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 practices rest on important “processes and proficiencies” with longstanding importance
in mathematics education. The first of these are the NCTM process standards of problem solving, reasoning and proof, com-
munication, representation, and connections. The second are the strands of mathematical proficiency specified in the National
Research Council's report Adding It Up: adaptive reasoning, strategic competence, conceptual understanding (comprehension
of mathematical concepts, operations and relations), procedural fluency (skill in carrying out procedures flexibly, accurately,
efficiently and appropriately), and productive disposition (habitualinclination to see mathematics as sensible, useful,and
worthwhile, coupled with a belief in diligence and one’s own efficacy).

1) Make sense of problems and persevere in solvingthem.

Mathematically proficient students start by explaining to themselves the meaning of a problem and looking for entry points to its
solution. They analyze givens, constraints, relationships, and goals. They make conjectures about the form and meaning of the
solution and plan a solution pathway rather than simply jumping into a solution attempt. They consider analogous problems, and
try special cases and simpler forms ofthe original problemin order to gaininsightintoits solution. They monitorand evaluate
their progress and change course if necessary. Older students might, depending on the context of the problem, transform alge-
braic expressions or change the viewing window on their graphing calculator to get the information they need. Mathematically
proficient students can explain correspondences between equations, verbal descriptions, tables, and graphs or draw diagrams
ofimportantfeaturesandrelationships, graph data, and searchforregularity ortrends. Younger students mightrely 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, “Does this make sense?” They can understand the
approaches of others to solving complex problems and identify correspondences between different approaches.

2) Reason abstractly and quantitatively.

Mathematically proficient students make sense of quantities and their relationships in problem situations. They bring two
complementary abilities to bear on problems involving quantitative relationships: the ability to decontextualize—to abstract a
given situation and represent it symbolically and manipulate the representing symbols as if they have a life of their own, without
necessarily attending to their referents—and the ability to contextualize, to pause as needed during the manipulation process in
order to probe into the referents for the symbols involved. Quantitative reasoning entails habits of creating a coherent represen-
tation ofthe problem athand; considering the units involved; attending to the meaning of quantities, not justhow to compute
them; and knowing and flexibly using different properties of operations and objects.

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

Mathematically proficient students understand and use stated assumptions, definitions, and previously established results

in constructing arguments. They make conjectures and build a logical 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.
Theyjustify theirconclusions,communicate themtoothers,andrespondtothearguments ofothers. Theyreasoninductively
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 two plausible arguments, distinguish correct logic or reasoning from that
whichis flawed, and—ifthere is aflaw inan argument—explain whatitis. Elementary students can constructarguments
using concrete referents such as objects, drawings, diagrams, and actions. Such arguments can make sense and be correct,
even though they are not generalized or made formal until later grades. Later, students learn to determine domains to which an
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argument applies. Students at all grades can listen to or read the arguments of others, decide whether they make sense, and
ask useful questions to clarify orimprove the arguments. Students build proofs by induction and proofs by contradiction.
CA 3.1 (for higher mathematics only).

4) Model with mathematics.

Mathematically proficientstudents can apply the mathematics they knowto solve problems arising in everyday life, society,
andthe workplace. In early grades, this might be as simple as writing an addition equation to describe a situation. In middle
grades, astudentmightapply proportional reasoning to plan a school eventoranalyze a probleminthe community. By high
school, astudent might use geometry to solve a design problem or use a function to describe how one quantity ofinterest
depends on another. Mathematically proficient students who can apply what they know are comfortable making assumptions
andapproximationsto simplify acomplicated situation, realizing thatthese may needrevisionlater. They are able toidentify
importantquantitiesinapracticalsituationandmaptheirrelationships using suchtools asdiagrams, two-waytables, graphs,
flowcharts and formulas. They can 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
if it has not served its purpose.

5) Use appropriate tools strategically.

Mathematically proficient students consider the available tools when solving a mathematical problem. These tools might include
penciland paper, concrete models, aruler, aprotractor, a calculator, aspreadsheet, acomputeralgebra system, astatistical
package, ordynamic geometry software. Proficientstudents are sufficiently familiar with tools appropriate for their grade or
coursetomake sounddecisionsaboutwhen each ofthese tools mightbe helpful, recognizingboththe insighttobe 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 errors by strategically 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. Mathematically proficient students at various grade levels are able
toidentify relevant external mathematical resources, such as digital contentlocated on awebsite, and use themto pose or
solve problems. They are able to use technological tools to explore and deepentheirunderstanding of concepts.

6) Attend to precision.

Mathematically proficientstudents try tocommunicate precisely to others. They try to use cleardefinitionsin discussion with
others and in their own reasoning. They state the meaning of the symbols they choose, including using the equal sign consistently
and appropriately. They are careful about specifying units of measure, and labeling axes to clarify the correspondence with
quantitiesinaproblem. They calculate accurately and efficiently, express numerical answers with adegree of precision
appropriate forthe problem context. Inthe elementary grades, students give carefully formulated explanations toeach other.
By the time they reach high school they have learned to examine claims and make explicit use of definitions.

7) Look for and make use of structure.

Mathematically proficient students look closely to discern a pattern or structure. Young students, for example, might notice that
threeand sevenmoreisthe same amountas seven andthree more, orthey may sortacollection of shapesaccording to how
many sides the shapes have. Later, students willsee 7 x 8 equals the well-remembered 7 x 5+ 7 x 3, in preparation for learn-
ingaboutthedistributive property. Inthe expression x?+9x+ 14,olderstudentscanseethe 14as2x7andthe9as2+7.
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Theyrecognizethe significance ofanexistinglineinageometricfigure and can use the strategy ofdrawinganauxiliary line
for solving problems. They also can step back for an overview and shift perspective. They can see complicated things, such as
some algebraic expressions, as single objects or as being composed of several objects. For example, they can see 5 - 3(x - y)?
as5minusapositive numbertimes asquare and use thattorealize thatits value cannotbe more than 5forany realnumbers x
and y.

8) Look for and express regularity in repeated reasoning.

Mathematically proficient students notice if calculations are repeated, and look both for general methods and for shortcuts.
Upperelementary students might notice when dividing 25 by 11thatthey are repeating the same calculations overand over
again, and conclude they have arepeating decimal. By paying attention to the calculation of slope as they repeatedly check
whether points are on the line through (1,2) with slope 3, middle school students mightabstractthe equation (y—2)/(x—1)=3.
Noticingtheregularityinthe way terms cancelwhenexpanding (x—1)(x+ 1), (x—1)(x3+ x+1),and (x—1)(x3+ x?+ x+1)
mightlead them to the general formula for the sum of ageometric series. As they work to solve a problem, mathematically
proficient students maintain oversight of the process, while attending to the details. They continually evaluate the reasonable-
ness of their intermediate results.

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

The Standards for Mathematical Practice describe ways in which developing student practitioners of the discipline of mathemat-
icsincreasingly oughtto engage with the subject matteras they growin mathematical maturity and expertise throughout the
elementary, middle and high school years. Designers of curricula, assessments, and professional development should all attend
to the need to connect the mathematical practices to mathematical contentin mathematics instruction.

The Standards for Mathematical Content are a balanced combination of procedure and understanding. Expectations that begin
withtheword “understand” are often especially good opportunities to connectthe practices tothe content. Students wholack
understanding 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 situa-
tions, use technology mindfully to work with the mathematics, explain the mathematics accurately to other students, step back
foranoverview, ordeviate fromaknown procedure tofindashortcut. In short, alack ofunderstanding effectively prevents a
student from engaging in the mathematical practices.

Inthis respect, those content standards which set an expectation of understanding are potential “points of intersection”
between the Standards for Mathematical Content and the Standards for Mathematical Practice. These points of intersection
areintendedtobe weighted toward central and generative conceptsin the school mathematics curriculum that most merit
the time, resources, innovative energies, and focus necessary to qualitatively improve the curriculum, instruction, assessment,
professional development, and student achievement in mathematics.
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Kindergarten

Inkindergarten, instructional time should focus ontwo critical areas: (1)representing, relating, and operatingonwhole
numbers, initially with sets of objects; and (2) describing shapes and space. More learning time in kindergarten should be
devoted to number than to othertopics.

(1) Studentsusenumbers,includingwritten numerals, torepresentquantities and to solve quantitative problems, suchas
counting objects in a set; counting out a given number of objects; comparing sets or numerals; and modeling simple joining
and separating situations with sets of objects, or eventually with equations suchas 5+2=7and 7-2=5. (Kindergarten
students should see additionand subtraction equations, and studentwriting ofequationsinkindergartenisencouraged,
butitis notrequired.) Students choose, combine, and apply effective strategies foranswering quantitative questions,
including quickly recognizing the cardinalities of small sets of objects, counting and producing sets of given sizes, counting
the number of objectsincombined sets, or countingthe number of objects thatremainin a setaftersome are taken away.

(2) Students describe their physical world using geometric ideas (e.g., shape, orientation, spatial relations) and vocabulary.
They identify, name, and describe basic two-dimensional shapes, such as squares, triangles, circles, rectangles, and
hexagons, presented in a variety of ways (e.g., with different sizes and orientations), as well as three-dimensional shapes
suchascubes, cones, cylinders, and spheres. They use basic shapes and spatial reasoning to model objectsintheir
environment and to construct more complex shapes.
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Kindergarten Overview

Counting and Cardinality

e Know number names and the count sequence.

e Count to tell the number ofobjects.

e Compare numbers.

Operations and Algebraic Thinking

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

Number and Operations in Base Ten

e Work with numbers 11-19 to gain foundations for place valu

Measurement and Data

e Describe and compare measurable attributes.

e Classify objects and count the number of objects in categori

Geometry
e Identify and describe shapes.

e Analyze, compare, create, and compose shapes.

Kindergarten

Mathematical Practices

1.

&

T S e

Make sense of problems and persevere in
solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique the
reasoning of others.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated
reasoning.
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Kindergarten

Counting and Cardinality K.CC

Know number names and the count sequence.
1. Count to 100 by ones and bytens.

2. Countforward beginning from a given number within the known sequence (instead of having to begin at 1).

3. Writenumbersfrom0t020.Representanumberof objects with awritten numeral 0-20 (with 0 representingacountofno
objects).

Count to tell the number of objects.

4. Understand the relationship between numbers and quantities; connect counting to cardinality.

a.  When counting objects, say the number names in the standard order, pairing each object with one and only one number
name and each number name with one and only one object.

b. Understandthatthelastnumbernamesaidtellsthe numberofobjects counted. Thenumberofobjectsisthe same
regardless of their arrangement or the order in which they were counted.

c. Understand that each successive number name refers to a quantity that is one larger.

5. Counttoanswer“howmany?”questionsaboutas manyas20thingsarrangedinaline,arectangulararray,oracircle, or
asmany as 10thingsin a scattered configuration; givenanumber from 1-20, count outthatmany objects.
Compare numbers.

6. ldentifywhetherthe numberofobjectsinonegroupisgreaterthan, lessthan, orequaltothe numberofobjectsinanother
group, e.g., by using matching and counting strategies."

7. Compare two numbers between 1 and 10 presented as written numerals.

Operations and Algebraic Thinking K.OA

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

1. Represent addition and subtraction with objects, fingers, mental images, drawings,?sounds (e.g., claps), acting out
situations, verbal explanations, expressions, or equations.

2. Solveadditionandsubtractionword problems,andaddandsubtractwithin10,e.g.,byusingobjectsordrawingsto
represent the problem.

3. Decomposenumberslessthanorequalto10intopairsinmorethanoneway,e.g.,byusingobjectsordrawings,and
record each decomposition by a drawing or equation (e.g.,5=2+3and5=4 +1).

4. Foranynumberfrom 1t09,findthe numberthatmakes 10whenaddedtothe givennumber, e.g., by using objectsor
drawings, and record the answer with a drawing or equation.

5. Fluently add and subtract within 5.

1. Includes groups with up to tenobjects.
2. Drawings need notshow details, but should show the mathematicsin the problem. (This applies whereverdrawings are mentioned in the Standards.)
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Kindergarten

NumberandOperationsinBase Ten K.NBT

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

1. Compose and decompose numbers from 11 to 19 into ten ones and some further ones, e.g., by using objects or drawings,
and record each composition or decomposition by a drawing or equation (e.g., 18 =10 + 8); understand that these
numbers are composed of ten ones and one, two, three, four, five, six, seven, eight, or nine ones.

Measurement and Data K.MD

Describe and compare measurable attributes.

1. Describe measurable attributes of objects, such as length or weight. Describe several measurable attributes of a single
object.

)

Directly compare two objects with a measurable attribute in common, to see which object has “more of”/“less of” the
attribute, and describe the difference. For example, directly compare the heights of two children and describe one child as
taller/shorter.

Classify objects and count the number of objects in each category.
3. Classifyobjectsintogivencategories; countthe numbersofobjectsineach category and sortthe categories by count.®

Geometry K.G

Identify and describe shapes (squares, circles, triangles, rectangles, hexagons, cubes, cones, cylinders, and
spheres).

1. Describe objects in the environment using names of shapes, and describe the relative positions of these objects using
terms such as above, below, beside, in front of, behind, and next to.

2. Correctly name shapes regardless of their orientations or overall size.

3. Identify shapes as two-dimensional (lying in a plane, “flat”) or three-dimensional (“solid”).

Analyze, compare, create, and compose shapes.

4. Analyze and compare two- and three-dimensional shapes, in different sizes and orientations, using informal language

to describe their similarities, differences, parts (e.g., number of sides and vertices/“corners”) and other attributes

(e.g., having sides of equallength).
5. Modelshapesinthe world by building shapes from components (e.g., sticks and clay balls) and drawing shapes.
6. Compose simple shapes to form larger shapes. For example, “Can you join these two triangles with full sides touching to

make a rectangle?”

3. Limit category counts to be less than or equal to 10.

Kindergarten K-8 Standards |13



Ingrade 1,instructional time should focus on four critical areas: (1) 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 understanding of linear measurement and measuring lengths as iterating
length units; and (4) reasoning about attributes of, and composing and decomposing geometric shapes.

(1) Students develop strategies for adding and subtracting whole numbers based on their prior work with small numbers. They
use avariety ofmodels, including discrete objects and length-based models (e.g., cubes connected to formlengths), to
model add-to, take-from, put-together, take-apart, and compare situations to develop meaning for the operations of addition
and subtraction, and to develop strategies to solve arithmetic problems with these operations. Students understand
connections between countingand addition and subtraction (e.g., adding twois the same as countingontwo). They use
properties ofadditiontoadd whole numbers and to create and use increasingly sophisticated strategies based onthese
properties (e.g., “making tens”) to solve addition and subtraction problems within 20. By comparing a variety of solution
strategies, children build their understanding of the relationship between addition and subtraction.

(2) Students develop, discuss, and use efficient, accurate, and generalizable methods to add within 100 and subtract multiples
of 10. They compare whole numbers (at least to 100) to develop understanding of and solve problems involving their relative
sizes. Theythink of whole numbers between 10and 100in terms oftens and ones (especially recognizing the numbers
11to 19ascomposedofatenand some ones). Throughactivities thatbuild numbersense, they understandthe order of
the counting numbers and their relative magnitudes.

(3) Students develop an understanding of the meaning and processes of measurement, including underlying concepts such as
iterating (the mental activity of building up the length of an object with equal-sized units) and the transitivity principle for
indirect measurement.

(4) Students compose and decompose plane or solid figures (e.g., put two triangles together to make a quadrilateral) and build
understanding of part-whole 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, and determine
howthey are alike and different, to develop the background formeasurementandforinitial understandings of properties
such as congruence and symmetry.

1. Students should apply the principle of transitivity of measurement to make indirect comparisons, but they need not use this technical term.
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Grade 1 Overview

Operations and Algebraic Thinking

e Representand solve problems involving addition and sub-
traction.

e Understand and apply properties of operations and the rela-
tionship between addition and subtraction.

e Add and subtract within 20.

e Work with addition and subtractionequations.

Number and Operations in Base Ten

e Extend the counting sequence.

e Understand place value.

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

Measurement and Data

e Measure lengths indirectly and by iterating length units.

e Tell and write time.

e Represent and interpret data.

Geometry
e Reason with shapes and theirattributes.

Grade 1

Mathematical Practices

1.

c

o = & o=

Make sense of problems and persevere in
solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique
the reasoning ofothers.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated
reasoning.
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Grade 1

Operations and Algebraic Thinking 1.0A

Represent and solve problems involving addition and subtraction.

1. Useaddition 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, drawings, and equations with
a symbol for the unknown number to represent the problem.?

2. Solveword problemsthatcallforaddition ofthree whole numberswhose sumislessthanorequalto20,e.g., by using
objects, drawings, and equations with a symbol for the unknown number to represent the problem.

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

3. Apply properties of operations as strategies to add and subtract.? Examples: If 8 + 3= 11is known, then 3+ 8= 11is also
known. (Commutative property of addition.) Toadd 2 + 6 + 4, the second two numbers can be added to make a ten, so
2+6+4=2+10=12. (Associative property of addition.)

4. Understand subtraction as an unknown-addend problem. For 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 and subtraction (e.g., by counting on 2 to add 2).

6. Add and subtract within 20, demonstrating fluency for addition and subtraction within 10. Use strategies such as
countingon; makingten(e.g.,8+6=8+2+4=10+4=14);decomposinganumberleadingtoaten(e.g.,13-4=
13-3-1=10-1=9);usingtherelationship betweenadditionand subtraction (e.g.,knowingthat8 +4=12,one
knows 12—8=4); and creating equivalentbuteasierorknown sums(e.g.,adding 6 + 7 by creating the known equivalent
6+6+1=12+1=13).

Work with addition and subtraction equations.

7. Understandthe meaning ofthe equalsign,and determineifequationsinvolvingaddition and subtractionare true orfalse.

Forexample, which ofthe following equations are true and which are false? 6=6,7=8—-1,5+2=2+54+1=5+2.

8. Determine the unknown whole number in an addition or subtraction equation relating three whole numbers. For example,
determine the unknown number that makes the equation true in each ofthe equations 8+ ?=11,56=0-3,6+6=011.

NumberandOperationsinBase Ten 1.NBT

Extend the counting sequence.

1. Countto 120, startingatanynumberlessthan 120. Inthisrange, read and write numerals and representanumber of
objects with a written numeral.

Understand place value.

2. Understand that the two digits of a two-digit number represent amounts of tens and ones. Understand the following as
special cases:

a. 10 can be thought of as a bundle of ten ones—called a “ten.”
b. Thenumbersfrom 11to 19are composed of aten and one, two, three, four, five, six, seven, eight, or nine ones.

¢. Thenumbers 10, 20, 30,40, 50, 60, 70, 80, 90 refer to one, two, three, four, five, six, seven, eight, or nine tens
(and 0 ones).

2. See Glossary, Table 1.
3. Students need not use formal terms for these properties.
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Grade 1 n

3. Compare two two-digit numbers based on meanings of the tens and ones digits, recording the results of comparisons with
the symbols >, =, and <.

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

4. Addwithin 100, including adding a two-digitnumberand a one-digitnumber, and adding a two-digitnumberand a multiple
of 10, using concrete models or drawings and strategies based on place value, properties of operations, and/or the relation-
ship between addition and subtraction; relate the strategy to a written method and explain the reasoning used. Understand
thatinaddingtwo-digitnumbers,oneaddstensandtens, onesand ones;and sometimesitisnecessarytocomposeaten.

o

Givenatwo-digitnumber, mentallyfind 10more or 10lessthanthe number, withouthavingto count; explainthereasoning
used.

S

Subtract multiples of 10in the range 10-90 from multiples of 10in the range 10-90 (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 method and explain the reasoning used.

Measurement and Data 1.MD

Measure lengths indirectly and by iterating length units.
1. Order three objects by length; compare the lengths of two objects indirectly by using a third object.

2. Expressthelengthofanobjectasawhole numberoflength units, by laying multiple copies of a shorter object (the length
unit)endtoend; understandthatthe length measurementofanobjectis the numberof same-size length unitsthatspanit
withnogapsoroverlaps. Limitto contexts wherethe objectbeingmeasuredis spanned by awhole numberoflength units
with no gaps oroverlaps.

Tell and write time.
3. Telland write time in hours and half-hours using analog and digital clocks.

Represent and interpret data.

4. Organize, represent, and interpret data with up to three categories; ask and answer questions about the total number of
data points, how manyin each category,and how many more orless are inone category thaninanother.

Geometry 1.G

Reason with shapes and their attributes.

1. Distinguish between defining attributes (e.qg., triangles are closed and three-sided) versus non-defining attributes (e.g.,
color, orientation, overall size); build and draw shapes to possess defining attributes.

2. Compose two-dimensional shapes (rectangles, squares, trapezoids, triangles, half-circles, and quarter-circles) or three-
dimensional shapes (cubes, right rectangular prisms, right circular cones, and right circular cylinders) to create a composite
shape, and compose new shapes from the composite shape.*

3. Partition circles and rectangles into two and four equal shares, describe the shares using the words halves, fourths, and

quarters, and use the phrases half of, fourth of, and quarter of. Describe the whole as two of, or four of the shares.
Understand for these examples that decomposing into more equal shares creates smaller shares.

4. Students do not need to learn formal names such as “right rectangular prism.”
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Ingrade 2,instructionaltime shouldfocus onfourcriticalareas: (1)extending understanding ofbase-ten notation; (2) building
fluency with addition and subtraction; (3) using standard units of measure; and (4) describing and analyzing shapes.

(1) Students extend their understanding of the base-ten system. This includes ideas of counting in fives, tens, and multiples of
hundreds, tens, and ones, as well as number relationships involving these units, including comparing. Students understand
multi-digitnumbers (up to 1000) written in base-ten notation, recognizing that the digits in each place representamounts
of thousands, hundreds, tens, or ones (e.g., 853 is 8 hundreds + 5 tens + 3 ones).

(2) Studentsusetheirunderstanding 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 subtraction, and they develop, discuss,
and use efficient, accurate, and generalizable methods to compute sums and differences of whole numbers in base-ten
notation, usingtheirunderstanding of place value and the properties of operations. They selectand accurately apply
methodsthatare appropriate forthe contextand the numbersinvolved to mentally calculate sums and differences for
numbers with only tens or only hundreds.

(3) Students recognize the need for standard units of measure (centimeter and inch) and they use rulers and other measure-
menttools withthe understandingthatlinearmeasureinvolvesaniteration ofunits. Theyrecognize thatthe smallerthe
unit, the more iterations they need to cover a given length.

(4) Students describe and analyze shapes by examining their sides and angles. Students investigate, describe, and reason
about decomposing and combining shapes to make other shapes. Through building, drawing, and analyzing two- and three-
dimensional shapes, students develop a foundation for understanding area, volume, congruence, similarity, and symmetry
in later grades.
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Grade 2 Overview

Operations and Algebraic Thinking

e Representand solve problems involving addition and

subtraction.
e Add and subtract within 20.

e Work with equal groups of objects to gain foundations for

multiplication.

Number and Operations in Base Ten
e Understand place value.

e Use place value understanding and properties of operations

toadd and subtract.

Measurement and Data

e Measure and estimate lengths in standard units.

e Relate addition and subtraction tolength.
e Work with time and money.
e Represent and interpret data.

Geometry
e Reason with shapes and theirattributes.

Grade 2

Mathematical Practices

1.

c
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Make sense of problems and persevere in
solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique the
reasoning of others.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated
reasoning.
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Operations and Algebraic Thinking 2.0A

Represent and solve problems involving addition and subtraction.

1. Use addition and subtraction within 100 to solve one- and two-step word problems involving situations of adding to, taking
from, putting together, taking apart, and comparing, with unknowns in all positions, e.g., by using drawings and equations
with a symbol for the unknown number to represent the problem.’

Add and subtract within 20.

2. Fluentlyaddand subtractwithin20 using mental strategies.?By end of Grade 2, know from memory all sums of two
one-digit numbers.

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

3. Determinewhetheragroup ofobjects (upto20)hasanoddorevennumberofmembers, e.g., by pairingobjects or
counting them by 2s; write an equation to express an even number as a sum of two equal addends.

&

Use addition tofind the total number of objects arranged inrectangulararrays with up to 5rows and up to 5 columns;
write an equation to express the total as a sum of equal addends.

Numberand OperationsinBase Ten 2.NBT

Understand place value.

1. Understandthatthethreedigits ofathree-digitnumberrepresentamounts ofhundreds, tens,andones;e.g.,706 equals 7
hundreds, 0 tens, and 6 ones. Understand the following as special cases:

a. 100 can be thought of as a bundle of ten tens—called a “hundred.”

b. Thenumbers 100,200, 300, 400, 500, 600, 700,800, 900 refer to one, two, three, four, five, six, seven, eight, or nine
hundreds (and 0 tens and Oones).

2. Count within 1000; skip-count by 2s, 5s, 10s, and 100s. CA
3. Read and write numbers to 1000 using base-ten numerals, number names, and expanded form.
4. Comparetwothree-digitnumbersbasedonmeaningsofthehundreds, tens,andonesdigits, using>,=,and <symbolsto

record the results of comparisons.

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

5. Fluently add and subtract within 100 using strategies based on place value, properties of operations, and/or the relation-
ship between addition and subtraction.

S

Add up to four two-digit numbers using strategies based on place value and properties of operations.

~

Add and subtractwithin 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 subtracting three-digit numbers, one adds or subtracts hundreds and hundreds, tens and tens, ones and
ones; and sometimes it is necessary to compose or decompose tens or hundreds.

1. See Glossary, Table 1.
2. See standard 1.0A.6 for a list of mental strategies.
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7.1 Use estimation strategies to make reasonable estimates in problem solving. CA

8.
9.

Mentally add 10 or 100to a given number 100-900, and mentally subtract 10 or 100 from a given number 100-900.

Explain why addition and subtraction strategies work, using place value and the properties of operations.?

Measurement and Data 2.MD

Measure and estimate lengths in standard units.

1.

Measure the length of an object by selecting and using appropriate tools such as rulers, yardsticks, meter sticks, and
measuring tapes.

Measure the length of an object twice, using length units of different lengths for the two measurements; describe how the
two measurements relate to the size of the unit chosen.

Estimate lengths using units of inches, feet, centimeters, and meters.

Measure to determine how much longer one object is than another, expressing the length difference in terms of a standard
length unit.

Relate addition and subtraction to length.

5.

Use addition and subtraction within 100to solve word problemsinvolving lengths thatare giveninthe sameunits, e.g., by
using drawings (such as drawings of rulers) and equations with a symbol for the unknown number to represent the problem.

Represent whole numbers as lengths from 0 on a number line diagram with equally spaced points corresponding to the
numbersO0,1,2,...,andrepresentwhole-numbersums anddifferenceswithin 100onanumberline diagram.

Work with time and money.

7.

Telland write time from analoganddigital clocks tothe nearestfive minutes, usinga.m.and p.m. Knowrelationships of
time (e.g., minutes in an hour, days in a month, weeks in a year). CA

Solveword problemsinvolvingdollarbills,quarters, dimes, nickels, and pennies, using $ and ¢ symbols appropriately.
Example: If you have 2 dimes and 3 pennies, how many cents do you have?

Represent and interpret data.

9.

10.

Generate measurementdata by measuringlengths of several objects tothe nearestwhole unit, orby making repeated
measurements of the same object. Show the measurements by making a line plot, where the horizontal scale is marked off
in whole-number units.

Drawapicturegraphandabargraph (with single-unitscale)torepresentadata setwithup tofourcategories. Solve
simple put-together, take-apart, and compare problems*using information presentedinabargraph.

3. Explanations may be supported by drawings or objects.
4. See Glossary, Table 1.
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Geometry 2.G

Reason with shapes and their attributes.

1. Recognize and draw shapes having specified attributes, such as a given number of angles or a given number of equal
faces.’ldentify triangles, quadrilaterals, pentagons, hexagons, and cubes.

2. Partition arectangle into rows and columns of same-size squares and count to find the total number of them.

3. Partition circles and rectangles into two, three, or four equal shares, describe the shares using the words halves, thirds, half
of, athird of, etc.,and describe the whole astwo halves, three thirds, four fourths. Recognize thatequal shares of identical
wholes need not have the same shape.

5. Sizes are compared directly or visually, not compared by measuring.
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Ingrade 3, instructional time should focus on four critical areas: (1) 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 two-dimensional shapes.

(1)

Students develop an understanding of the meanings of multiplication and division of whole numbers through activities and
problems involving equal-sized groups, arrays, and area models; multiplication is finding an unknown product, and division
is finding an unknown factor in these situations. For equal-sized group situations, division can require finding the unknown
number of groups or the unknown group size. Students use properties of operations to calculate products of whole numbers,
using increasingly sophisticated strategies based on these properties to solve multiplication and division problems involving
single-digit factors. By comparing a variety of solution strategies, students learn the relationship between multiplication and
division.

Students develop an understanding of fractions, beginning with unit fractions. Students view fractions in general as being
builtoutofunitfractions, and they use fractions along with visual fraction models to represent parts ofawhole. Students
understand that the size of a fractional partis relative to the size of the whole. For example, 1/2 of the paintin a small
bucketcould beless paintthan 1/3 ofthe paintinalargerbucket, but 1/3 ofaribbonislongerthan 1/5ofthe same
ribbon because whenthe ribbon is divided into 3 equal parts, the parts are longer than when the ribbon is divided into
5equalparts. Students are able touse fractionstorepresentnumbers equalto, lessthan, and greaterthan one. They
solve problems that involve comparing fractions by using visual fraction models and strategies based on noticing equal
numerators or denominators.

Students recognize area as an attribute of two-dimensional regions. They measure the area of a shape by finding the total
numberof same-size units of arearequired to coverthe shape withoutgaps oroverlaps, asquare with sides of unitlength
being the standard unit for measuring area. Students understand that rectangular arrays can be decomposed into identical
rows orintoidentical columns. By decomposingrectanglesintorectangulararrays of squares, students connectareato
multiplication, and justify using multiplication to determine the area of a rectangle.

Students describe, analyze, and compare properties of two-dimensional shapes. They compare and classify shapes by their
sidesand angles, and connectthese with definitions 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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Grade 3 Overview

Operations and Algebraic Thinking

e Representand solve problems involving multiplication and Mathematical Practices

division. 1. Make sense of problems and persevere in
e Understand properties of multiplication and the relationship solving them.

between multiplication anddivision. 2. Reason abstractly and quantitatively.

e Multiply and divide within 100.

2

Construct viable arguments and critique the
e Solve problems involving the four operations, and identify reasoning of others.

and explain patterns in arithmetic.
Model with mathematics.

Number and Operations in Base Ten

e Use place value understanding and properties of operations
to perform multi-digitarithmetic.

Use appropriate tools strategically.
Attend to precision.

] ] Look for and make use of structure.
Number and Operations—Fractions

e Develop understanding of fractions asnumbers.

Y =g B o=

Look for and express regularity in repeated
reasoning.
Measurement and Data

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

e Represent and interpret data.
e Geometric measurement: understand concepts of area and relate area to multiplication and to addition.
e Geometric measurement: recognize perimeter as an attribute of plane figures and distinguish between linear and area

measures.

Geometry
e Reason with shapes and theirattributes.
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Grade 2

Operations and Algebraic Thinking 3.0A

Represent and solve problems involving multiplication and division.
1. Interpretproducts ofwhole numbers, e.g., interpret5 x 7 as the total number of objects in 5 groups of 7 objects each.
For example, describe a context in which a total number of objects can be expressed as 5 x 7.

2. Interpretwhole-numberquotients of whole numbers, e.g.,interpret56 + 8 asthe numberofobjectsineach share when 56
objectsare partitionedequallyinto8shares, orasanumberofshareswhen 56 objects are partitionedintoequal shares of8
objects each. Forexample, 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 measure-
mentquantities, e.g., by using drawings and equations with a symbol forthe unknown numbertorepresentthe problem.’

4. Determine the unknown whole number in a multiplication or division equation relating three whole numbers. For example,
determinethe unknownnumberthatmakesthe equationtrueineachoftheequations8x?=48,6=[1+3,6x6="2.

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

5. Apply properties of operations as strategies to multiply and divide.2Examples: If 6 x 4 = 24 isknown, then 4 x 6 = 24 is
also known. (Commutative property of multiplication.) 3 x 5 x 2 can be found by 3x 5=15,then 15x2=30, or
by 5x2=10,then 3% 10=30. (Associative property of multiplication.) Knowing that8 x5=40and 8 x 2= 16,
onecanfind8x7as8x(6+2)=(8x5)+(8x2) =40+ 16 = 56. (Distributive property.)

6. Understand division as an unknown-factor problem. For 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 that8 x5=40, one knows 40 + 5 =8) or properties of operations. By the end of Grade 3, know from
memory all products of two one-digit numbers.

Solve problems involving the four operations, and identify and explain patterns in arithmetic.

8. Solve two-step word problems using the four operations. Represent these problems using equations with a letter standing
for the unknown quantity. Assess the reasonableness of answers using mental computation and estimation strategies
including rounding.?

9. Identify arithmetic patterns (including patternsin the addition table or multiplication table), and explain themusing
properties of operations. For example, observe that 4 times a number is always even, and explain why 4 times a number
can be decomposed into two equal addends.

Numberand OperationsinBase Ten 3.NBT

Use place value understanding and properties of operations to perform multi-digit arithmetic.*
1. Use place value understanding to round whole numbers to the nearest 10 or 100.

1. See Glossary, Table 2.
2. Students need not use formal terms for these properties.

3. This standard is limited to problems posed with whole numbers and having whole-number answers; students should know how to perform operations in
the conventional order when there are no parentheses to specify a particular order (Order of Operations).

4. A range of algorithms may beused.
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2. Fluently add and subtract within 1000 using strategies and algorithms based on place value, properties of operations,
and/or the relationship between addition and subtraction.

3. Multiply one-digitwhole numbers by multiples of 10in the range 10-90 (e.g., 9 x80, 5 x60) using strategies based on
place value and properties ofoperations.

Number and Operations—Fractions® 3.NF

Develop understanding of fractions as numbers.

1. Understand afraction 1/b as the quantity formed by 1 partwhen awhole is partitionedinto b equal parts; understand a
fraction a/b as the quantity formed by a parts of size 1/b.

2. Understand a fraction as a number on the number line; represent fractions on a number line diagram.

a. Representafraction 1/bonanumberline diagram by defining the interval from 0 to 1 as the whole and partitioning
itinto b equal parts. Recognize that each part has size 1/b and that the endpoint of the part based at 0 locates the
number 1/b on the numberline.

b. Representafractiona/bonanumberlinediagrambymarkingoffalengths 1/bfrom 0. Recognize thatthe resulting
interval has size a/b and that its endpoint locates the number a/b on the number line.
3. Explain equivalence of fractions in special cases, and compare fractions by reasoning about their size.

a. Understand two fractions as equivalent (equal) if they are the same size, or the same pointon a numberline.

b. Recognize and generate simple equivalentfractions, e.g., 1/2=2/4,4/6 = 2/3). Explain why the fractions are
equivalent, e.g., by using a visual fraction model.

c. Expresswhole numbersasfractions, andrecognize fractions thatare equivalenttowhole numbers. Examples:
Express3intheform 3=3/1;recognizethat6/1=6;locate 4/4and 1 atthe same pointofanumberline diagram.

d. Compare two fractions with the same numerator or the same denominator by reasoning about their size. Recognize that
comparisonsare validonlywhenthetwofractionsrefertothe same whole. Recordtheresults of comparisons withthe
symbols >, =, or <, and justify the conclusions, e.g., by using a visual fraction model.

Measurement and Data 3.MD

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

1. Telland write time to the nearest minute and 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 diagram.

2. Measure and estimate liquid volumes and masses of objects using standard units of grams (g), kilograms (kg), and liters
(1).6Add, subtract, multiply, ordivide to solve one-step word problems involvingmasses orvolumesthatare giveninthe
sameunits, e.g., byusingdrawings (such asabeakerwithameasurementscale)torepresentthe problem.”

5. Grade 3 expectations in this domain are limited to fractions with denominators 2, 3, 4, 6, and 8.
6. Excludes compound units such as cm*and finding the geometric volume of a container.
7. Excludes multiplicative comparison problems (problems involving notions of “times as much”; see Glossary, Table 2).
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Represent and interpret data.

3. Drawascaled picture graph and ascaled bargraphtorepresentadata setwith several categories. Solve one-and two-
step “how many more” and “how many less” problems using information presented in scaled bar graphs. For example, draw
a bar graph in which each square in the bar graph might represent 5 pets.

4. Generate measurement data by measuring lengths using rulers marked with halves and fourths of an inch. Show the data by
making aline plot, where the horizontal scale is marked off in appropriate units—whole numbers, halves, or quarters.

Geometric measurement: understand concepts of area and relate area to multiplication and to addition.
5. Recognize area as an attribute of plane figures and understand concepts of area measurement.

a. Asquarewithsidelength 1 unit, called “aunitsquare,” is said to have “one square unit’ ofarea, and can be used to
measure area.

b. Aplanefigure whichcanbecoveredwithoutgapsoroverlaps by nunitsquaresissaidtohaveanareaofnsquare
units.

6. Measure areas by counting unit squares (square cm, square m, square in, square ft, and improvised units).

7. Relate area to the operations of multiplication and addition.

a. Findtheareaofarectanglewithwhole-numbersidelengths bytilingit,and showthatthe areais the same aswouldbe
found by multiplying the sidelengths.

b. Multiply side lengths to find areas of rectangles with whole-number side lengths in the context of solving real-world and
mathematical problems, and representwhole-number products asrectangularareasin mathematicalreasoning.

c. Usetilingtoshowinaconcrete case thatthe areaof arectangle withwhole-number side lengths aand b +cis the
sumofaxbanda xc.Useareamodelstorepresentthedistributive property inmathematicalreasoning.

d. Recognize area as additive. Find areas of rectilinear figures by decomposing them into non-overlapping rectangles and
adding the areas of the non-overlapping parts, applying this technique to solve real-world problems.

Geometricmeasurement: recognize perimeteras anattribute of planefigures and distinguish betweenlinear
and area measures.

8. Solve real-world and mathematical problems involving perimeters of polygons, including finding the perimeter given the side
lengths, findingan unknownside length, and exhibitingrectangles withthe same perimeteranddifferentareas orwith the
same area and different perimeters.

Geometry 3.G

Reason with shapes and their attributes.

1. Understand that shapes in different categories (e.g., rhombuses, rectangles, and others) may share attributes (e.g., having
foursides), and thatthe shared attributes can define alarger category (e.g., quadrilaterals). Recognize rhombuses,
rectangles,and squares asexamples ofquadrilaterals,and draw examples of quadrilaterals thatdonotbelong toany of
these subcategories.

2. Partitionshapesintopartswithequalareas. Expressthe areaofeach partasaunitfraction ofthewhole. Forexample,
partitionashapeinto4 partswithequalarea, anddescribethe areaofeachpartas 1/4 ofthe area ofthe shape.
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Grade 4

Ingrade 4, instructional time should focus on three critical areas: (1) developing understanding and fluency with multi-digit
multiplication, and developing understanding of dividing to find quotients involving multi-digitdividends; (2) developing an
understanding of fraction equivalence, addition and subtraction of fractions with like denominators, and multiplication of
fractions by whole numbers; (3) understanding that geometric figures can be analyzed and classified based on their properties,
such as having parallel sides, perpendicular sides, particular angle measures, and symmetry.

(1) Studentsgeneralizetheirunderstandingofplace valueto 1,000,000, understandingthe relative sizesofnumbersineach
place. They apply their understanding of models for multiplication (equal-sized groups, arrays, area models), place value,
and properties ofoperations, in particularthe distributive property, as they develop, discuss, and use efficient, accurate,
and generalizable methods to compute products of multi-digit whole numbers. Depending on the numbers and the context,
they select and accurately apply appropriate methods to estimate or mentally calculate products. They develop fluency with
efficient procedures for multiplying whole numbers; understand and explain why the procedures work based on place value
and properties ofoperations; and use themto solve problems. Students apply theirunderstanding 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 generalizable procedures to find quotients involving multi-digit dividends. They select and accurately
apply appropriate methods to estimate and mentally calculate quotients, and interpret remainders based upon the context.

(2) Students develop understanding of fraction equivalence and operations with fractions. They recognize that two different
fractionscanbeequal(e.g.,15/9=5/3),and they develop methodsforgeneratingandrecognizing equivalentfractions.
Students extend previous understandings about how fractions are built 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 fraction by a whole number.

(3) Students describe, analyze, compare, and classify two-dimensional shapes. Through building, drawing, and analyzing
two-dimensional shapes, students deepen their understanding of properties of two-dimensional objects and the use of
them to solve problems involvingsymmetry.
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Grade 4 Overview

Operations and Algebraic Thinking
e Use the four operations with whole numbers to solve proble  Mathematical Practices

e Gain familiarity with factors and multiples. 1. Make sense of problems and persevere in

solving them.
e Generate and analyze patterns. 9

2. Reason abstractly and quantitatively.
Number and Operations in Base Ten

e Generalize place value understanding for multi-digit whole

&

Construct viable arguments and critique the
reasoning of others.

numbers.
e Use place value understanding and properties of operations <5 MU e e
to perform multi-digitarithmetic. 5. Use appropriate tools strategically.
Number and Operations—Fractions 6. Attend to precision.
e Extend understanding of fraction equivalence and ordering. 7. Look for and make use of structure.
e Build fractions from unit fractions by applying and extending 8. Look for and express regularity in repeated
previous understandings of operations on whole numbers. reasoning.

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

Measurement and Data
e Solve problemsinvolving measurementand conversion of measurements from alarger unitto a smaller unit.
e Represent and interpret data.

e Geometric measurement: understand concepts of angle and measure angles.

Geometry
e Draw andidentify lines and angles, and classify shapes by properties of their lines and angles.
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Operations and Algebraic Thinking 4.0A

Use the four operations with whole numbers to solve problems.

1. Interpretamultiplication equation as a comparison, e.g., interpret 35 =5 x 7 as a statementthat 35 is S times as many as
7and7times as many as 5. Represent verbal statements of multiplicative comparisons as multiplication equations.

2. Multiply or divide to solve word problems involving multiplicative comparison, e.g., by using drawings and equations with a
symbol for the unknown numberto represent the problem, distinguishing multiplicative comparison from additive comparison.’

3. Solve multistep word problems posed with whole numbers and having whole-number answers using the four operations,
including problemsinwhichremainders mustbeinterpreted. Representthese problemsusingequationswithaletter
standing for the unknown quantity. Assess the reasonableness of answers using mental computation and estimation
strategies including rounding.

Gain familiarity with factors and multiples.

4. Findallfactor pairs forawhole numberin the range 1-100. Recognize thata whole numberis a multiple of each of its
factors. Determine whether a given whole number in the range 1-100 is a multiple of a given one-digit number. Determine
whether a given whole number in the range 1-100 is prime or composite.

Generate and analyze patterns.

5. Generateanumberorshapepatternthatfollowsagivenrule. |dentify apparentfeatures ofthe patternthatwere notexplicit
intheruleitself. Forexample, giventhe rule “Add 3”and the starting number 1, generate terms in the resulting sequence
andobservethattheterms appearto alternate between odd and evennumbers. Explaininformally why the numbers will
continue to alternate in thisway.

Numberand OperationsinBase Ten? 4.NBT

Generalize place value understanding for multi-digit whole numbers.
1. Recognizethatinamulti-digitwhole number, adigitin one place representstentimes whatitrepresentsinthe placetoits
right. Forexample, recognize that 700+ 70 = 10 by applying concepts of place value and division.

2. Read and write multi-digit whole numbers using base-ten numerals, number names, and expanded form. Compare two multi-
digit numbers based on meanings of the digits in each place, using >, =, and < symbols to record the results of comparisons.

3. Use place value understanding to round multi-digit whole numbers to any place.

Use place value understanding and properties of operations to perform multi-digit arithmetic.
4. Fluently add and subtract multi-digit whole numbers using the standard algorithm.

5. Multiply awhole number of up to four digits by a one-digit whole number, and multiply two two-digit numbers, using
strategies based on place value and the properties of operations. lllustrate and explain the calculation by using equations,
rectangular arrays, and/or area models.

6. Find whole-number quotients and remainders with up to four-digit dividends and one-digit divisors, using strategies based
on place value, the properties of operations, and/or the relationship between multiplication and division. lllustrate and
explain the calculation by using equations, rectangular arrays, and/or area models.

1. See Glossary, Table 2.

2. Grade 4 expectations in this domain are limited to whole numbers less than or equal to 1,000,000.
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Number and Operations—Fractions? 4.NF

Extend understanding of fraction equivalence and ordering.

1. Explainwhy afraction a/bis equivalentto afraction (n x a)/(n x b) by using visual fraction models, with attention to how
the numberand size ofthe parts differeventhough the twofractions themselves are the same size. Use this principle to
recognize and generate equivalentfractions.

2. 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 1/2. Recognize that comparisons are valid only when the two
fractions refertothe same whole. Record the results of comparisons with symbols >, =, or <, and justify the conclusions,
e.g., by using a visual fractionmodel.

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

3. Understand a fraction a/b with a > 1 as a sum of fractions 1/b.
a. Understand addition and subtraction of fractions as joining and separating parts referring to the same whole.

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 avisual fraction model. Examples:
3/8=18+1/8+1/8,;,3/8=18+2/8;218=1+1+1/8=8/8+8/8+ 1/8.

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

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 problem.

4. Apply and extend previous understandings of multiplication to multiply a fraction by a whole number.

a. Understand afraction a/bas amultiple of 1/b. Forexample, use a visual fraction modelto represent 5/4 as the
product 5 x (1/4), recording the conclusion by the equation 5/4 =5 % (1/4).

b. Understandamultiple of a/basamultiple of 1/b, and use thisunderstanding tomultiply afraction by awhole
number. Forexample, use a visualfraction modelto express 3 % (2/5) as 6 x (1/5), recognizing this product as 6/5.
(In general, n x (a/b) = (n % a)/b.)

c¢. Solve word problems involving multiplication of a fraction by a whole number, e.g., by using visual fraction models and
equationsto representthe problem. Forexample, ifeach person ataparty will eat 3/8 of apound of roast beef, and
there willbe 5 people atthe party, how many pounds ofroastbeefwillbe needed? Between whattwo whole numbers
does your answer lie?

Understand decimal notation for fractions, and compare decimal fractions.
5. Expressafractionwithdenominator 10asanequivalentfraction withdenominator 100,and use thistechnique toadd two
fractions with respective denominators 10 and 100.4For example, express 3/10as 30/100, and add 3/10+ 4/100 = 34/100.

6. Usedecimalnotationforfractionswithdenominators 100r100. Forexample, rewrite 0.62as 62/100; describe alengthas
0.62 meters; locate 0.62 on a number line diagram.

3. Grade 4 expectations in this domain are limited to fractions with denominators 2, 3, 4, 5, 6, 8, 10, 12, and 100.

4. Studentswhocangenerate equivalentfractions can develop strategies foraddingfractions withunlike denominatorsingeneral. Butadditionand
subtraction with unlike denominators in general is not a requirement at this grade.

Grade 4 K-8 Standards | 31



Grade 4 n

7. Comparetwodecimalstohundredths by reasoning abouttheir size. Recognize thatcomparisons are valid onlywhen
thetwodecimalsrefertothe samewhole. Record the results of comparisons with the symbols >, =, or <, andjustify the
conclusions, e.g., by using the number line or another visual model. CA

Measurement and Data 4.MD

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

1. Knowrelative sizes of measurementunits within one system of units including km, m, cm; kg, g; Ib, 0z.;1, ml; hr, min, sec.
Within a single system of measurement, express measurements in a larger unit in terms of a smaller unit. Record measure-
mentequivalentsinatwo-columntable. Forexample, knowthat 1ftis 12times aslong as 1in. Expressthe length ofa 4 ft
Snake as48in. Generate aconversiontable forfeetandincheslistingthe numberpairs (1, 12), (2,24), (3, 36), . ..

2. Usethefouroperationstosolve word problemsinvolvingdistances, intervals oftime, liquid volumes, masses of objects,
and money, including problems involving simple fractions or decimals, and problems that require expressing measurements
giveninalargerunitinterms of a smallerunit. Representmeasurementquantities using diagrams such as numberline
diagrams that feature a measurementscale.

3. Apply the area and perimeter formulas for rectangles in real-world and mathematical problems. For example, find the width
ofarectangularroomgiventhe area oftheflooring andthe length, by viewing the areaformula as amultiplication equation
with an unknown factor.

Represent and interpret data.

4. Make aline plot to display a data set of measurements in fractions of a unit (1/2, 1/4, 1/8). Solve problems involving
additionand subtraction offractions by usinginformation presentedinline plots. Forexample, fromaline plotfind and
interpretthe difference inlength between the longest and shortest specimens in an insect collection.

Geometric measurement: understand concepts of angle and measure angles.

5. Recognize angles as geometric shapes that are formed wherever two rays share a common endpoint, and understand
concepts of angle measurement:

a. Anangleis measuredwithreference toacircle withits centeratthe common endpointofthe rays, by considering
thefractionofthe circulararcbetweenthe points where the tworaysintersectthe circle. Anangle thatturns through
1/360 of a circle is called a “one-degree angle,” and can be used to measure angles.

b. Anangle that turns through n one-degree angles is said to have an angle measure of n degrees.
6 Measure angles in whole-number degrees using a protractor. Sketch angles of specified measure.

7. Recognize angle measure as additive. When an angle is decomposed into non-overlapping parts, the angle measure of the
whole is the sum ofthe angle measures of the parts. Solve addition and subtraction problemsto find unknown anglesona
diagram in real-world and mathematical problems, e.g., by using an equation with a symbol for the unknown angle measure.
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Geometry 4.G

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

1. Draw points, lines, line segments, rays, angles (right, acute, obtuse), and perpendicular and parallel lines. Identify these in
two-dimensional figures.

2. Classifytwo-dimensionalfiguresbasedonthe presenceorabsenceofparallelorperpendicularlines, orthe presence or
absence of angles of a specified size. Recognize right triangles as a category, and identify right triangles. (Two-dimensional
shapesshouldinclude specialtriangles, e.g., equilateral, isosceles, scalene, and special quadrilaterals, e.g.,rhombus,
square, rectangle, parallelogram, trapezoid.) CA

3. Recognizealineofsymmetryforatwo-dimensionalfigureasaline acrossthefigure suchthatthefigure canbefolded
along the line into matching parts. Identify line-symmetric figures and draw lines of symmetry.
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Ingrade 5, instructional time should focus on three critical areas: (1) developing fluency with addition and subtraction of
fractions, and developing understanding of the multiplication of fractions and of division of fractions in limited cases (unit
fractions divided by whole numbers and whole numbers divided by unit fractions); (2) extending division to two-digit divisors,
integrating decimal fractions into the place value system and developing understanding of operations with decimals to
hundredths, and developing fluency with whole number and decimal operations; and (3) developing understanding of volume.

(1)

Students apply theirunderstanding 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 calculating sums and
differences of fractions, and make reasonable estimates of them. Students also use the meaning of fractions, of multiplica-
tion and division, and the relationship between multiplication and division to understand and explain why the procedures for
multiplyingand dividing fractions make sense. (Note: thisislimited to the case of dividing unitfractions by whole numbers
and whole numbers by unitfractions.)

Students develop understanding of why division procedures work based on the meaning of base-ten numerals and
properties of operations. They finalize fluency with multi-digit addition, subtraction, multiplication, and division. They apply
their understandings of models for decimals, decimal notation, and properties of operations to add and subtract decimals
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 numbers
(i-e., afinite decimal multiplied by an appropriate power of 10is a whole number), to understand and explain why the
procedures for multiplying and dividing finite decimals make sense. They compute products and quotients of decimals to
hundredths efficiently and accurately.

Students recognize volume as an attribute of three-dimensional space. They understand that volume can be measured by
finding the total number of same-size units of volume required to fill the space without gaps or overlaps. They understand
thata 1-unitby 1-unitby 1-unitcube is the standard unitformeasuring volume. They select appropriate units, strategies,
and tools for solving problems that involve estimating and measuring volume. They decompose three-dimensional shapes
and find volumes of right rectangular prisms by viewing them as decomposed into layers of arrays of cubes. They measure
necessary attributesofshapesinordertodetermine volumestosolvereal-worldand mathematical problems.
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Grade 5 Overview

Operations and Algebraic Thinking
e Write and interpret numerical expressions.

e Analyze patterns and relationships.

Number and Operations in Base Ten

e Understand the place value system.

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

Number and Operations—Fractions

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

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

Measurement and Data

e Convertlike measurement units within a given measurement

system.

e Represent and interpret data.

Mathematical Practices

1.

2

Y =G & =

Make sense of problems and persevere in
solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique the
reasoning of others.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated
reasoning.

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

Geometry

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

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

Grade 5
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Operations and Algebraic Thinking 5.0A

Write and interpret numerical expressions.
1. Use parentheses, brackets, or braces in numerical expressions, and evaluate expressions with these symbols.
2. Write simple expressions that record calculations with numbers, and interpret numerical expressions without evaluating

them. Forexample, expressthe calculation “add 8 and 7,then multiply by 2”as 2 x (8 + 7). Recognize that
3 x (18932 + 921) is three times as large as 18932 + 921, without having to calculate the indicated sum or product.

2.1 Express awhole numberin the range 2-50 as a product of its prime factors. For example, find the prime factors of 24 and
express 24 as2x2x2x 3. CA

Analyze patterns and relationships.

3. Generate two numerical patterns using two given rules. Identify apparent relationships between corresponding terms. Form
ordered pairs consisting of corresponding terms from the two patterns, and graph the ordered pairs on a coordinate plane.
Forexample, given the rule “Add 3” and the starting number 0, and given the rule “Add 6” and the starting number 0,
generate terms in the resulting sequences, and observe that the terms in one sequence are twice the corresponding terms
in the other sequence. Explain informally why this is so.

Numberand OperationsinBase Ten 5.NBT

Understand the place value system.

1. Recognize thatinamulti-digitnumber, adigitinone place represents 10timesasmuch asitrepresentsinthe place toits
right and 1/10 of what it represents in the place to its left.

2. Explainpatternsinthe numberofzeros ofthe productwhen multiplyinganumberby powers of 10,and explain patternsin
the placementofthe decimal pointwhenadecimalis multiplied ordivided by apowerof 10. Use whole-numberexponents
to denote powers of 10.

3. Read, write, and compare decimals to thousandths.

a. Read and write decimals to thousandths using base-ten numerals, number names, and expanded form, e.g.,
347.392=3%x100+4 x10+7 x1+3 x(1/10)+ 9 x (1/100) + 2 x (1/1000).

b. Comparetwodecimalstothousandthsbased onmeaningsofthedigitsineach place, using>,=,and <symbolsto
record the results of comparisons.

4. Use place value understanding to round decimals to any place.
Perform operations with multi-digit whole numbers and with decimals to hundredths.
5. Fluently multiply multi-digit whole numbers using the standard algorithm.

6. Find whole-number quotients of whole numbers with up to four-digit dividends and two-digit divisors, using strategies based
on place value, the properties of operations, and/or the relationship between multiplication and division. lllustrate and explain
the calculation by using equations, rectangular arrays, and/or area models.

~

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 the strategy to a
written method and explain the reasoning used.
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Number and Operations—Fractions 5.NF

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

1.

Apply and extend previous understandings of multiplication and division to multiply and divide fractions.
3

Add and subtract fractions with unlike denominators (including mixed numbers) by replacing given fractions with equivalent
fractionsin suchaway asto produce an equivalentsum or difference of fractions with like denominators. Forexample,
2/3+5/4=8/12+ 15/12=23/12. (In general, a/b + ¢/d = (ad + bc)/bd.)

Solve word problems 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
number sense of fractions to estimate mentally and assess the reasonableness of answers. For example, recognize an
incorrect result 2/5 + 1/2 = 3/7, by observing that 3/7 < 1/2.

Interpretafraction as division of the numerator by the denominator (a/b =a +b). Solve word problems involving division
of whole numbersleading to answers in the form of fractions or mixed numbers, e.g., by using visual fraction models or
equations to representthe problem. Forexample, interpret 3/4 as the result of dividing 3 by 4, noting that 3/4 multiplied
by 4 equals 3, andthat when 3wholes are shared equally among 4 people each person has a share of size 3/4. If 9 people
wantto share a 50-pound sackofrice equally by weight, how many pounds ofrice should each person get? Between what
two whole numbers does your answer lie?

Apply and extend previous understandings of multiplication to multiply a fraction or whole number by a fraction.

a. Interpretthe product (a/b) x g as a parts of a partition of g into b equal parts; equivalently, as the result of a sequence
ofoperationsaxq+b. Forexample, use avisualfractionmodeltoshow (2/3) x4=_8/3, and create a story context
for this equation. Do the same with (2/3) % (4/5) = 8/15. (In general, (a/b) x (c/d) = ac/bd.)

b. Findtheareaofarectangle withfractional side lengths by tilingitwith unitsquares ofthe appropriate unitfraction side
lengths, and show thatthe areais the same as would be found by multiplying the side lengths. Multiply fractional side
lengths to find areas of rectangles, and represent fraction products as rectangular areas.

Interpret multiplication as scaling (resizing), by:

a. Comparingthe size ofaproducttothe size of onefactoronthe basis ofthe size ofthe otherfactor, without performing
the indicated multiplication.

b. Explaining why multiplying a given number by a fraction greaterthan 1 resultsin a product greater than the given
number (recognizing multiplication by whole numbers greater than 1 as a familiar case); explaining why multiplying a
givennumberbyafractionlessthan 1resultsinaproductsmallerthanthe given number; andrelating the principle of
fraction equivalence a/b = (n x a)/(n x b) to the effect of multiplying a/b by 1.

Solve real-world problems involving multiplication of fractions and mixed numbers, e.g., by using visual fraction models or
equations to represent the problem.

Apply and extend previous understandings of division to divide unit fractions by whole numbers and whole numbers by unit
fractions.

a. Interpret division of a unit fraction by a non-zero whole number, and compute such quotients. For example, create
a story contextfor (1/3) + 4, and use a visual fraction model to show the quotient. Use the relationship between
multiplication and division to explain that (1/3) + 4 = 1/12 because (1/12) x 4= 1/3.

1. Students able tomultiply fractions in general can develop strategies to divide fractionsingeneral, by reasoning about the relationship between
multiplication and division. But division of a fraction by a fraction is not a requirement at this grade.
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b. Interpret division of a whole number by a unit fraction, and compute such quotients. For example, create a story context
for4+(1/5), and use a visual fraction model to show the quotient. Use the relationship between multiplication and
division to explain that 4 = (1/5) = 20 because 20 % (1/5) = 4.

¢. Solve real-world problems involving division of unit fractions by non-zero whole numbers and division of whole numbers
by unit fractions, e.g., by using visual fraction models and equations to represent the problem. For example, how much
chocolate willeach person getif 3 people share 1/21b of chocolate equally? How many 1/3-cup servings are in 2 cups
of raisins?

Measurement and Data 5.MD

Convert like measurement units within a given measurement system.

1. Convertamongdifferent-sized standard measurementunits withinagiven measurementsystem (e.g.,convert5cmto
0.05 m), and use these conversions in solving multi-step, real-world problems.

Represent and interpret data.

2. Make aline plot to display a data set of measurements in fractions of a unit (1/2, 1/4, 1/8). Use operations on fractions
for this grade to solve problems involving information presented in line plots. For example, given different measurements of
liquidin identical beakers, find the amount ofliquid each beaker would contain ifthe totalamount in allthe beakers were
redistributed equally.

Geometric measurement: understand concepts of volume and relate volume to multiplication and to addition.
3. Recognize volume as an attribute of solid figures and understand concepts of volume measurement.

a. Acubewithsidelength 1 unit, called a “unit cube,” is said to have “one cubic unit” of volume, and can be used to
measure volume.

b. Asolid figure which can be packed without gaps or overlaps using n unit cubes is said to have a volume of n cubic units.
4. Measure volumes by counting unit cubes, using cubic cm, cubic in, cubic ft, and improvised units.

5. Relate volume to the operations of multiplication and addition and solve real-world and mathematical problems involving
volume.

a. Findthevolumeofarightrectangularprismwithwhole-numberside lengths by packingitwithunitcubes, and show
that the volume is the same as would be found by multiplying the edge lengths, equivalently by multiplying the height
by the area of the base. Represent threefold whole-number products as volumes, e.g., to represent the associative
property of multiplication.

b. Applytheformulas V=/xwxhandV=b x hforrectangular prisms to find volumes of right rectangular prisms with
whole-number edge lengths in the context of solving real-world and mathematical problems.

c. Recognize volume as additive. Find volumes of solid figures composed of two non-overlapping right rectangular prisms
byaddingthe volumes ofthe non-overlapping parts, applyingthistechniquetosolvereal-world problems.
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Geometry 5.G

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

1. Useapairofperpendicularnumberlines, called axes, to define a coordinate system, with the intersection of the lines
(the origin) arranged to coincide withthe 0 oneachline and agiven pointin the plane located by using an ordered pair of
numbers, calledits coordinates. Understand thatthe firstnumberindicates how fartotravelfromthe originin the direction
of one axis, and the second numberindicates how farto travelin the direction of the second axis, with the convention that
the names of the two axes and the coordinates correspond (e.g., x-axis and x-coordinate, y-axis and y-coordinate).

2. Represent real-world and mathematical problems by graphing points in the first quadrant of the coordinate plane, and
interpret coordinate values of points in the context of the situation.

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

3. Understand that attributes belonging to a category of two-dimensional figures also belong to all subcategories of that cat-
egory. Forexample, all rectangles have four right angles and squares are rectangles, so all squares have four right angles.

4. Classify two-dimensional figures in a hierarchy based on properties.
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Ingrade 6, instructionaltime should focus onfour critical areas: (1) connecting ratio and rate to whole number multiplication
anddivision,andusing conceptsofratioandrateto solve problems; (2) completingunderstanding of division of fractionsand
extending the notion of number to the system of rational numbers, which includes negative numbers; (3) writing, interpreting,
and using expressions and equations; and (4) developing understanding of statistical thinking.

(1) Studentsusereasoningaboutmultiplicationand divisionto solve ratio and rate problems about quantities. By viewing
equivalentratios and rates as deriving from, and extending, pairs of rows (or columns)in the multiplication table, and 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 forwhich they can use multiplicationand
division to solve problems, and they connectratios and fractions. Students solve a wide variety of problemsinvolving
ratios and rates.

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

(3) Students understand the use of variables in mathematical expressions. They write expressions and equations that
correspond to given situations, evaluate expressions, and use expressions and formulas to solve problems. Students under-
stand that expressions in different forms can be equivalent, and they use the properties of operations to rewrite expressions
inequivalentforms. Students know thatthe solutions ofan equation are the values of the variables that make the equation
true. Students use properties of operations and the idea of maintaining the equality of both sides of an equation to solve
simple one-step equations. Students construct and analyze tables, such as tables of quantities that are in equivalent ratios,
and they use equations (such as 3x = y) to describe relationships between quantities.

(4) Buildingonandreinforcing theirunderstanding of number, students begin to develop their ability to think statistically.
Studentsrecognize thatadatadistribution may nothave adefinite centerand that differentways tomeasure centeryield
different values. The median measures center in the sense that it is roughly the middle value. The mean measures center
inthe sense thatitis the value that each data pointwould take oniif the total of the data values were redistributed equally,
andalsointhe sensethatitisabalance point. Studentsrecognize thatameasure of variability (interquartilerange ormean
absolute deviation) can also be useful for summarizing data because two very different sets of data can have the same
meanandmedianyetbedistinguishedbytheirvariability. Studentslearntodescribe and summarize numerical datasets,
identifying clusters, peaks, gaps, and symmetry, considering the contextin which the data were collected.

Students in grade 6 also build on their work with area in elementary school by reasoning about relationships among shapes
to determine area, surface area, and volume. 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, develop, and justify formulas 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
aboutrightrectangularprismswithfractional side lengths to extend formulas forthe volume of arightrectangular prismto
fractional sidelengths. They prepare forwork onscale drawings and constructionsingrade 7 by drawing polygonsinthe
coordinate plane.
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Grade 6 Overview

Ratios and Proportional Relationships

Understand ratio concepts and use ratio reasoning to solve
problems.

The Number System

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

Compute fluently with multi-digit numbers and find common
factors and multiples.

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

Expressions and Equations

Apply and extend previous understandings of arithmetic
to algebraic expressions.

Reason about and solve one-variable equations and
inequalities.

Representand analyze quantitative relationships between
dependent and independent variables.

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

Statistics and Probability

Develop understanding of statistical variability.

Summarize and describe distributions.

Grade 6

Mathematical Practices

1.

c

T S e

Make sense of problems and persevere in
solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique
the reasoning ofothers.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated
reasoning.
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Ratios and Proportional Relationships 6.RP

Understand ratio concepts and use ratio reasoning to solve problems.

1. Understandthe conceptofaratioand useratiolanguage to describe aratio relationship between two quantities. For
example, “The ratio ofwingsto beaksinthe bird house atthe zoowas 2:1, because forevery 2 wingsthere was 1 beak.”
“Forevery vote candidate A received, candidate C received nearly three votes.”

2. Understand the concept of a unitrate a/b associated with aratio a:b with b 1 0, and use rate language in the contextofa
ratio relationship. Forexample, “This recipe has a ratio of 3 cups of flour to 4 cups of sugar, so there is 3/4 cup of flour for
each cup of sugar.” “We paid $75 for 15 hamburgers, which is a rate of $5 per hamburger.”

3. Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by reasoning about tables of equivalent
ratios, tape diagrams, double number line diagrams, or equations.

a. Make tables of equivalent ratios relating quantities with whole number measurements, find missing values in the tables,
and plot the pairs of values on the coordinate plane. Use tables to compare ratios.

b. Solveunitrate problemsincluding those involving unit pricing and constant speed. Forexample, ifittook 7 hours to
mow4lawns, thenatthatrate, howmanylawns could be mowedin 35 hours? Atwhatrate were lawns beingmowed?

c. Findapercentofaquantity as arate per 100 (e.g., 30% of a quantity means 30/100 times the quantity); solve
problems involving finding the whole, given a part and the percent.

d. Use ratio reasoning to convert measurement units; manipulate and transform units appropriately when multiplying or
dividing quantities.

The NumberSystem 6.NS

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

1. Interpret and compute quotients of fractions, and solve word problems involving division of fractions by fractions, e.g., by
using visualfractionmodels and equations torepresentthe problem. Forexample, create a story contextfor (2/3) + (3/4)
and use avisualfraction modelto show the quotient; use the relationship between multiplication and division to explain
that (2/3) + (3/4) = 8/9 because 3/40f8/9is 2/3. (In general, (a/b) + (c/d) = ad/bc.) How much chocolate will each
person getif 3people share 1/2Ib of chocolate equally? How many 3/4-cup servings are in 2/3 of a cup of yogurt? How
wide is a rectangular strip of land with length 3/4 mi and area 1/2 square mi?

Compute fluently with multi-digit numbers and find common factors and multiples.
2. Fluently divide multi-digit numbers using the standard algorithm.
3. Fluently add, subtract, multiply, and divide multi-digit decimals using the standard algorithm for each operation.

4. Findthegreatestcommonfactoroftwowholenumberslessthanorequalto 100 andthe leastcommonmultiple oftwowhole
numbers less than orequalto 12. Use the distributive property to express a sum of two whole numbers 1-100 with a com-
mon factor as a multiple of a sum of two whole numbers with no common factor. Forexample, express 36 + 8as 4 (9 + 2).

1. Expectations for unit rates in this grade are limited to non-complex fractions.
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Apply and extend previous understandings of numbers to the system of rational numbers.
5. Understand that positive and negative numbers are used together to describe quantities having opposite directions or

values (e.g., temperature above/below zero, elevation above/below sea level, credits/debits, positive/negative electric
charge); use positive and negative numbers to represent quantities in real-world contexts, explaining the meaning of 0 in
each situation.

Understand a rational number as a point on the number line. Extend number line diagrams and coordinate axes familiar

from previous grades torepresent points onthe line andin the plane with negative number coordinates.

a. Recognize opposite signs of numbers as indicating locations on opposite sides of 0 on the number line; recognize that
the opposite of the opposite ofanumberis the numberitself, e.g.,—(-3) = 3,and that O is its own opposite.

b. Understand signs of numbers in ordered pairs as indicating locations in quadrants of the coordinate plane; recognize
thatwhen two ordered pairs differ only by signs, the locations of the points are related by reflections across one or
both axes.

c. Find and position integers and other rational numbers on a horizontal or vertical number line diagram; find and position
pairs of integers and other rational numbers on a coordinate plane.

Understand ordering and absolute value of rational numbers.

a. Interpret statements of inequality as statements about the relative position of two numbers on a number line diagram. For
example, interpret—3>-7 as a statementthat-3islocatedto the right of—7 on anumberline oriented from left to right.

b. Write,interpret, and explain statements of orderfor rational numbers in real-world contexts. Forexample, write
—3°C > -7°C to express the fact that —3°C is warmer than —7°C.

c. Understandtheabsolute value ofarationalnumberasitsdistance from0onthe numberline;interpretabsolute value
as magnitude for a positive or negative quantity in a real-world situation. Forexample, foran account balance of
-30 dollars, write |-30] = 30 to describe the size of the debt in dollars.

d. Distinguish comparisons of absolute value from statements about order. Forexample, recognize that an account balance
less than —30 dollars represents a debt greater than 30 dollars.

Solve real-world and mathematical problems by graphing points in all four quadrants of the coordinate plane. Include use

of coordinates and absolute value tofind distances between points with the same first coordinate or the same second

coordinate.

Expressions and Equations 6.EE

Apply and extend previous understandings of arithmetic to algebraic expressions.

1.
2.

Write and evaluate numerical expressions involving whole-number exponents.

Write, read, and evaluate expressions in which letters stand for numbers.

a.  Write expressions that record operations with numbers and with letters standing for numbers. For example, express
the calculation “Subtract y from 5”as 5—y.

b. Identify parts of an expression using mathematical terms (sum, term, product, factor, quotient, coefficient); view one
ormore parts ofan expression as asingle entity. Forexample, describe the expression 2 (8 + 7) as aproduct of two
factors; view (8 + 7) as both a single entity and a sum of two terms.
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c. Evaluateexpressionsatspecificvaluesoftheirvariables. Include expressions thatarise fromformulasusedinreal-
world problems. Perform arithmetic operations, including those involving whole-number exponents, in the conventional
order when there are no parentheses to specify a particular order (Order of Operations). For example, use the formulas
V =s*and A = 6 s?to find the volume and surface area of a cube with sides of length s = 1/2.

3. Apply the properties of operations to generate equivalent expressions. For example, apply the distributive property to
the expression 3(2+x) to produce the equivalentexpression 6 + 3x; apply the distributive property tothe expression
24x + 18y to produce the equivalent expression 6 (4x + 3y); apply properties of operationstoy +y + y to produce the
equivalent expression 3y.

4. Identify when two expressions are equivalent (i.e., when the two expressions name the same number regardless of which
valueissubstitutedintothem). Forexample, the expressionsy +y +yand 3y are equivalentbecause theynamethe same
number regardless of which number y standsfor.

Reason about and solve one-variable equations and inequalities.

5. Understandsolvinganequationorinequality as a process ofanswering aquestion: which values fromaspecified set, if
any, make the equation or inequality true? Use substitution to determine whether a given number in a specified set makes
an equation or inequality true.

6. Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand
thatavariable canrepresentan unknown number, or,depending onthe purpose athand, any numberinaspecified set.

7. Solvereal-worldand mathematical problems by writing and solving equations ofthe form x + p=qand px=qforcasesin
which p, g and x are all nonnegative rational numbers.

8. Write aninequality ofthe form x>cor x <ctorepresenta constraint or conditionin a real-world or mathematical problem.
Recognize thatinequalities of the form x> cor x <chave infinitely many solutions; represent solutions of such inequalities
on number line diagrams.

Represent and analyze quantitative relationships between dependent and independent variables.

9. Usevariablestorepresenttwo quantities in a real-world problem that change in relationship to one another; write an
equation to express one quantity, thought of as the dependentvariable, interms of the other quantity, thought ofas the
independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables,
andrelate these tothe equation. Forexample, in a problem involving motion at constant speed, listand graph ordered
pairs of distances and times, and write the equation d = 65t to represent the relationship between distance and time.

Geometry 6.G

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

1. Findtheareaofrighttriangles, othertriangles, special quadrilaterals, and polygons by composing into rectangles or
decomposing into triangles and other shapes; apply these techniques in the context of solving real-world and mathematical
problems.

2. Findthevolume ofarightrectangular prism with fractional edge lengths by packing it with unitcubes of the appropriate
unitfraction edgelengths, and showthatthe volumeis the same aswould be found by multiplying the edge lengths ofthe
prism. Apply the formulas V=/whand V =b htofind volumes of right rectangular prisms with fractional edge lengthsin
the context of solving real-world and mathematical problems.
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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 context of solving
real-world and mathematical problems.

Represent three-dimensional figures using nets made up of rectangles and triangles, and use the nets to find the surface
areaofthesefigures. Applythesetechniquesinthe contextofsolvingreal-worldand mathematical problems.

Statistics and Probability 6.SP

Develop understanding of statistical variability.

1.

Recognize a statistical question as one thatanticipates variability in the data related to the question and accounts foritin
the answers. Forexample, “Howold am 1?”is not a statistical question, but “How old are the studentsin my school?”is a
statistical question because one anticipates variability in students’ ages.

Understandthata setofdata collected to answer a statistical question has a distribution which can be described by its
center, spread, and overall shape.

Recognize that 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.

Summarize and describe distributions.
4. Display numerical data in plots on a number line, including dot plots, histograms, and box plots.

5. Summarize numerical data sets in relation to their context, such as by:

a. Reporting the number of observations.
b. Describing the nature of the attribute under investigation, including how it was measured and its units of measurement.

c. Giving quantitative measures of center (median and/or mean) and variability (interquartile range and/or mean absolute
deviation), as well as describing any overall pattern and any striking deviations from the overall pattern with reference
to the context in which the data were gathered.

d. Relatingthechoice of measuresofcenterandvariability tothe shape ofthe datadistributionand the contextinwhich
the data were gathered.
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Grade 7

In grade 7, instructional time should focus on four critical areas: (1) 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 geometric constructions, and working with two- and
three-dimensional shapes to solve problems involving area, surface area, and volume; and (4) drawing inferences about
populations based on samples.

(1) Students extend their understanding of ratios and develop understanding of proportionality to solve single- and multi-step
problems. Students use theirunderstanding of ratios and proportionality to solve a wide variety of percent problems,
including those involving discounts, interest, taxes, tips, and percent increase or decrease. Students solve problems about
scaledrawings by relating corresponding lengths between the objects or by using the factthatrelationships oflengths
withinan objectare preservedinsimilarobjects. Students graph proportional relationshipsand understand the unitrate
informallyasameasure ofthe steepnessoftherelatedline, called the slope. Theydistinguish proportionalrelationships
from other relationships.

(2) Students develop a unified understanding of number, recognizing fractions, decimals (that have a finite or a repeating deci-
mal representation), and percents as different representations of rational numbers. Students extend 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 properties, and by viewing negative numbers
in terms of everyday contexts (e.g., amounts owed or temperatures below zero), students explain and interpret the rules for
adding, subtracting, multiplying, and dividing with negative numbers. They use the arithmetic of rational numbers 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 areaofthree-dimensional objects. In preparation forwork on congruence and similarity in grade 8 they reason
about relationships among two-dimensional figures using scale drawings and informal geometric constructions, and they
gain familiarity with the relationships between angles formed by intersecting lines. Students work with three-dimensional
figures, relating them to two-dimensional figures by examining cross-sections. They solve real-world and mathematical
problems involving area, surface area, and volume of two- and three-dimensional objects composed of triangles,
quadrilaterals, polygons, cubes, and right prisms.

(4) Students build on their previous work with single data distributions to compare two data distributions and address
questions about differences 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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Grade 7 Overview

Ratios and Proportional Relationships

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

The Number System

e Apply and extend previous understandings of operations
withfractionstoadd, subtract, multiply,and divide
rational numbers.

Expressions and Equations

e Use properties of operations to generate equivalent
expressions.

e Solve real-life and mathematical problems using numerical
and algebraic expressions and equations.

Geometry

e Draw, construct and describe geometrical figures and describe
the relationships betweenthem.

e Solve real-life and mathematical problems involving angle
measure, area, surface area, and volume.

Statistics and Probability
e Userandom sampling to draw inferences about a population.

e Draw informal comparative inferences about two populations.

Mathematical Practices

1.

c

T S e

Make sense of problems and persevere in
solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique
the reasoning ofothers.

Model with mathematics.

Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure.

Look for and express regularity in repeated
reasoning.

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

Grade 7
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Grade 7

Ratios and Proportional Relationships 7.RP

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

1. Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities measured in
like or different units. Forexample, if a person walks 1/2 mile in each 1/4 hour, compute the unit rate as the complex
fraction ¥s/va miles per hour, equivalently 2 miles per hour.

2. Recognize and represent proportional relationships between quantities.

a. Decidewhethertwoquantitiesareinaproportionalrelationship,e.g.,bytestingforequivalentratiosinatable or
graphingonacoordinate plane and observingwhetherthe graphis astraightline through the origin.

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

c. Represent proportional relationships by equations. For example, if total cost tis proportional to the number n of items
purchased ataconstantprice p, the relationship between the total cost and the number of items can be expressed
ast=pn.

d. Explainwhatapoint(x, y)onthe graphofaproportionalrelationshipmeansinterms ofthe situation, with special
attention to the points (0, 0) and (1, r) where ris the unit rate.

3. Use proportional relationships to solve multistep ratio and percent problems. Examples: simple interest, tax, markups and
markdowns, gratuities and commissions, fees, percent increase and decrease, percenterror.

The NumberSystem 7.NS

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

1. 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.

a. Describe situations in which opposite quantities combine to make 0. For example, a hydrogen atom has 0 charge
because its two constituents are oppositely charged.

b. Understand p + g as the number located a distance |q| from p, in the positive or negative direction depending on
whether qis positive or negative. Show thata number and its opposite have asumof 0 (are additive inverses).
Interpret sums of rational numbers by describing real-world contexts.

c. Understand subtractionofrationalnumbers as adding the additive inverse, p—q=p +(—q). Showthatthe distance
betweentworationalnumbersonthe numberlineisthe absolute value oftheir difference, and apply this principlein
real-world contexts.

d. Apply properties of operations as strategies to add and subtract rational numbers.

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

a. Understand that 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 suchas (-1)(-1)=1and
therules formultiplying signed numbers. Interpret products of rationalnumbers by describing real-world contexts.
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b. Understandthatintegerscanbedivided, providedthatthe divisorisnotzero,and every quotientofintegers (with
non-zero divisor) is a rational number. If p and q are integers, then -(p/q) = (-p)/q = p/(-q). Interpret quotients of
rational numbers by describing real-world contexts.

c. Apply properties of operations as strategies to multiply and divide rational numbers.

d. Convert a rational number to a decimal using long division; know that the decimal form of a rational number terminates
in Os or eventually repeats.

3. Solve real-world and mathematical problems involving the four operations with rational numbers."

Expressions and Equations 7.EE

Use properties of operations to generate equivalent expressions.
1. Apply properties of operations as strategies to add, subtract, factor, and expand linear expressions with rational coefficients.

2. Understandthatrewritinganexpressionindifferentformsinaproblem contextcan shedlightonthe problemandhowthe
quantitiesinitarerelated. Forexample, a +0.05a = 1.05a meansthat “increase by 5% ”is the same as “multiply by 1.05.”

Solve real-life and mathematical problems using numerical and algebraic expressions and equations.

3. Solve multi-step real-life 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 calculate with numbers in any
form;convertbetweenformsasappropriate;andassessthereasonablenessofanswersusingmentalcomputationand
estimation strategies. Forexample: Ifawoman making $25 an hour gets a 10% raise, she willmake an additional 1/10of
her salary an hour, or $2.50, for a new salary of $27.50. If you want to place a towel bar 9 3/4 inches long in the center of
adoorthatis 27 1/2inches wide, you will need to place the bar about 9 inches from each edge; this estimate can be used
as a check on the exact computation.

4. Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and
inequalities to solve problems by reasoning about the quantities.

a. Solveword problems leading to equations of the form px + g =rand p(x + q) =r,where p, g, and rare specific rational
numbers. Solve equations of these forms fluently. Compare an algebraic solution to an arithmetic solution, identifying
the sequence ofthe operations usedin each approach. Forexample, the perimeterofarectangle is 54 cm. Itslength
is 6 cm. What is its width?

b. Solve word problems leading to inequalities of the form px + g >ror px + q <r,where p, g, and rare specific rational
numbers. Graphthe solution set ofthe inequality and interpretitin the context of the problem. Forexample: Asa
salesperson, you are paid $50 perweek plus $3 per sale. This week you want your pay to be atleast $100. Write an
inequality for the number of sales you need to make, and describe the solutions.

Geometry 7.G

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

1. 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 different scale.

1. Computations with rational numbers extend the rules for manipulating fractions to complex fractions.
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2. Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given conditions. Focus on construct-
ingtrianglesfromthree measures ofanglesorsides, noticingwhenthe conditions determine auniquetriangle, more than
one triangle, or notriangle.

3. Describe the two-dimensional figures that result from slicing three-dimensional figures, as in plane sections of right
rectangular prisms and right rectangular pyramids.

Solve real-life and mathematical problems involving angle measure, area, surface area, and volume.

4. Knowtheformulasfortheareaandcircumferenceofacircleandusethemtosolve problems;give aninformal derivation of
the relationship between the circumference and area of a circle.

5. Use facts about supplementary, complementary, vertical, and adjacent angles in a multi-step problem to write and solve
simple equations for an unknown angle in a figure.

6. Solve real-world and mathematical problems involving area, volume and surface area of two- and three-dimensional objects
composed of triangles, quadrilaterals, polygons, cubes, and right prisms.

Statistics and Probability 7.SP

Use random sampling to draw inferences about a population.

1. Understandthatstatistics canbe usedtogaininformation aboutapopulation by examininga sample ofthe population;
generalizations about a population from a sample are valid only if the sample is representative of that population.
Understandthatrandomsamplingtendstoproduce representative samplesand supportvalidinferences.

2. Use data from a random sample to draw inferences about a population with an unknown characteristic of interest. Generate
multiple samples (orsimulated samples)ofthe same sizetogauge the variationin estimates or predictions. Forexample,
estimatethe meanwordlengthinabookbyrandomly samplingwordsfromthe book; predictthe winnerofa schoolelection
based on randomly sampled survey data. Gauge how far off the estimate or prediction might be.

Draw informal comparative inferences about two populations.

3. Informally assess the degree of visual overlap of two numerical data distributions with similar variabilities, measuring the
difference between the centers by expressing it as a multiple of a measure of variability. For example, the mean height of
players onthe basketballteamis 10 cm greater than the mean height of players on the soccerteam, about twice the
variability (mean absolute deviation) on eitherteam; on a dot plot, the separation between the two distributions of
heights is noticeable.

4. Use measures of center and measures of variability for numerical data from random samples to draw informal comparative
inferences about two populations. For example, decide whether the words in a chapter of a seventh-grade science book are
generally longer than the words in a chapter of a fourth-grade science book.

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

5. Understandthatthe probability ofa chance eventis anumberbetween 0 and 1 thatexpresses the likelihood of the event
occurring. Larger numbers indicate greater likelihood. A probability near 0 indicates an unlikely event, a probability around
1/2indicates an event thatis neither unlikely nor likely, and a probability near 1 indicates a likely event.

6. Approximate the probability of a chance event by collecting data on the chance process that produces it and observing its
long-run relative frequency, and predict the approximate relative frequency given the probability. For example, when rolling
anumber cube 600 times, predict that a 3 or 6 would be rolled roughly 200 times, but probably not exactly 200 times.
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7. Developaprobabilitymodelanduseittofind probabilities of events. Compare probabilitiesfromamodeltoobserved
frequencies; if the agreement is not good, explain possible sources of the discrepancy.

a.

Develop auniform probability model by assigning equal probability toalloutcomes, and use the modeltodetermine
probabilities ofevents. Forexample, ifa studentis selected atrandomfromaclass, find the probability that Jane will
be selected and the probability that a girl will be selected.

Develop aprobability model (whichmay notbe uniform) by observing frequenciesin datagenerated fromachance
process. For example, find the approximate probability that a spinning penny will land heads up or that a tossed paper
cup will land open-end down. Do the outcomes for the spinning penny appearto be equally likely based on the
observed frequencies?

8. Find probabilities of compound events using organized lists, tables, tree diagrams, and simulation.

a.

b.

C.

Grade 7

Understandthat, justas withsimple events, the probability ofacompound eventis the fraction of outcomesinthe
sample space for which the compound event occurs.

Represent sample spaces for compound events using methods such as organized lists, tables and tree diagrams.
For an event described in everyday language (e.g., “rolling double sixes”), identify the outcomes in the sample space
which compose the event.

Designand use a simulation to generate frequencies for compound events. Forexample, use randomdigitsasa
simulationtoolto approximate the answertothe question: If40% ofdonors have type A blood, whatis the probability
that it will take at least 4 donors to find one with type A blood?
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In grade 8, instructional time should focus on three critical areas: (1) formulating and reasoning about expressions and
equations, including modeling an association in bivariate data with a linear equation, and solving linear equations and systems
of linear equations; (2) grasping the concept of a function and using functions to describe quantitative relationships; (3) analyz-
ingtwo-andthree-dimensionalspace andfiguresusingdistance, angle, similarity, and congruence, and understandingand
applying the Pythagorean Theorem.

(1) Studentsuselinearequationsandsystemsoflinearequationstorepresent,analyze, and solve avariety of problems.
Students recognize equations for proportions (y/k = m or y = mx) as special linear equations (y = mx + b), understanding
thatthe constantofproportionality (m)isthe slope,andthe graphs are lines through the origin. They understand thatthe
slope (m)ofalineis aconstantrate of change, sothatifthe inputor x-coordinate changes by an amount A, the output or
y-coordinate changesbytheamountm- A. Students alsousealinearequationtodescribe the association betweentwo
quantitiesin bivariate data (such as arm span versus heightfor studentsin a classroom). Atthis grade, fitting the model
and assessingits fitto the data are done informally. Interpreting the modelin the context of the data requires students
toexpressarelationshipbetweenthetwoquantitiesinquestionandtointerpretcomponentsoftherelationship (suchas
slope and y-intercept) in terms of the situation.

Students strategically choose and efficiently implement procedures to solve linear equations in one variable, understanding
thatwhen they use the properties of equality and the concept of logical equivalence, they maintain the solutions of the
originalequation. Students solve systems oftwo linearequationsintwo 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, systems of linear equations,
linear functions, and their understanding of slope of a line to analyze situations and solve problems.

(2) Studentsgraspthe conceptofafunctionasarule thatassignsto eachinputexactly one output. They understand that
functions describe situations where one quantity determines another. They can translate among representations and partial
representations of functions (noting that tabular and graphical representations may be partial representations), and they
describe how aspects of the function are reflected in the different representations.

(3) Studentsuseideasaboutdistanceandangles, howtheybehaveundertranslations, rotations, reflections,anddilations,
and ideas about congruence and similarity to describe and analyze two-dimensional figures and to solve problems. Students
showthatthe sum ofthe anglesin atriangle is the angle formed by a straightline, and that various configurations of lines
give rise to similar triangles because of the angles created 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 the 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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Grade 7

Grade 8 Overview

The Number System
e Knowthatthereare numbersthatarenotrational,and Mathematical Practices
approximate them by rational numbers. 1. Make sense of problems and persevere in
. . Iving them.
Expressions and Equations soving the
e Work with radicals and integerexponents. 2. Reasonabstractly and quantitatively.
e Understand the connection between proportional 3. Construct viable arguments and critique the
relationships, lines, and linear equations. reasoning of others.
e Analyze and solve linear equations and pairs of simultaneous 4. Model with mathematics.
linear equations. : .
! quat 5. Use appropriate tools strategically.
Functions 6. Attend to precision.
Define, luate, an mpare functions.
¢ efine, evaluate, and compare funct 7. Look for and make use of structure.
e Use functions to model relationships between quantities. o
8. Look forand express regularity in repeated
Geometry reasoning.

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

e Understand and apply the Pythagorean Theorem.

e Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres.

Statistics and Probability
e Investigate patterns of association in bivariate data.
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Grade 8

The NumberSystem 8.NS

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

1. Knowthatnumbersthatarenotrationalare calledirrational. Understandinformally thateverynumberhasadecimal
expansion; for rational numbers show that the decimal expansion repeats eventually, and convert a decimal expansion
which repeats eventually into a rational number.

)

Use rational approximations of irrational numbers to compare the size of irrational numbers, locate them approximately on a

number line diagram, and estimate the value of expressions (e.g., ®2). For example, by truncating the decimal expansion of
@ 2,showthat p 2isbetween 1and 2, thenbetween 1.4and 1.5, and explain howto continue onto getbetterapproximations.

Expressions and Equations 8.EE

Work with radicals and integer exponents.

1. Know and apply the properties of integer exponents to generate equivalent numerical expressions. For example,
3% 30=33=1/33=1/27.

N

Use square root and cube root symbols to represent solutions to equations of the form x?=p and x*=p, where pis a
positive rational number. Evaluate square roots of small perfect squares and cube roots of small perfect cubes. Know that
# 2 is irrational.

w

Use numbers expressedinthe form ofasingle digittimes aninteger power of 10to estimate very large or very small
quantities,andtoexpresshowmanytimesasmuchoneisthanthe other. Forexample, estimatethe population ofthe
United States as 3 x 108and the population of the world as 7 x 10°, and determine that the world population is more
than 20 times larger.

&

Performoperationswithnumbers expressedinscientificnotation, including problemswhere both decimaland scientific

notation are used. Use scientific notation and choose units of appropriate size for measurements of very large or very small
quantities (e.g., use millimeters peryearforseafloorspreading). Interpretscientific notationthathasbeen generated by

technology.

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

5. Graph proportional relationships, interpreting the unit rate as the slope of the graph. Compare two different proportional
relationships represented in different ways. For example, compare a distance-time graph to a distance-time equation to
determine which of two moving objects has greater speed.

S

Use similartriangles to explain why the slope mis the same between any two distinct points on anon-vertical line inthe
coordinate plane; derive the equation y =mxforaline through the origin and the equation y =mx + bforaline intercepting
the vertical axis atb.

Analyze and solve linear equations and pairs of simultaneous linear equations.
7. Solve linear equations in onevariable.

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
equivalentequation ofthe form x =a, a =a, or a=bresults (where aand b are different numbers).

b. Solve linear equations with rational number coefficients, including equations whose solutions require expanding
expressions using the distributive property and collecting like terms.
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8. Analyze and solve pairs of simultaneous linear equations.

a. Understandthatsolutionstoasystemoftwolinearequationsintwovariables correspondto points ofintersection of
their graphs, because points of intersection satisfy both equations simultaneously.

b. Solve systems of two linear equations in two variables algebraically, and estimate solutions by graphing the equations.
Solve simple cases by inspection. Forexample, 3x + 2y = 5and 3x + 2y = 6 have no solution because 3x + 2y cannot
simultaneously be 5 and 6.

c. Solve real-world and mathematical problems leading to to linear equations in two variables. For example, given
coordinatesfortwo pairs ofpoints, determine whetherthe line through thefirst pairof pointsintersectstheline through
the second pair.

Functions 8.F

Define, evaluate, and compare functions.
1. Understandthatafunctionisarule thatassignsto each inputexactly one output. The graph ofafunctionis the set of
ordered pairs consisting of an input and the corresponding output.

2. Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables,
orby verbal descriptions). Forexample, given alinearfunction represented by a table of values and a linear function
represented by an algebraic expression, determine which function has the greater rate of change.

3. Interpretthe equation y=mx+basdefiningalinearfunction, whose graphis astraightline; give examples of functions
thatare notlinear. Forexample, the function A = s?giving the area of a square as a function of its side length is not linear
because its graph contains the points (1,1), (2,4) and (3,9), which are not on a straight line.

Use functions to model relationships between quantities.

4. Constructafunctiontomodelalinearrelationship betweentwoquantities. Determine therate of change andinitial value
ofthe function from adescription of arelationship orfrom two (x, y) values, including reading these fromatable orfroma
graph. Interpretthe rate of change and initial value of alinear function in terms of the situation it models, and in terms of
its graph or a table ofvalues.

5. Describe qualitatively the functional relationship between two quantities by analyzing a graph (e.g., where the function is
increasing or decreasing, linear or nonlinear). Sketch a graph that exhibits the qualitative features of a function that has
been described verbally.

Geometry 8.G

Understand congruence and similarity using physical models, transparencies, or geometry software.
1. Verify experimentally the properties of rotations, reflections, and translations:

a. Linesaretakentolines, and line segments to line segments of the same length.
b. Angles are taken to angles of the same measure.

c. Parallel lines are taken to parallellines.

1. Function notation is not required in grade 8.
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2. Understand that a two-dimensional 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 sequence that exhibits the congruence
between them.

3. Describethe effectofdilations, translations, rotations, and reflections on two-dimensional figures using coordinates.

4. Understandthatatwo-dimensionalfigureis similartoanotherifthe second canbe obtained fromthefirstbyasequence
of rotations, reflections, translations, and dilations; given two similar two-dimensional figures, describe a sequence that
exhibits the similarity between them.

5. Use informal arguments to establish facts about the angle sum and exterior angle of triangles, about the angles created
when parallel lines are cut by a transversal, and the angle-angle criterion for similarity of triangles. For example, arrange
three copies ofthe same triangle so that the sum ofthe three angles appears to form aline, and give an argumentin
terms of transversals why this is so.

Understand and apply the Pythagorean Theorem.
6. Explain a proof of the Pythagorean Theorem and its converse.

7. Apply the Pythagorean Theorem to determine unknown side lengths in right triangles in real-world and mathematical
problems in two and three dimensions.

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

Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres.

9. Know the formulas for the volumes of cones, cylinders, and spheres and use them to solve real-world and mathematical
problems.

Statistics and Probability 8.SP

Investigate patterns of association in bivariate data.

1. Constructandinterpretscatterplotsforbivariate measurementdatatoinvestigate patterns ofassociation between two
quantities. Describe patterns such as clustering, outliers, positive or negative association, linear association, and nonlinear
association.

2. Knowthatstraightlines are widely used to modelrelationships between two quantitative variables. For scatter plots that
suggest a linear association, informally fit a straight line, and informally assess the model fit by judging the closeness of the
data points to theline.

3. Use the equation of a linear model to solve problems in the context of bivariate measurement data, interpreting the slope
andintercept. Forexample, inalinearmodelforabiology experiment, interpreta slope of 1.5¢cm/hras meaning thatan
additional hour of sunlight each day is associated with an additional 1.5 cm in mature plant height.

4. Understand that patterns of association can also be seen in bivariate categorical data by displaying frequencies and relative
frequenciesinatwo-waytable. Constructandinterpretatwo-way table summarizing data on two categorical variables
collected from the same subjects. Use relative frequencies calculated for rows or columns to describe possible association
betweenthetwo variables. Forexample, collect datafrom studentsin yourclass on whetherornotthey have a curfewon
schoolnightsandwhetherornotthey have assignedchoresathome. Isthere evidence thatthose who have a curfew also
tend to have chores?



