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Preface

In 1995, the Virginia Board of Education published Standards of Learning in English, mathematics,
science, and history and social science for kindergarten through grade 12. Subsequently, Standards of
Learning were developed for all academic content areas. The Standards of Learning provide a framework
for mstructlonal programs de3|gned to raise the academlc achlevement of aII students in V|rg|n|a and are

The Standards of Learning are recognized as a model for other states. Pursuant to legislation from the
2000 Virginia General Assembly, the Board of Education established a seven-year cycle for review of the
Standards of Learning. As a result, the 1995 Mathematics Standards of Learning were reviewed in 2001,
2009, and 2016, the results of which are contained in this document. The standardsThey were
developrevised through-a-series—of public-hearings—and-the-effortsofwith input from parents, teachers,
administrators, representatives from higher education, and the business_-and-industry-leaderscommunity.
The standards set clear, concise, and measurable academic expectations for young-peeplestudents. Parents
and guardians are encouraged to work with their children, their children’s teachers, and their children’s
schools to help them achieve these academic standards.
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Introduction

Students today require more rigorous mathematical knowledge and skills to pursue higher education, to
compete in a global workforce, and to be informed citizens. Students must gain an understanding of
fundamental ideas in number sense, computation, measurement, geometry, probability, data analysis and
statistics, and algebra and functions, and they must develop proficiency in mathematical skills.

The 2016 Mathematics Standards of Learning fer-mathematics-identify academic content for essential
components of the mathematics curriculum at different grade levels for Virginia’s public schools.
Recommendations-and-repertsfrom-Achieve;Information from the College Board, ard-ACT, as-weH-as
the National Assessment of Educational Progress (NAEP) Frameworks, the Curriculum Focal Points
from the National Council of Teachers of Mathematics (NCTM), Principles and Standards for School
Mathematics from NCTM, Focus in High School Mathematics: Reasoning and Sense Making from
NCTM, the-Singapore-Currictla,-the Guidelines for Assessment and Instruction in Statistics Education
(GAISE) Report from the American Statistical Association, and the Report of the President’s National
Mathematics Advisory Panel were considered in identifying mathematics content necessary for success
for all students in postsecondary pursuits.

Standards are identified for kindergarten through grade eight and for a core set of high school courses.
Throughout a student’s mathematics schooling from kindergarten through grade eight, specific content
strands-ertepies are included. These content strands are Number and Number Sense; Computation and
Estimation; Measurement;— and Geometry; Probability and Statistics; and Patterns, Functions, and
Algebra. The Standards of Learning fer-within each strand progress in complexity at-eachthroughout the
grade levels and threughout-theinto high school courses_content. While the standards are organized by
strand and identified numerically, local curricula and pacing guides should determine the instructional
sequence of the content.

The 2016 Mathematics Standards of Learning Curriculum Framework, is-a companion document to the
2016 Mathematics Standards of Learning, that-amplifies the Mathematics-Standards-of Learningstandards
and further defines the content knowledge, skills, and understandings that are measured by the Standards
of Learning assessments. The standards and Curriculum Framework are not intended to encompass the
entire curriculum for a given grade level or course. School divisions are encouraged to incorporate the
standards and Curriculum Framework into a broader, locally-designed curriculum. The Curriculum
Framework delineates in greater specificity the minimum content that all teachers should teach and all
students should learn. Teachers are encouraged to go beyond the standards as well as to select

|nstruct|onal strateqles and assessment methods appropriate for all students e#ewdes—addMenal—gemanee
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Mathematical Process Goals for Students

diseiplines:[M
The content of the mathematics standards is intended to support the following five process goals for
students: becoming mathematical problem solvers, communicating mathematically, reasoning

mathematically, making mathematical connections, and using mathematical representations to model and
interpret practical situations.

Mathematical Problem Solving

Students will apply mathematical concepts and skills and the relationships among them to solve problem
situations of varying complexities. Students also will recognize and create problems from real-Hfe-world
data and situations within and outside mathematics and then apply appropriate strategies to find-determine
acceptable solutions. To accomplish this goal, students will need to develop a repertoire of skills and
strategies for solving a variety of problem types. A major goal of the mathematics program is to help
students apply mathematics concepts and skills to become eempetent-mathematical problem solvers.

Mathematical Communication

Students will communicate thinking and reasoning usinge the language of mathematics, including
specialized vocabulary and symbolics_notation, to express mathematical ideas with precisehyprecision.
Representing, discussing, justifying, conjecturing, reading, writing,_presenting, and listening to
mathematics will help students to clarify their thinking and deepen their understanding of the mathematics
being studied._Mathematical communication becomes visible where learning involves participation in
mathematical discussions.

Mathematical Reasoning

Students will recognize reasoning and proof as fundamental aspects of mathematics. Students will learn
and apply inductive and deductive reasoning skills to make, test, and evaluate mathematical statements
and to justify steps in mathematical procedures. Students will use logical reasoning to analyze an
argument and to determine whether conclusions are valid. In addition, students will {earr-te-use number
sense to apply proportional and spatial reasoning and to reason from a variety of representations-sueh-as

Mathematical Connections

Students will build upon prior knowledge to relate concepts and procedures from different topics within
mathematics te-one-anether-and see mathematics as an integrated field of study. Through the practical
application of content and process skills, students will make connections between-among different areas
of mathematics and between mathematics and other disciplines, espeeiatly—seienceand to real-world
contexts. Science and mathematics teachers and curriculum writers are encouraged to develop
mathematics and science curricula that support, apply, and reinforce each other.
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Mathematical Representations

Students will represent and describe mathematical ideas, generalizations, and relationships with-using a
variety of methods. Students will understand that representations of mathematical ideas are an essential
part of learning, doing, and communicating mathematics. Students should make connections meve-easiy
among different representations — physical, visual, symbolic, graphical-rumerical-algebraie—verbal, and

contextualphysieal — and recognize that representation is both a process and a product.

Vi
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The Role of Instructional Technoloqgy

Students must learn to use a variety of methods and tools to compute, including paper and pencil, mental
arithmetic, estimation, and calculators. In addition, graphing utilities, spreadsheets, calculators,
computing devices, and other forms of technological tools are now standard for mathematical problem
solving and application in science, engineering, business and industry, government, and practical affairs.
The use of appropriate technology and the interpretation of the results from applying technology tools
must be an integral part of teaching, learning, and assessment. However, facility in the use of technology
shall not be regarded as a substitute for a student’s understanding of quantitative and algebraic concepts
and relationships or for proficiency in basic computations.

Calculators and graphing utilities should be used by students for exploring and visualizing number
patterns and mathematical relationships, facilitating reasoning and problem solving, and verifying
solutions. However, according to the National Council of Teachers of Mathematics, “...the use of
calculators does not supplant the need for students to develop proficiency with efficient, accurate methods
of mental and pencil-and-paper calculation and in _making reasonable estimations.” State and local
assessments may restrict the use of calculators in measuring specific student objectives that focus on
number sense and computation.

Computational Fluency

Mathematics instruction must simultaneously develop students’ conceptual understanding, computational
fluency, and problem-solving skills. The development of related conceptual understanding and
computational skills should be balanced and intertwined, each supporting the other and reinforcing
learning. Concurrent development of conceptual understanding and computational skills can enhance
student's problem-solving skills.

Computational fluency refers to having efficient and accurate methods for computing. Students exhibit
computational fluency when they demonstrate strategic thinking and flexibility in the computational
methods they choose, understand and can explain, and produce accurate answers efficiently.

The computational methods used by a student should be based on the mathematical ideas that the student
understands, including the structure of the base-ten number system, number relationships, meaning of
operations, and properties. Computational fluency with whole numbers is a goal of mathematics
instruction in the elementary grades. Students should be fluent with the basic number combinations for
addition and subtraction to 20 by the end of second grade and those for multiplication and division by the
end of fourth grade. Students should be encouraged to use computational methods and tools that are
appropriate for the context and purpose.

vii
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Algebra Readiness

The successful mastery of Algebra | is widely considered to be the gatekeeper to success in the study of
upper-level mathematics. The study of algebraic thinking begins in kindergarten and is progressively
formalized prior to the study of the algebraic content found in the Algebra | Standards of Learning.
Included in the progression of algebraic content is patterning, generalization of arithmetic concepts,
proportional reasoning, and representing mathematical relationships using tables, symbols, and graphs.
While preparing students for the study of Algebra |, the Mathematics Standards of Learning develop
statistical and geometric concepts that prepare students for the study of courses like Statistics, Geometry,
and other higher-level content. “Algebra readiness” describes students’ mastery of content that
adequately prepares them for the study of content outlined in the courses above the level of kindergarten
through grade 8 mathematics. The determination of “algebra readiness” should be based on the mastery
of the mathematics content and the ability to apply the Mathematics Standards of Learning for
kindergarten through grade 8.

Equity

“Addressing equity and access includes both ensuring that all students attain mathematics
proficiency and increasing the numbers of students from all racial, ethnic, linguistic,
gender, and socioeconomic groups who attain the highest levels of mathematics
achievement.”

— National Council of Teachers of Mathematics

Mathematics programs should have an expectation of equity by providing all students access to quality
mathematics instruction and offerings that are responsive to and respectful of students’ prior experiences,
talents, interests, and cultural perspectives. Successful mathematics programs challenge students to
maximize their academic potential and provide consistent monitoring, support, and encouragement to
ensure success for all. Individual students should be encouraged to choose mathematical programs of
study that challenge, enhance, and extend their mathematical knowledge and future opportunities.

Mathematics instruction that requires students to think critically, to reason, to develop strategies for
problem solving, to communicate mathematically, and to use multiple representations engages students
both mentally and physically. Student engagement increases with mathematical tasks that employ the use
of relevant, applied contexts and provide an appropriate level of cognitive challenge. Mathematics
instruction should address the individual needs of all learners, including students with disabilities, gifted
learners, and English language learners.

viii
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Kindergarten

The kindergarten standards place emphasis on developing the concept of number by counting; combining,
sorting, and comparing sets of objects; recognizing and describing simple repeating patterns; and
recognizing shapes and sizes of figures and objects. Students will investigate nenstandard-measurement
through direct comparisons, collect data, and create graphs. The ideaconcept of fractions wit—beis
introduced_through sharing experiences.

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an |nteqral part of teachlnq Iearnlnq and assessment Wh+l&lea¥nmguma£hemaues—studemm

understandlng of quantltatlve and algebraic concepts and—relationships—or for proficiency in basic
computations.

Mathematies—has—its—ewn-language—and-tThe acquisition of specialized mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confldence in mathematlcs communlcatlon and problem solvmq Students—s—hee#d—be—eneeu#aged—te—%e

Problem solving has-beenis integrated throughout the six-content strands. The development of problem-
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tastruction-ir-the-process-of problem-selving-will-need-to
be-integrated early and continuously into each student’s mathematics education.-Students-ust-be-helped

Hsmg—theeeneept—ef—ene—te—eneee#espendeneHMoved toK2|

K.12 The student;-given-a-set-containing-15-or-fewer-concrete-objeets; will
a) tell how many are in the-a given set of 20 or fewer objects by counting the-rumberof
objeets-orally; and
b) read, write, and represent numbers from 0 through 20.the-numeral-to-tel-how-many-are
e—select-the-corresponding-numeral-from-a-given-setofnumerals: [Moved 1o EKS]

K.21 The student, given no more than three twe-sets, each set containing 10 or fewer concrete
objects, will
a) identifiycompare and describe one set as having more, fewer, or the same number of
members-objects as the other set(s);; and-using-the-concept-of-one-to-one-correspondence:

b) compare and order sets from least to greatest and greatest to least.

K.3

positions moved to 1. 3]

a) recognize and describe with fluency part-whole relationships for numbers up to 5; and
b) investigate and describe part-whole relationships for numbers up to 10.
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K.4 The student will
a) count forward to 100 starting at any number between 0 and 100;
b) count and-backward by ones when given any number between 1 and 10frem-10; and
c) identify ene-mere-thananumberand-onelessthananumberandthe number after and the

number before when given any number between 0 and100count-by-fives-and-tensto-100.
[Included in 1.2]

K.5 The student will-4denti

fourths- investigate fractions by solvmq practlcal problems involving equal sharing W|th two
or four sharers.

Computation and Estimation
K.6 The student will model and solve single-step story and picture problems with sums to 10 and

differences within 10adding-and-subtracting-whole-numbers, using up-te-10-concrete objects.

Measurement_and Geometry
K.7 The student will recognlze the attrlbutes of a penny, nlckel dlme and quarter nd |dent|fy the
value of each com and-w

K8
[Moved each |nstrument to the standard where the content is flrst tauqht (ruler —SOL 2 8;
scale — SOL 2.8; clock — SOL 1.9; thermometer — SOL 2.11]

K.89 The student will investigate the passage of time by reading and interpreting a calendar.

[Moved from 1.11] tel-time-to-the-hour-using-analog-and-digital-clocks: [Time to hour
moved to 1.9a

K.910 The student will compare two objects or events, using direct comparisons-er-nenstandard
uhits-ef-measure, according to one or more of the following attributes: length (shorter,
longer), height (taller, shorter), weight (heavier, lighter), temperature (hotter colder), volume
(more, less), and time (longer, shorter).

hand-span,-new-pencil-paperchipand-block: [Nonstandard units included in 1.10]
Geometry

Foeus—Plane Figures
K.1011 The student will
a) identify; and describe;-and-trace plane geemetrie-figures (circle, triangle, square, and
rectangle); and
b) compare the size (smaller, larger-smaler) and shape of plane geemetric-figures (circle,
triangle, square, and rectangle)-; and
c) describe the location of one object relative to another (above, below, next to) and identify
representations of plane figures (circle, triangle, square, and rectangle) regardless of their
positions and orientations in space. [Moved from K.12]
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Probability and S_tatistics_

K1133

The student will gather-data-by-counting-and-tathying. [Tallying included in 1.14a]

a) collect, organize, and represent data; and
b) read and interpret data in object graphs, pictures graphs, and tables. [Moved from K.14]

alal alala A a N a naroan 0 a
viv A Ci vilvaanviv c—oata

and-will-answer-gquestionsrelated-to-the-data:[ Moved '[(’J K.11b]

Patterns, Functions, and Algebra

K.1215

K.1316

The student will sort and classify objects according to attributes.

The student will identify, describe, are-extend, create, and transfer repeating patterns.
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Grade One

The first-grade standards place emphasis on counting, sorting, and comparing sets of up to 1108 objects;
recognizing and describing simple repeating and growing patterns; and tracing, describing, and sorting
plane geemetrie—figures. Students’ understanding of number will be expanded through learning and
applying the basic addition facts through the—nines—tablesums of 20 and the-corresponding subtraction
facts; using nonstandard units to measure; and organizing and interpreting data. Fractional concepts will
be expanded.

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an integral part of teachrnq, Iearnrnq and assessment Wht-le—learmng—mathematles—studentswm

eempH{GFSr However facﬂrty in the use of technology shall not be regarded as a substrtute for a student s

understanding of quantitative and algebraic concepts ard—relationships—or for proficiency in basic
computations.

Mathematics—has—its—ewn-language—and-tThe acquisition of specialized mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confldence in mathematlcs communication and problem solvmq Students—sheutd—beueneeuraged—te%e

Problem solving has-beenis integrated throughout the six-content strands. The development of problem-
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tnstruction-ir-the-process-of problem-selving-will-need-to
be-integrated early and contlnuously into each student’ s mathematlcs educatron -Students-must-he-helped

Number and Number Sense
1.1 The student will
a) count forward to 110from-0-t6-100, starting at any number between 0 and 110, and write

the correspondlng numerals anel

b) 00-obiects-intotens-and-one \Writa tha asponding

numeraHedevetepa#understendmgeﬁplaee#alue[Moved to 1. 2]represent a number

from 0-110 using concrete objects;
¢) count backward by ones when given any number between 1 and 30; [Moved from 1.2]and
d) count forward by ones, twos, fives, and tens to determine the total number of objects to
110. [Moved from 1.2]

1.2 The student, given up to 110 objects, withcountforward-by-ones-twosfives—and-tens-to-100
and-backward-by-ones-from-30- [Moved to 1.1]
a) group a collection into tens and ones and write the corresponding numeral; [Moved from
1.1]
b) compare two numbers between 0 and 110 represented pictorially or with concrete objects,
using the words greater than, less than or equal to; and
c) order three or fewer sets from least to greatest and greatest to least.

1.3 The student, given an ordered set of ten objects and/or pictures, will indicate the ordinal
position of each object, first through tenth, and the ordered position of each object. [Moved
from K.3]
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143 The student will identify-the-parts-of-a-set-andiorregion-thatrepresentfractionsfor-hahves;
hirds-anc-fourt e Fractions.
a) investigate fractions by solving equal sharing problems with two, four, or eight sharers;
and
b) verbally identify the parts of a region that represent fractions for halves, fourths, and

eighths.
Computation and Estimation

1.54 The student, given a familiar problem situation involving magnitude, will
a) select a reasonable order of magnitude from three given quantities: a one-digit numeral, a
two-digit numeral, and a three-digit numeral (e.g., 5, 50, 500); and
b) explain the reasonableness of the choice.

subtraction-facts: [Moved to 1.7]

1.6 The student will create and solve enesingle-step story and picture problems using basie
addition facts with sums to 18-20 or less and the corresponding subtraction facts.

1.75 The student will reeal-basie

a) recognize and describe with fluency part-whole relationships for numbers up to 10; and
b) demonstrate fluency with addition facts with-for sums to 1048 or less and the
corresponding subtraction facts.

Measurement and Geometry
1.87 The student will
a) identify the number of pennies equivalent to a nickel, a dime, and a quarter; and
b) determine the value of a collection of like coins (pennies, nickels, orand dimes) whose
total value is 100 cents or less.

1.98 The student will investigate the passage of time by
a) telling time to the hour and half-hour, using analog and digital clocks;- and [Time to hour
moved from K.9]
b) reading and interpreting a calendar. [Moved from 1.11]

1.109 The student will use nonstandard units to measure and compare length, weight/mass, and
volume._[Compare moved from 1.10]

1410 [Compare moved
to 1.10]
a)—the-volumes-of two-given-containers;and [Moved to 1.10 EKS]
b)—the-weight/mass-of two-objects—using-a-balance-seale: [Moved to 1.10 EKS]

111
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)

11112 The student will
a) identify and trace, describe, and sort plane geemetrie figures (triangle, square, rectangle,
and circle) according to number of sides, vertices, and right-angles; and-
b) identify and describe representations of circles, squares, rectangles, and triangles in
different environments and explain reasoning. [Moved from 1.13]

[Moved to 1.11b]

Probability and Statistics
1.1244 The student will
a) investigate-identify-and-describecollect, organize, and represent various forms of data
collection {e.g-recording-daily-temperature Junch-count-attendance, favorite-ice
eream)-using tables, picture graphs, and object graphs; and [Examples moved to US]
b) read and interpret data displayed in tables, picture graphs, and object graphs, using the
vocabulary more, less, fewer, greater than, less than, and equal to. [Moved from 1.15]

Patterns, Functions, and Algebra

1.1316 The student will sort and classify concrete objects according to one or more attributes.;

including-color-size-shaperand-thickness: [Included in EKS]

1.1417 The student will identifyrecogrize, describe, extend, and-create, and transfer-a-wide-variety-of
growing and repeating patterns. [Transfer included to match EKS bullet]

1.1518 The student will demonstrate an understanding of equality through the use of the equal sign.
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Grade Two

The second-grade standards extend the study of number and spatial sense to include three-digit whole
numbers and solid geometric figures. Students will continue to learn, use, and gain proficiency in the
basic-addition facts through the-tens—tablesums of 20 and the-corresponding subtraction facts. Students
will begin to use U.S. Customary and metric units of measure; predict, using simple probability; and
create and interpret picture and bar graphs. Students will work with a variety of patterns and will develop

knewledgean understanding of equality-by-identifying-missing-numbers-ir-addition-and-subtractionfacts.

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an integral part of teachlnq, Iearnlnq and assessment Wht-le—learmng—mathematles—studentswm

eempH{GFSr However facﬂrty in the use of technology shall not be regarded as a substrtute for a student s

understanding of quantitative and algebraic concepts ard—relationships—or for proficiency in basic
computations.

Mathematics—has—its—ewn-language—and-tThe acquisition of specialized mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confldence in mathematlcs communication and problem solvmq Students—sheutd—beueneeuraged—te%e

Problem solving has-beenis integrated throughout the six-content strands. The development of problem-
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tnstruction-ir-the-process-of problem-selving-will-need-to
be—rntegrated early and contmuously into each student s mathematlcs educatlon étudents—must—be—hel—ped

Number and Number Sense
2.1 The student will
a) read, write, and identify the place value of each digit in a three-digit numeral, using
numeration with and without models;

b) identify the number that is 10 more, 10 less, 100 more, and 100 less than a given number
up to 999;

c) round two-digit numbers to the nearest ten; and_ [Reordered]

d) compare_ and order two-whole numbers between 0 and 999-using-symbels-{><-er=}

and-words-{greaterthanless-than—oeregualte). [Symbols and words included in EKS]

2.24 The student will
a) count forward by twos, fives, and tens to 1204080, starting at various multiples of 2, 5, or
10;
b) count backward by tens from 120100; and_[Increased to 120 to correlate to Grade 1

change]
C) recognize-use objects to determine whether a number is even orand odd-rumbers.

2.32 The student will
a) count and identify the ordinal positions first through twentieth, using an ordered set of
objects; and
b) write the ordinal numbers- 1% through 20". [Edited to match EKS].




Mathematics Standards of Learning for Virginia Public Schools — Februarns2009September 2016 (Proposed)

2.43

The student will
a) name and write fractions represented by a set, region, or length model -tdentify-the-parts

efa-setand/orregion-thatrepresentfractions-for halves, fourths, eighths, thirds,

andfeurths; sixths-eighths-and-tenths;
b) writethe-represent fractionals parts with models and with symbols; and

c) compare the unit fractions for halves, fourths, eighths, thirds, andfeurths; sixths—eighths;
and-tenths.

Computation and Estimation

2.5

2.6

2.1043

The student will recall

a) demonstrate fluency with addition facts with-for sums to 20 or less and the corresponding
subtraction facts; and

b) recognize and use the relationships between addition and subtraction to solve single-step
practical problems. [Moved from 2.9]

The student;-given-two-whele-numbers-whoese-sum-is-99-or-less; will

a) estimate the-sums and differences;-and [Differences moved from 2.7a]

b) find-the-determine sums and differences, using various methods-ef-ealeulation:; and
[Differences moved from 2.7b]

c) create and solve single-step and two-step practical problems involving addition and

subtraction. [Moved from 2.8 and 2.21]

a)—esnma{e#ledmfelcenee—and [Moved to 2. 6a]
b)—find-the-difference,using-various-methods-ofcaleulation: [Moved to 2.6b]

The student WI||

a) count and compare a collection of pennies, nickels, dimes, and quarters whose total value
is $2.00 or less; and

b) eorrecthy-use the cent symbol-(¢}, dollar symbol<$}, and decimal point-().

The student will estimate and measure
a) length to the nearest eentimeterand-inch; [Centimeters included in 3.8]

b) weight/mass of objects #a-to the nearest poundsfeunces-and-kilograms/grams,-using-a
seale;-and. [Ounces, kilograms/grams included in 4.8]

e—Hauid-velume--cups—pirts—quarts—gaHlons—and-Hters: [Included in 3.8]

The student will tell and write time to the nearest five minutes, using analog and digital
clocks.

The student will
a) determine past and future days of the week; and
b) identify specific days and dates on a given calendar.
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21134 The student will read the temperature en-a-Celsius-andiorFahrenheit-thermometer-to the
nearest 10 degrees. [Celsius/Fahrenheit included in EKS]

Geometry
: L pl | Solid Fi
2.1245 The student will
a) draw a line of symmetry in a figure; and
b) identify and create figures with at least one line of symmetry.

21316 The student will identify, describe, compare, and contrast plane and solid geemetrie-figures
(circle/sphere, square/cube, and rectangle/rectangular prism).

Probability an_d Statistics

2.1417 The student will
' - - -
a) collect, organize, and represent data in picture graphs and bar graphs; and
b) read and interpret the data represented in picture graphs and bar graphs.

2.1518 The student will use data from experiments to predict outcomes when the experiment is
repeated.

g%aphsr[Moved to 2 14b]

Patterns, Functions, and Algebra

2.1620 The student will identify, describe, create, and-extend and transfer-a-wide-variety-of patterns
found in objects, pictures, and numbers.

senteneesr [Moved to 2 5 and 2. 6]

21722 The student will demonstrate an understanding of equality-by-recognizing-that through the

use of the equal symbol = ir-an-egquation-indicates-eguivalent-guantities-and the use of the not
equal symbol # indicates-that-quantities-are-not-equivalent.




Mathematics Standards of Learning for Virginia Public Schools — Februarns2009September 2016 (Proposed)

Grade Three

The third-grade standards place emphasis on learningdeveloping an understanding of, and solving

problems that |nvolve multlplrcatron and d|V|sron faets—through the—twelves—tableproducts of 100.

faets—Students WI|| apply the propertles of add|t|on and mult|pI|cat|on as strateq|es for solvmq problems
Concrete materials and two-dimensional representations will be used to introduce addition and subtraction
with fractions and the concept of probability as the measurement of chance. Students will use standard
units (U.S. Customary and metric) to measure temperature, length, and liquid volume—ane-weight and
identify relevant properties of shapes, points, line segments, rays, angles, vertices, and lines. Students will
identify polyqons wrth 10 or fewer srdes comblne and subdivide polvqons and name the resultlnq
polygons , ate—a . atiy

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an integral part of teachmq, Iearnmq and assessment. Wh+leelearn+ngumathematres—studentswll

eemputers However facﬂlty in the use of technology shall not be regarded as a substrtute for a student s

understanding of quantitative and algebraic concepts ane—relationships—or for proficiency in basic
computations.

Mathematies—has—Hs—ewnlanguage—and—tThe acquisition of specialized mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confldence in mathematlcs communlcatlon and problem solvrnq Students—s—heeld—be—eneeuraged—te—use

Problem solving has-beenis integrated throughout the six-content strands. The development of problem—
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tastruction-ir-the-process-of problem-selving-will-need-to
be-integrated early and continuously into each student’s mathematics education.-Students-rust-be-helped

Number and Number Sense

3.1 The student will
a) read and write six-digit numerals and identify the place valbe-and value of each digit;
b) round whole numbers, 9,999 or less, to the nearest ten, hundred, and thousand; and
c) compare twe-and order whole numbers between-O-andeach 9,999 or less—using-symbels

r<-or=)and-words{greaterthanless-than,-erequal-to). [Symbols and words
included in EKS]

32
relatrenshlpstesehfepreblems—[Addrtlon/subtractron mcluded in 2. 5 multrplrcatron/drvrsron
moved to 3.4 EKS]
3.23 The student will
a) name and write fractions (including improper fractions and mixed numbers) represented
by a model,;

b) medelrepresent fractions (including improper fractions and mixed numbers) and-wite
thefractions™nameswith models and symbols; and

c) use models to compare proper fractions having like and unlike denominators, using
words and symbols (>, <, e =, or £).

10
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Computation and Estimation

3.34

3.45

3.5¢

The student will
a) estimate selutions-te and determine the sum or difference of two whole numbers; and
b) create and solve single-step and multistep practical problems involving the-sums or
differences of two whole numbers, each 9,999 or lessr-with-orwitheutregrouping.

The student will mutiplicati a

division-facts:[Recall moved to 4 4a]

a) represent multiplication and division, using a variety of approaches and models; [Moved
from 3.6]

b) create and solve single-step practical problems that involve multiplication and division
through 10 x 10; and [Create and solve multiplication moved from 3.6; create and solve
with division is new expectation]

c) create and solve single-step practical problems that involve multiplication of whole
numbers, where one factor is 99 or less and the second factor is 5 or less. [Moved from

3.6]

#aetev;gg—eples&and—me—seeem-faete%eples&[Moved to 3. 4a and 3. 4c]

The student will solve practical problems that involve addition and subtraction with proper
fractions having like denominators of 12 or less.

Measurement and Geometry

3.68

The student will

a) determine-by-counting; the value of a collection of bills and coins whose total value is
$5.00 or less;;

b) compare the value of the-two sets of coins or two sets of coins and bills-ard-ceins;; and

¢) make change from $5.00 or less. [Edited to match EKS]

The student will estimate and use U.S. Customary and metric units to measure
a) length to the nearest 1 inch, inch, foot, yard, centimeter, and meter; and
b) liquid volume in cups pints, quarts, gallons, and liters;.

@—we@ht#ma%#e&mees—p%mds—gmm%gﬁams—&nd [Included in 4.8]
dy—area-and-perimeter- [Moved to 3.8a,b]

The student will_estimate and [Moved from 3.9d EKS]

a) measure the distance around a polygon in order to determine its perimeter using U.S.
Customary and metric unitsfMoved from 3.9d EKS]; and

b) count the number of square units needed to cover a given surface in order to determine its
area.

The student will

a) tell time to the nearest minute, using analog and digital clocks; and

b) determine-solve practical problems related to elapsed time in one-hour increments-ever
within a 12-hour period; and

c) identify equivalent periods of time and solve practical problems related to equivalent
periods of time. [Moved from 3.12]

11
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menths—and—years—as—we#as—mmute&and—heurﬂ Moved to 3 9c]
3.1013 The student will read temperature to the nearest degreeirema@etsrerstherncremetepartdra

ueed [Thermometer mformatron moved to EKS]

3.11 The student will
a) define polygon; [Moved from 4.12a]
b) identify and name polygons with 10 or fewer sides; and:[Moved from 4.12b]
c) combine and subdivide polygons with 3 or 4 sides and name the resulting polygons.

[Moved to 4.11]

3.1215 The student will identify and draw representations of points, lines, line segments, rays, and
angles-and-tnes.

3.1316 The student will identify and describe congruent and noncongruent plare-figures.

Probability and Statistics
3.1437 The student will

a) collect,-and organize, and represent data;-using-observationsrmeasurements,-surveysor
e*perrments[lncluded in EKS]in plcture qraphs or bar graphs; and;

b)

moved to 5 16; construct plcture and bar qraphs moved to 3.14a]

¢€)}—read and interpret the data represented in bar graphs; and picture graphs-ang-write-a
sentence-analyzing the-data,

3.1518 The student will investigate and describe the concept of probability as a measurement of
chance and list possible resus-outcomes effor a given situation.

Patterns, Functions, and Algebra

Focus—Patternsand-Property-Concepls
3.1619 The student will recegnize-and-identify, describe, create, extend and transfer patterns found in

objects, pictures, numbers and tables.-a-variety-of patternsformed-using-numbers-tablesand
pictures—and-extend-the-patterns-using-the-same-or-different forms:

3.1720 The student will create equations to represent equivalent mathematical relationships. [Moved

from 3 20 EKS|

12
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Grade Four

The fourth-grade standards place emphasis on multiplication and division with whole numbers and
solving problems involving addition and subtraction of fractions and decimals—by—finding—common
multiples—and-factors. Students will be fluent in the basic multiplication facts through the twelves table
and the corresponding division facts as they become proficient in multiplying larger numbers. Students
will apply the properties of addition and multiplication as strategies for solving problems. Students also
will refine their estimation skills for computations and measurements. Students will identify and describe
representations of points, lines, line segments, rays, and angles, including endpoints and vertices.
Concrete materials and two-dimensional representations will be used to solve problems involving
perimeter, patterns, probability, and equivalence of fractions and decimals. Students will recognize
images of flgures resultlng from geometrlc transformatlons such as reflectlon translatlon and rotation.

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an integral part of teachlnq, Iearnlnq and assessment. Wh+le4earn+ngumathematres—studentsermu

eemputer& However facrlrty in the use of technology shall not be regarded asa Substltute for a student s

understanding of quantitative and algebraic concepts ane—relationships—or for proficiency in basic
computations.

Mathematies—has—Hs—ewnlanguage—and—tThe acquisition of specialized mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confrdence in mathematrcs communrcatron and problem solvrnq Students—s—hemel—be—eneeuraged—te—use

Problem soIving has-beenis integrated throughout the six-content strands. The development of problem—
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tastruction-ir-the-process-of problem-selvingwill-need-to
be-integrated early and continuously into each student’s mathematics education.-Students-rust-be-helped

Number and Number Sense
4.1 The student will
a) identify orally and in writing the place and value for each digit in a whole number
expressed through millions;
b) compare and order twe-whole numbers expressed through millions;-using-symbels{>-<;
or=; and_[Symbols included in EKS]

c) round whole numbers expressed through millions to the nearest thousand, ten thousand,
and hundred thousand.

4.2 The student will
a) compare and order fractions and mixed numbers, with and without models;
b) represent equivalent fractions; and
c) identify the division statement that represents a fraction with models and in context.

4.3 The student will
a) read, write, represent, and identify decimals expressed through thousandths;
b) round decimals to the nearest whole numbertenth—and-hundredth; [Round to tenth and
hundredth included in 5.1]
c) compare and order decimals; and
d) given a model, write the decimal and fraction equivalents.

13
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Computation and Estimation
4.4 The student will
a) demonstrate fluency with multiplication facts through 12 x 12, and the corresponding
division facts; [Moved from 3.5]estimate-sums,-differencesproducts—and-guotients-of
whele-rumbers;
b) estimate and determine sums, differences, and products of add-subtractand-multiply
whole numbers;
c) estimate and determine guotients of divide-whole numbers, finding-guetients-with and
without remainders; and
d) create and solve single-step and multistep practical problems involving addition,
subtraction, and multiplication, and single-step practical problems involving division

problems-with whole numbers.

4.5 The student will
a) determine common multiples and factors, including least common multiple and greatest
common factor;
b) add and subtract fractlons and mixed numbers havmg like and unllke denommators-that

e)—add—and—subtmet—w%h—deemls—and [Moved to 4.6a]

cd) solve single-step and multistep practical problems involving addition and subtraction
with fractions-and-with-decimals. [Decimals limited to single-step only and moved to
4.6b; solve multistep with decimals included in 5.5b]

4.6 The student will
a) add and subtract with decimals; and [Moved from 4.5c]
b) solve single-step practical problems involving addition and subtraction with decimals.
[Moved from 4.5d; decimals changed to single-step only; multistep with decimals
included in 5.5b]

Measurement and Geometry

sy%tem| Moved to 4. 80|€9unees—peands—&nd—tens}[Moved to 4 8 EKS]—&nd-beMeen—Hm%s
within-the-metric-system-(grams-and-kilegrams)- [Included in 5.9a]

meteps—and—rmI-Hmete#&andrmeteﬁs} [Included in 5. 9a]

4.7 The student will solve practical problems that involve determining perimeter and area in
standard units of measure.

14
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4.8 The student will
a) estimate and measure length and describe the result in U.S. Customary and metric units;
and[Moved from 4. 7a]
umts[lncluded in 3 7b]est|mate and measure Welqht/mass and descrlbe the results in U.S.
Customary and metric units[Moved from 4.6a];-and
be) identify equivalent measurements of length, weight/mass and liguid volume between
units within the U.S. Customary system -{eups-pints—guarts-and-galens}[Moved to
EKS]-; and
d) solve practical problems that involve measuring length, weight/mass, and liquid volume
in U.S. Customary.
4.9 The student will determine-solve practical problems related to elapsed time in hours and
minutes within a 12-hour period.
410 The student will
a) identify and describe representations-ef-points, lines, line segments, rays, and angles,
including endpoints and vertices; and
b) identify and describe representations-ef-lines-that-HHustrate-intersectingen, parallelism,
and perpendicularity lines.
411
#anslaﬂen—reﬂeeﬂen—and—mtaﬂepr [Moved to 5 14]
411 The student will identify, describe, compare, and contrast characteristics of plane and solid
figures by identifying relevant characteristics, including the number of angles, vertices, and
edges, and the number and shape of faces, using concrete models. [Moved from 3.14]
412 The student will classify quadrilaterals as a parallelograms, rectangles, squares, rhombuses,
and/or trapezoids.
b)—identify-pelygons-with-10-orfewersides:[Polygons other than quadrilaterals moved to
3.11]
Geometry
Probability and Statistics
Focus- Outcomesand Data
413 The student will
a) predictdetermine the likelihood of an outcome of a simple event; and
b) represent probability as a number between 0 and 1, inclusive; and
c) create a model or practical problem to represent a given probability.
414 The student will

a) collect, organize, and represent data in a bar graph and line graphéisplay,; and
b) make observations and inferences about data represented in bar graphs and line

graphs.interpret-datafrom-a-varietyr-of graphs:

15
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Patterns, Functions, and Algebra

4.15 The student will recegnizeidentify, describe, create, and extend aumerical-and-geometric
patterns_found in objects, pictures, numbers, and tables.
4.16 The student will
a}—recognize and demonstrate the meaning of equality in an equation.;-and
b} —vestigate-and-describe-the-associative-property-for-additionand-multiph Moved
t0 5.19]
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Grade Five

The fifth-grade standards place emphasis on number sense with whole numbers, fractions, and decimals.
This focus includes concepts of prime and composite numbers, identifying even and odd numbers, and
solving problems using order of operations for positive whole numbers. Students will develop proficiency
in the use of fractions and decimals to solve problems. Students will collect, display, and analyze data in a
variety of ways and solve probability problems, using a sample space or tree diagram. Students also will
solve problems involving volume area, and perlmeter Students WI|| be mtroduced to varlable expres3|ons

s—uietraetlen Students WI|| |nvest|gate and reeegn&eldentlfv the propertles of addltlon and multlpllcatlon

the-distributivepreperty. All of these skills assist in the development of the algebraic concepts needed for
success in the middle grades.

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an integral part of teachlnq, Iearnlnq and assessment thﬁeawng—mathemaﬂes—students—w#

eemputer& However facﬂrty in the use of technology shall not be regarded as a substrtute for a student s

understanding of quantitative and algebraic concepts ard—relationships—or for proficiency in basic
computations.

Mathematies—has—Hs—ewntanguage—and—tThe acquisition of specialized mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confldence in mathematlcs communication and problem solvmq Students—shoutd—beueneouraged—to%se

Problem solving has-beenis integrated throughout the six-content strands. The development of problem-
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tastruction-ir-the-process-of problem-selving-will-need-to
be-integrated early and contmuously into each student’ s mathematlcs education.-Students-must-be-helped

5.1 The student glven a deC|maI through thousandths will round to the nearest whole number,
tenth, or hundredth.

5.2 The student will
a) recognize-and-name-represent and identify equivalencies among fractions and in-their
eguivalent-decimals, with and without models; ferm-and-vice-versa; and
b) compare and order fractions and decimals in a given set from least to greatest and
greatest to least.

53 The student will
a) identify and describe the characteristics of prime and composite numbers; and
b) identify and describe the characteristics of even and odd numbers.

Computation and Estimation
Myl lioati I I : .
54 The student will create and solve single-step and multistep practical problems involving
addition, subtraction, multiplication, and division with and without remainders of whole
numbers.
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5.5

5.6

5.7

The student will

a) #nd—the—sam—d##e#ene&determme the product; and quotlent of two numbers expressed
asinvolving decimals-deeim ,
digit); and

b) create and solve single-step and multistep practical problems involving addition
subtraction, and multiplication of decimals, and single-step practical problems involving
division of decimals.

The student will
a) solve single-step and multistep practical problems involving addition and subtraction

with fractions and mixed numbers; and express-answers-in-simplestform: [Included in
EKS]

b) solve single-step practical problems that involve modeling and determining the product
of a whole number and a unit fraction.

The student will evaluate whole number numerical expressions, using the order of operations
limited to parentheses, addition, subtraction, multiplication, and division.

Measurement and Geometry

5.8 The student will
a) finddetermine perimeter, area, and volume in standard units of measure; and
b) differentiate among perimeter, area, and volume and identify whether the application of
the concept of perimeter, area, or volume is appropriate for a given situations;.
Q—rdenﬂiyeq&w&le%measu;emewwuﬂ%h&mem&systen% [Moved to 5.93]
Ué—eustemaﬁhand—memuﬁn& [Moved to 5.9 EKS]
5.9 The student will
a) _identify equivalent measurements within the metric system; and [Moved from 5.8c]
b) solve practical problems involving length, mass, and liquid volume using metric units.
[Moved from 5.8d]
5.109 The student will identify and describe the diameter, radius, chord, and circumference of a
circle.
5.1116 The student will determine-an-ameunt-ofsolve practical problems related to elapsed time in
hours and minutes within a 24-hour period.
5.1211 The student will classify and measure right, acute, obtuse, and straight angles. [Classify
moved from 5.12a]
Seometry .
5.1312 The student will elassify

a)—anglesasright-acute-obtuseorstraight:and [Classification of angles moved to 5.12]

ba) classify triangles as right, acute, or obtuse ;and equilateral, scalene, or isosceles; and
b) investigate the sum of the interior angles in a triangle and determine an unknown angle
measure.
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5.1413

The student

trapezeid); will
a) develop-definitions-ofthese-planefigures[included in 4.12]recognize and apply

transformations, such as translation, reflection, and rotation;[Moved from 4.11b] and
b) investigate and describe the results of combining and subdividing plane-figurespolygons.

Probability and Statistics
Focus: OQutcomes-and Measuresof Center

5.15H4

5.1615

5.1716

The student will make-predictions-and-determine the probability of an outcome by
constructing a sample space.

The student, given a practical problem-situation; will eeHeet-erganizeand-interpret-data-tra
: ¥ s
a) represent data in line plots, a stem-and-leaf plots, and line graphs; and [Line plot moved
from 3.17]
b) make observations and inferences about data represented in a line plot, stem-and-leaf
plot, and line graph. [Line plot moved from 3.17]

The student will solve practical problems that involve

a) describeing mean, median, and mode as measures of center;

b) describeing mean as fair share;

c) describing the range of a set of data as a measure of spread; and [Reordered]
de) find-determine the mean, median, mode, and range of a set of data. ;-anrd

e)—describe-the range-of a-set-of data-as-a-measure-ofvariation. [Reordered and edited]

Patterns, Functions, and Algebra

51817

5.1918

5.2019

The student will describe and express the relationship_of -feund-in-a-number patterns -and
express-therelationshipfound in objects, pictures, numbers and tables.

The student will

a) investigate and describe the concept of variable;

b) write an epen-sentenceequation to represent a given mathematical relationship, using a
variable;

c) use avariable expression to represent a verbal quantltatlve expressmn mvolvmq one

operation; and

subtraction—and [Moved to 6. 14]

d) create a problem situation based on a given epen-sentenceequation, using a single
variable.

The student will investigate and identifyrecognize-the-distributive-property-of-multiplication
a) the identity properties of addition and multiplication; [Moved from 3.20]

b) the commutative properties of addition and multiplication; [Moved from 3.20] and

c) the associative properties of addition and multiplication; and [Moved from 4.16b]

d) the distributive property of multiplication over addition. [Reordered]
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Grade Six

The sixth-grade standards are-provide a transition from the emphasis placed on whole number arithmetic
in the elementary grades to foundations of algebra. The standards emphasize-include a focus on rational
numbers_and operations involving rational numbers. Students will use ratios to compare data sets;
recognize decimals, fractions, and percents as ratios; solve single-step and multistep problems, using
positive rational numbers; and gain a foundation in the understanding of and operations with integers.
Students will solve problems involving area and perimeter, and begin to graph in a coordinate plane. In
addition, students will build on the concept of graphical representation of data developed in the
elementary grades and develop concepts regarding measures of center. Students will solve linear
equations and inequalities in one variable, and use algebraic terminology. Students will represent
proportional relatlonshlps using two varlables asa precursor to the development of the concept of I|near
functions. :

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an integral part of teachlnq, Iearnlnq and assessment thﬁeawng—mathemaﬂes—students—w#

eemputGFSr However facﬂrty in the use of technology shall not be regarded as a substrtute for a student s
understandlng of quantltatlve nd algebralc concepts and—retauenshtps—or for prof|C|ency in basrc

Mathemanes—has—rts—ewn—language—and—tThe acquisition of speualrzed mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confldence in mathematlcs communication and problem solvmq Students—sheutd—leeueneeur&ged—toese

Problem solving has-beenis integrated throughout the six-content strands. The development of problem—
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tastruction-ir-the-process-of problem-selving-will-need-to
be-integrated early and continuously into each student’s mathematics education.-Students-ust-be-helped

Number and Number Sense

6.1 The student will describe and compare datasets, using ratios, and will use appropriate
. a
notations, such as ha to b, and a:b.

6.2 The student will
a) investigate-and-describe-fractions-decimalsand-percents-asratios [Moved to EKS]

represent and determlne equwalenues among fractions, decimals, and percents; and

db) compare and order #aetrens—deermats—and—pereentspomtlve ratlonal numbers

6.3 The student will
a) identify and represent integers;
b) order and compare integers; and
c) identify and describe absolute value of integers.

:Fraetlens[Moved to 6 5 EKS]
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6.45 The student will investigate-and-deseribe-concepts-ofpositiverecognize and represent patterns

with whole number exponents and perfect squares.

Computation and Estimation
6.56 The student will
a) multiply and divide fractions and mixed numbers; and
b) estimate-selutions-and-then-solve single-step and multistep practical problems involving
addition, subtraction, multiplication, and division of fractions and mixed numbers;- and
c) solve multistep practical problems involving addition, subtraction, multiplication, and
division of decimals. [Moved from 6.7]

64 0 6 .
sub#aeﬂen—meﬂﬂpheaﬂen—an&dum%em&t& [Moved to 6. 5c]

6.6 The student will
a) add, subtract, multiply, and divide integers; and [Moved from 7.3]
b) solve practical problems involving operations with integers. [Moved from 7.3]

6.78 The student will evaluate-whele-numbersimplify numerical expressions involving integers,
using the order of operations.

Measurement and Geometrv

System-of-measurement-and-measurements-in-the-metric-system. [Included iﬁ 7'.3 EKS]

6.810 The student will
a) definederive m (pi)-as-theratic-of the-circumference-of acircle-to-its-diameter,
b) solve problems, including practical problems, involving circumference and area of a

circle;giventhe-diameterorradius; and

c) solve problems, including practical problems, involving area and perimeter of triangles

-[Included in

and rectangles;-and.

6.911 The student will
a) identify the coerdinates-efapointinacomponents of the coordinate plane; and

b) identify the coordinates of a point and graph ordered pairs in a coordinate plane.

6.1012 The student will determine congruence of segments, angles, and polygons.

613 Fhe-student-will-describe-and-identify-properties-of-quadrilaterals:[Moved to 7.6]
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Probability_ and Statis_tics

Focus—Practical-Applications-of Statistics
6.1114 The student, given a problem-practical situation, will
a) eenstructrepresent data in a circle graphs;
b) draw-conclusionsand-make predictions;observations and inferences about data

represented in a-usiag circle graphs; and
C) compare and-contrastcircle graphs with the same data represented in bar graphs, picture

graphs, and line plots-thatpresent-information-from-the-same-data-set.

6.1215 The student will
a) deseribe-represent the mean of a data set graphically as the balance point; and
b) deeide-whichdetermine an appropriate measure of center is-appropriate-for a given
purpesesituation; and
c) determine the impact on measures of center when a single value of a data set is added,
removed, or changed. [Moved from 5.16]

6-16

[Moved to 8.11a]
- [Included in 8.11b]

Patterns, Functions, and Algebra
: (ol : .

617 Fhe-student-witHdentify-and-extend-geemetric-[Included in AFDA.1 and All.5] and
arithmetic-[Included in Al.7] sequences:

6.13 The student will
a) write an equation in the form y = kx, where K is the constant of proportionality, to
represent a proportional relationship between two quantities, including practical
problems; and
b) make connections among representations of a proportional relationship between two
guantities using verbal descriptions, tables, graphs, and equations.

6.1418 The student will solve one-step linear equations in one variable, invelving-whole-nrumber
coefficients-and-pesitive-rational-selutiensincluding practical problems that require the

solution of a one-step linear equation in one variable.

&)—the-identity propertiesfor adelltlen;a o uttiplication
b;) E: e-fultiplicative BIGFBBI% el i zle_le .anel.

[Included in the EKS for 6.7, 6.14, 6.15]

6.1520 The student will
a) represent a practical situation with a-graph-inegualities linear inequality in one variable;
and
b) solve one-step linear inequalities in one variable and graph the solution on a number line.
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Grade Seven

The seventh-grade standards contrnue to empha3|ze the foundatlons of algebra Studentswhe—sueeess#ut—ly

address the concept of and operatlons Wlth rational numbers bv contlnumq their study from sixth-grade.

Students will build on the concept of ratios to solve problems involving Fepies-in-grade-seven-include
proportional reasoning;-. integer-computation;Students will solve problems involving volume and surface
area and focus on the relationships among the properties of guadrilaterals. Probability is investigated
through comparing experimental results to theoretical expectations. Students continue to develop their
understanding of -solving twe-step-linear equations_and inequalities in one variable; by applying the

properties of real numbers. —and-recognizing—differentrepresentations—for-Students discern between

proportlonal and non- proportlonal relatlonshlps and beqm to develop a concept of sIope as rate of change.

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an integral part of teachrnq, Iearnrnq and assessment Whrle—learnmg—mathematres—students—mn#

eempH{GFSr However facﬂrty in the use of technology shall not be regarded as a substrtute for a student s
understandlng of quantltatlve nd algebralc concepts and—relaﬂensh+ps—or for prof|C|ency in ba3|c

Mathematres—has—rts—ewn—language—and—tThe acquisition of specralrzed mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confldence in mathematlcs communication and problem solvmq Students—sheutd—b&eneeewaged%+tse

Problem solving has-beenis integrated throughout the six-content strands. The development of problem-
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tastruction-in-the-process-of problem-selving-will-need-to
be-integrated early and contmuously into each student’ s mathematlcs education.-Students-must-be-helped

Number and Number Sense

7.1 The student will
a) investigate and describe the concept of negative exponents for powers of ten;
b) determine scientific notation for numbers greater than zero;

c) compare and order fractions,-decimals—percents-and-numbers-written-in-scientific
netatienrational numbers;

d) determine square roots of perfect squares; and
e) identify and describe absolute value fer-of rational numbers.

72 The student will describe and represent arithmetie [Included in Al 7]and geometric
seguences [Included in AFDA.1 and All.5]using-variable-expressions:
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Computation and Estimation

7.23

7.34

The student WI||
[Moved to 6.6a]

S|mpI|fv numerlcal expressmns |nvoIV|nq ratlonal numbers using the order of operations;
[Moved from 8.1a] and

b) add-subtract-multiplyand-divide-integers [Moved to 6.6b] solve practical problems

involving operations with rational numbers.

The student will solve single-step and multistep practical problems, using proportionsat
reasentng.

Measurement and Geometry

7.45 The student will

a) describe and determine the volume and surface area of rectangular prisms and cylinders;
and

b) solve problems, including practical problems, involving the volume and surface area of
rectangular prlsms and cylinders.;-and
and—supfae&apea—rlncluded in 8. 6b]

7.56 The student will i gle
andwnt&prepe#remte@eptessthe—tekaﬂens%@s—ben#eensolve problems |nclud|nq practlcal
problems, involving the relationship between corresponding sides and corresponding angles
of similar figuresguadrilaterals and triangles.

Geometry

7.67 The student will
a) compare and contrast the-foHewing-quadrilaterals based on their properties:; and
b) solve problems to determine unknown side lengths or angle measures of quadrilaterals.

7.78 The student; given-a-polygon-inthe-coordinate-plane-will apply representtransformations

{translations and reflections of right triangles or rectangles;-dilationsrotationsand
translations)by-graphing in the coordinate plane.

Probability and Statistics
: licati : “> ! Probabili

7.89

The student will

a) determine the theoretical and experimental probabilities of an event; and

b) investigate and describe the difference between the experimental probability and
theoretical probability of an event.

{Basie)-CountingPrinciple: [Moved to 5. 15]
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7.941

The student, given data for a practical situation, will

a) constructand-analyzerepresent data in a histograms; and

b) make observations and inferences about data represented in a histogram; and

C) compare and-centrast-histograms with ethertypes-ofgraphspresenting-rformationfrom

the same data setrepresented in stem-and-leaf plots, line plots, and circle graphs.

Patterns, Functions, and Algebra

-[Included 7.10]

a) determine if a proportional relationship exists between two guantities, given a table of

b) identify the unit rate of a proportional relationship between two quantities represented by
a table, graph, equation, or verbal description, including those in practical situations.
c) determine the slope as rate of change in a proportional relationship, given two ordered

d) graph a line representing a proportional relationship given the slope and an ordered pair,
or given the equation in y = mx form where m represents the slope as rate of change.

ve#sa—anel[lncluded in 7 12 EKS]
b}—evaluate algebraic expressions for given replacement values of the variables.

a)}—solve ene-and-[Included in 6.14]two-step linear equations in one variable;and, including
b)—selve practical problems that requireing the solution of a enre—and-two-step linear
equations_in one variable.

a)—solve one- and two-step [two-step moved from 8.15b]linear inequalities in one variable,
including practical problems;, and

b)}—graph the solutions te-iregualities-on the-a number line.

7.10 The student will
values or a graph;
pairs; and

7.1113 The student will

7.1214 The student will

7.1315 The student will

716

[Incorporated into 7.2, 7.12, and 7.13]
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Grade Eight

The eighth-grade standards continue to build on the concepts needed for success in high school level

alqebra and qeometrvare—mtended—te—ser—w—twe—purpeses Errst—the—standarde—eentam—eentent—that—rewe%

Students WI|| galreprefrereney—meeemputatren—mat#ratrenaLexplore real numbers and the subsets of the
real number_system. ane—wituse-pProportionsal reasoning is expounded upon as students -te-solve a

variety of problems. Students find the volume and surface area of more complex three-dimensional
figures and apply transformations to geometric shapes in the coordinate plane. Students will verify and
apply the Pythagorean Theorem creating a foundation for further study of triangular relationships in
geometry. New-Students represent data, both univariate and bivariate data, and make predictions by
observing data patterns. Students build upon the algebraic concepts developed in courses that the
standards for Grades 6 and 7 Mathematics, include simplifying algebraic expressions, solving multistep

equatlons and |nequaI|t|es and graphlng Ilnear equatlensfunctlons—wsual%ngethree—dmrensrenal—shapes

#unetrens—usmg—tables—graphs—and—redes The elghth grade standards prewdea—mere—sehdare V|tal to
providing a solid foundation in Algebra | for these-students net-ready—fer-Algebrat-in—grade—eightin

middle school mathematics.

The use of appropriate technology and the interpretation of the results from applying technology tools

must be an integral part of teachlnq, Iearnlnq and assessment thﬁearmng—mathemaﬂes—students—w#

eemputers However, facﬂlty in the use of technology shall not be regarded as a substltute for a student s
understandlng of quantltatlve nd algebralc concepts and—relatlenshtps—or for prof|C|ency in baS|c

Mathemaﬂes—has—rts—ewn—language—and—tThe acquisition of speC|aI|zed mathematical vocabulary and

language patterns—is crucial to a student’s understanding and appreciation of the subject_and fosters

confldence in mathematlcs communication and problem solvmq Students—shequd—beeeneeuraged—teJase

Problem solving has-beenis integrated throughout the six-content strands. The development of problem-
solving skills sheuld-beis a major goal of the mathematics program at every grade level. The development

of skills and problem-solving strategies must be tastruction-ir-the-process-of problem-selving-will-need-to
be-integrated early and contmuously into each student’ s mathematlcs education.-Students-must-be-helped

Number and Number Sense

: lati hi ithin gl | I
8.1 The student will

7.2]
b} compare and order real numbersdecimals-fractions,-percents,and-rumbers-written-in
scientific-netation.[Moved to EKS]

8.2 The student will describe erally-and-in-writing-the relationships between the subsets of the
real number system.
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8.3

The student will

a) estimate and determine the two consecutive integers between which a square root
lies; and [Moved from 8.5b]

b) determine both the positive and negative square roots of a given perfect square.
[Moved from 8.5 EKS]

Computation and Estimation

8.43

The student will

a) solve practical problems involving rational numbers, percents, ratios, and proportions;
and

b) determine the percent increase or decrease for a given situation.

TFhe-studentwill
a} detemeeMmeﬁhep&gwen#}umbeH&aJpe#eepsq{ﬁFe—and[lncluded in 7 1]
- [Included in

Measurement and Geometry

8.56 The student will_use
ay—verify-by-measuring-and-deseribe-the relationships among pairs of angles that are vertical
angles, adjacent angles, supplementary angles, and complementary angles-and
b)—to determine the measure of unknown angles-efless-than-360°.
8.6% The student will
a) investigate-and-solve problems, including practical problems, involving volume and
surface area of rectangular prisms, cylinders, cones, and square-based pyramids; and
b) describe how changing one measured attribute of a rectangular prismfigure affects the
volume and surface area.
Geometry
8.78 The student will
a) given a polygon, apply transformations, to include translations, rotations, reflections, and
dilations, in the coordinate te-plane-figures; and
b) identify practical applications of transformations.
8.89 The student will construct a three-dimensional model, given the top or bottom, side, and front
views.
8.910 The student will
a) verify the Pythagorean Theorem; and
b) apply the Pythagorean Theorem.
8.1011 The student will solve practical-area and perimeter problems, including practical problems,

involving composite plane figures.
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Probability and Statistics
: tical lesic of | o) L

8.1112

8.13

The student will
a) compare and contrast the probability of independent and dependent events; and [Moved

from 6.16]with-and-withoutreplacement:

b) determine probabilitiesy for independent and dependent events.

The student will

a) represent data in boxplots; [Moved from A.10]

b) make observations and inferences about data represented in boxplots; and [Moved from
A.10]

c) compare boxplots with the same data represented in histograms, stem and leaf plots, and
line plots. [Moved from A.10]

The student will

a) represent data in scatterplotsmake-comparisons-predictions,-and-inferencesusing

information-displayed-ingraphs; and
b) make observations and inferences about data represented in eenstruct-and-analyze

scatterplots.

Patterns, Functions, and Algebra

8.144

8.1715

8.16

The student will
a) apphythe-orderofoperations-to-evaluate an algebraic expressions for given

replacement values of the variables[Moved from Computation and Estimation strand
8.4]; and
b) simplify expressions in one variable.

The student will m

a) determine whether a given relation is a function; and
b) determine the domain and range of a function. [Moved from 8.17]

The student will
a)—solve multistep linear equations in one variable with the variable on one and both-twe
sides of the equation, including practical problems requiring the solution of a multistep

Imear equatlon |n one varlable :
ard-[Moved to

8. 18|
€)—identify-properties-of-operations-used-te-selve-an-equation-[Incorporated into 8.14, 8.17,

and 8.18 EKS]

The student will

a) identify the slope and y-intercept of a linear function given the graph or given the
equation iny = mx + b form;

b) graph a linear function given the equation in y = mx + b form; andtwo-variables-

c) distinguish between proportional and non-proportional situations modeled by linear
functions.

Fhestudent-will-identify-the-domainrange-[Moved to 8.15b]independent-variableor
dependent-[Moved to 8.16 EKS]variable-ir-a-givensituation:
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8.18 The student will solve multistep linear inequalities in one variable with the variable on one
and both sides of the inequality symbol, including practical problems, and graph the results
on a number line. [Moved from 8.15b]
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Algebra |

The successful mastery of Algebra | is widely considered to be the gatekeeper to success in the study of
upper-level mathematics. The study of algebraic thinking begins in kindergarten and is progressively
formalized prior to the study of the algebraic content found in the Algebra | Standards of Learning.
Included in the progression of algebraic content is patterning, generalization of arithmetic concepts,
proportional reasonlnq, and representmq mathematlcal relatlonshlps using tables, symbols, and graphs.
a-+-All students are expected to
achleve the Algebra | standards The study of Alqebra | assists students in generalizing patterns or
modeling relevant, practical situations with algebraic models. In order to assist students in developing

meaning and connecting algebraic concepts to geometry and statistics, When-planning—forinstruction;
consideration wit-should be given to the sequential development of concepts and skills by using concrete

materials to assist students in makmg the transmon from the anthmetrc—numerlc to the symbollc Students

and—prebab#ﬂy—and—staﬁstles—Connectlons between Alqebra I and alse—sheutd—beumadeet&other subject
areas through practical applications—Fhis—approach-to—teaching—algebra—sheuld may assist in helping

students attach meaning to the abstract concepts of algebra.

These standards require students to use algebra as a tool for representing and solving a variety of practical
problems. Tables and graphs will be used to interpret algebraic expressions, equations, and inequalities
and to analyze behaviors of functions._These standards include a transformational approach to graphing
functions and writing equations when given the graph of the equation. Transformational graphing builds a
strong connection between algebraic and graphic representations of functions.

Graphing utilities (calculators, computers, and other technology tools) will be used to assist in teaching
and learning. Graphing utilities facilitate visualizing, analyzing, and understanding algebraic and
statistical behaviors and provide a powerful tool for solving and verifying solutions.

Expressions and Operations
Al The student will
a) represent verbal quantitative situations algebraically; and
b) evaluate these-algebraic expressions for given replacement values of the variables.

A2 The student will perform operations on polynomials, including
a) applying the laws of exponents to perform operations on expressions;
b) adding, subtracting, multiplying, and dividing polynomials; and
c) factoring completely first- and second degree binomials and trlnomlals in one ef
two-variables. Gra Ay

algebtatefaetee&aﬂens[Moved to EKS]
A3 The student will simplifyexpress-the

a) square roots of non-negative rational numbers and monomial algebraic expressions;

b) cube roots of whele-rational numbers; and-the-squareroet-of-a-monomial-algebraic
expression-tn-simplestradical-form

¢) numerical expressions containing square or cube roots.
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Equations and Inequalities

A4

AS

A6

The student WI|| solve m

sulesets[Moved to EKS]

€b) selvinrg-quadratic equations_in one variable algebraically-anre-graphicatly,
dc) sebvingliteral equations for a specified variable[Reordered]multistep-linearequations
algebraically-and-graphically [Reordered];

ed) selving-systems of two linear equations in two variables algebraically and graphically;
and

fe) selwng%al-welcldgractlca problems |nvoIV|ng equatlons and systems of equations.

and—teaen#algeletau:—seb&ﬂen& [Included in EKS[

The student will selve-multistep-linear-ineguahitiesintwo-variables-including

a) solveing multistep linear inequalities in one variable algebraically and represent the
solution graphically;

b) represent the solution of linear inequalities in two variables algebraically and graphically

[Moved from SOL stem]wsh%ng—step&used—m—sehmgmqualﬂtes—usmga;eem&ef

[Included in EKST;

c) solveing-real-world practical problems involving inequalities; and
d) solveing systems of inequalities algebraically and graphically.

The student will gr3 3

[Linear equations moved to A.6c and Imear |nequal|t|es moved to A. 5b[

a) determineing the slope of a line When glven an equatlon of the line, the graph of the I|ne
or two points on the line- 3 3 , ;
negative,zero-or-undefined [Included in US and EKS[ and

b) writeing the equation of a line when given the graph of the line, two points on the line, or
the slope and a point on the line; and

c) graph linear equations in two variables. [Moved from SOL stem]

Functions

AT

A8

The student will investigate and analyze funetion{linear and quadratic }function families and
their characteristics both algebraically and graphically, including

a) determining whether a relation is a function;

b) domain and range;

c) zeros-efafunction;

d) x-andy-intercepts;

e) findingthe-values of a function for elements in its domain; and

f) making-connections between any two and-ameng-multiple-representations of functions
including concrete, verbal, numeric, graphic, and algebraic.

The student, given a data set or practical situation, in-a+real-world-context, will analyze a
relation to determine whether a direct or inverse variation exists, and represent a direct
variation algebraically and graphically and an inverse variation algebraically.
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Statistics

A.10 3
whlsker—plet&l Moved to 8. 12|
A911 The student will collect and analyze data, determine the equation of the curve of best fit

in order to make predictions, and solve real-worldpractical problems, using
mathematical models_of linear and quadratic functions. —Mathematical-modelswilt

include Hinear-and-guadratic-functions:
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Geometry

This course is designed for students who have successfully completed the standards for Algebra I. All
students are expected to achieve the Geometry standards. The course includes_an emphasis on developing
reasoning skills through the exploration of geometric relationships including,—ameng—ether—things;
properties of geometric figures, trigonometric relationships, and mathematical proofsreasening-tojustify
conelusions. In this course, deductive reasoning and logic are used in direct proofs. Direct proofs are

presented in different formats (tvp|cally two column or_paragraph) and emplov def|n|t|ons postulates

This set of standards includes emphasis on two- and three-dimensional reasoning skills, coordinate and
transformational geometry, and the use of geometric models to solve problems. A variety of applications
and some general problem-solving techniques, including algebraic skills, should be used to implement
these standards Graphmq utllltles (calculators computers and other technoloqv tools)Caleulators;
and dynamic

geometry sef-twacre ppllcatmn —andether—appreprrate%ehnolegy—teels WI|| be used to assist in teaching

and learning. Any

Reasoning, Lines, and Transformations
G.1 The student will use deductive reasoning to construct and judge the validity of a logical
argument consisting of a set of premises and a conclusion. This will include
a) identifying the converse, inverse, and contrapositive of a conditional statement;
b) translating a short verbal argument into symbolic form;_and
c) determining the validity of a logical argument. [Added from EKS] using-\enn-diagrams

torepresentsetrelationships [Moved to DM.12]:-and
&) usingdeductivereasening:

G.2 The student will use the relationships between angles formed by two lines eutintersected by a
transversal to
a) determmewhetherprove two or more Imes are parallel and
b) wverify

€} solve real-world problems, including practical problems involving angles formed when
parallel lines are edt-intersected by a transversal.

G.3 The student will m
andeeerdt%metheds—tﬂ Moved to US| solve problems mvolvmg symmetry and
transformation. This will include
a) investigating and using formulas for firddetermining distance, midpoint, and slope;

b) applying slope to verify and determine whether lines are parallel or perpendicular;

c) investigating symmetry and determining whether a figure is symmetric with respect to a
line or a point; and

d) determining whether a figure has been translated, reflected, rotated, or dilated, using
coordinate methods.
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G.4 The student will construct and justify the constructions of
a) a line segment congruent to a given line segment;
b) the perpendicular bisector of a line segment;
c) a perpendicular to a given line from a point not on the line;
d) a perpendicular to a given line at a given point on the line;
e) the bisector of a given angle,
f) anangle congruent to a given angle; and
g) aline parallel to a given line through a point not on the given-line; and
h) _an equilateral triangle, a square, and a regular hexagon inscribed in a circle. [Moved from
EKS]
Triangles
G5 The student, given information concerning the lengths of sides and/or measures of angles in
triangles, will_solve problems, including practical problems. This will include
a) ordering the sides by length, given the-angle measures;
b) ordering the angles by degree measure, given the-side lengths;
c) determininge whether a triangle exists; and
d) determln_ge the range |n WhICh the length of the thlrd side must lie.
G.6
G.7 The student, glven mformatlon in the form of a figure or statement, WI|| prove two triangles
are similar;-using-algebrs A ;
G.8 The student will solve real-world-problems, including practical problems, involving

right triangles. This will include applying-by-using-the
a) Pythagorean Theorem and its converse;;
b) properties of special right triangles;; and

c) righttriangle-trigonometrytrigonometric ratios.

Polygons and Circles

G.9

G.10

G11

The student will verify characteristics-ofquadriaterals-and use properties of quadrilaterals to
solve real-werld-problems, including practical problems.

The student will solve real-world-problems, including practical problems, involving
angles of convex polygons. This will include

a) determining the sum of the interior and/or exterior angles;

b) determining the measure of an interior and/or exterior angle; and

c) determining the number of sides of a regular polygon.

The student will solve problems, including practical problems, by applying properties of

circles.use-angles;ares-chordstangentsrand-secantsto This will include determining

a) investigate-verifyand-apply-properties-of-eireles[Moved to stem]angle measures formed
by intersecting chords, secants, and/or tangents;

b) selvereal-world-problems-invelvingproperties-of circles|Moved to stem]lengths of
segments formed by intersecting chords, secants, and/or tangents; and

c) findarc lengths; and

d) and areas of a sectors-in-circles.

34



Mathematics Standards of Learning for Virginia Public Schools — Februarns2009September 2016 (Proposed)

G.12 The student will solve problems involving -given-the-coordinates-of-the-center-of-acircleand
a-pointon-the-circle;willwrite-the-equations of the-circles.

Three-Dimensional Figures
G.13 The student will use formulasforsurface area and volume of three-dimensional objects
to solve real-worldpractical problems.

G.14 The student will useapply the concepts of similarity -geemetric-objeets-into two- or three-

dimensionals geometric figures. This will include-te

a) comparinge ratios between side-lengths, perimeters, areas, and volumes_of similar
figures;

b) determininge how changes in one or more dimensions of an ebject-figure affect area
and/or volume of the ebjeetfigure;

c) determininge how changes in area and/or volume of an ebjeetfigure affect one or more
dimensions of the ebjeetfigure; and

d) solvinge real-werld-problems, including practical problems, about similar geometric
ebjeetsfigures.
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Algebra, Functions, and Data Analysis

a a e—in—Alaeb unction nd—DPa

Analyas—Thls course is de5|gned for students who have successfully completed the standards for Algebra
I_and may benefit from additional support in their transition to Algebra II. Within the context of
mathematical modeling and data analysis, students will study functions and their behaviors, systems of
inequalities, probability, experimental design and implementation, and analysis of data. Data will be
generated by practical applications arising from science, business, and finance. Students will solve
problems that require the formulation of linear, quadratic, exponential, or logarithmic equations or a
system of equations.

Through the investigation of mathematical models and interpretation/analysis of data from real
tiferelevant, applied contexts and situations, students will strengthen conceptual understandings in
mathematics and further develop connections between algebra and statistics. Students should use the
language and symbols of mathematics in representations and communication, both orally and in writing,
throughout the course.

These standards include a transformational approach to graphing functions and writing equations when
given the graph of the equation. Transformational graphing builds a strong connection between algebraic
and graphic representations of functions.

Graphing utilities (calculators, computers, and other technology tools) will be used to assist in teaching
and learning. Graphing utilities facilitate visualizing, analyzing, and understanding algebraic and

statistical behaviors and provide a powerful tool for solving and verifying solutions.

Algebra and Functions
AFDA.1  The student will investigate and analyze funetion{linear, quadratic, exponential, and
logarithmic) function families and their characteristics. Key concepts include
a) domain and rangeeentinuity; [Reordered]
b) intervals on which a function is increasing or decreasinglecal-and-abselute-maxima-and
minima [Reordered];
c) demain-andrangemaxima and minima [Reordered];

d) zeros;

e) intercepts;

f) values of a function for elements in its domainintervals-in-which-the-funetion-is
inereasing/decreasing [Reordered];

g) connections between any two representations of functions including concrete, verbal,
numeric, graphic, and algebraic;

h) end behaviors; and

ki) vertical and horizontal asymptotes.

AFDA.2  The student will use knowledge of transformations to write an equation, given the graph of a
funetion{linear, quadratic, exponential, and logarithmic} function.

AFDA.3  The student will collect and analyze data, and-generate-andetermine the equation fer-of
the curve of best fit in order to make predictions, and solve {Hnear-guadraticexpenential;

andogarithmic)-of best fitto-medelreal-werldpractical problems-erapphications using
models of Imear quadratlc and exponentlal functlons S&udents—m-”—use—the—best—ﬁt—eqaaﬁen
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AFDA.4

Ay A use apppepnate
multlgl representatlons of functlons for anaIyS|s interpretation, and prediction.

AFDA.5  The student will determine optimal values in problem situations by identifying constraints
and using linear programming techniques.

Data Analysis

AFDA.6  The student will calculate probabilities. Key concepts include
a) conditional probability;
b) dependent and independent events;
c) addition-and-multipticationrulesmutually exclusive events;
d) counting techniques (permutations and combinations); and
e) Law of Large Numbers.

AFDA.7  The student will analyze-the-nermal-distribution—Key-concepts-include:
a) describe the distribution of a univariate data set using descriptive statisticseharacteristics

of-normathy-distributed-data;
b) identify and describe properties of a normal distributionpereentiles;

¢) interpret and compare z-scores for normally distributed datanermalizing-data-tsing-z-
seeres; and
d) apply properties of normal distributions to determine probabilities associated with areas

under the standard normal curvearea-underthe-standard-normal-curve-and-probability.

AFDA.8  The student will design and conduct an experiment/survey. Key concepts include
a) sample size;
b) sampling technique;
c) controlling sources of bias and experimental error;
d) data collection; and
e) data analysis and reporting.
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Algebra ll

a) 0 --A.-n

Re —Students enrolled in Algebra
Il are assumed to have mastered those concepts outlrned in the Algebra I standards. AJ-I—students—prepanng

thorough treatment of advanced algebralc concepts will be provrded through the study of functlons
“families—of funetions;” equations, inequalities, systems of equations and inequalities, polynomials,
rational and radical equations, complex numbers, and sequences and series. Emphasis will be placed on
practical applications and modeling throughout the course of study. Oral and written communication
concerning the language of algebra, logic of procedures, and interpretation of results should also permeate
the course.

These standards include a transformational approach to graphing functions. Transformational graphing
uses translation, reflection, dilation, and rotation to generate a “family of graphsfunctions” from a given
graph-“parent” function and builds a strong connection between algebraic and graphic representations of
functions. Students will vary the coefficients and constants of an equation, observe the changes in the
graph of the equation, and make generalizations that can be applied to many graphs.

Graphing utilities (calculators, computers, and other technology tools) will be used to assist in teaching
and learning. Graphing utilities facilitate visualizing, analyzing, and understanding algebraic and

statistical behaviors and provide a powerful tool for solving and verifying solutions.

Expressions and Operations
All.1 The student, given rational, radical, or polynomial expressions, will
a) add, subtract, multiply, divide, and simplify rational algebraic expressions;
b) add, subtract, multiply, divide, and simplify radical expressions containing rational
numbers and varrables and expressrons contarnrng ratronal exponents;
€} W
Versa[Moved to EKS] and

dc) factor polynomials completely_in one or two variables.

Mareh%@l—l—)[Moved to AII 5in the Functrons strand]

All. 23 The student will perform operations on complex numbers, express the results in simplest

form using patterns of the powers of i-and-identify-field-properties-that-are-valid-forthe
complex—numbers.
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Equations and Inequalities

All. 34 The student will solve, algebraically and graphically,
a) absolute value linear equations and inequalities;
b) quadratic equations over the set of complex numbers;
€) equations containing rational algebraic expressions; and
d) equatlons contalnlng radlcal expressmns
[Moved to EKS]
All. 45 The student will solve nenlinear-systems of eguations,-tacluding-linear-quadratic and
quadratlc quadratlc eguatlon algebralcally and graphlcally G#aphmgealeu#ateps—ml—l
ISH3 tons- [Moved to
ﬂﬁﬂ
Functions
All. 52 The student will investigate and apply the properties of arithmetic and geometric
sequences and series to solve real-werldpractical problems, including writing the first n
terms, finding-determining the n™ term, and evaluating summation formulas. Notation
will include % and a,.JMoved from Expressions and Operations strand]
All6 For absolute value, square root, cube root, rational, polynomial, exponential, and
logarithmic functions, Fthe student will
a) recognize the general shape of function {abselute-value,squareroot-cuberoot; rationak
polynomial-exponential-andogarithmic)-families; and wil

b) use knowledge of transformations to convert between graphic and symbolic forms of
functlons

a&a%eel%rwesﬂga%e%heﬁwpes&nd—beha\%enhesﬁmmn& [Moved to EKS]
AllL7 The student will investigate and analyze linear, guadratic, absolute value, square root, cube
root, rational, polynomial, exponential, and logarithmic functions families algebraically and
graphically. Key concepts include
a) domain, and range, and continuityireluding-timited-and-discontinuous-domains-and
ranges;

b) intervals in which a function is increasing or decreasing; [Reordered]

€) maxima and minima;

d) zeros;

€e) x—and-y-intercepts;

df) intervalsinwhich-afunetionisincreasing-or-decreasingvalues of a function for elements
in its domain;

eg) connections between any two representations of functions including concrete, verbal,
numeric, graphic, and algebraicasymptetes;

fh) end behavior;

i) vertical and horizontal asymptotes; [Reordered]

gj) inverse of a function; and

kk) composmon of mquleefunctlons algebralcally

3 - [Moved to
AllL8 The student will investigate and describe the relationships among solutions of an equation,

zeros of a function, x-intercepts of a graph, and factors of a polynomial expression.
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Statistics

AllL9

All10

All.11

All12

The student will collect and analyze data, determine the equation of the curve of best fit-_in
order to make predictions, and solve real-werldpractical problems, using mathematical
models of linear, quadratic, and exponential functions. Mathematical-medels-will-irelude

The student will identifyrepresent;-create; and solve real-worldproblems, including practical

problems, involving inverse variation, joint variation, and a combination of direct and inverse

variations.

The student will

a) describe the distribution of a univariate data set using descriptive statistics;

b) identify and describe properties of a normal distribution

c) interpret and compare z-scores for normally distributed data; and

d) apply properties of normal distributions to determine probabilities associated with areas
under the standard normal curve.

The student will compute and distinguish between permutations and combinations and-use

technotogy-forappheations.
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Trigonometry

thorough treatment of trlgonometry WI|| be provided through the study of trlgonometrlc deflnltlons
applications, graphing, and solving trigonometric equations and inequalities. Emphasis should also be
placed on using connections between right triangle ratios, trigonometric functions, and circular functions.
In addition, applications and modeling should be included throughout the course of study. Emphasis
should also be placed on oral and written communication concerning the language of mathematics, logic
of procedure, and interpretation of results.

Graphing utilities (calculators, computers, and other technology tools) will be used to assist in teaching
and learning. Graphing utilities facilitate visualizing, analyzing, and understanding algebraic and

statistical behaviors and provide a powerful tool for solving and verifying solutions.

T.1 The student, given a point etherthan-the-origin-on the terminal side of anthe angle_in
standard position, or the value of the trigonometric function of the angle, will usedetermine
the-definitions-of the-six-trigonometric-functions-te-find the sine, cosine, tangent, cotangent,
secant, and cosecant of the anglem%ndatdpe&ﬂen —THQG-FtGH%I—FI&fH-HGHG-HS—dEf—FHEd—GF}

T.2
1Fuﬂet%)ﬂs—[Comblned |nto T.1]
The student will develop and apply the properties of the unit circle in degrees and radians.
[Moved and rewritten from T.3]
T.93
, - ; .|MovedtoT2|
The student will solve problems mcludlnq practlcal problems involving
a) arc length and area of sectors in circles using radians and degrees; and
b) linear and angular velocity.
T.74 The student will finddeterminewith-the-aid-of a-caleulater; the value of any trigonometric
function and inverse trigonometric function.
T.5 The student will verify basic trigonometric identities and make substitutions, using the basic
identities.
T.36 The student, given one of the six trigonometric functions in standard form, will

a) state the domain and the range of the function;

b) determine the amplitude, period, phase shift, vertical shift, and asymptotes;

c) sketch the graph of the function by using transformations for at least a two-period
interval; and

d) investigate the effect of changing the parameters in a trigonometric function on the graph
of the function.
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T.47 The student WI|| qraph the Six mverse trlqonometrlc functlons menﬂﬁethedemamend—range

Lawefémes—and—the&aweﬁ@eme& [Included in EKS]
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Computer Mathematics

This course is intended to provide students with experiences in using computer programming techniques
and skills to solve problems that can be set up as mathematical models. Students enrolled in Computer
Mathematics are assumed to have studied the concepts and skills in Algebra I and beg|nn|ng geometry

Even though computer ideas should be introduced in the context of mathematical concepts, problem
solving per—se-should be developed in the most general sense, making the techniques applicable by
students in many other environments. Strategies include defining the problem; developing, refining, and
implementing a plan; and testing and revising the solution. Programming, ranging from simple programs
involving only a few lines to complex programs |nvoIV|ng subprograms should permeate the entire

er—spreadsheet Programmlng concepts problem solvmg strategles and mathematlcal appllcatlons should
be integrated throughout the course.

These standards identify fundamental principles and concepts in the field of computer science that will be
used within the context of mathematical problem solving in a variety of applications. As students develop
and refine skills in logic, organization, and precise expression, they will apply those skills to enhance
learning in all disciplines.

CoM.1 The student will design and apply computer programsming-technigues-and-skills to solve

practlcal real—werld—problems in mathematlcs arising from eensume#busmess— and ether

*COM.2 The student will de5|gn Wr|te document test, and debug andrdeeumenta ompute program

|Moved to US|

*COM.3 The student WI|| erte program speC|f|cat|ons that define the constraints of agiven problem.

*COM 4 The student will de5|gn a step- by step plan{algonthm) to solve a glven problem Iheplan

dragram—lMoved to US|

*COM.5  The student will divide a given problem into manageable-sections-{modules} by task and
|mplement the solutlon lhe—meduleswrlkmeh&de—anapprepnate—user—deﬁned—funeﬂen&
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“*COM.106 The student will design and implement the input phase of a program, which will include
designing screen layout, are-getting information into the program by way of user interaction;

data-statements; and/or file input, and validating input. Fhre-trput-phase-wil-alse-inelude
methods-of filtering-out-invalid-data{error-trapping):

*#COM.117 The student will design and implement the output phase of a computer program, which will
include designing output layout, accessing a-variety-ef available output devices, using output
statements, and labeling results.

COM.128 The student will de3|gn and |mplement computer graphlcs to enhance output—whteh—\mu

COM.159 The student will define simpleand use appropriate variable data types that include integer,
real (fixed and scientific notation), character, string, ard-Boolean, and object.

COM.1612 The student will describe the way the computer stores, accesses, and processes variables,
including the following topics: the use of variables versus constants, variablesaddresses;
pointers-parameter passing, scope of variables, and local versus global variables.

*#COM.612 The student will translate a-mathematical expressions into a-cermputer-programming
statementexpressionsy-which-invelves by declaring variables, writing assignment statements,
and using the order of operations.

COM.743 The student will select and implement-call buit-in{library} functions into processing data,
as appropriate.

COM. 834 The student will implement conditional statements that include “if/then” statements,
“if/then/else” statements, case statements, and Boolean logic.

COM.1315 The student will implement various mechanisms for performing iteration with an

algorithmlesps—including-iterativeloops. Othertopicswitbincludesingle-entnspeint—single
exitpointpreconditions,-and-posteonditions:

COM.1416 The student will select and implement appropriate data structures, including arrays (one--
and/or two- dmensmnalend#e# meltldtmensmnal) :mes—and Feeerdsob|ects melementatlen

*COM.917 The student will implement pre- existingdefined algorithms, including sort routines, search
routines, and simple animation routines.

COM.1718 The student will test a program, using an appropriate set of data. The set-ef-test data should

include boundary cases and test all branches of a program.-be-appropriate-and-complete-for
the-type-of program-being-tested:

47



Mathematics Standards of Learning for Virginia Public Schools — Februarns2009September 2016 (Proposed)

COM.1819 The student will debug a program; using appropriate techniques (e.g., appropriately placed
controlled breaks, the printing of intermediate results, other debugging tools available in the
programming environment), and identify the difference between-among syntax errors,
runtime errors, and logic errors.
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Probability and Statistics

The following standards outline the content of a one-year course in Probability and Statistics. If a one-
semester course is desrred the standards with an astensk—dagger (h would apply Students—enreueel—m

H—The purpose of the course is to present basic concepts and technlques for coIIectlng and analyzmg data
drawing conclusions, and making predictions.

Graphing utilities (calculators, computers, and other technology tools) will be used to assist in teaching
and learning. Graphing utilities facilitate visualizing, analyzing, and understanding algebraic and
statistical behaviors and provide a powerful tool for solving and verifying solutions.

*pg 1t The student will analyze graphical displays of univariate data, including dotplots, stemplots,
boxplots, cumulative frequency graphs, and histograms, to identify and describe patterns and

departures from patterns, using central tendency, spread clusters gaps, and
outliers.Appropria VAT 3 3 ays-[Moved to EKS]

xpg 2t The student will analyze numerical characteristics of univariate data sets to describe patterns
and departures from patterns, using mean, median, mode, variance, standard deviation,
interquartile range, range, and outliers.

*pg 3t The student will compare distributions of two or more univariate data sets, numerically and
graphically, analyzing center and spread (within group and between group variations),
clusters and gaps, shapes, outliers, or other unusual features.

*pS 4% The student will analyze scatterplots to identify and describe the relationship between two
variables, using shape; strength of relationship; clusters; positive, negative, or no association;
outliers; and influential points.

PS.5 The student will finddetermine and interpret linear correlation, use the method of least
squares regression to model the linear relationship between two variables, and use the
residual plots to assess linearity.

PS.6 The student will make logarithmic and power transformations to achieve linearity.
PS.7t The student, using two-way tables and other graphical displays, will analyze categorical data

to describe patterns and departure from patterns and to firddetermine marginal frequency and
relative frequencies, including conditional frequencies.

*pg gt The student will describe the methods of data collection in a census, sample survey,
experiment, and observational study and identify an appropriate method of solution for a
given problem setting.

*pS 9t The student will plan and conduct a survey. The plan will address sampling techniques {e-g=

simple-randem-and-stratified)[Moved to EKS] and methods to reduce bias.

PS.10* The student will plan and conduct ar well-designed experiment. The plan will address
control, randomization, replication, blinding, and measurement of experimental error.
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*pg 11%

*pS.12

*pS.13

PS.14

PS.15

*pg 16t

=pS.17

PS.18

PS.19

PS.20

The student will identify and describe two or more events as complementary, dependent,
independent, and/or mutually exclusive.

The student will finddetermine probabilities (relative frequency and theoretical), including
conditional probabilities for events that are either dependent or independent, by applying the
Law of Large Numbers concept, the addition rule, and the multiplication rule.

The student will develop, interpret, and apply the binomial and geometric probability
distributions for discrete random variables, including computing the mean and standard
deviation for the binomial and geometric variables.

The student will simulate probability distributions, including binomial and geometric.
The student will identify random variables as independent or dependent and find-determine

the mean and standard deviations for random variables and sums and differences of
independent random variables.

The student will identify properties of a normal distribution and apply the normal distribution

to determine probabilitiesr-using-a-table-orgraphing-caleulater[Moved to EKS].

The student, given data from a large sample, will finddetermine and interpret appropriate
point estimates and confidence intervals for parameters. The parameters will include
proportion and mean, difference between two proportions, and difference between two means
(independent and paired), and slope of a least-squares regression line.

The student will apply and interpret the logic of an appropriate hypothesis-testing procedure.
Tests will include large sample tests for proportion, mean, difference between two
proportions, and-difference between two means (independent and paired);-are-Chi-squared
tests for goodness of fit, homogeneity of proportions, and independence; and slope of a least-
squares regression line.

The student will identify the meaning of sampling distribution with reference to random
variable, sampling statistic, and parameter and explain the Central Limit Theorem. This will
include sampling distribution of a sample proportion, a sample mean, a difference between
two sample proportions, and a difference between two sample means.

The student will identify properties of a t-distribution and apply t-distributions to single-
sample and two-sample (independent and matched pairs) t-proceduresusing-tables-er

graphing-caletlators
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Discrete Mathematics

The following standards outline the content of a one-year course in Discrete Mathematics. If a one-
semester course is deswed the standards with ap as—tenskdagge r (=) would applyétudents—enteueel—m

Discrete mathematics may be described as the study of mathematical properties of sets and systems that
have a countable (discrete) number of elements. With the advent of modern technology, discrete
(discontinuous) models have become as important as continuous models. In this course, the main focus is
problem solving in a discrete setting. Techniques that are not considered in the current traditional courses
of algebra, geometry, and calculus will be utilized. As students solve problems, they will analyze and
determine whether or not a solution exists (existence problems), investigate how many solutions exist
(counting problems), and focus on finding the best solution (optimization problems). Connections will be
made to other disciplines. The importance of discrete mathematics has been influenced by computers.

Graphing utilities (calculators, computers, and other technology tools) will be used to assist in teaching
and learning. Graphing utilities facilitate visualizing, analyzing, and understanding algebraic and

statistical behaviors and provide a powerful tool for solving and verifying solutions.

*DM.1*  The student will model problems, using vertex-edge graphs. The concepts of valence,
connectedness paths plananty, and dlrected graphs WI|| be |nvest|gated Ael,taeeney—matnees

paths}[lncluded in US]

*DM.2!  The student will solve problems through investigation and application of circuits, cycles,
Euler Paths, Euler Circuits, Hamilton Paths, and Hamilton Circuits. Optimal solutions will be
sought using existing algorithms and student-created algorithms.

*DM.3"  The student will apply graphs to conflict-resolution problems, such as map coloring,

scheduling, matching, and optimization. Graph-colering-and-chromatic-numberwit-be
wsed:[Moved to EKS]

*DM.4 The student will apply algorithms;sueh-asKruskal’s; Prima’s;-or Dijkstra’s;-[Included in EKS]

relating to trees, networks, and paths. Appropriate technology will be used to determine the
number of possible solutions and generate solutions when a feasible number exists.

*DM.105 The student will use algorithms to schedule tasks in order to determine a minimum project
time. The algorithms will include critical path analysis, the list-processing algorithm, and
student-created algorithms.

*DM.116 The student WI|| solve I|near programmlng problems Apptepnate—teehnetegy—w#l—be—used—te

selettens[lncluded in EKS]

DM.57"  The student will analyze and describe the issue of fair division_in discrete and continuous

cases.-{e-g--cake-cutting-estate-division[Included in EKS]). Algerithms-forcontinuous-and
diserete-cases-wit-be-applied-

DM.68Y  The student will investigate and describe weighted voting and the results of various election
methods. These may include approval and preference voting as well as plurality, majority,
run-off, sequential run-off, Borda count, and Condorcet winners.
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DM.79

DM.1210

DM.811

DM.912¢

DM.13

The student will identify apportionment inconsistencies that apply to issues such as salary
caps in sports and allocation of representatives to Congress. Historical and current methods
will be compared.

The student will use the recursive process and difference equations with the aid of
appropriate technology to generate

a) compound interest;

b) sequences and series;

c) fractals;

d) population growth models; and

e) the Fibonacci sequence.

The student will describe and apply sorting algorithms and coding algorithms used in sorting,
processing, and communicating information. Fhese-will-include

a} bubblesortmergesortand-networksortand
b} 1ISBN-URC Zipand-banking-codes:[Included in EKS]

The student WI|| select jUStIfy and apply an approprlate technique to solve a logic problem.
3 J[Included in EKS]

The student will apply the formulas of combinatorics in the areas of
a) the Fundamental (Basic) Counting Principle;

b) knapsack and bin-packing problems;

c) permutations and combinations; and

d) the pigeonhole principle.
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Mathematical Analysis

enrolled in Mathematlcal Analysis are assumed to have mastered Geometry and Algebra 1l concepts—and
have—some—exposure—to—trigonometry. Mathematical Analysis develops students’ understanding of

algebraic and transcendental functions, parametric and polar equations, sequences and series, and vectors.
The content of this course serves as appropriate preparation for a calculus course.

Graphing utilities (calculators, computers, and other technology tools) will be used to assist in teaching

and learning. Graphing utilities facilitate visualizing, analyzing, and understanding algebraic and

statistical behaviors and provide a powerful tool for solving and verifying solutions.

MA.32

MA.53

MA. 124

MA.135

MA. 146

MA .44

MA.68

MA.29

The student will investigate and identify the eharacteristics-properties of polynomial, rational
pleceW|se and step aneLratlenaqunctlons and usethesetesketch their graphse#the

characteristies:[Included in EKS]

The student will apply compositions of functions and inverses of functions to real-

weorldpractical situations: Anabytical-methods-and-graphingutilities-witk-be-used-[Included in
EKS] te-and investigate and verify the domain and range of resulting functions.

The student will investigate and describe the continuity of functions--using-graphs-and
algebraic-methods. [Moved to EKS]

The student will expand blnomlals havmg posmve mtegral exponentsthreeghtheus&e#the
angle.[Included in EKS]

The student will finddetermine the sum {sigma-netationinecluded}-of finite and infinite
convergent seriesrwhich-will-leadto-an-intuitive-approach-to-a-Hmit.

The student will use mathematical induction to prove formulas and mathematical statements.

The student will finddetermine the limit of an algebraic function, if it exists, as the variable

approaches either a finite number or infinity. A-graphing-utHity-witl-be-used-te-verify
ntuitive-reasoningalgebratc-methods—and-numerical-substitution:[Included in EKS]

The student will investigate, graph and identify the-eharacteristies properties of conic sections

from equations in h-kjvertex and standard forms. Fransfermations-in-the-coerdinateplane
will-be-used-to-graph-conic-sections—[Included in EKS]

The student will investigate and identify the characteristics of exponential and logarithmic

functions to graph the function, in-erderto-graph-these-functions-and-solve equations, and

solve reat—werldpractlcal problems. Ihrs—tm#melude—the—rele—ef—e—naturak&nd—eemmen

eqeratlens—[lncluded in EKS]
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MA.910

MA. 731

MA.1012

MA.813

MA.1114

The student WI|| |nvest|gate and |dent|fy the characterlstlcs of the graphs of polar equatlons

equatten&[lncluded in EKS]

The student will perform operations with vectors in the coordinate plane and solve-real-world
practlcal problems usmg vectors. Ihsw”—meh&detheie“ewngtemes—epeta&ensef

eempenent&[lncluded in EKS]

The student will use parametric equations to model and solve appheation-practical problems.

The student WI|| |dent|fy create, and solve Feal—wepldpractlcal problems mvolvmg trlangles

anetémes—and—the—&awet—@e&ne&[lncluded in the EKS]

The student will use matrices to organize data and will add and subtract matrices, multiply
matrices, multiply matrices by a scalar, and use matrices to solve systems of equations.
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