\

7. Read and write mukdligit whole numbers using ba
number nares, and expanded form. Compa
numbers based on meaning of the digitsin each place usigg >, -
and < symbols to record the res of comparisphsBT-2]

8. Use place value unders}gudﬂ(g to round rdifiit whole numbers

to any place. [NBT3]

2010Alabama Course of Study: Mathematics
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For high school courses, as in the illustration below, the bracketed information identifies the conceptual
category by which the standard is grouped, the CCSS domain, and the CCSS number. Conceptual
categoies are described in the high school mathematicgseat this document on page$-80. In the
illustration below for Algebra Il With Trigonometry, the second content standard is followed by content
standard identifier [H'F2] to indicate the CCSS conceptual category as Functions (F), the domain as
Trigonometric Functions (TF), and the C&8umber as two (2). Required content added from the 2009
Alabama Course of Study: Mathemaiiksoted at the end of a standard by a state of Alabama symbol
(D), as shown in the third content standard of the example.

ALGEBRA Il WITH TRIGONOMETRY

Students will:

Gonceptual i
Categfry — > FUNCTIONS pomain
+Trigonometric Functions e
Auster /| Extend the domain of trigonometric functions using the unit circe. Gontent

\ , 32. Understand radian measure of an angle as the length of the ar Sandard
/] the unit circle subtended by the anglé-TF1] «— Identifiers
Content Ly 33. Explain_ how the unit cirqle in the coordinate pl ) e
Sandard extens_lomf trigonometricfunctions t  interpretg
as radian measures of a erclockwise aroul
\ unit circle. [F-TF2
134, Define the six trigonometric f fons using rataghe sides of
a right triangle, COM:;W[ circle, and the reciprocal ¢
\____ other functions[}

2010Alabama Course of Study: Mathematics 11



GRADEQVERVIEW

Grade K content is organized into five domains of focused study as outlined below in the column to the
left. The Grade K domains listed in bold print on the shaded bars are Counting and Cardinality,
Operations and Algebraic Thinking, Number and OperafiolBase Ten, Measurement and Data, and
Geometry. Immediately following the domain and enclosed in brackets is an abbreviation denoting the
domain. Identified below each domain are the clusters that serve to group related content standards. All
Grade Kcontent standards, grouped by domain and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroomdtish of the content standards.

Content Standard Domains and Clusters

Counting and Cardinality [CC]
A Know number names and the count
sequence.
A Count to tell the number of objects.
A Compare numbers.

Operations and Algebraic Thinking [OA]
A Understand addition as putting together an
adding to, and understand subtraction as
taking apart and taking from.

Number and Operations inBase TenNBT]
A Work with numbers 1i119 to gain
foundations for place value.

Measurement and DatgMD]
A Describe and compare measurable attribut
A Classify objects and count the number of
objects in categories.

Geometry [G]
A Identify and describshapes.
A Analyze, compare, create, and compose
shapes.

Standards for Mathematical Practice

1. Make sensef problems and persever
in solving them.

2. Reason abstractly and quantitatively.

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

4. Model with mathematics.

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

7. Look for and make usef structure.

8. Look for and express regularity in
repeated reasoning.
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GRADE K

In kindergarten, instructional time should focus on two critical ar@&ese areas aft) representing,
relating, and operating on whole numbers, initially with sets of objanti2) describing shapes and
space. More learning time kindergarten should Hecused omumberratherthan other topics.
Important information regarding theswo critical areas of instruction follows:

(1)

)

Students use numbers, including written numerals, to represent quantities and to solve quantitative
problems such as counting objects in a set; counting out a given number of objects; comparing sets
or numerss; and modeling simple joining and separating situations with sets of objects, or
eventually with equations such as 5 + 2 =7 ahn®% 5. (Kindergarten students should see

addition and subtraction equations, atitiough not requiredgtudent writingof equations in

kindergarten is encouraged.) Students choose, combine, and apply effective strategies for
answering quantitative questions, including quickly recognizing the cardinalities of small sets of
objects, counting and producing sets of givenssizeunting the number of objects in combined

sets, or counting the number of objects that remain in a set after some are taken away.

Students describe their physical world udiogh vocabulary andeometric ideggncluding

shape, orientatio@ndspdial relations. They identify, name, and describe basiedinensional

shapes such as squares, trianglesles, rectangles, and hexaggmeented in a variety of ways

including usingdifferent sizes and orientatianStudents also identithreedimensional shapes

such as cubes, cones, cylinders, and spheres. They use basic shapes and spatial reasoning to model
objects in their environment and to construct more complex shapes.

Students will:

Counting and Cardinality

Know number names and thecount sequence.

1.

2.

Count to 100 by ones and by teji&k-CC1]

Count forward beginning from a given number within the known sequence (instead of having to
begin at 1) [K-CC2]

Write numbers from 0 to 20. Represent a number of objects with a writteeral 620 (with O
representing a count of no objertgK-CC3]

Count to tell the number of objects.

4.

Understand the relationship between numbers and quantities; connect counting to cardinality.
[K-CC4]
a. When counting objects, say the number naméisarstandard order, pairing each object
with one and only one number name and each nhumber name with one and only one object.
[K-CC4a]
b. Understand that the last number name said tells the number of objects counted. The
number of objects is the samegardless of their arrangement or the order in which they
were counted[K-CC4b]
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K

¢. Understand that each successive number name refers to a quantity that is one larger.
[K-CC4c]

5. Count to answer fAhow many?0 que dntailieeas about as
rectangular array, or a circle, or as many as 10 things in a scattered configuration; given a humber
from 1-20, count out that many objectik-CC5]

Compare numbers.
6. Identify whether the number of objects in one group is greater thamh#&sor equal to the
number of objects in another group, e.g., by using matching and counting strategiese (Includ
groups with up to ten objec)s|K-CC6]

7. Compare two numbers between 1 and 10 presented as written nurfier@iS7]

Operations and Aldeaic Thinking

Understand addition as putting together and adding tpand understand subtraction as taking apart
and taking from.

8. Represent addition and subtraction with objects, fingers, mental images, draweunyds (e.g.,
claps), actingut situations, verbal explanations, expressions, or equatibnawings need not
show details, but should show the mathematics in the problem. This applies wherever drawings
are mentioned in the StandajdfK-OA1]

9. Solve addition and subtraction wagutbblemsand add and subtract within 10, e.g., by using
objects or drawings to represent the probl¢KrOA2]

10. Decompose numbers less than or equal to 10 into pairs in more than one way, e.g., by using
objects or drawings, and record each decompositiandrawing o equation (e.g., 5=2 + 3 and
5=4+1. [K-OA3]

11. For any number from 1 to 9, find the number that makes 10 when added to the given number, e.g.,
by using objects or drawings, and record the answer with a drawing or equUEHQRA4]

12. Fluently add and subtract within §K-OA5]

Number and Operations in Base Ten

Work with numbers 111 19 to gain foundations for place value.

13. Compose and decompose numbers from 11 to 19 into ten ones and some further ones, e.g., by
using objects or drawingand record each composition or decomposition by a drawing or

equation (e.g., 18 = 108); understand that these numbers are composed of ten ones and one, two,
three, four, five, six, seven, eight, or nine ong&-NBT1]
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Measurement and Data
Describeand compare measurable attributes.

14. Describe measurable attributes of objects such as length or weight. Describe several measurable
attributes of a single objecfK-MD1]

15. Directly compare two objectsiith a measurable attribute in common, to see which object has
Amor eridfess of 0 the attri bulK-®D2l and describe the
Example: Directly compare the heights of two childrend describe one child as taller or
shorter
Classify objectsand count the number of objects in each category.

16. Classify objects into gign categories; count the numloéiobjects in each categgomgnd sort the
categories by count. (Limit category counts to be less than or equal iKiBlp3]

Geometry

Identify and describe shapes (squares, circles, triangles, rectangles, hexagons, culmees,
cylinders, and spherek

17. Describe objects in the @inonment using names of shapasd describe the relative positions of
these objects using terms suctabeve below besidein front of behind andnext to [K-G1]

18. Correctly name shapes regardless of their orientations or overal[Kixe2]

19. Identify shapesastwdi mensi onal (l'yi ng-diimMmea sploanmad , (fifslodti o
[K-G3]

Analyze, canpare, create, and compose shapes.
20. Analyze and compare twand threedimensional shapes, in different sizes and orientations, using
informal language to describe their similarities, differences, parts feugber of sides and

vertices ofi ¢ o r nama asher attributes (e,dhaving sides of equal lenytHK-G4]

21. Model shapes in the world by building shapes from components (e.g., sticks and clay balls) and
drawing shapes[K-G5]

22. Compose simple shapes to form larger shap€sG6]
Example: iCayou j oin these two triangles with full
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GRADEOVERVEW

Grade 1 content is organized into four domains of focused study as outlined below in the column to the
left. The Grade 1 domains listed in bold print on the shaded bars are Operations and Algebraic Thinking,
Number and Operations in Base Ten, MeasureamshiData, and Geometry. Immediately following the
domain and enclosed in brackets is an abbreviation denoting the domain. Identified below each domain
are the clusters that serve to group related content standards. All Grade 1 content standardeygrouped
domain and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the contdanidsta

Content Standard Domains and Clusters Standards for Mathematical Practice

Operations and Algebraic Thinking [OA]
A

Represent and solve problems involving 1. Make sense of problems and persev
addition and subtraction. in solving them.

A Understand and apply properties of
operations and theelationship between 2. Reason abstractly and quantitatively.

addition and subtraction.
A Add and subtract within 20.
A

Work with addition and subtraction £ (COEUEI el EUIMES Eie

critique the reasoning of others.

equations.
Number and Operations in Base TeriNBT] 4. Model with mathematics.
A Extend the counting sequence.
A Understand place value. 5. Use appropriate tools strategically.

A Use place value understanding and proper

of operations to add and subtract. 6. Attend to precision.

Measurement and DatgMD]

A Measure lengths indirectly and by iterating 7. Look for and make use of structure.
length units.
A Tell and write time. 8. Look for and express regularity in
A Represent anuterpret data. repeated reasoning.
Geometry [G]

A Reasorwith shapes and their attributes.
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GRADE 1

In Grade 1, instructional time should focus on four critical ar§d®se areas aft) developing
understanding of addition, subtraction, and strategies for addition and subtraction within 20;

(2) developing understanding of whole number relationships and place value, including grouping in tens
and ones; (3) developing understandingiredar measurement and measuring lengths as iterating length
units; and (4) reasoning about attributes of, and composing and decomposing geometric shapes.
Important information regarding these four critical areas of instruction follows:

(1) Students devep strategies for adding and subtracting whole numbers based on prior work with
small numbers. They use a variety of models, including discrete objects anddasgtmodels
such asubes connected to form lengthsmodel adedo, takefrom, puttogeter, takeapart, and
compare situations to develop meaning for the operations of addition and sulteaaditm
develop strategies to solve arithmetic problems with these operations. Students understand
connections between counting and addition and-actibnsuch asdding two is the same as
counting on two. They use properties of addition to add whole numbers and to create and use
increasingly sophisticated stegfies based on these propertiessudhesa ki ng tenso t o s
addition and subtractiorrgblems within 20. By comparing a variety of solution strategies,
studentduild their understanding of the relationship between addition and subtraction.

(2) Students develop, discuss, and use efficient, accurate, and generalizable methods to adiDwithin 1
and subtract multiples of 10. They compare whole numbehsast to 1000 develop
understanding of and solve problems involving their relative sizes. They think of whole numbers
between 10 and 100 in terms of tens and arssecially recognizinthe numbers 11 to 19 as
composed of a ten and some ones. Through activities that build number sense, they understand the
order of the counting numbers and their relative magnitudes.

(3) Students develop an understanding of the meaning and processeswtmeas, including
underlying concepts such as iteratitige mental activity of building up the length of an object
with equailsized unitsand the transitivity principle for indirect measureme®students should
apply the principle of transitivity of nasurement to make indirect comparisaithoughthey
need not use this technical term.

(4) Students compose and decarsg plane or solid figures, includipgting two triangles together
to make a quadrilaterand build understanding of pavhole relationships as well as the
properties of the original and composite shapes. As they combine shapes, they recognize them
from different perspectives and orientations, describe their geometric attributes, andngetermi
how they are alike and differetd develop the background for measurement and initial
understandings of properties such as congruence and symmetry.
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1St

Students will:

Operations and Algebraic Thinking
Represent and solve problemvolving addition and subtraction.

1. Use addition and subtraction within 20 to solve word problems involving situations of adding to,
taking from, putting together, taking apart, and comparing, with unknowns in all positions, e.g., by
using objects, drawigs, and equations with a symbol for the unknown number to represent the
problem (SeeAppendixA, Table 1) [1-OA1]

2.  Solve word problems that call for addition of three whole numbers whose sum is less than or equal
to 20, e.g., by using objects, drawingad equations with a symbol for the unknown number to
represent the problenjl-OA2]

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

3. Apply properties of operations as strategies to add and subi&tatlents need not use forima
terms for these properties.)-{A3]
Examples: If 8 + 3 = 11 is known, then 3 + 8 = 11 is also known
(Commutative property of addition)
To add 2 + 6 + 4, the second two numbers can be added to make a ten,
so02+6+4 =2 10 = 12(Associative property of addition)

4. Understand subtraction as an unkneaddend problem[1-OA4]
Example: Subtract 10 8 by finding the number that makes 10 when added to 8.

Add and subtract within 20.

5. Relate counting to addition asdbtraction (e.g., by counting on 2 to add PyOA5]

6. Add and subtract within 20, demonstrating fluency for addition and subtraction within 10.
Use strategies such as counting on; making ten (e.g.,8+6=8+2 + 4 =10 + 4 = 14);
decomposing a numb&rading to a ten (e.g., 134 = 137 31 1 =107 1 = 9); using the
relationship between addition and subtraction (e.g., knowing that 8 + 4 = 12, one knows
127 8 = 4); and creating equivalent but easier or known sums (e.g., addiidp¥ ereating the
known equivalent6 + 6 + 1 =12 + 1 = 13]1-OA6]

Work with addition and subtraction equations.

7. Understand the meaning of the equal sam determine if equations involving addition and
subtraction are true or falsg€l-OA7]
Example: Which of the félowing equatims are true and which are false:
6=6,7=815+2=2+54+1=5+2

8. Determine the unknown whole number in an addition or subtraction equation relating three whole
numbers.[1-OA8]
Example: Determine the unknown number timaakes the equation true in each of the
equations8 +?=11,5= 1 3,and6 +6 = .
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1St

Number and Operations in Base Ten
Extend the counting sequence.

9. Countto 120, starting at any number less than 120. In this range, read and write nhumerals and
represent a number of objects with a written numgiaNBT1]

Understand place value.

10. Understand that the two digits of a td@it number represent amounts of tens and ones.
Understand the following as special casdsNBT2]
a. 10 can be thought of asbundle oftenones a |l | e d [laN\BTRale n . O
b. The numbers from 11 to 19 are composed of a ten and one, two, three, four, five, six,
seven, eight, or nine onefl-NBT2b]
c. The numbers 10, 20, 30, 40, 50, 60, 70, 80, 90 refer to ongthin@e, four, fie, six, seven,
eight, or nine tens (and 0 one§}-NBT2c]
11. Compare two twaligit numbers based on meanings of the tens and ones digits, recording the
results of comparisons with the symbols >, =, anfil<NBT3]

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

12.  Add within 100, including adding a twdigit number and a ondigit number and adding a two
digit number and a multiple of 10, using concrete models or drawings and strategies based on
place value, propertiexf operations, and/or the relationship between addition and subtraction;
relate the strategy to a written methadd explain the reasoning used. Understand that in adding
two-digit numbers, one adds tens and tens, ones and ones; and sometimesss@ynere
compose a ten[1-NBT4]

13. Given a twedigit number, mentally find 10 more or 10 less than the number without having to
count; explain the reasoning usdd@-NBT5]

14.  Subtract multiples of 10 in the range-20 from multiples of 10 in the rand®-90 (positive or
zero differences), using concrete models or drawings and strategies based on place value,
properties of operations, and/or the relationship between addition and subtraction; relate the
strategy to a written methpdnd explain the reasing used.[1-NBT6]

Measurement and Data
Measure lengths indirectly and by iterating length units.

15.  Order three objects by length; compare the lengths of two objects indirectly by using a third
object. [1-MD1]

16. Express the length of an object as a whole number of length units by laying multiple copies of a
shorter object (the length unit) end to end; understand that the length measurement of an object is
the number of sarmrgize length units that span it with napg or overlapsLimit to contexts
where the object being measured is spanned by a whole number of length units with no gaps or
overlaps.[1-MDZ2]
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1St

Tell and write time.

17.

Tell and write time in hours and hdiburs using analog and digital cloc§&-MD3]

Represent and interpret data.

18. Organize, represent, and interpret data with up to three categories; ask and answer questions about
the total number of data points, how many in each category, and how many more or less are in one
category than in anothef1-MD4]

Geometry

Reason with shapes and their attributes.

19.

20.

21.

Distinguish between defining attributes (e.g., triangles are closed andithee® versus nen
defining attributes (e.g., color, orientation, overall size); build and draw shapes to pleds@sg
attributes.[1-G1]

Compose twalimensional shapes (rectangles, squares, trapezoids, trianglesrdiadf, and
guartercircles) or threalimensional shapes (cubes, right rectangular prisms, right circular cones,
and right circular cylinderdp create a composite shapad compose new shapes from the

composite shapgl St udents do not need to |l earn 0pr mal
[1-G2]

Partition circles and rectangles into two and four equal shdaesribe the shares ngithe words

halves fourths andquarters and use the phrasbalf of, fourth of andquarter of Describe the

whole as two of, or four of the shares. Understand for these examples that decomposing into more
equal shares creates smaller shajgs53]
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GRADE 2 OVERVIEW

Grade 2 content is organized into four domains of focused study as outlined below in the column to the
left. The Grade 2 domains listed in bold print on the shaded bars are Operations and Algebraic Thinking,
Number and Operations in Base Ten, MeasureamshiData, and Geometry. Immediately following the
domain and enclosed in brackets is an abbreviation denoting the domain. Identified below each domain
are the clusters that serve to group related content standards. All Grade 2 content standardeygrouped
domain and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domains and Clusters Standards for M athematical Practice

1. Make sense groblems and persever
in solving them.

Operations and Algebraic Thinking [OA]
A Represent and solve problems involving
addition and subtraction.
A Add and subtract within 20.
A Work with equal groups of objects to gain 2. Reason abstractly and quantitatively.
foundations for multiplication

3. Construct viable arguments and

Number and Operations in Base TefiNBT] critique the reasoning of others.

A Understand place value.
A Use place value understanding and proper

of operations to add and subtract 4. Model with mathematics.
Measurement and DatgMD] 5. Use appropriate tools strategically.

Measure anéstimate lengths in standard

units. 6. Attend to precision.

A Relate addition and subtraction to length.
A Work with time and money.

A Represent and interpret data 7. Look for and make use sfructure.

Geometry [G] 8. Look for and express regularity in
Reason with shapes and their attributes. repeated reasoning.
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GRADE 2

In Grade 2, instructional time shdudocus on four critical areas. These areaqgHrextending
understanding of bagen notation; (2) building fluency with addition and subtraction; (3) using standard
units of measure; and (4) describing and analyzing shapgsrtant information regandg these four
critical areas of instruction follows:

(1)

)

®3)

(4)

Students extend their understanding of the baseystem. This includes ideas of counting in
fives, tens, and multips of hundreds, tens, and oidesas wellas number relationships involving
theseunits, including comparing. Students understand rdigit numbersup to 100Qwritten in
baseten notation, recognizing that the digits in each place represent amountssairitis,
hundreds, tens, or onssch as8853 is 8 hundreds + 5 tens34ones.

Students use their understanding of addition to develop fluency with addition and subtraction
within 100. They solve problems within 1000 by applying their understanding of models for
addition and subtractionStudentslevelop, discuss, and use effidiesiccurate, and generalizable
methods to compute sums and differences of whole numbers itepasetation, using their
understanding of place value and the properties of operations. They select and accurately apply
methods that are appropriate for tumntext and the numbers involved to mentally calculate sums
and differences for numbers with only tens or only hundreds.

Students recognize the need for standard units of meastitgingcentimeter and ingland they

use rulers and other measurementdavith the understanding that linear measure involves an
iteration of units. They recognize that the smaller the unit, the more iterations they need to cover a
given length.

Students describe and analyze shapes byiakagrtheir sides and angles. Hhavestigate,

describe, and reason about decomposing and combining shapes to make other shapes. Through
building, drawing, and analyzing twand threedimensional shapes, students develop a

foundation for understanding area, volume, congruence, sitpiland symmetry in later grades.

Students will:

Operations and Algebraic Thinking

Represent and solve problems involving addition and subtraction.

1.

Use addition and subtraction within 100 to solve-@rel twoestep word problems involving
situationsof adding to, taking from, putting together, taking apart, and comparing with unknowns
in all positionse.g., by using drawings and equations with a symbol for the unknown number to
represent the problen{SeeAppendixA, Table 1) [2-OA1]

Add and subtract within 20.

2.

Fluently add and subtract within 20 using mental strategt®se standard 6, Gradefor a list of
mental strategies.) By end of Grade 2, know from memory all sums of twaigihaumbers.
[2-0A2]
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2nd

Work with equal groups of objects to gain foundations for multiplication.

3.

Determine whether a group of objects (up to 20) has an odd or even number of members, e.g., by
pairing objects or counting them by 2s; write an equation to express an even number as a sum of
two equal addais. [2-OA3]

Use addition to find the total number of objects arranged in rectangular arrays with up to 5 rows
and up to 5 columns; write an equation to express the total as a sum of equal afiexds.

Number and Operations in Base Ten

Understand place value.

5.

Understand that the three digits of a thdégit number represent amounts of hundreds, tens, and
ones; e.g., 706 equals 7 hundreds, 0 tens, and 6 ones. Undtrstiolidwing as special cases
[2-NBT1]
a. 100 can be thought of asbundle oftentens al | ed a [2ANBTda]j]dr ed. O
b. The numbers 100, 200, 300, 400, 500, 600, 700, 800, 900 refer to one, two, three, four,
five, six, seven, eight, or nine hundreds (and O tens and O 4adSBT1b]

Count within 1000; skigount by5s, 10s, and 100§2-NBT2]

Read and write numbers to 1000 using Hasenumerals, number names, and expanded form.
[2-NBT3]

Compare two thredigit numbers based on meanings of the hundreds, tens, and ones digits using
>, =, and < symbols to rembthe results of comparisonf2-NBT4]

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

9.

10.

11.

12.

13.

Fluently add and subtract within 100 using strategies based on place value, properties of
operations, and/or the relationship betwaddition and subtractiof2-NBT5]

Add up to four twedigit numbers using strategies based on place value and properties of
operations.[2-NBT6]

Add and subtract within 1000 using concrete models or drawings and strategies based on place
value,properties of operations, and/or the relationship between addition and subtraction; relate
the strategy to a written method. Understand that in adding or subtractingitiitemimbers,

one adds or subtracts hundreds and hundreds, tens and tens, anmessaadd sometimes it is
necessary to compose or decompose tens or hundNgT7]

Mentally add 10 or 100 to a given number 10800, and mentally subtract 10 or 100 from a
given number 100 900. [2-NBT8]

Explain why addition and subtractionattgies work, using place value and the properties of
operations (Explanations may be supported by drawings or objef#sNBT9]
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Measurement and Data
Measure and estimate lengths in standard units.

14. Measure the length of an object by selectingasidg appropriate tools such as rulers,
yardsticks, meter sticks, and measuring tap2sviD1]

15. Measure the length of an object twice, using length units of different lengths for the two
measurements; describe how the two measurements relate to thetlsezarot chosen[2-MD2]

16. Estimate lengths using units of inches, feet, centimeters, and ma&&O3]

17. Measure to determine how much longer one object is than another, expressing the length
difference in terms of a standard length ufi=MD4]

Relate addition and subtraction to length.

18. Use addition and subtraction within 100 to solve word problems involving lengths that are given
in the same units, e.g., by using drawings (such as drawings of rulers) and equations with a
symbol for the unknownumber to represent the problefi2-MD5]

19. Represent whole numbers as lengths from 0 on a number line diagram with equally spaced points
correspondi ng t o,ardhepresentwhdieember suins and differ@nées within
100 on a number diagrami2-MD6]

Work with time and money.

20. Tell and write time from analog and digital clocks to the nearest five minutes, using a.m. and p.m.
[2-MD7]

21. Solve word problems involving dollar bills, quarters, dimes, nickels, and pennies, using $ and ¢
symbols apppriately. [2-MD8]
Example: If you have 2 dimes and 3 pennies, how many cents do you have?

Represent and interpret data.

22. Generate measurement data by measuring lengths of several objects to the nearest whole unit or
by making repeated measurements efgsame object. Show the measurements by making a line
plot where the horizontal scale is marked off in whalenber units.[2-MD9]

23. Draw a picture graph and a bar graph (with sinugi scale) to represent a data set with up to

four categories. Solv@mple puitogether, tak@part, and compare problems using information
presented in a bar grapfSeeAppendix A Table 1) [2-MD10]
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Geometry
Reason with shapes and their attributes.

24. Recognize and draw shapes having specified attributes suchvam aagimber of angles or a
given number of equal face§Sizes are compared directly or visually, not compared by
measuring.)ldentify triangles, quadrilaterals, pentagons, hexagons, and cub€éd] [

25.  Partition a rectangle into rows and columns of saime squaresind count to find the total
number of them[2-G2]

26. Partition circles and rectangles into two, three, or four equal slteezibe the sharesingthe
wordshalves, thirds, half of, a thirdf, etc.;and describe the whole as two halves, three thords,
four fourths. Recognize that equal shares of identical wholes need not have the same shape.
[2-G3]
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GRADEGVERVIEW

Grade 3 content is organized into five domains of focused study as outlined below in the column to the
left. The Grade 3 domains listed in bold print on the shaded bars are Operations and Algebraic Thinking,
Number and Operations in Base Ten, Number gper&ions Fractions, Measurement and Data, and
Geometry. Immediately following the domain and enclosed in brackets is an abbreviation denoting the
domain. Identified below each domain are the clusters that serve to group related content standards. All
Grade 3 content standards, grouped by domain and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into rdassinstruction of the content standards.

Content Standard Domains and Clusters

Operations and Algebraic Thinking [OA]

A Represent and solve problems involving
multiplication and division.

A Understand properties oiultiplication andhe
relationship between multiplication and
division.

A Multiply and divide within 100.

A Solve problems involving the four operations
and identify and explain patterns in arithmeti

Number and Operations in Base TefiNBT]
A Use place value understanding and propertie
of operations to perform muldigit arithmetic.

Number and Operationsi Fractions [NF]
A Develop understanding of fractions as
numbers

Measurement and DatgMD]

A Solve problems involving measurement and
estimationof intervals of time, liquid volumes,
and masses of objects.

A Represent and interpret data.

A Geometric measurement: understand conce
of area and relate areartaultiplication and to
addition.

A Geometric measurement: recognize perimet
as an attribute of plane figures and distinguis
between linear and area measures.

Geometry [G]
Reasorwith shapes and their attributes.

Standards for Mathematical Practice

1. Make sense of problems and perseve
in solvingthem.

2. Reason abstractly and quantitatively.

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

4. Model with mathematics.

el

Use appropriate tools strategically.
6. Attend to precision.
7. Look for and make use of structure.

8. Look for and expresegularity in
repeated reasoning.
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GRADE 3

In Grade 3, instructionaime should focus on four critical areaShese areas aft) developing
understanding of multiplication and division and strategies for multiplication and division within 100;
(2) developing understanding of fractions, especially unit fractions (fractions with numerator 1);

(3) developing understanding of the structure of rectangular arrays and of area; and (4) describing and
analyzing twedimensional shapedmportant informé&on regarding these four critical areas of

instruction follows:

(1) Students develop an understanding of the meanings of multiplication and division of whole
numbers through activities and problems involving eguzdd groups, arrays, and area models.
Multiplication is finding an unknown product, and division is finding an unknown factor in these
situations. For equdalized group situations, division can require finding the unknown number of
groups or the unknown group size. Students use propertipgei@tions to calculate products of
whole numbers, using increasingly sophisticated strategies based on these properties to solve
multiplication and division problems involving singlggit factors. By comparing a variety of
solution strategies, studen&aln the relationship between multiplication and division.

(2) Students develop an understanding of fractions, beginning with unit fractibegview fractions
in general as being built out of unit fractions, and they use fractions along with visuahfracti
models to represent parts of a whole. Students understand that the size of a fractional part is

relative to the size of the whole. For examplepf the paint in a small bucket could be less paint
2

than® of the paint in a larger bucket, butof a ribbon is longer thah of the same ribbon
3 3 5

because when the ribbon is divided into 3 equal parts, the parts are longer than when the ribbon is
divided into 5equal parts. Students are able to use fractions to represent numbers equal to, less
than, and greater than one. They solve problems that involve comparing fractions by using visual
fraction models and strategies based on noticing equal numerators ovitkoos.

(3) Students recognize area as an attribute ofdinensional regions. They measure the area of a
shape by finding the total number of sasmee units of area required to cover the shape without
gaps or overlaps, keeping in mind that a square sighs of unit length is the standard unit for
measuring area. Students understand that rectangular arrays can be decomposed into identical
rows or into identical columns. By decomposing rectangles into rectangular arrays of squares,
students connect ad¢o multiplication and justify using multiplication to determine the area of a
rectangle.

(4) Students describe, analyze, and compare properties afitmansional shapes. They compare and
classify shapes by their sides and angles and connect thesefivittiaths of shapes. Students
also relate their fraction work to geometry by expressing the area of part of a shape as a unit
fraction of the whole.
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3rd

Students will:

Operations and Algebraic Thinking
Represent and solve problems involvinghultiplication and division.

1. Interpret products of whole numbers, e.g., interpret 5 x 7 as the total number of objects in 5 groups
of 7 objects each[3-OAl]
Example: Describe a context in which a total number of objects can be expressed as 5 x 7.

2. Interpret wholenumber quotients of whole numbers, e.g., interpret 56 + 8 as the number of objects
in each share when 56 objects are partitioned equally into 8 shares, or as a number of shares when
56 objects are partitioned into equal shares of 8 objects. [3-OA2]
Example: Describe a context in which a number of shares or a number of groups can be
expressed as 56 + 8.

3. Use multiplication and division within 100 to solve word problems in situations involving equal
groups, arrays, and measuremgmantities, e.g., by using drawings and equations with a symbol
for the unknown number to represent the probléBeeAppendix A Table 2) [3-OAS3]

4. Determine the unknown whole number in a multiplication or division equation relating three
whole numbes. [3-OA4]
Example: Determine the unknown number that makes the equation true in each of the
equations8 x ? =48,5= + 3,and6 x 6 = ?.

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

5. Apply properties of operations as strategies to multiply and divide. (Students need not use formal
terms for these propertieg[3-OA5]

Examples: If 6 x 4 = 24 is knownthen 4 x 6 = 24 is also knowfCommutative property of
multiplication)
3 x5 x 2 carbe found by 3 5 = 15, then 15 x 2 =30, orby 5 x 2 = tti&n
3 x 10 = 30.(Associdive property of multiplication)
Knowing that8 x 5=40and 8 x 2 =16,onecanfind8x7as8 x (56 +2) =
(8 x 5) + (8 x 2) =40 + 16 = 5@Distributive proper)

6. Understand division as an unknosactor problem.[3-OAG]
Example: Find 32 + 8 by finding the number that makes 32 when multiplied by 8.

Multiply and divide within 100.

7. Fluently multiply and divide within 100, using strategies such as the relationship between
multiplication and division (e.g., knowing that 8 x 5 = 40, one knows 40 + 5 = 8) or properties of
operations. By the end of Grade 3, know from memory all prodfitégo onedigit numbers.
[3-OA7]
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3rd
Solve problems involvingthe four operations,and identify and explain patterns inarithmetic.

8. Solve twastep word problems using the four operations. Represent these problems using
equations with a letter standify the unknown quantity. Assess the reasonableness of answers
using mental computation and estimation strategies including rounding. (This standard is limited
to problems posed with whole numbers and having whoteber answers; students should know
howto perform operations in the conventional order when there are no parentheses to specify a
particular orde{Order of Operatior)s [3-OAS8]

9. Identify arithmetic patterns (including patterns in the addition table or multiplication table), and
explain them using properties of operatiof-OA9]

Example: Observe that 4 times a number is always eged explain why 4 times a number
can be decomgsed into two equal addends.

Number and Operations in Base Ten

Use place value understanding and properties of operations to perform muldigit arithmetic.
(A range of algorithms may be used.)

10. Use place value understanding to round whole numbers to the nearest 10 [@-N80.1]

11. Fluently add and subtract within 1000 using strategies and algorithms based on place value,
properties of operations, and/or the relationship between addition analctiob. [3-NBT2]

12.  Multiply one-digit whole numbers by multiples of 10 in the range 20 (e.g., 9 x 80, 5 x 60)
using strategies based on place value and properties of oper§BawBT 3]

Number and Operatiordg-ractions
(Grade 3 gpectations inthis domain are limited to fractions with denominators 2, 3, 4, 6, #nd 8

Develop understanding of fractions as numbers.

13. Understand a fractioh as the quantity formed by 1 part whewhole is partitioned intd equal
b
parts; understand a fractie?qas the quantity formed kyparts and sizé . [3-NF1]
b

14. Understand a fraction as a number on the number line; represent fractions on a number line
diagram.[3-NF2]

a. Represent a fractioh on a number line diagram by defining the interval from 0 to 1 as
b
the whole and partitioning it infoequal parts. Recognize that each part has siaed
b

that the endpoint of the gidbased at 0 locates the numBeon the number line.
b
[3-NF2a]
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b. Represent a fractiof on a number line diagram by marking affengths® from 0.
b b

Recognize that the resulting interval has sizand that its endpoint locates the number
b b

on the number line. [BIF2b]

15. Explain equivalence of fractions in special cases, and compare fragtiogassoning about their
size. B-NF3]
a. Understand two fractions as equivalergu@l) if they are the same siaethe same point
on a number line[3-NF3a]

b. Recognize and generate simple equivalent fractions,’e®.2, £
2

, 2 = 2. Explain why the
4 6 3

fractions are equivalent, e.g., by using a visual fraction mq8eNF3b]
c. Express whole numbers as fractioaad recognize fractions that are equivatenwhole

numbers.[3-NF3c]

Examples: Express 3 in the form 3 £; recognize that = 6; locate? and 1 at the
1 1 4

same point of a number line diagram.

d. Compare two fractions with thesie numerator or the same denominator by reasoning
about their size. Recognize that comparisons are valid only when the two fractions refer to
the same whole. Record the results of comparisons with the symbols >, andrjgstify
the conclusions, e.gby using a visual fraction moddI3-NF3d]

Measurement and Data

Solve problems involving measurement and estimation of intervals of time, liquid volumes, and
masses of objects.

16. Tell and write time to the nearest minuded measure time intervals in minutes. Solve word
problems involving addition and subtraction of time intervals in minutes, e.g., by representing the
problem on a number line diagrarf8-MD1]

17. Measure and estimate liquid volumes and masses of obj@ugsstsndard units of grams (g),
kilograms (kg), and liters (I). (Excludes compound units such aswedhfinding the geometric
volume of a container.) Add, subtract, multiply, or divide to solvestep word problems
involving masses or volumes thaeajiven in the same unjts.g., by using drawings (such as a
beaker with a measurement scale) to represent the problem. (Excludes multiplicative comparison
problems (probl ems i nvol)v(BerAppendxA iTable? of fti mes
[3-MD2]

Represent and interpret data.

18. Draw a scaled picture graph and a scaled bar graph to represent a data set with several categories.
Solve oneandtwest ep fihow many moredo and Ahow many | es
presented in scaled bar grapli3-MD3]

Example: Draw a bar graph in which each square in the bar graph might represent 5 pets.

19. Generate measurement data by measuring lengths using rulers marked with halves and fourths of
an inch. Show the data by making a line plot where the horizontaliseaarked off in
appropriate units whole numbers, halves, or quarters:MB4]
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Geometric measurement: understand concepts of area and relate area to multiplication and to
addition.

20. Recognize area as an attribute of plane figued understand concepts of area measurement.
[3-MD5]
a. A square with side Il ength 1 unit called fAa
area and can be used to measure §BMD53]
b. A plane figure which can be covered without gaps or ogsrtgyn unit squares is said to
have an area of square units[3-MD5b]

21. Measure areas by counting unit squares (square cm, square m, sgeguar® ft, and improvised
units). [3-MD6]

22. Relateareato the operationsf multiplication and addition[3-MD7]

a. Find the area of a rectangle with wholember side lengths by tiling &and show that the
area is the same as would be found by multiplying the side len@hdD7a]

b. Multiply side lengths to find areas of rectangles with whalenber side lengtha the
context of solving realvorld and mathematical problepand represent wholeumber
products as rectangular areas in mathematical reasd@dD7b]

c. Use tiling to show in a concrete case that the area of a rectangle withrwinaber side
lengthsa andb + cis the sum o& x b anda x c. Use area models to represent the
distributive property in mathematical reasoniig-MD7c]

d. Recognize area as atide. Find areas of rectilinear figes by decomposing them into
noroverlapping rectangles and adding the areas of the nonoverlapping partsgapdyi
technique to solve realorld problems.[3-MD7d]

Geometric measurement: recognize perimeter as aittribute of plane figures and distinguish
between linear and area measures.

23. Solve reaiworld and mathematical problems involving perimeters of polygons, including finding
the perimeter given the side lengths, finding an unknown side length, and eghibdiangles
with the same perimeter and different areas or with the same area and different perimeters.
[3-MD8]

Geometry
Reason with shapes and their attributes.

24. Understand that shapes in different categories (e.g., rhombuses, rectanghéiseiemanay share
attributes (e.g., having four sides), and that the shared attributes can define a larger category (e.g.,
guadrilaterals). Recognize rhombuses, rectangles, and squares as examples of quadrilaterals, and
draw examples of quadrilaterals tli® not belong to any of these subcategori8sG1]

25. Partition shapes into parts with equal areas. Express the area of each part as a unit fraction of the
whole. [3-G2]
Example: Partition a shape into 4 parts with equal area, and describe the area of each part as

% of the area of the shape
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GRADE 4 OVERVIEW

Grade 4 content is organized into five domains of focused study as outlined below in the cdhann to

left. The Grade 4 domains listed in bold print on the shaded bars are Operations and Algebraic Thinking,
Number and Operations in Base Ten, Number and Operétiersctions, Measurement and Data, and
Geometry. Immediately following the domain andlesed in brackets is an abbreviation denoting the
domain. Identified below each domain are the clusters that serve to group related content standards. All
Grade 4 content standards, grouped by domain and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domains and Clusters

Operations and Algebraic Thinking [OA]
A Use the four operations with whole numbers tc
solve problems.
A Gain familiarity with factors and multiples.
A Generate and analyze patterns

Number and Operations in Base TeliNBT]
A Generalize place value understanding for mult
digit whole numbers.
A Use place value understanding and properties
of operations to perform multligit arithmetic

Number and Operationsi Fractions [NF]

A Extend understanding of fraction equivalence :
ordering.

A Build fractions from unit fractions by applying
and extending previous understandings of
operations on whole numbers.

A Understand decimal notation for fractions, and
compare decimal fractions.

Measurement and DatgMD]

A Solve problems involving measurement and
conversion of measurements from a larger
unit to a smaller one.

A Represent and interpret data.

A Geometric measurement: understand concept
angle andneasure angles.

Geometry [G]
Draw and identify lines and angles, and classif
shapes by properties of their lines and angles

Standards for Mathematical Practice

Make sense of problems and perseve
in solvingthem.

Reason abstractly and quantitatively.

Construct viable arguments and
critique the reasoning of others.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and expressegularity in
repeated reasoning.
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GRADE 4

In Grade 4, instructional time should focus on three critical ar€asse areas aft) developing
understanding and fluency with muttigit multiplication and developing understanding of dividing to
find quotients involving multdigit dividends; (2) developing an understanding of fraction equivalence,
addition and subtraction of fragsns with like denominators, and multiplication of fractions by whole
numbersand(3) understanding that geometric figures can be analyzed and classified based on thei
propertiessuch as having parallel sides, perpendicular sides, particular angle @seasur symmetry.
Important information regarding these three critical areas of instruction follows:

(1)

)

®3)

Students generalize their understanding of place value to 1,000,000, understanding the relative
sizes of numbers in each place. They apply their understanding of models for multiptiaation
asequatsized groups, arraysr area modelglace valueard properties of operations, in

particular the distributive propertgs they develop, discuss, and use efficient, accurate, and
generalizable methods to compute products of rAdigdit whole numbers. Depending on the
numbers and the context, they selewt accurately apply appropriate methods to estimate or
mentally calculate products. They develop fluency with efficient procedures for multiplying
whole numbersunderstand and explain why the procedures work based on place value and
properties of operaing and use them to solve problems. Students apply their understanding of
models for division, place value, properties of operations, and the relationship of division to
multiplication as they develop, discuss, and use efficient, accurate, and geblerglimaedures to
find quotients involving multdigit dividends. They select and accurately apply appropriate
methods to estimate and mentally calculate quotients and interpret remainders based upon the
context.

Students develop understanding of frattemuivalence and operations with fractions. They
recognize that two different fractions can be egsiath as® = %, and they develop methods for
9 3

generating and recognizing equivalent fractions. Studeténd previous understandings

regarding buildindractions from unit fractions, composing fractions from unit fractions,
decomposing fractions into unit fractions, and using the meaning of fractions and the meaning of
multiplication to multiply a fractio by a whole number.

Students describe, analyze, compare, and classifgimensional shapes. Through building,

drawing, and analyzing twdimensional shapes, students deepen their understanding of properties
of two-dimensional objects and the use d@drthto solve problems involving symmetry.
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4th
Students will:

Operations and Algebraic Thinking
Use the four operations with whole numbers to solve problems

1. Interpret a multiplication equation as a comparison, e.g., interpre6367 as atatement that 35
is 5 times as many as 7 and 7 times as many as 5. Represent verbal statements of multiplicative
comparisons as multiplication equatiord-OA1]

2. Multiply or divide to solve word problems involving multiplicative comparison, e.g., lmgus
drawings and equations with a symbol for the unknown number to represent the problem,
distinguishing multiplicative comparison from additive comparison. (See Appéndiable 2.)
[4-OA2]

3. Solve multistep word problems posed with whole numbers aviddheholenumber answers
using the four operations, including problems in which remainders must be interpreted. Represent
these problems using equations with a letter standing for the unknown quantity. Assess the
reasonableness of answers using memtapuitation and estimation strategies including rounding.
[4-OA3]

Gain familiarity with factors and multiples.

4. Find all factor pairs foa whole number in the rangelD0. Recognize that a whole number is a
multiple of each of its factors. Determindether a gien whole number in the rangel0O is a
multiple of a given ongligit number. Determine whether a givehole number in the range 1
100 is prime or compositd4-OA4]

Generate and analyze patterns.

5. Generate a number or shape pattern thllivis a given rule. ldentify apparent features of the
pattern that wereat explicit in the rule itself. [4DA5]
Example: Gi ven the rule AAdd 30 and the starting
sequencgand observe that the terms appear terahte between odd and even
numbers. Explain informally why the numbers will continue to alternate in this
way.

Number and Operations in Base Ten
(Grade 4 expectations in this domain are limited to whole numbers less than or equal to 1,000,000.)

Generalize place value understanding for multdigit whole numbers.

6. Recognize that in a multiigit whole number, a digit in one place represents ten times what it
represents in the place to its righd-NBT1]
Example: Recognize that 700 + 70 = 10 bypéyng concepts of place value and division.

7. Read and write mukiligit whole numbers using bagen numerals, number names, and expanded
form. Compare two mukdligit numbers based on meanings of the digits in each place, using >, =,
and < symbols to recd the results of comparisongl-NIBT2]

8. Use place value understanding to round rrditjit whole numbers to any place.-I¥BT3]
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Use place value understanding and properties of operations to perform muldigit arithmetic.

9.

10.

11.

Fluently add and subtract muttigit whole numbers using the standard algorithm.
[4-NBT4]

Multiply a whole number of up to four digits by a edigit whole number, and multiply two two
digit numbers, using strategies based on place value and ttestig®pf operations. lllustrate
and explain the calculation by using equations, rectangular arrays, and/or area rdeld8IE5]

Find wholenumber quotients and remainders with up to-igit dividends and ondigit

divisors, using strategies basedmace value, the properties of operations, and/or the relationship
between multiplication and division. Illustrate and explain the calculation by using equations,
rectangular arrays, and/or area mod¢isNBT6]

Number and Operatiordg-ractions
(Grde 4 expectations in this domain are limited to fractions with denominations 2, 3, 4, 5, 6, 8, 10, 12, and 100.)

Extend understanding of fraction equivalence and ordering.

12.

13.

Explain why a fractior? is equivalent to a fractioH™? by using visual fraction models, with
b (nxb)
attention to how the number and size of the parts differ even though the two fractions themselves

are the same size. Use this principle to recognize and generate equivalent friGidiRg.

Compare two fractions with different numerators and different denominators, e.g., by creating
common denominators or numerators or by comparing to a benchmark fraction such as

2
Recognize that comparisons are valid only wientwo fractions refer to the same whole.

Record the results of comparisons with symbols >, =, and justify the conclusions, e.g., by
using a visual fraction mode[4-NF2]

Build fractions from unit fractions by applying and extending previous understandings of
operations on whole numbers.

14.

Understand a fractioA with a> 1 as a sum of fractions. [4-NF3]
b b

a. Understand addition and subtraction of fractions as joining and separating parts réferring
the same whole.4{NF3a]

b. Decompose a fraction into a sum of fractions with the same denominator in more than one
way, recording each decomposition by an equation. Justify decompositions, e.g., by using
a visual fration model.[4-NF3b]

Examples: 2 =2 +2+2;3=24+2:21 =1 +1+2=8+8+1,
8 8 8 8 8 8 8 8 8 8 8 8

c. Add and subtract mixed numbers with like denominators, e.g., by replacing each mixed
number with an equivalent fraction, and/or by using prigeof operations and the
relationship between addition and subtractiphNF3c]

d. Solve word problems involving addition and subtraction of fractions referring to the same
whole and having like denominators, e.g., by using visual fraction models and equations to

represent the problenj4-NF3d]
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4th

Apply and extend previous understandingsultiplication to multiply a fraction by a whole
number. [4-NF4]

a. Understand a fractioA as a multiple of:. [4-NF4a]
b b
Example: Use a visal fraction model to representas theproduct 5 x ¢),
4 4
recording the conclusion by the equativrF 5 x (1).
4 4

b. Understand a multiple og as a multiple of%, and use this understanding to multiply a
fraction by a whole numbef4-NF4b]
Example: Use a visual fraction model to express 3§>) @s 6 x %), recognizing this
product as®. (In generaln x (2) = (™ )
c. Solve word problems invglving muItipIicationbof a frbaction by a whole number, e.g., by
using visual fraction models and equoas to represent the problerfd-NF4c]
Example: If each person at a party will egétof a pound of roast beef, and there will

be 5 people at the party, how many pounds of roast beef will be needed?
Between with two whole numbers does your answer lie?

Understand decimalnotation for fractions, and compare decimal fractions.

16.

17.

18.

Express a fraction with denominator 10 as an equivalent fraction with denominator 100, and use
this technique to add two fractions with respective denominators 10 and 100. (Students who can
generateequivalent fractions can develop strategies for adding fractions with unlike denominators
in general. But addition and subtraction with unlike denominators in general is not a requirement
at this grade.) MNF5]

Example: Express® as® , and add® + % =32,
10 100 10 100 100

Usedecimal notation for fractions with denominators 10 or 100N 4]

Example: Rewrite 0.62 as®? ; describe a length as 0.62 meters; locate 0.62 on a number line
100

diagram.
Compare two decimals to hundredths by reasoning about their size. Recognize that comparisons

are valid only when the two decimals refer to the same whole. Record the results afisonsp
with the symbols >, =, or,<and justify the conclusions, e.g., by using a visual modeNF7]
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Measurement and Data

Solve problems involving measurement and conversion of measurements from a larger unit to a
smaller unit.

19. Know relativesizes of measurement units within one system of unitsiding km, m, cm; kg, g;
Ib, oz I, ml; andhr, min, sec. Within a single system of measurement, express measurements in a
larger unit in terms of a smaller unit. Record measurement equivalenta/ircolumn table.
[4-MD1]
Examples: Know that 1 ft is 12 times as long as 1 in. Express the length of a 4 ft snake as 48
in. Generate a conversion table for feet and inches listing the number pairs (1, 12),
(2, 24), (3, 36), ...

20. Use the four opetimns to solve word problems involving distances, intervals of time, liquid
volumes, masses of objects, and money, including problems involving simple fractions or
decimals, and problems that require expressing measurements given in a larger unitdhderms
smaller unit. Represent measurement quantities using diagrams such as number line diagrams that
feature a measurement scalé-MD2]

21. Apply the area and perimeter formulas for rectangles inwedt and mathematical problems.
[4-MD3]
Example: Find the width of a rectangular room given the axiethe flooring and the length
by viewing the area formula as a multiplication equation with an unknown factor.

Represent and interpret data.

22. Make a line plot to display a data set of measurementadtidns of a unit{,%,2). Solve
2 4 8

problems involving addition and subtraction of fractions by using information presented in line
plots. [4-MDA4]
Example: From a line plot find anghterpret the difference in length between the longest and
shortest specimens in an insect collection.

Geometric measurement:understand concepts of angle and measure angles.

23. Recognize angles as geometric shapes that are formed wherever two raysshanoa
endpoint and understahconcepts of angle measuremeg@tMD5]
a. An angle is measured with reference to a circle with its center at the common endpoint of
the rays by considering the fraction of the circular arc between the points where the two

rays intersect the circle. An angle that turns throdgtofacirce i s c adddgeed a i on
360

angl®d and can be usé¢eMDbap measure angl es.
b. An angle that turns throughonedegree angles is said to have an angle measuare of
degrees.[4-MD5b]

24. Measure angles in wheleumber degrees using a paattor. Sketch angles of specified measure.
[4-MD6]

25. Recognize angle measure as additive. When an angle is decomposed into nonoverlapping parts,
the angle measure of the whole is the sum of the angle measures of the parts. Solve addition and
subtractiorproblems to find unknown angles on a diagram inweald or mathematical
problems, e.g., by using an equation with a symbol for the unknown angle mgdsiuii27]
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Geometry
Draw and identify lines and angles, and classify shapes by properties of théimes and angles.

26. Draw points, lines, line segments, rays, angles (right, acute, obtuse), and perpendicular and parallel
lines. ldentify these in twdimensional figures[4-G1]

27. Classify twedimensional figures based on the presence or absepegaliel or perpendicular
lines or the presence or absence of angles of a specified size. Recognize right triangles as a
categoryand identify right triangles[4-G2]

28. Recognize a line of symmetry for a telanensional figure as a line across the figaureh that the

figure can be folded along the line into matching parts. Identifysymemetric figures and draw
lines of symmetry. 4-G3]
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GRADE 5 OVERVIEW

Grade 5 content is organized into five domains of focused study as outlined below in the column to the
left. The Grade 5 domains listed in bold print on the shaded bars are Operations and Algebraic Thinking,
Number and Operations in Base Ten, Number gmef&@ions Fractions, Measurement and Data, and
Geometry. Immediately following the domain and enclosed in brackets is an abbreviation denoting the
domain. Identified below each domain are the clusters that serve to group related content standards. All
Grade 5 content standards, grouped by domain and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domains and Clusters Standards for Mathematical Practice

Ope’&r\ationg and Algebraic Thinking [OA] : 1. Make sense of problems and perseve
Write and interpret numerical expressions in solvingithem:

A Analyze patternand relationships

Number and Operationsin Base Ten[NBT] 2. Reason abstractly and quantitatively.
A Understand the place value system.
A Perform operations with muldigit whole 3. Constructviable arguments and
numbers and with decimatis hundredths. critique the reasoning of others.
Number and Operationsi Fractions [NF] A edlEl v relh e e

A Use equivalent fractions as a strategy to ad
and subtract fractions.

A Apply and extend previous understandings 5. Use appropriate tools strategically.
of multiplication and division to multiply
and divide fractions. 6. Attend to precision.
Measurement and DatgMD] 7. Look for and make use of structure.

A Convert like measurement units within a giv
measurement system.

A Represent and interpret data. :

A Geometric measurement: understand conc repeated reasoning.
of volume and relate volume to multiplicatio
and to addition.

8. Look for and express regularity in

Geometry [G]
Graph points on the coordinate plane to sol
realworld and mathematical problems.
A Classify twadimensional figures into
categoriedased on their properties.
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GRADE 5

In Grade 5, instructional time should focus on three critical ar€asse areas aft) developing fluency

with addition and subtraction of fractions and developing understanding of the multiplication of fractions
and of division of fractions in limited casesich asnit fractions divided by whole numbers and whole
numbers divided bynit fractions; (2) extending division to twaigit divisors, integrating decimal

fractions into the place value systateveloping understanding of operations with decimals to
hundredths, and developing fluency with whole number and decimal operations; and (3) developing
understanding of volumdmportant information regarding these three critical areas of instruction

follows:

(1) Students apply their understanding of fractions and fraction models to represent the addition and
subtraction of fractions with unlike denominators as equivalent calculations with like
denominators. They develop fluency in calculatinggsand dferences of fractionand make
reasonable estimates of them. Students also use the meaning of fractions, of multiplication and
division, and the relationship between multiplication and division to understand and explain why
the procedures for multiplyingnd dividing fractions make sensdowever this is limited to the
case of dividing unit fractions by whole numbers afmbl numbers by unit fractions.

(2) Students develop understanding of why division procedures work based on the meaning of base
ten numeals and properties of operations. They finalize fluency with rigit addition,
subtractionmultiplication, and division. Studendpply their understandings of models for
decimals, decimal notation, and properties of operations to add and sdbtiatals to
hundredths. They develop fluency in these computations and make reasonable estimates of their
results. Students use the relationship between decimals and fractions as well as the relationship
between finite decimals and whole numbeaisforexamplea finite decimal multiplied by an
appropriate pwer of 10 is a whole numhédo understand and explain why the procedures for
multiplying and dividing finite decimals make sense. They compute products and quotients of
decimals to hundredths efi@mtly and accurately.

(3) Students recognize volume as an attribute of tieensional space. They understand that
volume can be measured by finding the total number of séeeunits of volume required to fill
the space without gaps or overlaps. Thegarstand that a-dnit by Z-unit by Z-unit cube is the
standad unit for measuring volume. Studestdect appropriate units, strategies, and tools for
solving problems that involve estimating and measuring volume. They decompose three
dimensional shapeand find volumes of right rectangular prisms by viewing them as decomposed
into layers of arrays of cubes. They measure necessary attributes of shapes indetéemine
volumes to solve reatorld and mathematical problems.

2010Alabama Course of Study: Mathematics 40



5th
Students will:
Operations and Algebraic Thinking

Write and interpret numerical expressions.

1. Use parentheses, brackets, or braces in numerical expressions, and evaluate expressions with these
symbols. [5-OA1]

2.  Write simple expressions that record calculations wititmbersand interpret numerical
expressions without evaluating thef-OAZ2]
ExamplessEx press the cal cehamilomni filayg db.yRecagnizea g, 2 t h
that 3 x (1832 + 921) is three times as large a®38 + 921, without having to
calculate the indicated sum or product.

Analyze patterns and relationships.

3. Generate two numerical patterns using two given rules. ldentify apparent relationships between
corresponding terms. Form ordered pairs consisting of corresponding termbédrtwo tpatterns
and graph the ordered pairs on a coordinate plgR@A3]
Example: Gi ven the rule AAdd 30 and the starting
the starting number 0, generate terms in the resulting sequences, and observe that
the tems in one sequence are twice the corresponding terms in the other sequence.
Explain informally why this is so.

Number and Operations in Base Ten

Understand the place value system.

4. Recognize that in a multiigit number, a digit in one place represents 10 times as much as it represents in
the place to its right and- of what it represents in the place to its lefeN[BT1]
10

5. Explain patterns in the number zdros of the product when multying a number by powers of
10,and explain patterns in the placement of the decimal point when a decimal is multiplied or
divided by a power of 10. Use whel@mber exponents to denote powers of [EBNBT2]

6. Read, writeand compare decimals to thousandfisNBT3]
a. Read and write decimals to thousandths using-teasaumerals, number names, and

expanded form, e.g., 347.392=3x100+4 x 10+ 7 x 1 +36 X+ 9 x (%)) +
1 1

1
2 x (ﬁ))' [5-NBT3a]

b. Compare two decimals to thousandths based on meanings of the digits in each place, using
>, =, and < symbols to record the results of comparisfislBT3b]

7. Use place value understanding to round decihoadsy place [5-NBT4]
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Perform operations with multi-digit whole numbers and with decimals to hundredths.

8.

9.

10.

Fluently multiply multidigit whole numbers using the standard algorith5NBT5]

Find wholenumber quotients of whole numbers with ugaor-digit dividends and twaligit

divisors, using strategies based on place value, the properties of operations, and/or the relationship

between multiplication and divisiorillustrate and explain the calculation by using equations,
rectangular arraysnd/or area modelg5-NBT6]

Add, subtract, multiply, and divide decimals to hundredths, using concrete models or drawings and
strategies based on place value, properties of operations, and/or the relationship between addition

and subtraction; relate tis¢rategy to a written methpdnd explain the reasoning us48-NBT7]

Number and Operatiordg-ractions

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

11.

12.

Add and subtract fractions with unlike denominators (including mixed numbers) by replacing
given fractions with equivalent fractions in such a way as to produce an equivalent sum or
difference of fractions with like denominator&-NF1]
Example: 2+ 2=2 +2® =2 (Ingeneral + & =
3 4 12 12 12 b d

(ad + bg
bd )

Solve wordproblems involving addition and subtraction of fractions referring to the same whole,
including cases of unlike denominators, e.g., by using visual fraction models or equations to
represent the problem. Use benchmark fractions and humber sense aidrctéetimate

mentally and assedhe reasonableness of answdisNF2]

Example: Recognize an incorrect resdlt+ = = 2 by observing that < *.
5 2 7 7 2

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

13.

Interpret a fraction as division of the numerator by the denominl;étgra(+ b). Solve word

problems involving division of whole numbers leading to answers in the form of fractions or
mixed numbers, e.g., by using visual fraction models or equations &segpthe problem.
[5-NF3]

Examples. Interpret® asthe result of dividing 3 by 4, noting thatmultiplied by 4 equals 3,
4 4

and that when 3 wholes are shared equally among 4 people each person has a share

of size . If 9 people want to share a-pound sackf rice equally by weight,
4

how many pounds of rice should each person get? Betwdeh two whole
numbers does your answer lie?
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14. Apply and extend previous understandings of multiplication to multiply a fraction or whole
number by a fraction[5-NF4]

a. |Interpret the productib‘() x g asa parts of a partition ofj into b equal parts; equivalently,

as the result of a sequence oémionsa x g + b. [5-NF4a]
Example: Use a visual fraction model to show)(x 4 = ¢, and create a story
3 3

context for this equation. Do the same with & (2) = 2. (In general,
3 5

15 '
(2)x(2)=2)
b d bd
b. Find the area of a rectangle with fractional side lengths by tiling it with unit squares of the
appropriate unit fraction side lengflamd show that the area is the same as would be found

by multiplying the side length Multiply fractional side lerths to find areas of rectangles,
and represent fraction products as rectangular afgdsF4b]

15. Interpret multiplication as scaling (resizing), b{-NF5]
a. Comparing the size of a product to the size of one factor dveslie of the size of the other
factor, without performing the indicated multiplicatiofb-NF5a]
b. Explaining why multiplying a given number by a fraction greater than 1 results in a product
greater than the given number (recognizing multiplication by winahebers greater than 1
as a familiar casegxplaining why multiplying a given number by a fraction less than 1
results in a producsmaller than the given numband relating the principle of fraction

equivalence% = ”—: to the effect of muItipIying‘S by 1. [5-NF5b]

16. Solve reaiworld problems involving multiplication of fractions and mixed numbers, e.g., by using
visual fraction models or equations to represent the probemF6]

17. Apply and extend previous understandings of division to divide unit fractions by whole numbers
and whole numbers by unit fractions. (Students able to multiply fractions in general can develop
strategies to divide fractions in general by reasoning aheutetationship between multiplication
and division. However division of a fraction by a fraction is not a requirement at this grade.)
[5-NF7]

a. Interpret division of a unit fraction by a nonzero whole numéied compute such
guotients. [5-NF7a]

Exampk: Create a story context fot § + 4, and use a visual fraction model to show
3

the quotient. Use the relationship between multiplicadiat division to

explainthat ¢ ) + 4= becausel)x4="1,
3 12 12 3

b. Interpret division of a whole number by a unit fraotiand compute such quotients.
[5-NF7D0]

Example: Create a story context for 4 <, anduse a visual fraction model to show
5

the quotient. Use the relationship between multiplication and division to
explain that 4 + {) = 20 becaus20 x () = 4.
5 5
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c. Solve realworld problems involving division afinit fractions by nonzero whole numbers
and division of whole numbers by unit fractions, e.g., by using visual fraction models and
equations to represent the problef:-NF7c]

Examples: How much chocolate will each person get if 3 people shéveof
2

chocolate equally? How marly-cup servings are in 2 cups of raisins?
3

Measurement and Data
Convert like measurement units within a given measurement system.

18. Convert among differergized standartheasurement units within a given measurement system
(e.g., convert 5 cm to 0.05 m@nd use these conversions in solvingtistep, reaworld
problems.[5-MD1]

Represent and interpret data.

19. Make a line plot to display a data set of measuremeritadtions of a unit £,2,2).
2 4 8

Use operations on fractions for this grade to solve problems involvingriafimn presented in
line plots. [5-MD2]
Example: Given differentmeasurements of liquid in identical beakers, find the amount of
liquid each beaker would contain if the total amount in all the beakers were
redistributed equally

Geometric measurement: understand concepts of volume and relate volume to multiplication ah
to addition.

20. Recognize volume as an attribute of solid figuaeml understand concepts of volume
measurement[5-MD3]
a. A cube with side |l ength 1 wunit, call ed a
volume, and can be used to measure volufaéVD3a]
b. A solid figure which can be packed without gaps or overlaps usimit cubes is said to
have a volume afi cubic units. [5-MD3b]

21. Measure volumes by counting unit cubes, using cubic cm, cubic in, cubic ft, and improvised units.

[5-MD4]

22. Relate volume to the operations of multiplication and additiod solve reavorld and
mathematical problems involving volumg-MD5]

a. Find the volume of a right rectangular prism with wholenber side lengthby packing it
with unit cubesand show that the volume is the same as would be found by multiplying
the edge lengths, equivalently by multiplying the height by theddrdee base. Represent
threefold wholenumber products as volumes, e.g., to represent the associative property of
multiplication. [5-MD5a]

b. Apply the formulas/ =1 x w x handV = B x h for rectangular prisms to find volumes of
right rectangular prismsith wholenumber edge lengths the context of solving real
world and mathematical problemfg-MD5b]
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c. Recognize volume as additive. Find volumes tifiSigures composed of two
noroverlapping right rectangular prismg &dding the volumes of the noverlapping
parts, applying this technique to solve realrld problems.[5-MD5c]

Geometry

Graph points on the coordinate plane to solve realorld and mathematical problems.

23.

24.

Use a pair of perpendicular number lines, called axes, to define a coordinate system with the
intersection of the lines (the origin) arranged to coincide with the 0O on each line and a given point
in the plane located by using an ordered pair of numbdhsddts coordinates. Understand that

the first number indicates how far to travel from the origin in the direction of one axis, and the
second number indicates how far to travel in the direction of the second axis, with the convention
that the names ohé two axes and the coordinates correspond feaxis andk-coordinatey-axis
andy-coordinatg. [5-G1]

Represent reakorld and mathematical problems by graphing points in the first quadrant of the
coordinate planeand interpret coordinate valuespmints in the context of the situatiofb-G2]

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

25.

26.

Understand that attributes belonging to a category ofdiwensional figures also belong to all
subcategories of that categof-G3]
Example: All rectangles have four right anglesd squares are rectangles, so all squares
have four right angles.

Classify twadimensional figures in a hierarchy based on properje&4]
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GRADE 6 OVERVIEW

Grade 6 content is organized into five domains of focused study as outlined below in the column to the
left. The Grade 6 domains listed in bold print on the shaded bars are Ratios and Proportional
Relationships, The Number System, Expressions and EgsaB@ometry, and Statistics and Probability.
Immediately following the domain and enclosed in brackets is an abbreviation denoting the domain.
Identified below each domain are the clusters that serve to group related content standards. All Grade 6
content standards, grouped by domain and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instractine content standards.

Content Standard Domains and Clusters Standards for Mathematical Practice

Ratios and Proportional Relationships [RP]
A Understand ratio concepts and use ratio
reasoningo solve problems.

1. Make sense of problems apdrsevere
in solving them.

The Number System [NS] 2. Reason abstractly and quantitatively.
A Apply and extend previous understanding o
multiplication and division to divide fractions 3. Construct viable arguments and

by fractions.

A Compute fluently with multdigit numbers
and find common factors amadultiples.

A Apply and extend previous understanding o
numbers to the system of rational numbers

critique the reasoning of others.
4. Model with mathematics.

5. Use appropriate tools strategically.
Expressions and Equations [EE]
A Apply and extend previous understanding o 6. Attend to precision.
arithmetic to algebraic expressions.
A Reason about and solve evariable
equations and inequalities.
A Represent and analyze quantitative

7. Look for and make use of structure.

relationshipsetween dependent and 8. Look for and express regularity in
independent variables repeated reasoning.
Geometry [G]

A Solve reaiworld and mathematical problems
involving area, surface area, and volume.

Statistics and Probability [SP]
Develop understanding of statistical
variability.
A Summarizeand describe distributions.
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GRADE 6

In Grade 6, instructional time should focus on faiitical areas These areas aft) connecting ratio and

rate to whole number multiplication and division and using concepts of ratio and rate to solve problems;
(2) completingunderstanding of division of fractions and extending the notion of numblee 8ystem of
rational numbers, which includes negative numbers; (3) writing, interpreting, and using expressions and
equations; and (4) developing understanding of statistical thinkingortant information regarding

these four critical areas of instrigst follows:

(1) Students use reasoning about multiplication and division to solve ratio and rate problems about
gquantities. By viewing equivalenttias and rates as deriving froemd extending pairs of roves
columnsin the multiplication tableand by analyzing simple drawings that indicate the relative
size of quantities, students connect their understanding of multiplication and division with ratios
and rates. Thus students expand the scope of problems for which they can use multipli¢ation an
division to solve problems, and they connect ratios and fractibmsy solve a wide variety of
problems involving ratios and rates.

(2) Students use the meaning of fractions, the meanings of multiplication and division, and the
relationship between multipation and division to understand and explain why the procedures for
dividing fractions make sense. Thege these operations to solve problems. Students extend their
previous understandings of number and the ordering of numbers to the full sysationafl r
numbers, which includes negative rational numbers, and in partinatgative integers. They
reason about the order and absolute value of rational numbers and about the location of points in
all four quadrants of the coordinate plane.

(3) Students nderstand the use of variables in mathematical expressions. They write expressions and
eguations that correspond to given situations, evaluate expressions, and use expressions and
formulas to solve problems. Students understand that expressions iendiféems can be
equivalent, and they use the properties of operations to rewrite expressions in equivalent forms.
Theyknow that the solutions of an equation are the values of the variables that make the equation
true. Students use properties of operatiand the idea of maintaining the equality of both sides of
an equation to solve sirtgonestep equations. Thepnstruct and analyze tables, such as tables
of quantities that are in equivalent ratios, and they use equations such wt3lescribe
relationships between quantities.

(4) Building on and reinforcing their understanding of number, students begin to develop their ability
to think statistically. Students recognize that a data distribution may not have a definite center and
that different wag to measure center yield different values. The median measures center in the
sense that it is roughly the middle value. The mean measures center in the sense that it is the value
that each data point would take on if the total of the data values wigs&ibaited equally, and
also in the sense that it is a balance polititeyrecognize that a measure of variabijlitye
interquartile ange or mean absolute deviatioan also be useful for summarizing data because
two very different sets of data can have the same mean and median yet be distinguished by their
variability. Students learn to describe and summarize numerical datadetdingidentifying
clusters, pdes, gaps, and symmetnyjth consideration téhe context in which the data were
collected.

Students in Grade 6 also build on thedEmentary schoaliork with area by reasoning about
relationships among shapes to determine area, surfacamadeaylume. They find areas of right
triangles, other triangles, and special quadrilaterals by decomposing these shapes, rearranging or
removing pieces, and relating the shapes to rectangles. Using these methods, students discuss,
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develop, and justifydrmulas for areas of triangles and parallelograms. Students find areas of
polygons and surface areas of prisms and pyramids by decomposing them into pieces whose area
they can determine. They reason about right rectangular prisms with fractional gttie ten

extend formulas for the volume of a right rectangular prism to fractional side lengths. They
prepare for work on scale drawings and constructions in Grade 7 by drawing polygons in the
coordinate plane.

Students will:

Ratios and Proportion&elationships
Understand ratio concepts and use ratio reasoning to solve problems.

1. Understand the concept of a ratimd use ratio language to describe a ratio relationship between
two quantities.[6-RP1]
Examplessi The rati o of widhogse atthe zobhveas X1shecause fdr évery b
2 wings there was 1 beak. o AnFor every v

~

received nearly three votes. 0

2. Understand the concept of a unit r%tassociated with aratmbwithbi 0, and use rate

language in the cdext of a ratio relationship/6-RP2]
ExamplessAThi s recipe has a ratio of 3%0!‘.1[110[[)8 of f I

flour for each cup of s ugsawhichhisardiewe pai d
$5 per hamburger ¢Expectatios for unit rates in this grade are limited to ron
complex fractions.)

3. Use ratio and rate reasoning to solve-teatld and mathematical problems, e.g., by reasoning
about tables of equivalent ratidgape diagrams, double number line diagrams, or equations.
[6-RP3]

a. Make tables of equivalent ratios relating quantities with whaoleber measurements, find
missing values in the tables, and plot the pairs of values on the coordinate plane. Use
tables tacompare ratios[6-RP3a]

b. Solve unit rate problems including those involving unit pricing and constant speed.
[6-RP3b]

Example: If it took 7 hours to mow 4 lawns, then at that rate, how many lawns could
be mowed in 35 hours? At what rate were laix@isg mowed?

c. Find a percent of a quantity as a rate per 100 (e.g., 30% of a quantity %zﬁn&nes the
guantity); solve problems involving finding the whole, given a part and the percent.
[6-RP3c]

d. Use ratio reasoning to conveneasurement units; manipulate and transform units
appropriately when multiplying or dividing quantitie6-RP3d]
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The Number System
Apply and extend previous understandings of multiplication and division to divide by fractions.
4. Interpret and computguotients of fractionsand solve word problems involving division of

fractions, e.g., by using visual fraction models and togpusto represent the problem.
[6-NS1]

Examples: Create a story context fof § = (Z), and use a visual fraction model to show the
3 4
quotient; use the relationship between multiplication and division to explain that
(2)+(2) =2 pecause’ of 2 is 2. (Ingeneral, £) + (£)=2.) How much
3 4 9 4 9 3 b d bc

chocolate will each person get if 3 people sh;alib of chocolate equally? How
many 3 -cup servings are i of a cup of yogurt? How wide is a rectangular strip
4 3

of land with length® mi and area;j square mi?
4

Compute fluently with multi -digit numbers and find common factors and multiples.
5.  Fluently divide multidigit numbers using the standard algorithiG:NS2]

6. Fluently add, subtract, multiply, and divide mdigit decimals using the standard algorithm for
each operation[6-NS3]

7. Find the greatest common factor of two whole numbers less than or equal to 100 and the least
common multiple of two whole numbers less than or equal to 12. Use the distributive pmperty t
express a sum of two whole number$QD with a common factor as a multiple of a sum of two
whole numbers with no common factor. -[54]

Exampe: Express 36 + 8 as 4(9 4.2

Apply and extend previous understandings of numbers to the system of rationalmbers.

8. Understand that positive and negative numbers are used together to describe quantities having

opposite directions or values (e.g., temperature above/below zero, elevation above/below sea level,

credits/debits, positive/negative electric chargsg positive and negative numbers to represent
guantities in realvorld contexts explaining the meaning of 0 in each situafi6fNS5]

9. Understand a rational number as a pomth@ number line. Extend number line diagrams and

coordinate axes familidrom previous grades to represent points on the line and in the plane with

negative number coordinatef-NS6]

a. Recognize opposite signs of numbers as indicating locations on opposite sides of 0 on the

number line; recognize that the opposite of the oo a number is the number itself,
e.g.,i (13) =3 and that 0 is its own opposit§s-NS6a]

b. Understand signs of numbers in ordered pairs as indicating locations in quadrants of the
coordinate plane; recognize that when two ordered gdies only by signs, the locations
of the points are related by reflections across one or both f«ES6b]
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c. Find and position integers and other rational numbers on a horizontal or vertical number
line diagram; find and position pairs of integers atiter rational numbers on a coordinate
plane. [6-NS6c]

10. Understand ordering and absolute value of rational numipgfseS7]

a. Interpret statements of inequality as statements about the relative position of two numbers
on a number line diagranj6-NS7a]

Example: Interpreti 3>17 as a statement thiad is located to the right 6f7 on a
number line oriented from left to right.

b. Write, interpret, and explain statements of order for rational numbers iwoedl
contexts.[6-NS7b]

Example: Writei3°C>17°C to express the fact tHe2°C is warmer thain7°C.

c. Understand the absolute value of a rational number as its distance from O on the number
line; interpret absolute value as magnitude for a positive or negative quantity in a real
world situation. [6-NS7c]

Example: Foranaccountbalanceidd 0 dol | aBe8b wrBOetb descri
size of the debt in dollars.

d. Distinguish comparisons of absolute value from statements about §ed&7d]

Example: Recognize that an account balance lessitBardolars represents a debt
greater than 30 dollars.

11. Solve realworld and mathematical problems by graphing points in all four quadrants of the
coordinate plane. Include use of coordinates and absolute value to find distances between points
with the samdirst coordinate or the same second coordinfeNS8]

Expressions and Equations
Apply and extend previous understandings of arithmetic to algebraic expressions.
12. Write and evaluate numerical expressions involving whai@ber exponentd6-EE1]

13. Write, read, and evaluate expressions in which letters stand for nurfb&E2]

a. Write expressions that record operations with numbers and with letters standing for
numbers.[6-EE2a]

Example: Express the calculatin |, i Syd wtoma &ity.0 as 5

b. Identify parts of an expression using mathematical tesons(term, product, factor,
quotient, coefficient view one or more parts of axpression as a single entity.
[6-EE2Db]

Example: Describe the expressioi@+ 7) as a product of two factors; vid®+ 7)
as both a single entity and a sum of two terms.

c. Evaluate expressions at specific values of their variables. Include expressions that arise
from formulas used in reaborld problems. Perform arithmetic operations, including
those involving wholenumber exponents, in the conventional order when there are no
parentheses to specify a particular order (Order of d@ipey. [6-EE2c]

Example: Use the formula¥ = s> andA = 6¢° to find the volume and surface area of

a cube with sides of lengthr %
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14. Apply the properties of operations tergerate equivalent expressiofis-EE3]

Example: Apply the distributive property to the expression 3¢9 to produce the equivalent
expression 6 +x3 apply the distributive property the expression 24+ 18y to
produce the equivalent expressionxs(43y); apply properties of operations to
y +y +yto produce the equivalent expressign 3

15. Identify when two expressions are equivalent (i.e., when the two expressions name the same
number regardless of whiskalue is substituted into thgm[6-EE4]
Example: The expressiong+y +yand ¥ are equivalent because they name the same
number regardless of which numlyaepresents

Reason about and solve oreariable equations andinequalities.

16. Understand solving an equation or inequality as a process of answering a question: which values
from a specified set, if any, make the equation or inequality true? Use substitution to determine
whether a given number in a specified set @sadn equation or inequality tru-EE5]

17. Use variables to represent numbarsd write expressions when solving a +watld or
mathematical problem; understand that a variable can represent an unknown number or, depending
on the purpose at hand, anynmber in a specified sef6-EE6]

18. Solve realworld and mathematical problems by writing and solving equations of the form
X+ p =qandpx= qfor cases in whiclp, g, andx are all nonnegative rational numbef6:EE7]

19. Write an inequality of the form> c or x < cto represent a constraint or condition in a-+eatld
or mathematical problem. Recognize that inequaldf¢beform x > c or x < ¢ have infinitely
many solutions; represent solutions of such inequabtiesumber line diagramg6-EES]

Represent and analyze quantitative relationships between depesat and independentvariables.

20. Use variables to represent two quantities in aw@ald problem that change in relationship to one
another; write arquation to express one quantity, thought of as the dependent variable, in terms
of the other quantity, thought of as the independent variable. Analyze the relationship between the
dependent and independent variables using graphs and tatdeslate tbse to the equation.

[6-EE9]
Example: In a problem involving motion at constant speed, list and graph ordered pairs of
distances and timeand write the equatioth= 65 to represent the relationship
between distance and time.

Geometry
Solvereal-world and mathematical problems involving area, surface area, and volume.
21. Find the area of right triangles, other triangles, special quadrilaterals, and polygons by composing

into rectangles or decomposing into triangles and other shapes; applietiesques in the
context of solving realvorld and mathematical problemf-G1]
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22. Find the volume of a right rectangular prism with fractional edge lemgtpsicking it with unit
cubes of the appropriate unit fraction edge lengthd show that theolume is the same as would
be found by multiplying the edge lengths of the prism. Apply the formwuka$éwhandV = Bh to
find volumes of right rectangular prisms with fractional edge lengths in the context of solving real
world and mathematicgiroblems. [6-G2]

23. Draw polygons in the coordinate plane given coordinates for the vertices; use coordinates to find
the length of a side joining points with the same first coordinate or the same second coordinate.
Apply these techniques in the contexsofving realworld and mathematical problemfs-G3]

24. Represent thredimensional figures using nets made up of rectangles and tripagtease the

nets to find the surface area of these figures. Apply these techniques in the context of solving real
world and mathematical problemfs-G4]

Statistics and Probability
Develop understanding of statistical variability.

25. Recognize a statistical question as one that anticipates variability in the data related to the question
and accounts for it in the answef6-SP1]

Example: AHow ol d am | ?06 is not a statistical gue
schools2aatiista cal qgquestion because ohe an
ages.

26. Understand that a set of data collected to answer a statistical question has a distribution which can
be described by its center, spread, and overall sHegeP2]

27. Recognize tht a measure of center for a numerical data set summarizes all of its values with a
single number, while a measure of variation describes how its values vary with a single number.
[6-SP3]

Summarize and describe distributions.

28. Display numerical data in plots on a number line, including dot plots, histograms, and box plots.
[6-SP4]

29. Summarize numerical data sets in relation to their context, such §-B5]

a. Reporting the number of observatiorf6:SP5a]

b. Describing the nate of the attribute under investigation, including how it was measured
and its units of measuremenj6-SP5b]

c. Giving quantitative measures of center (median and/or mean) and variability (interquartile
range and/or mean stlute deviationis well as desitying any overall pattern and any
striking deviations from the overall pattern with reference to the context in which the data
were gathered[6-SP5c]

d. Relating the choice of measures of center and variability to the shape of the data
distribution and theontext in which the data were gather¢ghSP5d]
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GRADE 7 OVERVIEW

Grade 7 content is organized into five domains of focused study as outlined below in the column to the
left. The Grade 7 domains listed in bold print on the shaded bars are Ratios and Proportional
Relationships, The Number System, Expressions and Egsa@@ometry, and Statistics and Probability.
Immediately following the domain and enclosed in brackets is an abbreviation denoting the domain.
Identified below each domain are the clusters that serve to group related content standards. All Grade 7
content standards, grouped by domain and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instractine content standards.

Content Standard Domains and Clusters Standards for Mathematical Practice

Ratios and Proportional Relationships [RP] 1
A Analyze proportional relationships and use ;
them to solve realorld and mathematical
problems.

Make sense of problems and perseve
in solving them.

2. Reason abstractly and quantitatively.
The Number System [NS]

A" Apply and extend previous understandings 3. Construct viable arguments and
oper_ations With f_ractior_13 to add, subtract, critique the reasoning of others.
multiply, and divide rational numbers.

Expressions andEquations [EE] 4. Model with mathematics.
A Use properties of operations to generate

equivalent expressions. 5. Use appropriate tools strategically.
A Solve realife and mathematical problems
using numerical andlgebraic expressions ar 6. Attend to precision.
equations.
Geometry[G] 7. Look for ard make use of structure.
A Draw, construct, and describe geometrical
figures anddescribe the relationships betwet 8. Look for and express regularity in
them. repeated reasoning.

A Solve realife and mathematical problems
involving angle measure, area, surface aree
and volume

Statistics and Probability [SP]
A Use random sampling to draw inferences
about a population.
A Draw informalcomparative inferences about
two populations.
A Investigate chance processes and develop,
and evaluate probability models.
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GRADE 7

In Grade 7, instructional time should focus on four critical ar§d®se areas aft) developing

understanding of and applying proportional relationships; (2) developing understanding of operations
with rational numbers and working with expressions and linear equations; (3) solving problems involving
scale drawings and informal geoniettonstructions and working with twand threedimensional

shapes to solve problems involving area, surface area, and volume; and (4) drawing inferences about
populations based on samplésiportant information regarding these four critical areas dfunson

follows:

(1) Students extend their understanding of ratios and develop understanding of proportionality to
solve singleand multistep problemsTheyuse their understanding of ratios and proportionality to

solve a wide variety of percent fmlems, including those involving discounts, interest, taxes, tips,

and percent increase or decrease. Students solve problems about scale drawings by relating
corresponding lengths between the objects or by using the fact that relationships of lengttawith
object are preserved in similar objects. Students graph proportional relationships and understand the
unit rate informally as a measure of the steepness of the related line, called the slope. They
distinguish proportional relationships from othelationships.

(2) Students develop a unified understanding of number, recognizing fractions, decimals that have a
finite or a epeating decimal representati@md percents as different representations of rational
numbers.Theyextend addition, subtraction, multiplication, and division to all rational numbers,
maintaining the properties of operations and the relationships between addition and subtraction and
multiplication and division By applying these propertiaad by viewng negative numbers in terms

of everyday contexfsuch aamounts owed or temperatures below zero, students explain and
interpret the rules for adding, subtracting, multiplying, and dividing with negative numbers.
Studentause the arithmetic of rationalmbers as they formulate expressions and equations in one
variable and use these equations to solve problems.

(3) Students continue their work with area from Grade 6, solving problems involving the area and
circumference of a circle and surface arethodedimensional objects. In preparation for work on
congruence and similarity in GradetBey reason about relationships among-tiraensional

figures using scale drawings and informal geometric constructions, and they gain familiarity with the
relationships between angles formed by intersecting lines. Students work witidimeesional

figures, relating them to twdimensional figures by examining cressctions. They solve real

world and mathematical problems involving area, surface area, andevofuwe and three

dimensional objects composed of triangles, quadrilaterals, polygons, andeght prisms.

(4) Students build on their previous work with single data distributions to compare two data
distributions and address questions about diffees between populations. They begin informal

work with random sampling to generate data sets and learn about the importance of representative
samples for drawing inferences
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7th
Students will:

Ratios and Proportional Relationships
Analyze proportional relationships and use them to solve realorld and mathematical problems

1. Compute unit rates associated with ratios of fractions, including ratios of lengthsaackather
guantities measured in like or different unifg-RP1]

Example: If a person Walské mile in each% hour, compute the unit rate as the complex

fraction 2 miles per hour, equivalently 2 miles per hour.

EN I R

2. Recognize and represent proportional relationships between quaijfitieB.2]

a. Decide whether two quantities are in a proportional relationship, e.g., by testing for
equivalent ratios in a table or graphing on a coordinate plane and observing whether the
graph is a straight line through the origiii-RP2a]

b. Identify the constant of proportionality (unit rate) in tables, graphs, equations, diagrams,
and verbal descriptions of proportional relationshifFsRP2b]

c. Represent proportional relationships by atipns. [7-RP2c]

Example: If total costt is proportional to the numberof items purchased at a
constant price, the relationship between the total cost and the number of
items can be expressedtaspn.

d. Explain what a poingx, y) on the graph of arpportional relationship means in terms of the
situation, with special attention to the points (0, 0) and)(herer is the unit rate.

[7-RP2d]

3. Use proportional relationships to solve muéjsratio and percent problemg-RP3]
Examples: Sampleproblems may involveisple interest, tax, markups and markdowns,
gratuities and commissions, fees, percent increase and deara{ercent error.

The Number System

Apply and extend previous understandings of operations with fractions to addubtract, multiply,
and divide rational numbers.

4. Apply and extend previous understandings of addition and subtraction to add and subtract rational
numbers; represent addition and subtraction on a horizontal or vertical number line diagram.
[7-NS1]

a. Descibe situations in which opposite quantities combine to mak&-0lS1a]
Example: A hydrogen atom has 0 charge because its two constituents are oppositely
charged.
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7h

b. Understang + g as the number located a distargidrpmp, in the positive or negative
direction depending on whethgis positive or negative. Show that a number and its
opposite have a sum of 0 (are additive inverses). Interpret sums of rational numbers by
describing realvorld contexts.[7-NS1b]

c. Understand subtraction of rational numbers as adding the additive irvérge; p + (i g).
Show that the distance between two rational numbers on the number line isolbgeabs
value of their differenceand apply this principle in realorld contexts.[7-NS1c]

d. Apply properties of operations as strategies to add and subtract rational nufnd¢gd.d]

5. Apply and extend previous understandings of multiplication and division and of fractions to
multiply and divide rational number$7-NS2]

a. Understandhat multiplication is extended from fractions to rational numbers by requiring
that operations continue to satisfy the properties of operations, particularly the distributive
property, leading to products such a%)(i 1) = 1 and the rules for multiplyirgigned
numbers. Interpret products of rational numbers by describingvazld contexts.

[7-NS2a]

b. Understand that integers can be divided, provided that the divisor is not zero, and every
guotient of integers (with naero divisor) is a rational numbelf p andq are integers,
theni (?)= 2 = % Interpret quotients of rational numbers by describingweald

q q -q
contexts.[7-NS2b]

c. Apply properties of operations as strategies to multiply and divide rational numbers.
[7-NS2c]

d. Convert a rational number to a decimal using long division; know that the decimal form of
a rational number terminates in 0s or eventually rep¢atblS2d]

6. Solve realworld and mathematical problems involving the four operations with rational numbers.

(Computations with rational numbers extend the rules for manipulating fractions to complex
fractions.) [7-NS3]

Expressions and Equations
Use properties ofoperations to generate equivalent expressions.

7. Apply properties of operations as strategies to add, subtract, factor, and expand linear expressions
with rational coefficients[7-EE1]

8. Understand that rewriting an expression in different forms in agmobbntext can shed light on

the problemand how tle quantities in it are relatedi7-EE2]
Example: a+0.0m=10:mmeans that AfAincrease by 5%0 1is
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7h

Solve reatlife and mathematical problems using numerical and algebraiexpressions and
equations.

9. Solve multstep realife and mathematical problems posed with positive and negative rational
numbers in any form (whole numbers, fractions, and decimals), using tools strategically. Apply
properties of operations to calatewith numbers in any forngonvert between forms as
appropriateand assess the reasonableness of answers using mental tompui estimation
strategies [7-EES3]

Examples: If a woman making $25 an hour gets a 10% raise, she will make an additional
10

of her salary an hour, or $2.50, for a new salary of $27f5@®u want to place a
towel bar & inches long in the center of a door that is- diches wide, you will
4 2

need to plae the bar about 9 inches from each edge; this estimate can be used as a
check on the exact computation.

10. Use variables to represent quantities in awaald or mathematical problem, and construct
simple equations and inequalities to solve problems spréag about the quantitief/-EE4]
a. Solve word problems leading to equations of the fprm g =r andp(x + g) =r, wherep,
g, andr are specific rational numbers. Solve equations of these forms fluently. Compare
an algebraic solution to arithmetic solution, identifying the sequence of the operations
used in each approacfi-EE4a]
Example: The perimeter of a rectangle is 54 clts length is 6 cm. What is its
width?
b. Solve word problems leading to inequalities of the fpxm g > r or px+ q <r, wherep,
g, andr are specific rational numbers. Graph the solution set of the ineqaality
interpret itin the context of the problenj7-EE4b]
Example: As a salesperson, you are paid $50 per week plus $3 per sale. This week
you want you pay to be at least $100. Write an inequality for the number
of sales you need to malkand describe the solutions.

Geometry
Draw, construct, and describe geometrical figures and describe the relationships between them.

11. Solve problems involving scale drawings of geometric figures, including computing actual lengths
and areas from a scale drawing and reproducing a scale drawing at a differer7sGdle.

12. Draw (freehand, with ruler and protractor, and with technologgneetric shapes with given
conditions. Focus on constructing triangles from three measures of angles or sides, noticing when
the conditions determine a unique triangle, more than one triangle, or no triph@a]

13. Describe the twalimensional figureghat result from slicing thredimensional figures, as in plane
sections of right rectangular prisms and right rectangular pyrarfelS3]
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Solve reatworld and mathematical problems involving angle measure, area, surface area, and
volume.

14. Know the fomulas for the area and circumference of a cirntel use them to solve problems;
give an informal derivation of the relationship between the circumference and area of a circle.

[7-G4]

15. Use facts about supplementary, complementary, vertical, and adjagées in a multistep problem
to write and solve simple equations for an unknown angle in a figl@5][6

16. Solve realworld and mathematical problems involving area, voluanel surface area of twand
threedimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms
[7-G6]

Statistics and Probability
Use random sampling to draw inferences about a population.

17. Understand that statisticar be used to gain information about a population by examining a
sample of the population; generalizations about a population from a sample are valid only if the
sample is representative of that population. Understand that random sampling tends to produce
representative samples and support valid inferer{@eSP1]

18. Use data from a random sample to draw inferences about a population with an unknown
characteristic of interest. Generate multiple samples (or simulated samples) of the same size to
gauge thevariation in estimates or predictionf/-SP2]

Example: Estimate the mean word length in a book by randomly sampling words from the
book; predict the winner of a school election based on randomly sampled survey
data. Gauge how far off the estimate ardiction might be.

Draw informal comparative inferences about two populations.

19. Informally assess the degree of visual overlap of two numerical data distributions with similar
variabilities, measuring the difference between the centers by expressiagmiiudtide of a
measure of variability[7-SP3]

Example: The mean height of players on the basketball team is 10 cm greater than the mean
height of players on the soccer team, about twice the variability (mean absolute
deviation) on either team; on a got, the separation between the two
distributions of heights is noticeable.

20. Use measures of center and measures of variability for numerical data from random samples to
draw informal comparative farences about two populationg.-SP4]
Example: Decidewhether the words in a chapter of a sevegrdde science book are
generally longer than the words in a chapter of a fegrélde science book.
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Investigate chance processes and develop, use, and evaluate probability models.

21. Understand that the probabjlof a chance event is a number between 0 and 1 that expresses the
likelihood of the event occurring. Larger numbers indicate greater likelihagutobability near

0 indicates an unlikely event, a probability arounéhdicates an event that is neither unlikely nor
2

likely, and a probability ear 1 indicates a likely evenf7-SP5]

22. Approximate the probability of a chance event by collecting data on the chance process that
produces it and observiiiig longrun reldive frequencyand predict the approximate relative
frequency given the probability.7-SP6]

Example: When rolling a number cube 600 times, predict that a 3 or 6 would be rolled
roughly 200 times, but probably not exactly 200 times.

23. Develop a probability model and use it to find probabilities of events. Compare probabilities from
a model to observed frequencies; if the agreement is not good, explain possible sources of the
discrepancy [7-SP7]

a. Develop a uniform probability model @assigning equal probability to all outcomasd
use the model to determine probabilitidevents.[7-SP7a]
Example: If a student is selected at random from a class, find the probability that Jane
will be selected and the probability that a girl willsedected.
b. Develop a probability model (which may not be uniform) by observing frequencies in data
generated from a chance procegsSP7h]
Example: Find the approximate probability that a spinning penny will land heads up
or that a tossed paper cup viélhd operend down. Do the outcomes for
the spinning penny appear to be equally likely based on the observed
frequencies?

24. Find probabilities of compound events using organized lists, tables, tree diagrams, and simulation.
[7-SP8]
a. Understand that, justs with simple events, the probability of a compound event is the
fraction of outcomes in the sample space for which the compound event @Ze8fR3a]
b. Represent sample spaces for compound events using methods such as organized lists,

tablesandtreedi g r a ms . For an event described in

double sixeso), identify the outcomes in
[7-SP8Db]
c. Design and use a simulation to generate frequencies for compound ¢vVeBI3c]
Example: Use random digits as a simulation tool to approximate the answer to the
guestion: If 40% of donors have type A blood, what is the probability that
it will take at least 4 donors to find one with type A blood?
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GRADEGVERVIEW

Grade 8 content is organized into five domains of focused study as outlined below in the column to the
left. The Grade 8 domains listed in bold print on the shaded bars are The Number System, Expressions
and Equations, Functions, Geometry, and StatiatidsProbability. Immediately following the domain

and enclosed in brackets is an abbreviation denoting the domain. Identified below each domain are the
clusters that serve to group related content standards. All Grade 8 content standards, groupaith by dom
and cluster, are located on the pages that follow.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domains and Clusters Standards for Mathematical Practice

The Number System [NS] 1. Make sense of problems and perseve
A Know that there are numbers that are not in solving them.

rational, ancapproximate them by rational
numbers. -
2. Reason abstractly and quantitatively.

Expressions and Equations [EE]

Work with radicals and integer exponents. 3. Construct viable arguments and
A Understand the connections among critique the reasoning of others.

proportionalrelationships, lines, and linear

equations. 4. Model withmathematics.

A Analyze and solve linear equations and pait

of simultaneous linear equations. : _
5. Use appropriate tools strategically.

Functions [F]

A Define evaluate, and compare functions. 6. Attend to precision.
A Use functions to model relationships betwes
quantities 7. Look for and make use of structure.

Geometry [G] 8

A Understand congruence and similarity using '
physical models, transparencies, or geomet
software.

A Understand and apply the Pythagorean
Theorem.

A Solve reaiworld and mathematical problems
involving volumeof cylinders, cones, and
spheres

Look for and express regularity in
repeated reasoning.

Statistics and Probability [SP]
A Investigatepatterns of association in bivariat
data
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GRADE 8

In Grade 8, instructional time should focus on three critical ar€asse areas afg) formulating and
reasoning about expressions and equations, including modeling an association in bivariate data with a
linear equation and solving linear eqns and systems of linear equations; (2) grasping the concept of a
function and using functions to describe quantitative relationshijg§3) analyzing tweand three
dimensional space and figures using distance, angle, similarity, and congruenodensthnding and
applying the Pythagorean Theoreimportant information regarding these three critical areas of
instruction follows:

(1)

)

®3)

Students use linear equations and systems of linear equations to represent, analyze, and solve a
variety of problems. Students recognize equations for proportions suchean ory =mxas
X

special linear equations suchyas mx+ b, understanding that the constant of proportionatity,

is the slope, and the graphs are lines through the origin. They understand that tims, sope,

line is a constant rate of change, so that if the inpytomordinate changes by an amoAnthe

output ory-coordinate changes by the amommfA Students also use a linear equation to describe

the association between two quantities in bivariate data such as arm span versus height for students
in a classroom. At this grade, fitting the moded assessing its fit to the data are done informally.
Interpreting the model in the context of the data requires students to express a relationship between
the two quantities in question and to interpret components of the relationship, such as slope and
y-intercept, in terms of the situation.

Students strategically choose and efficiently implement procedures to solve linear equations in one
variable, understanding that when they use the properties of equality and the concept of logical
equivalence, they aintain the solutins of the original equation. Theglve systems of two linear
eguations in two variables and relate the systems to pairs of lines in the plane; these intersect, are
parallel, or are the same line. Students use linear equations, sgftamaar equations, linear

functions, and their understanding of slope of a line to analyze situations and solve problems.

Students grasp the concept of a function as a rule that assigns to each input exactly one output.
They understand that functiodsscribe situations where one quantity determines another.
Studentgan translate among representations and partial representations of functions, while noting
that tabular and graphical representations may be partial representations, and they can describe
how aspects of the function are reflected in the different representations.

Students use ideas about distance and angles, including how they behave under translations,
rotations, reflections, and dilations and ideas about congruence and sirtolaiescribe and

analyze twedimensional figures and to solve problems. They show that the sum of the angles in a
triangle is the angle formed by a straight line, and that various configurations of lines give rise to
similar triangles because of the &gcreated when a transversal cuts parallel lines. Students
understand the statement of the Pythagorean Theorem and its converse, and can explain why the
Pythagorean Theorem holds, for example, by decomposing a square in two different ways. They
apply he Pythagorean Theorem to find distances between points on the coordinate plane, to find
lengths, and to analyze polygons. Students complete their work on volume by solving problems
involving cones, cylinders, and spheres.
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8th

Students will:

The Number Sy

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

1.

Know that numbers that are not rational are called irrational. Understand informally that every
number has a decimal expansion; for rational numbers 8taivthe decimal expansion repeats
eventually and convert a decimal expansion which repeats eventually into a rational number.
[8-NS1]

Use rational approximations of irrational numbers to compare the size of irrational numbers, locate
them approximatglon a number line diagram, and estimate the value of expressions{e.g.,
[8-NS2]
Example: By truncating the decimal expansiong , show that\/2 is between 1 and 2,
then between 1.4 and 1.5, and ekplzow to continue on to get better
approximations.

Expressions and Equations

Work with radicals and integer exponents.

3.

Know and apply the properties of integer exponents to generate equivalent numerical expressions.
[8-EE1]

Example: 3x3°=3%=2> =2,
27

w

Use square root and cube root symbols to represent solutions to equations of tie=fpramd
x® = p, wherep is a positive rational number. Evaluate square roots of small perfect squares and

cube roots of small perfect cubes. Know tkfatis irrational. [8-EE2]

Use numbers expressed in the form of a single digit times an integer giol@:to estimate very
large or very small quantities, and to express how many times as much one is than the other.
[8-EE3]
Example: Estimate the population of the United States as@ and the population of the
world as 7x 10°, and determine thahé world population is more than 20 times
larger.

Perform operations with numbers expressed in scientific notatidnding problems where both
decimal and scientific notation are used. Use scientific notation and choose units of appropriate
size for neasurements of very large or very small quantities (e.g., use millimeters per year for
seafloor spreading)interpret scientific notation that has been generated by technd®dE4]
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8th
Understand the connections amongroportional relationships, lines, and linear equations.

7.  Graph proportional relationships, interpreting the unit rate as the slope of the graph. Compare two
different proportional relationships represented in different wi8+£E5]
Example: Compare alistancetime graph to a distandgeme equation to determine which of
two moving objects has greater speed.

8.  Use similar triangles to explain why the slapés the same between any two distinct points on a
non-vertical line in the coordinate plane; derthe equatiory = mxfor a line through the origin
and the equatioy = mx + bfor a line intercepting the vertical axasb. [8-EE6]

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

9. Solve linear equations in one variab[8-EE7]

a. Give examples of linear equations in one variable with one solution, infinitely many
solutions, or no solutions. Show which of these possibilities is the case by successively
transforming the given equation into simpler forms until an equivalguation of the form
X = a, a = a,ora = bresults (wher@a andb are different numbe)s [8-EE7a]

b. Solve linear equations with rational number coefficients, including equations whose
solutions require expanding expressiarsng the distributive property and collecting like
terms. [8-EE7Db]

10. Analyze and solve pairs of simultaneous linear equatif3i€E8]

a. Understand that solutions to a system of two linear equations in two variables correspond to
points of intersectionsf their graphs because points of intersection satisfy both equations
simultaneously [8-EE8a]

b. Solve systems of two linear equations in two variables algebraiaatyestimate solutions
by graphing the equations. Solve simple cases by inspe¢8dEE8Db]

Example: 3x+ 2y =5and3x + 2y = 6 have no solution becau8g + 2y cannot
simultaneously be 5 and 6.

c. Solve realworld and mathematical problems leading to two linear equations in two
variables.[8-EES8c]

Example: Given coordinates for two pairs pbints, determine whether the line
through the first pair of points intersects the line through the second pair.

Functions
Define, evaluate, and compare functions.

11. Understand that a function is a rule that assigns to each input exactly one outpgrtaphhef a
function is the set of ordered pairs consisting of an input and the corresponding(&utpction
notation is not required in Grade §8-F1]

12. Compare properties of two functigreach represented in a different way (algebraically,
graphically, numerically in tabée or by verbal descriptions). -F2]
Example: Given a linear function represented by a table of values and linear function
represented by an algebraic expression, aeterwhich function has the greater
rate of change.
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8th

13. Interpret the equatiop= mx + bas defining a linear function whose graph is a straight line; give
examples of functions that are not linef8:F3]
Example: The functionA = & giving the area of aquare as a function of its side length is not
linear because its graph contains the points (1,1),, @&)(3,9), which are not on
a straight line.

Use functions to model relationships between quantities.

14.  Construct a function to model a linear relasbip between two quantities. Determine the rate of
change and initial value of the function from a description of a relationship or froiix,vo
values, including reading these from a table or from a graph. Interpret the rate of change and
initial value of linear function indrms of the situation it modedsd in terms of its graph or a table
of values. [8-F4]

15. Describe qualitatively the functional relationship between two quantities by analyzing a graph
(e.g., where the function is increasing orréasing, linear or nonlinearpketch a graph that
exhibits the qualitative features of a function that has been described ve[8dth]

Geometry

Understand congruence and similarity using physical models, transparencies, or geometry
software.

16. Verify experimentally the properties of rotations, reflections, and translatj8rs1]
a. Lines are taken to lines, and line segmeméstakerto line segments of the same length.
[8-G1la]
b. Angles are taken to angles of the same meag8r&.1b]
c. Parallellines are taken to parallel line8-G1c]

17. Understand that a twdimensional figure is congruent to another if the second can be obtained
from the first by a sequence of rotations, reflections, and translations; given two congruent figures,
describe a spience that exhibits the congruence between tHg#:2]

18. Describe the effect of dilations, translations, rotations, and reflections edirvemsional figures
using coordinates[8-G3]

19. Understand that a twdimensional figure is similar to anotherlifet second can be obtained from
the first by a sequence of rotations, reflections, translations, and dilations; given two similar two
dimensional figures, describe a sequence that exhibits the similarity betweer{8H@4].

20. Use informal arguments &stablish facts about the angle sum and exterior angle of triangles,
about the angles created when parallel lines are cut by a transversal, and thaglegteterion
for similarity of triangles.[8-G5]

Example: Arrange three copies of the same triangh that the sum of the three angles
appears to form a lin@nd give argument in terms of transversals why this is so.

2010Alabama Course of Study: Mathematics 64



8th

Understand and apply the Pythagorean Theorem.

21.
22.

23.

Explain a proof of the Pythagorean Theorem and its convi3s86]

Apply thePythagorean Theorem to determine unknown side lengths in right trianglesworkhl
and mathematical problems ina\and three dimensiong8-G7]

Apply the Pythagorean Theorem to find the distance between two points in a coordinate system.
[8-G8]

Sdve realworld and mathematical problems involving volume of cylinders, cones, and spheres.

24.

Know the formulas for the volumes of cones, cylinders, and splam@gsise them to solve real
world and mathematical problem-G9]

Statistics andProbability

Investigate patterns of association in bivariate data.

25.

26.

27.

28.

Construct and interpret scatter plots for bivariate measurement data to investigate patterns of
association between two quantities. Describe patterns such as clustering, outlievs, ositi
negative association, linear association, and nonlinear associ@iemR1]

Know that straight lines are widely used to model relationships between two quantitative variables.
For scatter plots that suggest a linear association, informallgtiiaight line, and informally
assess the model fit by judging the closeness of the data points to tH&8fe2]

Use the equation of a linear model to solve problems in the context of bivariate measurement data,
interpreting the slope and interced8-SP3]
Example: In a linear model for a biology experiment, interpret a slope of 1.5 cm/hr as
meaning that an additional hour of sunlight each day is associated with an
additional 1.5 cm in mature plant height.

Understand that patterns of association can also be seen in bivariate categorical data by displaying

frequencies and relative frequencies in a-tvay table. Construct and interpret a tway table

summarizing data on two categorical variables collectma the same subjects. Use relative

frequencies calculated for rows or columns to describe possible association between the two

variables.[8-SP4]

Example: Collect data from students in your class on whether or not they have a curfew on

school nightsand whether or not they have assigned chores at home. Is there
evidence that those who have a curfew also tend to have chores?
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STANDARDS FOR HIGH S3@ATBHBEMATICS

Categoriesof Standardgor Hgh School Mathematics

The high school ma#matics standards are grouped according to six conceptual categories. These
categories provide a coherent view of high school
for example, crosses a number of traditional course boundaries, potargisdl and including

Precalculus. The conceptual categgraésslisted below, are described in detail on the following pages.

A Number and Quantity

A Algebra

A Functions

A Modeling

A Geometry

A Statistics and Probability

Additional Standards for High Schadathematics

High schoolcontentstandards specify the mathematics that all students skeawidand be able to dio
order to be college and career readygditional mathematicsontent thastudents should learn in order
to take advanced courses susltalculusadvanced statistics, or discrete mathematics is indicatad by
plus symbol+), as in thiexample:

Example: (+) Represent complex numbers on the complex plane in rectaagualar
polar form including real and imaginary numbers.

All standads without a plus symbol (+) are included in the mathematics curriculum for all calledje
careerready students. Some standards with a plus symbol (+) also appear in courses intended for all
students.

Modeling Standards for High School Mathematics

The Standards for Mathematical Practice include a standard that requires the modeling of mathematics.
Detailed information regarding modeling is located on page&bf this documentModeling is best
interpretednot as a collection of isolated topitaitrather having relevande other standardsSpecific
modeling standards appear throughtiat high schoaiathematicstandardsand they arendicated by

an asterisk(*). Theasterisk(*) may appeaiafter a particular standard as shown in the example below, or
it may appeaon the heading for a group of standards; in that caskeoitld be understood to apply to all
standards in that group.

Example: Choose and produce an equivalent form of an egjmeso reveal and explain
properties of the quantity represented by the expression.*

2010Alabama Course of Study: Mathematics 66



CONCEPTUAL CATEGORY: NUMBER AND QUANTITY

Numbers and Number Systems

During the years from kindergarten to eighth grade, students must repeatedly extend thefiocooice
number,At first, fAnumber 00amialad) ¥ . Soomattenthat, @ ig useduomb e r
repr eseontanidn otnhee whol e numbers are for med@heby t he c
next extension is fractiongt first, fractions are barely numbers and tied strongly to pictorial
representationsyet by the time students understand division of fractions, they have a strong concept of
fractions as numbers and have connected themeans otheir decimal representationsth thebase

ten system used to represent the whole numtgusing middle school, fractions are augmented by

negative fractions to form the rational numbdrsGrade 8, students extend this system once more,
augmenting the rational numbers with the irrationahbers to form the real numbeis. high school,

students will be exposed to yet another extension of number, when the real numbers are augmented by the
imaginary numbers to form the complex numbers.

With each extension of number, the meanings of amdisubtraction, multiplication, and division are
extended.In each new number systénintegers, rational numbers, real numbers, and complex
number$ the four operations stay the same in two important wahey have the commutative,
associative, and digiutive propertiesand their new meanings are consistent with their previous
meanings.

Extending the properties of wheteimber exponents leads to new and productive notaionexample,
properties of whol@umber exponents suggest thdtbshould be §*°= 5' = 5 and that ¥* should be
the cube root of 5.

Calculators, spreadsheets, and computer algebra sy€&83¥provide ways for students to become
better acquainted with these new number systems and their nofBliep.can be used generateata
for numerical experiment$p helpunderstand the workings of matrix, vector, and complex number
algebraand to experiment with neinteger exponents.

Quantities

In realworld mathematic@roblems, the answers are usually not numtertsquantitieor numbers with

units invohing measurementin their work in measurement up through Grade 8, students primarily
measure commonly usadtributes such as length, area, and voluméhigh school, students encounter a
wider variety of unitén modeling,includingacceleration, currency conversions, and derived quantities
such as persehours and heating degree days, social science rates suckcapipgeincome, and rates in
everyday life such as points scored per game or batting averHgegalso encounter novel situations in
which theyrecognize a need or ascertain a problem, and then must both pose and find a solution for the
situation or problem encounteteBor example, to find a good measur@weérall highway safety,
studentgnight propose measurés collect data regardinfgtalities per year, fatalities per year per driver,

or fatalities per vehiclenile traveled.Such a conceptual process is sometimes called quantification.
Quantification is important for science, as when
variable in evaporation. Quantification is alsgortant forprivatecompaniesnd governmental
agencieswhich must conceptualize relevargedsand crete or choose suitable measures for them.
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NUMBER AND QUANTITY OVERVIEW

The Number and Quantity conceptual category focuses on the four domains listed below in the column to
the left. The Number and Quantity domains listed in bold print on the shaded bars are The Real Number
System, Quantities, The Complex Number System Mautior and Matrix Quantities. Immediately

following the domain and enclosed in brackets is an abbreviation denoting the domain. Identified below
each domain are the clusters that serve to group related content standards.

The Standards for Mathematiddactice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domains and Clusters

The Real Number System [NRN]
A Extend the properties of exponents to ratior
exponents.
A Use properties of rational and irrational
numbers.

Quantities [N-Q]
Reasormuantitatively and use units to solve
problems.

The Complex Number System [NCN]
A Perform arithmetic operations with complex
numbers.
A Represent complex numbers and their
operations on the complex plane.
A Use complex numbers in polynomial identiti
and eqations.

Vector and Matrix Quantities [N-VM]
A Represent and model with vector quantities
A Perform operations on vectors.
A Perform operations on matrices and use
matrices in applications.

Standards for Mathematical Practice

1. Make sense of problems and perseve
in solving them.

2. Reason abstractly and quantitatively.

3. Construct viablerguments and

critigue the reasoning of others.

4. Model with mathematics.

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

7. Look for and make use of structure.

8. Look for and express regularity in

repeated reasoning.
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CONCEPTUAL CATEQ@TBRA

Expressions

An expression is eecord of a computation with numbers, symldbk represent numbers, arithmetic
operations, exponentiation, and at madeanced levels, the operation of evaluating a function.
Conventions about these of parentheses and the order of operations absitiieach expression is
unambiguous Creating an expression that describes a computation involgegexal quantity requires
the ability to express the computation in general teaistracting from specific instances.

Reading an expression with comipeasion involves analysis of its underlyistgucture. This may
suggest a different but equivalent way of writing the expreghetnexhibits some different aspect of its
meaning. For examplep + 0.05 can benterpreted as the addition of a 5% taatpricep. Rewriting

p + 0.0% as 1.0p shows that adding a tax is the same as multiplying the price by a constant factor.

Algebraic manipulations are governed by the properties of operatiorexpodents and the conventions
of algebraic notationAt times, an expression is thesult of applying operations to simpler expressions.
For examplep + 0.05 is thesum of the simpler expressiopsind 0.0H. Viewing an expression as the
result ofoperation on simpler expressions can sometimes citgifynderlying structure.

A spreadsheet or a computer algebra system (CAS) can be used to expeitimelgebraic expressions.
These resources are valuable aids to heiforrming complicated algebraic manipulatiorend
understanithg how algebraiegnanipulations behave.

Equations and Inequalities

An equation is a statement of equality betweendwaressions, often viewed as a question asking for
which values of the variables th&pressions on either side are in fact eqiflese values are the
solutions to thequation. An identity, in contrast, is true for all values of the variables; identities are
often developed by rewriting an expression in an equivalent form.

The solutions of an equation in one variable form afetimbers; the solutions ah equation in two
variables form a set of ordered pairs of numbers, which cafotied in the coordinate plangwo or

more equations and/or inequalities forrsyatem. A solution for such a system must satisfy every

equaton and inequality ithe system.

An equation can often be solved by successively deducing from it one osimpfer equationsFor
example, one can add the same constant to bothvgithesit changing the solutions, but squaring both
sides might leadbtextraneousolutions. Strategic competence in solving includes looking ahead for
productivemanipulations and anticipating the nature and number of solutions.

Some equations have no solutions in a given number system, but have a solutemger sgtem. For
example, the solution of+ 1 = 0 is an integer, not a wholember; the solution o2+ 1 =0 is a

rational number, not an integer; the solutiohg? 1 2 = 0 are real numbers, not rational numbers; and the
solutions of® + 2 = Oare complg numbers, not real numbers.
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The same solution techniques used to solve equations can be used to réamaurigs. For example,
the formula for the area of a trapezodds ((b,+b,)/2)h, canbe solved foh using the same deductive
process.

Inequalities can be solved by reasoning about the properties of ineqivdity., but not all, of the
properties of equality continue to hold for inequalities and carsbtul in solving them.

Connections to Functions and Modeling

Expressions can de functionsand equivalent expressions define the same funcsking when two
functionshave the same value for the same input leads to an equation; graphing filnectioms allows
for finding approximate solutions of the equatidg@onverting averbal description to an equation,
inequality, or system of these is an essential skithodeling.
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ALGEBRA OVERVIEW

The Algebra conceptual category focuses on the four domains listed below in the column to the left. The
Algebra domains listed in bold print on the shaded bars are Seeing Structure in Expressions, Arithmetic
With Polynomials and Rational Expressions, @repEquations, and Reasoning With Equations and
Inequalities. Immediately following the domain and enclosed in brackets is an abbreviation denoting the
domain. Identified below each domain are the clusters that serve to group related content standards.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domains and Clusters

Seeing Structure in Expressions [ASSE]
A Interpret the structure of expressions.
A Write expressions in equivalent forms to
solve problems

Arithmetic With Polynomials and Rational
Expressions [AAPR]
A Perform arithmetic operations on polynomial:
A Understand the relationship between zeros &
factors of polynomials.
A Use polynomial identities to solve problems.
A Rewrite rational expressions

Creating Equations [A-CED]
Create equations that describe numbers or
relationships

Reasoning With Equations and Inequalities [AREI]

A Understand solving equations as a process (
reasoning and explain the reasoning

A Solve equations aridequalities in one
variable

A Solve systems of equatians

A Represent and solve equations and inequalit
graphically

Standards for Mathematical Practice

Make sense of problems and persevt
in solving them.

Reason abstractly amphiantitatively.

Construct viable arguments and
critique the reasoning of others.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and express regularity in
repeated reasamy.
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CONCEPTUAL CATEGORY: FUNCTIONS

Functions describe situations where one quantity determines anBtrezxamplethe return or$10,000
invested at an annualized percentage rate of 4.25%urcton of the length of time the money is
invested. Because we continually makeeories about dependencies between quantities in nature and
society, functionsre important tools in the nstruction of mathematical models.

In school mathematics, functions usually have numerical inputs and outputs aftéradefined by an
algebraic expressiorf-or example, the time in hours it takes dorar to drive 100 miles is a function of
t h e s speed i6 miles per how,the ruleT(v) = 100k expresses this relationship algebraically and
defines a function whoseame isT.

The set of inputs to a function is called its domaive often infer the domain to fadl inputs for which
theexpression defining a function has a value, or for whicliuhetion makes sense in a given context.

A function can be described in various wdgs,example by a graph indicatinige trace ofa

seismograph; by averbalrides i n, Al 01, ougivemetheycapitaliat ys;toatbey an al ge
expressiorsuch ag(x) =a+ bx or by a recursive ruleThe graptof a function is often a useful way of

visualizing the relationship of the functiomodels, and manipulating a mathematical expressioa for
functioncanthrowlighon t he functionbs properties.

Functions presented as expressions can model many important phendmeri@portant families of
functions characterized by laws of growth are linear functiwhih grow at a constant rate, and
exponential functions, which grow at a consfagrtcent rate Linear functions with a constant term of
zero describe proportioneglationships.

A graphing utility or a computer algebra syst@@AS) can be used to experiment witoperties of these
functions and their graphsThese technologies are valuable aids to help ibulding of computational
modelsof functions, including recursively defined functions.

Connections to Expressions, Equations, Modeling, and Coordinates

Determining aroutput value for a particular input involves evaluating an expredsinling inputs that
yield a given output involves solving an equati@uestionsaabout when two functions have the same
value for the same input leadd@quations whose solutions cam\isualized from the intersection of their
graphs.Because functions describe relationships between quantities, they are fregsedily

modeling. Sometimes functions are defined by a recursive process, sduiche displayed effectively
using a spradsheet or other technology.
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FUNCTIONS OVERVIEW

The Functions conceptual category focuses on the four domains listed below in the column to the left.
The Functions domains listed in bold print on the shaded bars are Interpreting Functions; Building
Functions; Linear, Quadratic, and Exponential Models; and Trigonometric Functions. Immediately
following the domain and enclosed in brackets is an abbreviation denoting the domain. Identified below
each domain are the clusters that serve to group relaméeint standards.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domains and Clusgrs Standards for Mathematical Practice
Interpreting Functions [F-IF]
A Understand the concept of a function and o WELS SEE Q[T e el (e

use function notatian in solving them.

A Interpret functions that arise in applications il

terms of the context 2. Reason abstractly and quantitatively.
A Analyze functions using different
representations 3. Construct viable arguments and

— . critique the reasoning of others.
Building Functions [F-BF]

A Build a function that models a relationship
betweentwo quantities
A Build new functions from existing functions

4. Model with mathematics.

5. Use appropriate tools strategically.
Linear, Quadratic, and Exponential Models [FLE]
A Construct and compare linear, quadratic, an 6. Attend toprecision.
exponential models and solve problems
A Interpret expressions for functions in terms o
the situation they model 7. Look for and make use of structure.
Trigonometric Functions [F-TF] 8. Look for and express regularity in
A Extend the domain of trigonometric functions repeated reasoning.
using the unit circle
A Model periodic phenomena with trigonometri
functions
A Prove and apply trigonometric identities
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CONCEPTUAL CATEGORIES: MODELING

Modeling links classroom mathematics atatistics to everyday life, work, adécisionmaking.

Modeling is the process of choosing and using appropriateematics and statistics to analyze empirical
situations, to understand thdyatter, and to improve decisionQuantities and their relationships in
physical,economic, public policy, social, and everyday situations can be modelednatimgmatical and
statistical methodsWhen making mathematical moddischnology is valuable for varying assumptions,
exploringconsequences, asdmparing predictions with data.

A model can be very simple, such as writing total cost as a product of uniapdecaimber bought, or
using a geometric shape to describe a physical objed kkén. Even simpé models involve makp

choices such ake decisiorio model a coin as a threlimensional cylindeor asa two-dimensionalisk.
Other situationd modeling a deliveryoute, a production schedule, or a comparison of loan
amortizationd need moreslaborate models that use athaols from the mathematical sciences. Real
world situations are not organized and labeled for analysis; formulating tractable models, representing
such models, and analyzing them is appropriately a creative process. Like every such process, this
depend on acquired expertise as well as creativity.

Examples of such situations might inclutie following

A Estimating how much water and food is needed for emergency relief in a devastated city of 3
million people, and how it might be distributed.

Planning aable tennis tournament for 7 players at a club with 4 tables, where each player plays
against gery otherplayer.

Designing the layout of the stalls in a school fair so as to raise as much money as possible.
Analyzing stopping distance for a car.

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

Engaging in critical patanalysis such a@sirnaroundspace requiretbr an aircraft at an airport.
Analyzing risk in situations such as extreme sports, pandemics, and terrorism.

Relating population statistics to individual predictions.

Too Too Too To To o T

In situations like these, the models devised depend on a number of, faoidingfi ldw precise an
answer do we want or ne€d®What aspects of the situation do we most need to understand, control
optimize®d fWhatresources of time and tools do heve® The range of models that chacreatel and
analyzel is also constrained e limitations of our mathematicalasistical, and technical skills as well
as theability to recognize significant variables and relationships among ti@agrams ofvarious kinds,
spreadsheets and other technology, and algebra are powerfdibtagisierstanding and solving
problems drawn from different types of reebrld situations.

Oneof the insights provided by mathematical modeling is that essentially thensattmematical or
statistical structure can sometimes model seemingly diffeierdtions. Models can also shed light on
the mathematical structures themselves, for exampiehas a model of bacterigrowth makes more
vivid the explosivegrowth of the exponential function.

The basic modeling cycle is summarized in the .\
diagramto the right It involves (1) identifying Ry | —
variables in the situation and selectthgse that :
represent essential features, (2) formulatngodel K Compute )HK Interpret )
by creating and selecting geometric, graphical,

(  Report
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tabular, algebraic, or statistical representations that desefdi@nships between the variables, (3)
analyzing and performing operations these relatimships to draw conclusions, (4) interpreting the
results of thenathematics in terms of the original situation, (5) validating the conclusiocsniyyaring
them with the situation, and then either improving the model orisifaitceptable, (6) reportiran the
conclusions and the reasoning behind th&hoices, assumptions, and approximations are present
throughout this cycle.

In descriptive modeling, a model simply describes the phenomena or sumnisinéa a compact
form. Graphs of observationseaa familiar descriptive mod&l for example, graphs of global
temperature and atmospheric 3®er time.

Analytic modeling seeks to explain data on the basis of deeper theoreticahldeasyith parameters
that are empirically based; for examp&ponential growtlof bacterial colonies until cgff
mechanismssuch as pollution or starvatiagmervene follows from a constant reproduction rate.
Functions are an importatttol for analyzing such problems.

A variety of powerful tools can be ustdmodel purely mathematical phenoméea., the behavior of
polynomials)as well as physical phenomen@wiich tools include graphing utilities, spreadsheets,
computer algebra systems, and dynamic geometry software.

Modeling Standards Modeling is besinterpreted not as a collection of isolatagpics but rather in
relation to other standardsMaking mathematical modelsasStandard for Mathematical Practice, and
specific modeling standards appehroughout the high school standards indicated bgasteris (+).
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CONCEPTUAL CATEGORY: GEOMETRY

An understanding of the attributes and relationships of geometric objects applied in diverse
contexts These includenterpreting a schematic drawing, estimating the amotwbod needed to
frame asloping roof, rendering computer graphics, or designisewéng pattern for the most efficient
use of material.

Although there are many types of geometry, school mathematics is devoted prionplalye Euclidean
geometry, studied both synthetically tlut coordinates) arahalytically (with coordinates)Euclidean
geometry is characterized most importatythe Parallel Postulate that through a point not on a given
line there is exactly ongarallel line. Spherical geometry, inontrast, has no pallel lines.

During high school, students begin to formalize their geometry experiencesl&omntary and middle
school, using more precise definitions and developing cguefoffs. Later in college some students
develop Euclidean and other geometrgarefullyfrom a small set of axioms.

The concepts of congruence, similarity, and symmetry can be understoathdrperspective of
geometric transformation-undamental are the rigid motionsanslations, rotations, reflections, and
combinations ofhese, all of which are heessumed to preserve distance and angtastherefore
shapes generallyReflectionsand rotations each explain a particular type of symmetry, and the
symmetries of aobject offer insight into its attributdsas when the redctive symmetry of an isosceles
triangle assures that its base angles are congruent.

In the approach taken here, two geometric figures are defined to be congruentisf shezquence of

rigid motions that carries one onto the oth€his is theprinciple of superposition.For triangles,

congruence means the equality of all corresponpiiis of sides and all corresponding pairs of angles.
During the middle grades, througRkperiences drawing triangles from given conditions, students notice
ways to specifyenough measures in a triangle to ensure that all triangles drawn with those measures are
congruent.Once these triangle congruence critesiigglesideangle ASA), sideangleside SAS), and
sidesideside SSS) are establishedsing rigidmotions, they can be used to prove theorems about
triangles, quadrilateraland other geometric figures.

Similarity transformations (rigid motions followed by dilations) define similaritthe same way that

rigid motions define congruence, thereby falizingthes i mi | ar i sage shajimradscale f A
factoro developed in the middle gradeBhese transformations lead to the criterion for triangle similarity
that two pairs oforresponding angles are congruent.

The definitions of sine, cosine, atahgent for acute angles are founded on tigémgles and similarity,

and, with the Pythagorean Theorem, are fundamental in nreahyorld and theoretical situationg.he
Pythagorean Theorem is generalized to nontiggmigles by the Law of Cosine3.ogether, the Law of

Sines andhe Law ofCosines embodthe triangle congruence criteria for the cases where three pieces of
information sufficeto completely solve a triangld=urthermore, these laws yield two possible solutions

in the amiiguous casdllustrating that gle-side-angle is not a congruence criterion.

Analytic geometry connects algebra and geometry, resulting in powerful methasslysis and problem
solving. Just as the number line associates numbersledgétions in one dimension pair of
perpendicular axes associates pairs of numbigindocations in two dimensionsseometric
transformations of the graphs of equations correspmatjebraic changes in their equations.
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Dynamic geometry environments provide students wiiherimental and modelirigols  Thesdools
allow them to investigate geometric phenomena in much the same waypster algebra systems
allow them to experiment with algebraic phenomena.

Connections to Equations

The correspondence between numerccardinatesind geometric points allows methods from algebra to
be applied to geometry and vigersa. The solution set of an equation becomes a geometric curve,
making visualizatiora tool for doing and understanding algeb&eometric shapes can besdebed by
equations, making algebraic manipulation into a tool for geometric understamaidgling, and proof.
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GEOMETRY OVERVIEW

The Geometry conceptual category focuses on the six domains listed below in the column to the left. The
Geometry domains listed in bold print on the shaded bars are Congruence; Similarity, Right Triangles,
and Trigonometry; Circles; Expressing Geometrgperties With Equations; Geometric Measurement

and Dimension; and Modeling With Geometry. Immediately following the domain and enclosed in
brackets is an abbreviation denoting the domain. Identified below each domain are the clusters that serve

to grouprelated content standards.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domainsand Clusters

Congruence [GCO]
A Experiment with transformations in the plane
A Understand congruence in terms of rigidtions
A Prove geometric theorems
A Make geometric constructions

Similarity, Right Triangles, and Trigonometry
[G-SRT]
A Understand similarity in terms of similarity

transformations

A Prove theorems involving similarity

A Define trigonometric ratios argblve problems
involving right triangles

A Apply trigonometry to general triangles

Circles [G-C]
A Understand and apply theorems about circles
A Find arc lengths and areas of sectors of circles

Expressing Geometric Properties With Equations
[G-GPE]
A Translate between the geometric description and
equation for a conic section
A Use coordinates to prove simple geometric
theoremsalgebraically

Geometric Measurement and Dimension [G5GPE]
A Explain volume formulas and use them to
solve problems
A Visualize relationsips between twalimensional
andthreedimensional objects

Modeling With Geometry [G-MG]
Apply geometric concepts in modeling situations

Standards for Mathematical Practice

Make sense of problems and perseve
in solving them.

Reason abstractly and quantitatively.

Construct viable arguments and
critique the reasoning of others.

Model with mathematics.
Useappropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and express regularity in
repeated reasoning.
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CONCEPTUAL CATEGORY: STATISTICS AND PROBABILI

Decisions or predictions are often baseddat® numbers in contextThesedecisions or predictions
would be easy if the data always sent a clear messagbelmessage is often obscured by variability.
Statistics provides tools for describingriability in data and for making informed ddoiss that take it
into account.

Data are gathered, displayed, summarized, examined, and interpreted to dliatteves and deviations
from patterns.Quantitative data can be described in teofsey characteristicsmeasures of shape,
center, and spad. The shape of a dathstribution might be described agmametric, skewed, flat, or
bell-shapedand itmight be summarized by a statistic measuring center such as mean or ameldéan
statistic measuring spread such as standard deviation or intdequange. Different distributions can be
compared numerically using these statisticeamnpared visually using plotnowledge of center and
spread are not enoughdescribe a distributionWhich statistics to compare, which plots to use, and
whatthe results of a comparison might mean, depend on the question to be inveatigatesl realife
actions to be taken.

Randomization has two important uses in drawing statistical conclugtinss.collecting data from a
random sample of a populatiomakes it possible to dravalid conclusions about the whole population,
taking variability into accountSecond, randomly assigning individuals to different treatments allows a
fair comparison of the effectiveness of those treatmehitstatistically significantoutcome is one that is
unlikely to be due to chance alone, and this can be evaloatgdnder the condition of randomness.
The conditions under which data a@lected are important in drawing conclusions from the. diata
critically reviewirg uses of statistics in public media and other reports, it is important to consider the
study design, how the data were gathered, and the analyses ematoyiedl aghe data summaries and
the conclusions drawn.

Random processes can be described mattieatha by using a probability modek list or description of
the possible outcomes (the sample space), each of whishigged a probabilityin situations such as
flipping a coin, rolling a number cuber, drawing a card, it might be reasonablegsuame various
outcomes are equallikely. In a probability model, sample points represent outcomes and combine to
make up events; probabilities of events can be computed by applying the Adddidtultiplication

Rules. Interpreting these probabilitieslies on an understandingindependence and conditional
probability, which can be approached throughahalysis of tweway tables.

Technology plays an important role in statistics and probabilihe use of technology makigpossible

to generat@lots, regression functions, and correlation coefficients, aniiriolate many possible
outcomes in a short amount of time.

Connections to Functions and Modeling
Functions may be used to descrilzga. If the data suggest a linear relationship, tlationship can be

modeledwith a regression line, and its strength and direction can be expressed thoougtation
coefficient.
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STATISTICS AND PROBABILITY OVERVIEW

The Statistics and Probability conceptual category focuses on the four domains listed below in the column
to the left. The Statistics and Probability domains listed in bold print on the shaded bars are Interpreting
Categorical and Quantitative Data, Makiimferences and Justifying Conclusions, Conditional

Probability and the Rules of Probability, and Using Probability to Make Decisions. Immediately

following the domain and enclosed in brackets is an abbreviation denoting the domain. Identified below
eat domain are the clusters that serve to group related content standards.

The Standards for Mathematical Practice are listed below in the column to the right. These mathematical
practice standards should be incorporated into classroom instruction of the content standards.

Content Standard Domains and Clusters

Interpreting Categorical and Quantitative Data [S-ID]
A Summarize, represent, and interpret data on a
single count or measurement variable.
A Summarize, represent, and interpret data on two
categorical and quantitative variahles
A Interpret linear models

Making Inferences and Justifying Conclusions [9C]
A Understand and evaluate random processes
underlying statistical experiments
A Make inferences and justify conclusions from
sample surveys, experimengsd observational
studies

Conditional Probability and the Rules of Probability
[S-CP]
A Understand independence and conditional
probability and use them to interpret data
A Use the rules of probability to compute probabiliti
of compound events in a uniform probability mod:

Using Probability to Make Decisions [SMD]
A Calculate expected values and use them to solve
problems
A Use probability to evaluate outcomesdetisions

Standards for M athematical Practice

1. Make sense of problems and perseve
in solving them.

2. Reason abstractly and quantitatively.

3. Construct viable arguments and

critigue the reasoning of others.

4. Model with mathematics.

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

7. Look for and make use of structure.

8. Look for and express regularity in

repeated reasoning.
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ALGEBRA |

The Algebra | course builds on foundational mathematics content learned by students in Gdges K
expanding mathematics understanding to provide students with a strong mathematics education. Content
is designed to engage students in a variety of mattiesthexperiences that include the use of reasoning

and problerssolving skills, which may be applied lite situationsbeyond the classroom setting. This

course serves as the cornerstone for all high school mathematics courses; therefore, all subsequent
mathematics courses require student mastery of the Algebra | content standards.

Algebra | is one of the courses reqa for all students. School systems may offer Algebra | and

Algebra IA and Algebra IB. Content standa8jgl, 5, 6, 7, 7a, 15, 16, 21, 22, 24, 25, 26, 29, 30, 30a, 37,
37b, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, amdUE be taught in the AlgedIA course. Content

standards 1, 2, 7b, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 23, 27, 28, 30b, 30c, 31, 32, 33, 34, 35, 36, 374,
37c, and 38nust be taught in the Algebra IB course. Systems offering Algebra | in the eighth grade have
the responsiltity of ensuring that all Algebra | course content standardgsGrade 8 course content

standard$e included in instruction.

Students will:

NUMBERNDQUANTITY

The Real Number System
Extend the properties of exponents to rational exponents.

1. Explain how the definition of the meaning of rational exponents follows from extending the
properties of integer exponents to those values, allowing for a notation for radicals in terms of
rational exponents|N-RN1]

Example: We define $*to be the cubeoot of 5 because we want'®’ = 5**?3to hold, so
(5"%* must equal 5.

2. Rewrite expressions involving radicals and rational exponents using the properties of exponents.
[N-RN2]

Use properties of rational and irrational numbers.

3.  Explain why the suror product of two rational numbers is rational; that the sum of a rational
number and an irrational number is irrational; and that the product of a nonzero rational number
and an irrational number is irrationdN-RN3]
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ALGEBRA |

Quantities*

Reasonquantitatively and use units to solve problems(Foundation for work with expressions,
equations, and function3

4. Use units as a way to understand problems and to guide the solution of multistep problems; choose
and interpret units consistently in formsij@hoose and interpret the scale and the origin in graphs
and data displaygN-Q1]

5. Define appropriate quantities for the purpose of descriptive moddi2]

6. Choose a level of accuracy appropriate to limitations on measurement when repaatitiges.

[N-Q3]

ALGEBRA
Seeing Structure in Expression
Interpret the structure of expressions. (Linear, exponential, quadratig

7. Interpret expressions that represent a quantity in terms of its confexSSE1]
a. Interpret parts of an expressisach as terms, factors, and coefficieifs:SSE1a]
b. Interpret complicated expressions by viewing one or more of their parts as a single entity.
[A-SSE1b]
Example InterpretP(1+r)" as the product d? and a factor not depending Bn

8. Use the structuref an expression to identify ways to rewrite [l -SSE2]
Example Seex*- y* as(x?)? - (y°)?, thus recognizing it as a difference of squares that can be

factored a$x® - YA (¢ + y?).
Write expressions in equivalent forms to solve problems(Quadratic and exponentia)

9. Choose and produce an equivalent form of an expression to reveal and explain properties of the
guantity represented by the expressiofA*SSE3]
a. Factor a quadratic expression to reveal the zeros of the function it ddA&SE3a]
b. Complete the square in a quadratic expression to reveal the maximum or minimum value of
the function it defines[A-SSE3b]
c. Determine a quadratic equation when given its graph or rDots.
d. Use the properties of exponents to transfoxpressions for exponential functions.
[A-SSE3c]
Example: The expression 1.16an be rewritten as (1.Y8)'?& 1 *@oleReal the
approximate equivalent monthly interest rate if the annual rate is 15%.

Arithmetic With Polynomials and Rational Expressions
Perform arithmetic operations on polynomials. (Linear and quadratic)

10. Understand that polynomials form a system analogous to the integersly, they are closed
under the operations of addition, subtraction, and multiplication; add, subtract, and multiply
polynomials. [A-APR1]
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ALGEBRA |

Creating Equations*

Create equations that describe numbers or relationships(Linear, quadratic, and exponenrdi
(integer inputs only); for Standard 13, linear only.)

11. Create equations and inequalities in one varjarid use them to solve problemaclude
equations arising from linear and quadratic functions, and simple rational and exponential
functions. [A-CED1]

12. Create equations in two or more variables to represent relationships between guantities; graph
equations on coordinate axes with labels and scple€ED?2]

13. Represent constraints by equations or inequalities, and by systems of equations andilitieseq
and interpret solutions as viable or ngable options in a modeling conteiA-CED3]
Example: Represent inequalities describing nutritional and cost constraints on combinations
of different foods.

14. Rearrange formulas to highlight a quantityird&rest, using the same reasoning as in solving
equations.[A-CED4]
Example Rearrange Ohis lawV = IR to highlight resistancB.

ReasoningWith Equations and Inequalities

Understand solving equations as a process of reasoning and explain teasoning. (Master linear;
learn as general principlg

15. Explain each step in solving a simple equation as following from the equality of numbers asserted
at the previous step, starting from the assumption that the original equation has a solution.
Construct a viable argument to justify a solution metHédREI1]

Solve equations and inequalities in one variablgLinear inequalities; literal that are linear in the
variables being solved for; quadratics with real solutions.)

16. Solve linear equatiorend inequalities in one variable, including equations with coefficients
represented by letter§A-REI3]

17. Solve quadratic equations in one variali&:-REI4]

a. Use the method of canteting the square to transfolany quadratic equation iinto an
equadion of the form - p)> = g that has the same solutions. Derive the quadratic formula
from this form. [A-REl4a]

b. Solve quadratic equations by inspection (e.g.xfer 49), taking square roots, completing
the squarendthe quadratic formuland factoring as appropriate to the initial form of the
equation.Recognize when the quadratic formula gives complex solytiomswrite them
asa = b for real numbers andb. [A-REI4b]
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Solve systems of equationglLinear-linear andlinear-quadratic.)

18.

19.

20.

Prove that, given a system of two equations in two variables, replacing one equation by the sum of
that equation and a multiple of the other produces a system with the same so]AH&EE5]

Solve systems of linear equations exaatigl approximately (e.g., with graphs), focusing on pairs
of linear equations in two variablefA-REI6]

Solve a simple system consisting of a linear equation and a quadratic equation in two variables
algebraically and graphicallfA-REI7]
Example: Find the points of intersection between the yirei 3xand the circle? + y* = 3.

Represent and solve equations and inequalities graphically{Linear and exponential; learn as
general principle)

21.

22.

23.

Understand that the graph of an equation in two vasdblehe set of all its solutions plotted in the
coordinate plane, often forming a curve (which could be a liFREI10]

Explain why thex-coordinates of the points where the graphs of the equatieri&) andy = g(x)
intersect are the solutions of the equatfiaih= g(x); find the solutions approximately, e.g., using
technology to graph the functions, make tables of values, or find successive approximations.
Include cases wheféx) and/org(x) are linear, polynomiarational, absolute value, exponential,
and logarithmic functions.{A-REI11]

Graph the solutions to a linear inequality in two variables as @la@é (excluding the boundary in
the case of a strict inequality), and graph the solution set to ansykli@ear inequalities in two
variables as the intersection of the correspondinggtatfes. [AREI12]

FUNCTIONS

Interpreting Functions

Understand the concept of a function and use function notation{Learn as general principle; focus
on linear andexponential and on arithmetic and geometric sequences.)

24.

25.

26.

Understand that a function from one set (called the domain) to another set (called the range)
assigns to each element of the domain exactly one element of the ifahigea function anc is

an ekment of its domain, thef(x) denotes the output 6torresponding to the input The graph
of fis the graph of the equatigr+ f(x). [F-IF1]

Use function notation, evaluate functions for inputs in their domains, and interpret statements that
use finction notation in terms of a conteXk-I1F2]

Recognize that sequences are functions, sometimes defined recursively, whose domain is a subset
of the integers[F-1F3]
Example The Fibonacci sequence is defined recursively by
f(0)=f(1) = 1, f(n+1)=f(n) + f(n-1) fornO 1 .
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Interpret functions that arise in applications in terms of the context. (Linear, exponential, and
quadratic)

27. For a function that models a relationship between two quantities, interpret key features of graphs
and tables in tens of the quantities, and sketch graphs showing key features given a verbal
description of the relationshigKey features include intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimummsegyes; end
behavior; and periodicity. [F-IF4]

28. Relate the domain of a function to its graph and, where applicable, to the quantitative relationship
it describes.*[F-IF5]
Example If the functionh(n) gives the number of persdwurs it takes to assembiengines
in a factory, then the positive integers would be an gu@@ domain for the
function.

29. Calculate and interpret the average rate of change of a function (presented symbolically or as a
tade) over a specified interval. Estimate the rate of change from a griphE6]

Analyze functions using different representations.(Linear, exponential, quadratic, absolute value,
step, piecewisdefined.)

30. Graph functions expressed symbolically anovslkey features of the graph, by hand in simple
cases and using technology for more complicated cagedF7]
a. Graph linear and quadratic functigasd show intercepts, maxima, and mininf:1F7a]
b. Graph square root, cube root, and piecewisiined functions, including step functions and
absolute value functiongF-IF7b]
c. Graph exponential and logarithmic functions, showing intercepts and end behavior, and
trigonometric functions, showing period, midline, and amplityéfelF7¢e]

31. Write afunction defined by an expression in different but equivalent forms to reveal and explain
different properties of the functiofF-IF8]
a. Use the process of factoring and completing the square in a quadratic function to show
zeros, extreme values, andvsyetry of the graph, and interpret these in terms of a context.
[F-IF8a]
b. Use the properties of exponents to interpret exjmesgor exponential functiongF-1F8b]
Example ldentify percent rate of change in functions such=a$1.02}, y = (0.97),
y = (1.01}% andy = (1.2, and classify them as representing exponential
growth and decay.

32. Compare properties of two functions each represented in a different way (algebraically,
graphically, numerically in tables, or by verbal descriptiofig}IF9]
Example: Given a graph of one quadratic function and an algebraic expression for another,
say which has the larger maximum.
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Building Functions

Build a function that models a relationship between two quantities(For standards 33 and 34
linear, exponential, and quadrati¢

33.

34.

Write a function that describes a relationship between two quantifiesBF1]
a. Determine an explicit expression, a recursive process, or steps for calculation from a
context. [F-BF1a]
b. Combine standard function typesngarithmetic operationgF-BF1b]
Example: Build a function that models the temperature of a cooling body by adding a
constant function to a decaying exponential, and relate these functions to
the model.

Write arithmetic and geometric sequences bothredeely and with an explicit formula, use them
to model situations, and translate between the two forffisBF2]

Build new functions from existing functions. (Linear, exponential, quadratic, and absolute value; for
standard 36a, linear only.)

35.

36.

Identify the effect on the graph of replacif{g) by f(x) + k, k f(x), f(kx), andf(x + k) for specific
values ofk (both positive and negative); find the valueajiven the graphs. Experiment with
cases and illustrate an explanation of the effects on the graph using techrotbage
recognizing even and odd functions from their graphs and algebraic expressions for them.
[F-BF3]

Find inverse functions[F-BF4]
a. Solve an equation of the forffx) = c for a simple functiori that has an inversand write
an expression for the inversg=-BF4a]
Example f(x) =2¢ or f(x) = (x+1)/(x-1) forxi 1 .

Linear, Quadratic, and Exponential Models*

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

37.

38.

39.

Distinguish between situations that can be modeled with linear functions and with exponential
functions. [F-LE1]
a. Prove that linear functions grow by equal differences over éauaavals, and that
exponential functions grow by equal factors over equal interyaisE1a]
b. Recognize situations in which one quantity changes at a constant rate per unit interval
relative to another[F-LE1b]
c. Recognize situations in which a opigy grows or decays by a constant percent rate per
unit interval relative to anothefF-LE1c]

Construct linear and exponential functions, including arithmetic and geometric sequences, given a
graph, a description of a relationship, or two irputputpairs (include reading these from a
table). [F-LE2]

Observeusing graphs and tabldgblat a quantity increasing exponentially eventually exceeds a
guantity increasing linearly, quadratically, or (more generally) as a polynomial fun{ffidri3]
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Interpret expressions for functions in terms of the situation they model(Linear and exponential of
form f(x) = b* + k.)

40. Interpret the parameters in a linear or exponential function in terms of a cqRdES]

STATISTICS AND PROBABILITY

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

41. Represent data with plots on the real number line (dot plots, histograms, and box pHidd)]

42. Use statistics appropriate to the shay the data distribution to compare center (median, mean)
and spread (interquartile range, standard deviation) of two or more different da{&<B(2]

43. Interpret differences in shape, center, and spread in the context of the data sets, accounting fo
possible effects of extreme data points (outliefS}ID3]

Summarize, represent, and interpret data on two categorical and quantitative variablegLinear
focus, discuss general principle.)

44. Summarize categorical data for two categories inway frequency tablesinterpret relative
frequencies in the context of the data (including joint, marginal, and conditional relative
frequencies). Recognize possible associations and trends in th¢SiHI&)]

45. Represent data on two quantitative variables sca#ter platand describe how the variables are
related. [SID6]

a. Fit a function to the data; use functions fitted to data to solve problems in the context of the
data. Use given functions or chooadunction suggested by the context. Emphasize linear,
guadratic, and exponential modelgs-1D6a]

b. Informally assess the fit of a function by plotting and analyzing resid{&H6b]

c. Fit alinear function for a scatter plot that suggadinear associationS-1D6c]

Interpret linear models.

46. Interpret the slope (rate of change) and the intercept (constant term) of a linear model in the
context of the data[S-ID7]

47. Compute (using technology) and interpret the correlation coefficientioar fit. [S-1D8]

48. Distinguish between correlation and causatif$D9]
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